
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
34

3 
04

9
B

1
*EP003343049B1*

(11) EP 3 343 049 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
16.09.2020 Bulletin 2020/38

(21) Application number: 16841758.2

(22) Date of filing: 26.08.2016

(51) Int Cl.:
F16B 19/06 (2006.01) F16B 33/06 (2006.01)

F16B 37/00 (2006.01) C22C 21/10 (2006.01)

C22C 21/16 (2006.01) F16B 35/04 (2006.01)

F16B 33/02 (2006.01)

(86) International application number: 
PCT/JP2016/075097

(87) International publication number: 
WO 2017/038726 (09.03.2017 Gazette 2017/10)

(54) FASTENING MEMBER AND ROD-SHAPED MEMBER FOR FASTENING MEMBERS

BEFESTIGUNGSELEMENT UND STABFÖRMIGES ELEMENT FÜR BEFESTIGUNGSELEMENTE

ÉLÉMENT DE FIXATION ET ÉLÉMENT DE TYPE TIGE POUR ÉLÉMENTS DE FIXATION

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 28.08.2015 JP 2015169599

(43) Date of publication of application: 
04.07.2018 Bulletin 2018/27

(73) Proprietor: NHK Spring Co., Ltd.
Yokohama-shi, Kanagawa 236-0004 (JP)

(72) Inventors:  
• KAZAMA, Toshio

Yokohama-shi
Kanagawa 236-0004 (JP)

• KANEDA, Noriyoshi
Yokohama-shi
Kanagawa 236-0004 (JP)

• HIRAI, Shun
Yokohama-shi
Kanagawa 236-0004 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(56) References cited:  
EP-A1- 3 121 464 CN-B- 102 925 770
JP-A- 2008 106 848 JP-A- 2008 144 266
JP-A- 2011 006 778 JP-A- 2011 190 493
JP-A- 2015 034 622  

• Isao Iwayima ET AL: "AUTOMOTIVE 74 ? 6056 
Aluminum Alloy Wire for Automotive Fasteners", 
SEI TECHNICAL REVIEW, 1 October 2013 
(2013-10-01), pages 74-78, XP055391532, 
Retrieved from the Internet: 
URL:http://global-sei.com/technology/tr/bn 
77/pdf/77-13.pdf [retrieved on 2017-07-17]

• "JOINT DESIGN", MACHINE DESIGN, PENTON 
MEDIA, CLEVELAND, OH, US, vol. 63, no. 13, 1 
June 1991 (1991-06-01), page 1013, XP000349530, 
ISSN: 0024-9114



EP 3 343 049 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field

[0001] The present invention relates to a fastening
member which fastens a plurality of members, and a rod-
shaped member for a fastening member used for man-
ufacturing the fastening member.

Background

[0002] Conventionally, as a measure for achieving im-
provement in fuel economy of automobiles, weight re-
duction of various components has been pursued. For
example, an aluminum alloy is used instead of cast iron
as a material for an engine block, or a magnesium alloy
is used instead of steel as a material for an engine cover
or an oil pan.
[0003] In the case where the components made of the
aluminum alloy or magnesium alloy as mentioned above
are fastened by a conventional steel bolt, looseness is
likely to occur due to a large difference between the linear
expansion coefficient of the aluminum alloy or the mag-
nesium alloy and the linear expansion coefficient of the
steel, and corrosion due to contact of dissimilar metals
is also likely to occur. Therefore, in order to sufficiently
secure the reliability of fastening, it is necessary to deep-
en the screw hole of the component to lengthen the shaft
section length of the steel bolt, or thicken the diameter
of the steel bolt. However, the length of the shaft section
of the steel bolt influences the wall thickness of the com-
ponent, and meanwhile, the thickness of the steel bolt
influences the width of the flange portion providing the
screw hole of the component. Thus, the use of the steel
bolts for fastening the components made of aluminum
alloy or magnesium alloy has been an obstacle in pursu-
ing the weight reduction.
[0004] In order to solve such a problem of steel bolts,
the movement of adopting an aluminum alloy bolt as a
fastening member for fastening the components made
of an aluminum alloy or a magnesium alloy has also been
expanded (see, for example, Patent Literature 1). In Pat-
ent Literature 1, a 6000 series aluminum alloy is disclosed
as a material for a bolt which is excellent in workability
at the time of manufacturing the bolt and has sufficient
strength. Since the aluminum alloy bolts have small dif-
ference in linear expansion coefficient with aluminum al-
loys or magnesium alloys constituting various compo-
nents and small galvanic corrosion, even if the screw
hole of the component is made shallow or the diameter
of the bolt is thinned, the reliability of the fastening can
be secured, which is suitable for achieving weight reduc-
tion.
[0005] 2000 series aluminum alloy is known as an alu-
minum alloy having a higher strength than the aforemen-
tioned 6000 series aluminum alloy. When using 2000 se-
ries aluminum alloy, it is possible to make bolts of higher
strength than bolts made of 6000 series aluminum alloy.

Citation List

Patent Literature

[0006] Patent Literature 1: JP 5335056 B2 Further prior
art may be found in JP 2008 106848 A; Isao Iwayama et
al.: "Automotive 6056 Aluminum Alloy Wire for Automo-
tive Fasteners", SEI Technical Review, 1 October 2013,
pages 74 - 78; CN 102 925 770 B; "Joint Design", Ma-
chine Design, Penton Media, Cleveland, OH, US, vol.
63, no. 13, 1 June 1991 (1991-06-01), page 1013 and
EP 3 121 464 A1.

