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Description

TECHNICAL FIELD

[0001] The present invention relates to a rod having a bamboo structure which is formed of a Cu-Al-Mn-based su-
perelastic alloy material having excellent resistance to repeated deformations, and a method of producing the rod.

BACKGROUND ART

[0002] Shape memory alloys/superelastic alloys, such as copper alloys, exhibit a remarkable shape memory effect
and superelastic characteristics concomitantly to reverse transformation of the thermoelastic martensite transformation,
and have excellent functions near the living environment temperature. Accordingly, these alloys have been put to practical
use in various fields. Representative alloys of the shape memory alloys/superelastic alloys include TiNi alloys and copper
(Cu)-based alloys. Copper-based shape memory alloys/superelastic alloys (hereinafter, these are also collectively refer
to, simply, copper-based alloys) have characteristics inferior to those of TiNi alloys in terms of repetition characteristics,
corrosion resistance, and the like. On the other hand, since the cost is inexpensive, there has been a movement to
extend the application range of copper-based alloys. However, although copper-based alloys are advantageous in terms
of cost, those alloys are poor in cold workability and inferior in superelastic characteristics. For this reason, despite that
a variety of studies are being conducted, it is the current situation that practicalization of copper-based alloys has not
been necessarily sufficiently progressed.
[0003] Heretofore, various investigations have been conducted on copper-based alloys. For example, Cu-Al-Mn-based
shape memory alloys having a β single phase structure with excellent cold workability, have been reported in Patent
Literatures 1 to 4 described below. In those examples, for example, regarding a crystalline orientation, the copper-based
alloys have a recrystallized texture in which particular orientations, such as <101> and <100>, of a β single phase metallic
texture, are aligned in the direction of cold-working, such as rolling or wire-drawing.

CITATION LIST

PATENT LITERATURES

[0004]

Patent Literature 1: JP-A-7-62472 ("JP-A" means unexamined published Japanese patent application)
Patent Literature 2: JP-A-2000-169920
Patent Literature 3: JP-A-2001-20026
Patent Literature 4: WO 2011/152009 A1

[0005] In Y. Sutou et al. "Grain size dependence of pseudoelasticity in polycrystalline Cu-Al-Mn-based shape memory
sheets", Acta Materialia 61 (2013) 3842 - 3850 the effects of grain size on the stress-strain characteristics of Cu-Al-Mn-
based pseudoelastic sheet specimens with various relative grain were investigated using cyclic tensile testing.

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006] A Cu-Al-Mn-based alloy produced by the method of Patent Literature 1 does not have satisfactory characteristics,
particularly superelastic characteristics, and the maximum given strain that exhibits shape recovery of 90% or more is
about 2 to 3%. Regarding the reason for this, it is speculated that because a strong restraining force is generated among
grains at the time of deformation due to reasons, such as the crystalline orientation being random, irreversible defects,
such as transition, are introduced. Thus, residual strain that is accumulated due to repeated deformations occurs to a
large extent, and after repeated deformations, deterioration of superelastic characteristics also becomes noticeable.
[0007] Further, the copper-based alloy of Patent Literature 2 is a copper-based alloy which has shape memory char-
acteristics and superelastic characteristics and which is substantially formed of a β single phase, and the crystal structure
is a recrystallized texture in which in the crystalline orientation of the β single phase, particular crystalline orientations,
such as <101> and <100>, of the β single phase are aligned in the direction of cold-working, such as rolling or wire-
drawing. In the above-described copper-based alloy, the cold-working is performed at a total working ratio after final
annealing, at which the frequency of existence of a particular crystalline orientation of the β single phase in the working
direction measured by Electron Back-Scatter Diffraction Patterning (hereinafter, may be abbreviated to "EBSP") (alter-
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natively, also referred to as Electron BackScatter Diffraction (hereinafter, also abbreviated as EBSD)) is 2.0 or higher.
Even if the alloy is such a material as described above, since the amount of transformation strain is highly dependent
on orientation in Cu-Al-Mn-based alloys, it was insufficient to stably obtain satisfactory superelastic characteristics
precisely and uniformly. Further, residual strain that is accumulated due to repeated deformations occurs to a large
extent, and after repeated deformations, deterioration of superelastic characteristics also becomes noticeable.
[0008] Further, in regard to the copper-based alloys described in Patent Literature 3 and Patent Literature 4, from the
viewpoint that the shape memory characteristics and the superelastic characteristics exhibited thereby have large var-
iations in the performance, and these characteristics are not stabilized, there is room for further improvement. Further,
it may be considered that in order to stabilize the shape memory characteristics and the superelastic characteristics,
texture control is indispensable. However, in the method described in Patent Literature 3, the degree of integration of
the texture in the Cu-Al-Mn-based alloy is low, and the shape memory characteristics and the superelastic characteristics
are not yet sufficiently stabilized. In Patent Literature 3, it is proposed that the crystalline orientation of the β single phase
is controlled in order to enhance the shape memory characteristics and the superelastic characteristics of the copper-
based alloy, and also, the average grain size is adjusted to a value equivalent to a half or greater of the wire diameter
in the case of a wire material, or to a value equivalent to the sheet thickness or greater in the case of a sheet material,
while the area of a region having such a grain size is adjusted to 30% or more of the entire length of the wire material
or the entire area of the sheet material. Further, in Patent Literature 4, in order to enhance the shape memory charac-
teristics of the copper-based alloy, and to obtain a copper-based alloy having a cross-section size applicable to structures,
it is proposed to produce a macrocrystalline grain structure having a maximum grain size of more than 8 mm. However,
in the methods described in Patent Literature 3 and Patent Literature 4, since the control of the grain size distribution of
grains having predetermined large grain sizes is more unsatisfactory in a Cu-Al-Mn-based alloy, the shape memory
effect or the superelastic characteristics are not stabilized. Further, residual strain that is accumulated due to repeated
deformations occurs to a large extent, and after repeated deformations, deterioration of superelastic characteristics also
becomes noticeable.
[0009] As such, it is considered that integration of the crystalline orientation and having a predetermined large grain
size are effective for an enhancement of superelasticity in Cu-Al-Mn-based alloys. However, in the conventional art, no
improvement has been made in connection with deterioration of the superelastic characteristics in repeated deformations.
However, in a case where these alloys are used for a medical tool, a construction member or the like, deterioration of
the characteristics caused by repeated deformations becomes a serious problem, and there is a demand for improvement.
[0010] The present invention is implemented for providing a rod which is formed of a Cu-Al-Mn-based alloy material
which has excellent resistance to repeated deformations, and for providing a method of producing the rod.