Summary

Technical Problem

[0007] However, since 2000 series aluminum alloys
are generally inferior to 6000 series aluminum alloys in
stress corrosion cracking resistance, it was necessary to
improve the stress corrosion cracking resistance when
applied as bolts. Under such circumstances, a fastening
member made of a material excellent in strength and
stress corrosion cracking resistance has been required.
[0008] The present invention has been made in view
of the above circumstances, and an object thereof is to
provide a fastening member excellent in strength and
stress corrosion cracking resistance, and a rod-shaped
member for a fastening member used for manufacturing
the fastening member.

Solution to Problem

[0009] To solve the above-described problem and
achieve the object, a fastening member according to the
present invention fastens members, and is the one in
appended claim 1.
[0010] In the above-described fastening member ac-
cording to the present invention, Vickers hardness of the
second alloy section is 130 or more.
[0011] In the above-described fastening member ac-
cording to the present invention, a screw thread is formed
in a part of a surface of the first alloy section.
[0012] In the above-described fastening member ac-
cording to the present invention, the fastening member
is a male screw including: a cylindrical shaft section with
the screw thread formed in at least a part of the outer
periphery; a head section provided at one end of the shaft
section in an axial direction; and a neck section demar-
cating a boundary between the shaft section and the head
section, the first alloy section constitutes at least a sur-
face layer portion of the screw thread, a surface of the
neck section and a surface layer portion of a seating sur-
face of the head section, and a thickness of the surface
layer portion of the screw thread of the first alloy section
in the radial direction is 1/2000 or more and 1/10 or less
of a maximum outer diameter of the shaft section.
[0013] In the above-described fastening member ac-
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cording to the present invention, the fastening member
is a female screw with the screw thread formed on an
inner surface of a hole formed in a center portion, the
second alloy section is located on an outer peripheral
side of the first alloy section, and a thickness of the first
alloy section in the radial direction is 1/2000 or more and
1/10 or less of a maximum outer diameter of the female
screw.
[0014] In the above-described fastening member ac-
cording to the present invention, the fastening member
is a rivet including: a cylindrical shaft section; a head
section provided at one end portion of the shaft section
in the axial direction; and a neck section demarcating a
boundary between the shaft section and the head sec-
tion, the first alloy section constitutes at least a surface
layer portion of the shaft section, a surface of the neck
section and a surface layer portion of a seating surface
of the head section, and a thickness of the first alloy sec-
tion in the radial direction of the shaft section is 1/2000
or more and 1/10 or less of an outer diameter of the shaft
section.
[0015] A rod-shaped member for a fastening member
according to the present invention is the one according
to appended claim 7.
[0016] In the above-described rod-shaped member for
a fastening member according to the present invention,
a thickness of the outer peripheral portion in the radial
direction is 1/2000 or more and 1/10 or less of a maximum
outer diameter of the outer peripheral portion.
[0017] A rod-shaped member for a fastening member
according to the present invention is the one according
to appended claim 9.
[0018] In the above-described rod-shaped member for
a fastening member according to the present invention,
a thickness of the core section in the radial direction is
1/2000 or more and 1/10 or less of a maximum outer
diameter of the outer peripheral portion.

Advantageous Effects of Invention

[0019] According to the present invention, it is possible
to provide a fastening member excellent in strength and
stress corrosion cracking resistance, by utilizing a clad
material including a high-strength aluminum alloy and an
aluminum alloy having excellent stress corrosion crack-
ing resistance.

Brief Description of Drawings

[0020]

FIG. 1 is a side view illustrating a configuration of a
fastening member according to a first embodiment
of the present invention.
FIG. 2 is a cross-sectional view passing through a
center axis of the fastening member illustrated in
FIG. 1.
FIG. 3 is an enlarged view of a region D of FIG. 2.

FIG. 4 is a cross-sectional view illustrating a config-
uration of a rod-shaped member for a fastening
member according to a first embodiment of the
present invention.
FIG. 5 is a plan view illustrating a configuration of a
fastening member according to a second embodi-
ment of the present invention.
FIG. 6 is a cross-sectional view taken along line A-
A of FIG. 5.
FIG. 7 is a cross-sectional view illustrating a config-
uration of a rod-shaped member for a fastening
member according to the second embodiment of the
present invention.
FIG. 8 is a cross-sectional view illustrating a config-
uration after performing a digging process on the rod-
shaped member for the fastening member according
to the second embodiment of the present invention.
FIG. 9 is a side view illustrating a configuration of a
fastening member according to a third embodiment
of the present invention.
FIG. 10 is a cross-sectional view passing through
the center axis of the fastening member illustrated
in FIG. 9. Description of Embodiments

[0021] Hereinafter, a mode for carrying out the present
invention (hereinafter referred to as "embodiment") will
be described with reference to the accompanying draw-
ings. It should be noted that the drawings are schematic
and a relation between the thickness and the width of
each portion, the ratio of the thickness of each portion,
and the like may be different from the actual ones, and
parts with different dimensional relations and ratios may
be included in each drawing.

(First Embodiment)

[0022] FIG. 1 is a side view illustrating a configuration
of a fastening member according to a first embodiment
of the present invention. FIG. 2 is a cross-sectional view
passing through a central axis of a fastening member
illustrated in FIG. 1 in a longitudinal direction (a left-right
direction of FIG. 1). A fastening member 1 illustrated in
these drawings is a bolt (a kind of male screw) made of
a clad material formed by joining two different kinds of
aluminum (Al) alloys. The fastening member 1 includes
a shaft section 2 having a cylindrical shape, a head sec-
tion 3 provided at one end of the shaft section 2 in an
axial direction (the left-right direction in FIG. 1), and a
neck section 4 which demarcates a boundary between
the shaft section 2 and the head section 3. The shaft
section 2 has a screw section 22 having a screw thread
21 formed on its surface. The shape (hexagonal trim type)
of the head section 3 illustrated in FIG. 1 is merely an
example, and the head section 3 may have other shapes
(a hexagonal flange type, a pan type, a dish type, a truss
type, a flat type, etc.).
[0023] The fastening member 1 has a first alloy section
1a and a second alloy section 1b respectively formed
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using two kinds of aluminum alloys different from each
other. The first alloy section 1a is provided in a portion
being in contact with a member to be fastened. That is,
the first alloy section 1a constitutes a surface layer portion
of the shaft section 2 including the screw thread 21, the
surface of the neck section 4, and a seating surface 31
and the surface layer portion of a side surface 32 of the
head section 3. The second alloy section 1b constitutes
a radially inner peripheral side of the shaft section 2 and
the head section 3, and is joined to the first alloy section
1a. A portion which is not in contact with any of the plu-
rality of members may be configured so that the second
alloy section 1b is exposed, in a state in which a plurality
of members to be fastened is fastened by the fastening
member 1.
[0024] The first alloy section 1a is made of an aluminum
alloy containing zinc (Zn) in an amount of 0.005 wt% or
more and 6.5 wt% or less and containing magnesium
(Mg) in an amount of 0.6 wt% or more and 2.0 wt% or
less. The aluminum alloy preferably contains at least one
kind of element or more selected from the group consist-
ing of copper (Cu), chromium (Cr), zirconium (Zr), iron
(Fe), silicon (Si), manganese (Mn), titanium (Ti), vanadi-
um (V), scandium (Sc), nickel (Ni), and bismuth (Bi). As
an aluminum alloy having such a composition, A6056 is
adopted. A6056 is an alloy containing Al-Mg-Si as a main
element, and is known as an aluminum alloy having rel-
atively high strength and excellent stress corrosion crack-
ing resistance. The thickness of the first alloy section 1a
is 10 mm or more and 1.5 mm or less. In particular, the
radial thickness of the first alloy section 1a in the shaft
section 2 is 1/2000 or more and 1/10 or less of a maximum
outer diameter r1 (see FIG. 2) of the shaft section 2.
[0025] The second alloy section 1b is made of an alu-
minum alloy containing magnesium (Mg) in an amount
of greater than 0.2 wt% and 2.3 wt% or less and contain-
ing copper (Cu) in an amount of greater than 1.0 wt%
and 8.0 wt% or less. The aluminum alloy preferably con-
tains at least one kind of element or more selected from
the group consisting of zinc (Zn), chromium (Cr), zirco-
nium (Zr), iron (Fe), silicon (Si), manganese (Mn), titani-
um (Ti), vanadium (V), and scandium (Sc). For example,
the aluminum alloy constituting the second alloy section
1b preferably contains zinc (Zn) in an amount of 0.5 wt%
or less, manganese in an amount of 1.2 wt% or less,
zirconium in an amount of 0.25 wt% or less, and nickel
in an amount of 2.5 wt% or less, in addition to the afore-
mentioned magnesium and copper. As an aluminum al-
loy having such a composition, A2024 and A2618 is
adopted. A2024 and A2618 are known as high-strength
aluminum alloys. As a specific strength of the second
alloy section 1b, it is desirable that the Vickers hardness
be 130 or more.
[0026] FIG. 3 is an enlarged view of a region D of FIG.
2. As illustrated in FIG. 3, the thickness of the surface
layer portion of the screw thread 21 of the screw section
22 of the first alloy section 1a in the radial direction is not
necessarily uniform, and a thickness t1 of an apex 21a