SOLUTION TO PROBLEM

[0011] The inventors of the present invention conducted a thorough investigation in order to solve the problems
described above. As a result, the inventors have found that when the grain size of a Cu-Al-Mn-based alloy material is
controlled while the crystalline orientation of the alloy material is controlled, and when the amount of existence (existence
proportion) of small grains that do not grow to a predetermined size or larger is controlled, the amount of residual strain
after repeated deformations can be reduced. Further, the inventors have found that the control that enables such a
balance between the grain size and the texture to be achieved, can be achieved by performing: a shape memory heat
treatment, in which a Cu-Al-Mn-based alloy material is subjected to predetermined intermediate annealing and cold-
working, then the alloy material is heated in the initial stage of a shape memory heat treatment to a temperature range,
in which a state of an (α+β) phase with a fixed amount of α phase precipitation is converted to a β single phase at a
particular slow speed of temperature raising, then the alloy material is maintained at a predetermined temperature for
a predetermined time, and repeating at least two times of: cooling from a temperature range for forming a β single phase
to the temperature range for forming an (α+β) phase at a particular slow speed of temperature lowering; and heating
from the temperature range for forming an (α+β) phase to the temperature range for forming a β single phase at a
particular slow speed of temperature raising. The present invention was completed based on these findings.
[0012] That is, the present invention is to provide the following means:

(1) The Cu-Al-Mn-based alloy material of claim 1
(2) The Cu-Al-Mn-based alloy material defined by claim 2.

[0013] (3) The of claim (4) The method of claim 4 (5) The method of claim 5.
[0014] Herein, ’having excellent resistance to repeated deformations’ means that the amount of residual strain obtain-
able after loading and unloading at a predetermined amount of strain is repeated at predetermined times, is small, and
it is more desirable if this residual strain is smaller. According to the present invention, it means that in regard to repeated
deformations, by which loading and unloading of a strain equivalent to an amount of strain of 5% is repeated 100 times,
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the amount of residual strain is 2.0% or less, and preferably 1.5% or less.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] The Cu-Al-Mn-based superelastic alloy material used in the present invention can be used in various applications
where superelastic characteristics are required, and for example, applications to antennae of mobile telephones, spec-
tacle frames; medical products, such as orthodontic wires, guide wires, stents, ingrown nail correctors (onychocryptosis
correctors), and hallux valgus orthoses; as well as connectors and actuators, are expected. Further, the Cu-Al-Mn-based
superelastic alloy material is preferable as a vibration damping material, such as a bus bar, or as a construction material,
due to its excellent resistance to repeated deformations. Further, vibration damping structures and the like can be
constructed, using this vibration damping material or construction material. In addition, the alloy material can also be
utilized as a civil engineering and construction material enabling prevention of pollutions, such as noises and vibrations,
by utilizing the characteristics of absorbing vibrations as described above. The alloy material can also be used as a
vibration-absorbing member for aircrafts or automobiles. The alloy material can also be applied in the field of transportation
equipment intended for an effect of noise reduction.
[0016] Other and further features and advantages of the invention will appear more fully from the following description,
appropriately referring to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0017]