is greater than a thickness t2 of a valley 21b (t1 > t2). The
thickness t2 is, for example, 10 mm or more and 100 mm
or less. The thickness of the surface layer portion of the
screw thread 21 in the radial direction is included in the
range of 1/2000 or more and 1/10 or less of the maximum
outer diameter r1 of the shaft section 2. As a result, all
the portions of the screw section 22 which are at least in
contact with the members to be fastened become alumi-
num alloys having excellent stress corrosion cracking re-
sistance.
[0027] Further, when the height of the apex 21a of the
screw section 22 in the first alloy section 1a is set as h1,
and the height of an apex 23a of the screw section 22 in
the second alloy section 1b is set as h2, the height h2 of
the apex 23a is preferably h1/4 or more and 3h1/4 or less.
Here, the height h1 corresponds to the distance in the
radial direction from the apex 21a to the valley 21b. Fur-
ther, the height h2 corresponds to the distance in the
radial direction from the apex 23a to a valley 23b of the
screw section 22 in the second alloy section 1b.
[0028] FIG. 4 is a cross-sectional view illustrating the
configuration of the rod-shaped member for a fastening
member which is a raw material of the fastening member
1. The rod-shaped member 100 for the fastening member
(hereinafter simply referred to as "rod-shaped member
100") illustrated in FIG. 4 has a cylindrical shape of two-
layer structure which includes a cylindrical core section
101 made of the same aluminum alloy as that of the sec-
ond alloy section 1b, and an outer peripheral portion 102
which covers the outer periphery of the core section 101
and is made of the same aluminum alloy as that of the
first alloy section 1a. A thickness t100 of the outer periph-
eral portion 102 is 1/2000 or more and 1/10 or less
(r100/2000 ≤ t100 ≤ r100/10) of the diameter r100 of the rod-
shaped member 100. The fastening member 1 is formed
by performing a wire drawing, a header process, or the
like on the rod-shaped member 100. In order to enable
such molding, it is desirable that a breakage elongation
at room temperature (about 1 to 35°C) of the aluminum
alloy constituting the core section 101 converted into the
second alloy section 1b after molding be 8% or more.
[0029] When the fastening member 1 is formed by per-
forming the wire drawing and the header process on the
rod-shaped member 100, a fiber flow in which the metal
crystals are elongated in a fiber shape along the screw
surface shape can be seen in the screw section 22. If a
crack occurs in the screw section 22, a crack propagates
across the fiber flow. Therefore, due to the presence of
fiber flow, stress corrosion cracking can be suppressed.
[0030] According to the aforementioned first embodi-
ment of the present invention, by providing a two-layer
structure which includes a first alloy section made of an
aluminum alloy having excellent stress corrosion crack-
ing resistance in a portion coming into contact with a
member to be fastened, and a second alloy section made
of an aluminum alloy of high strength in another portion,
it is possible to provide a fastening member having ex-
cellent strength and stress corrosion cracking resistance.
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[0031] Further, according to the first embodiment,
since the screw threads are formed in a part of the surface
of the first alloy section, it is possible to improve the stress
corrosion cracking resistance at the contact portion with
the member to be fastened.
[0032] Further, according to the first embodiment, the
outer peripheral side including the screw thread consti-
tutes a male screw which is the first alloy section, and
the thickness of the surface layer portion of the screw
thread of the male screw in the radial direction is 1/2000
or more and 1/10 or less of the outer diameter of the
screw section. Accordingly, it is possible to achieve both
strength and stress corrosion cracking resistance at an
appropriate balance.
[0033] Further, according to the first embodiment, by
forming a rod-shaped member for a fastening member
which is a clad member which includes the outer periph-
eral portion having a hollow cylindrical shape and made
of an aluminum alloy excellent in stress corrosion crack-
ing resistance provided in the portion being in contact
with the member to be fastened, and the core section
having a cylindrical shape covered with the outer periph-
eral portion with no gap and made of a high-strength alu-
minum alloy, it is possible to form a fastening member (a
male screw) with excellent strength and stress corrosion
cracking resistance by the same manufacturing method
as the relate art.
[0034] Further, according to the first embodiment,
since the thickness of the outer peripheral portion of the
rod-shaped member for the fastening member in the ra-
dial direction is 1/2000 or more and 1/10 or less of the
diameter of the rod-shaped member for the fastening
member, it is possible to achieve both strength and stress
corrosion cracking resistance at an appropriate balance
in the fastening member (male screw) after molding.

(Second Embodiment)

[0035] FIG. 5 is a plan view illustrating a configuration
of a fastening member according to the second embod-
iment of the present invention. FIG. 6 is a cross-sectional
view taken along line A-A of FIG. 5. A fastening member
5 illustrated in these drawings is a nut (a kind of female
screw) made of a clad material formed by joining two
kinds of aluminum alloys different from each other. The
fastening member 5 has a hollow cylindrical shape, and
a screw thread 52 is formed on the inner surface of a
hole 51 formed at the center portion. The shape (a hex-
agonal nut) of the fastening member 5 illustrated in FIG.
5 is merely an example, and the high strength aluminum
alloy can be achieved as a nut (a flanged nut, a cap nut,
a high nut, or the like) having another shape.
[0036] The fastening member 5 includes a first alloy
section 5a and a second alloy section 5b which are re-
spectively formed, using two different types of aluminum
alloys. The first alloy section 5a has a ring shape consti-
tuting a surface layer portion of the screw thread 52 which
is a portion coming into contact with a member to be

fastened. The second alloy section 5b has a ring shape
which covers the outer peripheral surface of the first alloy
section 5a.
[0037] The first alloy section 5a is made of the same
aluminum alloy as the first alloy section 1a of the first
embodiment, and the second alloy section 5b is made of
the same aluminum alloy as the second alloy section 1b
of the first embodiment. The first alloy section 5a is the
same as the first alloy section 1a in that the thickness of
the first alloy section 5a is 10 mm or more and 1.5 mm
or less. The thickness of the first alloy section 5a in the
radial direction is 1/2000 or more and 1/10 or less of the
maximum outer diameter (circle equivalent outer diam-
eter) r2 (see FIG. 6) of the fastening member 5. Further,
the second alloy section 5b is the same as the second
alloy section 1b in that the Vickers hardness of the second
alloy section 5b is 130 or more and that the breakage
elongation at room temperature of the second alloy sec-
tion 5b is 8% or more.
[0038] The thickness of the surface layer portion of the
screw thread 52 of the first alloy section 5a in the radial
direction is not necessarily uniform, and is included in
the range of 1/2000 or more and 1/10 or less of the max-
imum outer diameter (circle equivalent outer diameter)
r2 of the fastening member 5. As a result, at least the
entire screw threads 52, which are portions coming in
contact with the member to be fastened, become alumi-
num alloys having excellent stress corrosion cracking re-
sistance.
[0039] FIG. 7 is a cross-sectional view illustrating a
configuration of a rod-shaped member for a fastening
member which is a raw material of the fastening member
5. A rod-shaped member 200 for the fastening member
(hereinafter simply referred to as "rod-shaped member
200") illustrated in FIG. 7 is a cylindrical clad material of
a two-layer structure which includes a cylindrical core
section 201 made of the same aluminum alloy as the first
alloy section 5a, and an outer peripheral portion 202
which covers the outer periphery of the core section 201
with no gap and is made of the same aluminum alloy as
the second alloy section 5b. The fastening member 5 is
formed by performing the wire drawing on the rod-shaped
member 200, the digging process of the core section 201,
the header process, and the like. In order to enable such
molding, it is desirable that the breakage elongation at
room temperature of the aluminum alloy constituting the
outer peripheral portion 202 to be the second alloy sec-
tion 5b after molding be 8% or more.
[0040] FIG. 8 is a cross-sectional view illustrating a
configuration after performing the digging process of the
core section 201 with respect to the rod-shaped member
200. A rod-shaped member 200’ illustrated in FIG. 8 in-
cludes a hollow cylindrical core section 201’, and an outer
peripheral portion 202’ which covers the side surface of
the core section 201’ with no gap. Among them, a thick-
ness t200 of the core section 201’ in the radial direction
is 1/2000 or more and 1/10 or less (r200/2000 ≤ t200 ≤
r200/10) of a diameter r200 of the rod-shaped member
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200’. In the second embodiment, after the wire drawing
is performed on the rod-shaped member 200, a rod-
shaped member 200’ having a core section 201’ in which
a hole 211’ is formed by performing the digging process
is obtained. Thereafter, by performing the header proc-
ess or the like on the rod-shaped member 200’, the fas-
tening member 5 is formed. Further, the wire drawing
may be performed after performing the digging process
on the rod-shaped member 200. Further, after the wire
drawing is performed on the rod-shaped member 200,
the rod-shaped member 200 is cut to a length necessary
for forming the fastening member 5 (nut), and then the
digging process may be performed.
[0041] According to the aforementioned second em-
bodiment of the present invention, by providing a two-
layer structure which includes the first alloy section made
of an aluminum alloy excellent in stress corrosion crack-
ing resistance in the portion coming into contact with the
member to be fastened, and the second alloy section
made of an aluminum alloy having excellent strength at
the outer peripheral side of the first alloy section, it is
possible to provide the fastening member having excel-
lent strength and stress corrosion cracking resistance as
in the first embodiment.
[0042] Further, according to the second embodiment,
since the screw threads are formed on a part of the sur-
face of the first alloy section, it is possible to improve the
stress corrosion cracking resistance at the contact por-
tion with the member to be fastened.
[0043] Further, according to the second embodiment,
the inner peripheral side constitutes the female screw
which is the first alloy section, and the thickness of the
first alloy section in the radial direction is 1/2000 or more
and 1/10 or less of the maximum outer diameter of the
female screw. Accordingly, it is possible to achieve both
strength and stress corrosion cracking resistance at an
appropriate balance.
[0044] Further, according to the second embodiment,
by forming a rod-shaped member for a fastening member
which includes the core section having a hollow cylindri-
cal shape and made of an aluminum alloy excellent in
stress corrosion cracking resistance in the portion being
in contact with the member to be fastened, and the outer
peripheral portion which has a cylindrical shape to cover
the outer periphery of the deep part and is made of a
high-strength aluminum alloy, and in which the thickness
of the core section in the radial direction is 1/2000 or
more and 1/10 or less of the maximum outer diameter of
the outer peripheral portion, it is possible to form a fas-
tening member (nut) in which both strength and stress
corrosion cracking resistance are achieved at an appro-
priate balance by the same manufacturing method as the
related art.

(Third Embodiment)

[0045] FIG. 9 is a side view illustrating a configuration
of a fastening member according to a third embodiment

of the present invention. FIG. 10 is a cross-sectional view
passing through the central axis of the fastening member
illustrated in FIG. 9 in the longitudinal direction (left-right
direction in FIG. 9). A fastening member 6 illustrated in
these drawings is a rivet made of a clad material formed
by joining two kinds of aluminum alloys different from
each other. The fastening member 6 includes a cylindri-
cal shaft section 7, a head section 8 provided at one end
of a cylinder forming the shaft section 7 in the height
direction (left-right direction in FIG. 9), and a neck section
9 demarcating a boundary between the shaft section 7
and the head section 8. It should be noted that the shape
(round shape) of the head section 8 illustrated in FIG. 9
is merely an example, and other shapes (a dish shape
or the like) may be provided.
[0046] The fastening member 6 includes a first alloy
section 6a and a second alloy section 6b which are re-
spectively formed, using two different types of aluminum
alloys. The first alloy section 6a is provided at a portion
which is in contact with a member to be fastened. In other
words, the first alloy section 6a forms the surface layer
portion of the shaft section 7, the surface of the neck
section 9, the surface layer portion of a seating surface
81 of the head section 8, and at least a part of the surface
layer portion of the region continued to the seating sur-
face 81 of a surface 82 of the head section 8. The second
alloy section 6b constitutes a portion other than the inner
peripheral side of the shaft section 7 and the first alloy
section 6a of the head section 8.
[0047] The first alloy section 6a is made of the same
aluminum alloy as the first alloy section 1a of the first
embodiment, and the second alloy section 6b is made of
the same aluminum alloy as the second alloy section 1b
of the first embodiment. The first alloy section 6a is the
same as the first alloy section 1a in that the thickness of
the first alloy section 6a is 10 mm or more and 1.5 mm
or less. Further, a thickness t3 in the radial direction of
the first alloy section 6a in the shaft section 7 is 1/2000
or more and 1/10 or less of the outer diameter r3 (see
FIG. 10) of the shaft section 7. Furthermore, the second
alloy section 6b is the same as the second alloy section
1b in that the Vickers hardness of the second alloy section
6b is 130 or more, and the breakage elongation at room
temperature of the second alloy section 6b is 8% or more.
[0048] The thickness t3 of the first alloy section 6a in
the shaft section 7 is 1/2000 or more and 1/10 or less
(r3/2000 ≤ t3 ≤ r3/10) of the outer diameter r3 of the shaft
section 7. Such a fastening member 6 can be formed by
performing the wire drawing, the header process, or the
like on the rod-shaped member 100 illustrated in FIG. 4.
[0049] According to the aforementioned third embod-
iment of the present invention, by adopting a two-layer
structure in which the first alloy section made of an alu-
minum alloy having excellent stress corrosion cracking
resistance is provided in the portion being in contact with
the member to be fastened, and the second alloy section
made of an aluminum alloy having excellent strength is
provided in other portions, it is possible to provide a fas-
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tening member with excellent strength and stress corro-
sion cracking resistance as in the first embodiment.
[0050] According to the third embodiment, since the
rivet in which the outer peripheral side is the first alloy
section is formed, and the thickness of the first alloy sec-
tion in the shaft section of the rivet in the radial direction
is 1/2000 or more and 1/10 or less of the outer diameter
of the shaft section, it is possible to achieve both strength
and stress corrosion cracking resistance at an appropri-
ate balance.
[0051] Further, according to the third embodiment, by
forming a rod-shaped member for a fastening member
which is a clad material which includes an outer periph-
eral portion having a hollow cylindrical shape and made
of an aluminum alloy with excellent stress corrosion
cracking resistance in a portion being in contact with the
member to be fastened, and a core section having a cy-
lindrical shape covered with the outer peripheral portion
with no gap and made of a high-strength aluminum alloy,
it is possible to form a fastening member (rivet) having
excellent strength and stress corrosion cracking resist-
ance by the same manufacturing method as the related
art.
[0052] Further, according to the third embodiment,
since the thickness of the outer peripheral portion of the
rod-shaped member for the fastening member in the ra-
dial direction is 1/2000 or more and 1/10 or less of the
diameter of the rod-shaped member for the fastening
member, it is possible to achieve both strength and stress
corrosion cracking resistance at an appropriate balance
in the fastening member (rivet) after the molding.
[0053] Although the mode for carrying out the present
invention has been described here, the present invention
should not be limited only by the above described first to
third embodiments. For example, it is also possible to
achieve the fastening member according to the present
invention as a small screw or a tapping screw which is a
male screw other than a bolt.
[0054] Further, in the present invention, it is also pos-
sible to provide a layer made of an aluminum alloy having
excellent stress corrosion cracking resistance on the sur-
face of the first alloy section. As such an aluminum alloy,
for example, an aluminum alloy of 3000 series, 4000 se-
ries, 5000 series, 6000 series, and 7000 series can be
adopted.
[0055] As described above, the present invention can
include various embodiments and the like which are not
described here, and various design changes and the like
can be made within the scope of the invention as defined
in the appended claims.

Industrial Applicability

[0056] As described above, the fastening member ac-
cording to the present invention, and the rod-shaped
member for the fastening member used for manufactur-
ing the fastening member are suitable for obtaining a
fastening member with excellent strength and stress cor-

rosion cracking resistance.

Reference Signs List

[0057]

1, 5, 6 Fastening member
1a, 5a, 6a First alloy section
1b, 5b, 6b Second alloy section
2, 7 Shaft section
3, 8 Head section
4, 9 Neck section
21, 52 Screw thread
21a Apex
21b Valley
22 Screw section
31, 81 Seating surface
32 Side surface
51, 211’ Hole
82 Surface
100, 200, 200’ Rod-shaped member for fastening
member
101, 201, 201’ Core section
102, 202, 202’ Outer peripheral portion

Claims

1. A fastening member (1; 5; 6) that fastens members,
the fastening member being characterized by com-
prising:

a first alloy section (1a, 5a, 6a) made of an
A6056 aluminum alloy, the first alloy section be-
ing provided in a portion in contact with at least
one of the members; and
a second alloy section (1b, 5b, 6b) made of an
A2024 or A2618 aluminum alloy, the second al-
loy section being bonded to the first alloy sec-
tion.

2. The fastening member according to claim 1, wherein
Vickers hardness of the second alloy section is 130
or more.

3. The fastening member according to claim 1 or 2,
wherein a screw thread (21, 52) is formed in a part
of a surface of the first alloy section.

4. The fastening member (1) according to claim 3,
wherein the fastening member is a male screw in-
cluding:

a cylindrical shaft section (2) with the screw
thread (21) formed in at least a part of the outer
periphery;
a head section (3) provided at one end of the
shaft section in an axial direction; and
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a neck section (4) demarcating a boundary be-
tween the shaft section and the head section,
the first alloy section (1a) constitutes at least a
surface layer portion of the screw thread, a sur-
face of the neck section and a surface layer por-
tion of a seating surface of the head section, and
a thickness of the surface layer portion of the
screw thread of the first alloy section in the radial
direction is 1/2000 or more and 1/10 or less of
a maximum outer diameter of the shaft section.

5. The fastening member (5) according to claim 3,
wherein
the fastening member is a female screw with the
screw thread (52) formed on an inner surface of a
hole formed in a center portion,
the second alloy section (5b) is located on an outer
peripheral side of the first alloy section, and
a thickness of the first alloy section (5a) in the radial
direction is 1/2000 or more and 1/10 or less of a
maximum outer diameter of the female screw.

6. The fastening member (6) according to claim 1 or 2,
wherein
the fastening member is a rivet including:

a cylindrical shaft section (7);
a head section (8) provided at one end portion
of the shaft section in the axial direction; and
a neck section (9) demarcating a boundary be-
tween the shaft section and the head section,

the first alloy section (6a) constitutes at least a sur-
face layer portion of the shaft section, a surface of
the neck section and a surface layer portion of a seat-
ing surface of the head section, and
a thickness of the first alloy section in the radial di-
rection of the shaft section is 1/2000 or more and
1/10 or less of an outer diameter of the shaft section.

7. A rod-shaped member (100) for producing a fasten-
ing member (1; 6) according to claim 4 or claim 6,
comprising:

a core section (101) having a cylindrical shape
and made of an A2024 or A2618 aluminum alloy;
and
an outer peripheral portion (102) having a hollow
cylindrical shape covering a side surface of the
core section with no gap, and made of an A6056
aluminum alloy.

8. The rod-shaped member for a fastening member ac-
cording to claim 7, wherein a thickness of the outer
peripheral portion in the radial direction is 1/2000 or
more and 1/10 or less of a maximum outer diameter
of the outer peripheral portion.

9. A rod-shaped member (200) for producing a fasten-
ing member (5) according to claim 5, comprising:

a core section (201) having a hollow cylindrical
shape and made of an A6056 aluminum alloy;
and
an outer peripheral portion (202) having a hollow
cylindrical shape covering a side surface of the
core section with no gap, and made of an A2024
or A2618 aluminum alloy.

10. The rod-shaped member for a fastening member ac-
cording to claim 9, wherein a thickness of the core
section in the radial direction is 1/2000 or more and
1/10 or less of a maximum outer diameter of the outer
peripheral portion.

Patentansprüche

1. Befestigungselement (1; 5; 6), das Elemente befes-
tigt, wobei das Befestigungselement dadurch ge-
kennzeichnet ist, dass es umfasst:

einen ersten Legierungsabschnitt (1a, 5a, 6a),
der aus einer A6056 Aluminiumlegierung her-
gestellt ist, wobei der erste Legierungsabschnitt
in einem Bereich bereitgestellt ist, der in Kontakt
mit mindestens einem der Elemente steht; und
einen zweiten Legierungsabschnitt (1b, 5b, 6b),
der aus einer A2024 oder A2618 Aluminiumle-
gierung hergestellt ist, wobei der zweite Legie-
rungsabschnitt an den ersten Legierungsab-
schnitt gebondet ist.

2. Befestigungselement nach Anspruch 1, wobei eine
Vickershärte des zweiten Legierungsabschnitts 130
oder mehr beträgt.

3. Befestigungselement nach Anspruch 1 oder 2, wo-
bei ein Schraubengewinde (21, 52) in einem Teil ei-
ner Oberfläche des ersten Legierungsabschnitts ge-
bildet ist.

4. Befestigungselement (1) nach Anspruch 3, wobei
das Befestigungselement eine männliche Schraube
ist, beinhaltend:

einen zylindrischen Wellenabschnitt (2), bei
dem das Schraubengewinde (21) in mindestens
einem Teil der äußeren Peripherie gebildet ist;
einen Kopfabschnitt (3), der an einem Ende des
Wellenabschnitts in einer axialen Richtung be-
reitgestellt ist; und
einen Halsabschnitt (4), der eine Grenze zwi-
schen dem Wellenabschnitt und dem Kopfab-
schnitt markiert,
wobei der erste Legierungsabschnitt (1a) min-
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destens einen Oberflächenschichtbereich des
Schraubengewindes, eine Oberfläche des Hals-
abschnitts und einen Oberflächenschichtbe-
reich einer Sitzoberfläche des Kopfabschnitts
ausmacht, und
eine Dicke des Oberflächenschichtbereichs des
Schraubengewindes des ersten Legierungsab-
schnitts in der radialen Richtung 1/2000 oder
mehr und 1/10 oder weniger eines maximalen
äußeren Durchmessers des Wellenabschnitts
beträgt.

5. Befestigungselement (5) nach Anspruch 3, wobei
das Befestigungselement eine weibliche Schraube
ist, wobei das Schraubengewinde (52) auf einer in-
neren Oberfläche eines in einem Mittelbereich ge-
bildeten Lochs gebildet ist,
wobei der zweite Legierungsabschnitt (5b) sich auf
einer äußeren peripheren Seite des ersten Legie-
rungsabschnitts befindet, und
eine Dicke des ersten Legierungsabschnitts (5a) in
der radialen Richtung 1/2000 oder mehr und 1/10
oder weniger eines maximalen äußeren Durchmes-
sers der weiblichen Schraube beträgt.

6. Befestigungselement (6) nach Anspruch 1 oder 2,
wobei das Befestigungselement eine Niete ist, be-
inhaltend:

einen zylindrischen Wellenabschnitt (7);
einen Kopfabschnitt (8), der an einem Endbe-
reich des Wellenabschnitts in der axialen Rich-
tung bereitgestellt ist; und
einen Halsabschnitt (9), der eine Grenze zwi-
schen dem Wellenabschnitt und dem Kopfab-
schnitt markiert,
wobei der erste Legierungsabschnitt (6a) min-
destens einen Oberflächenschichtbereich des
Wellenabschnitts, eine Oberfläche des Halsab-
schnitts und einen Oberflächenschichtbereich
einer Sitzoberfläche des Kopfabschnitts aus-
macht, und
eine Dicke des ersten Legierungsabschnitts in
der radialen Richtung des Wellenabschnitts
1/2000 oder mehr und 1/10 oder weniger eines
äußeren Durchmessers des Wellenabschnitts
beträgt.

7. Stabförmiges Element (100) zur Herstellung einen
Befestigungselements (1; 6) nach Anspruch 4 oder
Anspruch 6, umfassend:

einen Kernabschnitt (101), der eine zylindrische
Form aufweist und aus einer A2024 oder A2618
Aluminiumlegierung hergestellt ist; und
einen äußeren peripheren Bereich (102), der ei-
ne hohle zylindrische Form aufweist, eine seit-
liche Oberfläche des Kernabschnitts ohne Spalt

abdeckt, und aus einer A6056 Aluminiumlegie-
rung hergestellt ist.

8. Stabförmiges Element für ein Befestigungselement
nach Anspruch 7, wobei eine Dicke des äußeren pe-
ripheren Bereichs in der radialen Richtung 1/2000
oder mehr und 1/10 oder weniger eines maximalen
äußeren Durchmessers des äußeren peripheren Be-
reichs beträgt.

9. Stabförmiges Element (200) zur Herstellung eines
Befestigungselements (5) nach Anspruch 5, umfas-
send:

einen Kernabschnitt (201) der eine hohle zylin-
drische Form aufweist und aus einer A6056 Alu-
miniumlegierung hergestellt ist; und
einen äußeren peripheren Bereich (202), der ei-
ne hohle zylindrische Form aufweist, die eine
seitliche Oberfläche des Kernabschnitts ohne
Spalt abdeckt, und aus einer A2024 oder A2618
Aluminiumlegierung hergestellt ist.

10. Stabförmiges Element für ein Befestigungselement
nach Anspruch 9, wobei eine Dicke des Kernab-
schnitts in der radialen Richtung 1/2000 oder mehr
und 1/10 oder weniger eines maximalen äußeren
Durchmessers des äußeren peripheren Bereichs
beträgt.

Revendications

1. Élément de fixation (1 ; 5 ; 6) qui fixe des éléments,
l’élément de fixation étant caractérisé en ce qu’il
comprend :

une première section d’alliage (1a, 5a, 6a) réa-
lisée en un alliage d’aluminium A6056, la pre-
mière section d’alliage étant prévue dans une
portion en contact avec au moins un des
éléments ; et
une seconde section d’alliage (1b, 5b, 6b) réa-
lisée en un alliage d’aluminium A2024 ou A2618,
la seconde section d’alliage étant liée à la pre-
mière section d’alliage.

2. Élément de fixation selon la revendication 1, dans
lequel la dureté Vickers de la seconde section d’al-
liage est de 130 ou plus.

3. Élément de fixation selon la revendication 1 ou 2,
dans lequel un filet de vis (21, 52) est formé dans
une partie d’une surface de la première section d’al-
liage.

4. Élément de fixation (1) selon la revendication 3, dans
lequel l’élément de fixation est une vis mâle incluant :
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une section de tige cylindrique (2) avec le filet
de vis (21) formé dans au moins une partie de
la périphérie extérieure ;
une section de tête (3) prévue à une extrémité
de la section de tige dans une direction axiale ; et
une section de cou (4) démarquant une limite
entre la section de tige et la section de tête,
la première section d’alliage (1a) constitue au
moins une portion de couche de surface du filet
de vis, une surface de la section de cou et une
portion de couche de surface d’une surface d’as-
sise de la section de tête, et
une épaisseur de la portion de couche de sur-
face du filet de vis de la première section d’al-
liage dans la direction radiale est de 1/2 000 ou
plus et de 1/10 ou moins d’un diamètre extérieur
maximum de la section de tige.

5. Élément de fixation (5) selon la revendication 3, dans
lequel
l’élément de fixation est une vis femelle avec le filet
de vis (52) formé sur une surface intérieure d’un trou
formé dans une portion centrale,
la seconde section d’alliage (5b) est située sur un
côté périphérique extérieur de la première section
d’alliage, et
une épaisseur de la première section d’alliage (5a)
dans la direction radiale est de 1/2 000 ou plus et de
1/10 ou moins d’un diamètre extérieur maximum de
la vis femelle.

6. Élément de fixation (6) selon la revendication 1 ou
2, dans lequel l’élément de fixation est un rivet
incluant :

une section de tige cylindrique (7) ;
une section de tête (8) prévue au niveau d’une
portion d’extrémité de la section de tige dans la
direction axiale ; et
une section de cou (9) démarquant une limite
entre la section de tige et la section de tête,
la première section d’alliage (6a) constitue au
moins une portion de couche de surface de la
section de tige, une surface de la section de cou
et une portion de couche de surface d’une sur-
face d’assise de la section de tête, et
une épaisseur de la première section d’alliage
dans la direction radiale de la section de tige est
de 1/2 000 ou plus et de 1/10 ou moins d’un
diamètre extérieur de la section de tige.

7. Élément en forme de tige (100) pour la production
d’un élément de fixation (1 ; 6) selon la revendication
4 ou la revendication 6, comprenant :

une section centrale (101) présentant une forme
cylindrique et réalisée en un alliage d’aluminium
A2024 ou A2618 ; et

une portion périphérique extérieure (102) pré-
sentant une forme cylindrique creuse couvrant
une surface latérale de la section centrale sans
fente, et réalisée en un alliage d’aluminium
A6056.

8. Élément en forme de tige pour un élément de fixation
selon la revendication 7, dans lequel une épaisseur
de la portion périphérique extérieure dans la direc-
tion radiale est de 1/2 000 ou plus et de 1/10 ou
moins d’un diamètre extérieur maximum de la por-
tion périphérique extérieure.

9. Élément en forme de tige (200) pour la production
d’un élément de fixation (5) selon la revendication
5, comprenant :

une section centrale (201) présentant une forme
cylindrique creuse et réalisée en un alliage d’alu-
minium A6056 ; et
une portion périphérique extérieure (202) pré-
sentant une forme cylindrique creuse couvrant
une surface latérale de la section centrale sans
fente, et réalisée en un alliage d’aluminium
A2024 ou A2618.

10. Élément en forme de tige pour un élément de fixation
selon la revendication 9, dans lequel une épaisseur
de la section centrale dans la direction radiale est
de 1/2 000 ou plus et de 1/10 ou moins d’un diamètre
extérieur maximum de la portion périphérique exté-
rieure.
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