{Fig. 1}
Fig. 1 is a schematic diagram for a Cu-Al-Mn-based alloy rod material (wire material) 1 of the present invention, the
schematic diagram explaining the relationships between the grain lengths (a, b) of a large grain 3 (grain Y’, grain
Z’, and the like in the final state, or grains Y and Z in the state of the mid course) as well as the grain lengths (ax,
bx) of a small grain 2 (grain X) as defined in the present invention, and the material width or diameter (R).
{Fig. 2}
Fig. 2(a) and Fig. 2(b) each is a schematic diagram explaining the texture defined in the present invention. The
marked portion in the inverse pole figure of Fig. 2(a) is a region in which the angle formed by the normal line of the
(111) plane of the crystal and the working direction is 15° or more. A grain, which is within this region and has grain
lengths that satisfy the relationships of a ≥ b, is grain Y’ (or grain Y in the state of the mid course). Fig. 2(a) shows
an inverse pole figure based on the results of Comparative Example 1 that will be described below. The marked
portion in the inverse pole figure of Fig. 2(b) represents a region in which the angle formed by the normal line of the
(111) plane shown in Fig. 2(a) described above and the working direction is 15° or more, as well as a region in which
the angle formed by the normal line of the (101) plane and the working direction is 20° or less. A grain, which is
within this overlapping region and has grain lengths that satisfy the relationships of a ≥ b, is grain Z’ (or grain Z in
the state of the mid course). Fig. 2(b) shows an inverse pole figure based on the results of Example 1 that will be
described below.
{Fig. 3}
Fig. 3 is a flow chart illustrating the entire process of the production method of the present invention. The names of
the steps are shown together with the flow chart.
{Fig. 4}
Fig. 4(a) and Fig. 4(b) each is a schematic diagram explaining the definitions of the physical property values provided
by the Cu-Al-Mn-based alloy material of the present invention. Fig. 4(a) shows the respective S-S curves of at a
time point at which the first cycle has been completed (solid line in the diagram) and a time point at which the 100th

cycle has been completed (dotted line in the diagram), obtainable after a test of repeating 100 cycles of loading and
unloading of 5% strain, and the respective residual strains at the time of completions of the first cycle and the 100th

cycle are shown in the diagram. Fig. 4(b) is an S-S curve obtainable after a test of loading and unloading of 5%
strain, and the "difference of stress" of the stress value at the time of loading of 5% strain with respect to the 0.2%
proof stress is shown in the diagram.
{Fig. 5}
Fig. 5(a) is a flow chart illustrating the production process of Example 1 (produced in Process No. a as will be
described below), Fig. 5(b) is a flow chart illustrating the production process of Comparative Example 1 (produced
in Process No. A as will be described below). The conditions for working and heat treatments, and the number of
repetitions for the steps are shown together. Example 1 and Comparative Example 1 are different from the viewpoint
that in Example 1 (Process No. a), the number of repetitions [19] of slow temperature lowering [Step 5-5] [13] and
slow temperature raising [Step 5-7] [16] in the shape memory heat treatment is two times; whereas in Comparative
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Example 1 (Process No. A), slow temperature lowering [Step 5-5] [13] and slow temperature raising [Step 5-7] [16]
in this shape memory heat treatment were performed only once, that is, the number of repetitions [19] is one time.
{Fig. 6}
Fig. 6(a) is an S-S curve obtained by analyzing the sample obtained from Example 1 (Process No. a), and Fig. 6(b)
is an S-S curve for the sample obtained in Comparative Example 1 (Process No. A).
{Fig. 7}
Fig. 7(a) is a photograph taken for the sample obtained in Example 1 (Process No. a), and Fig. 7(b) shows a
photograph taken for the sample obtained in Comparative Example 1 (Process No. A), the photographs indicating
the grain lengths of grains.

MODE FOR CARRYING OUT THE INVENTION

[0018] The Cu-Al-Mn-based alloy material is subjected through predetermined intermediate annealing and cold-work-
ing, and further via maintaining [Step 5-2] in a temperature range for obtaining an (α+β) phase, which is carried out
before the heating [Step 5-3] to a temperature range for obtaining a β single phase that is initially obtained by a shape
memory heat treatment, so that the amount of α phase precipitation is fixed thereby. Then, the Cu-Al-Mn-based alloy
material is subjected to the shape memory heat treatment, in which cooling [Step 5-5] from the temperature range for
obtaining the β single phase to the temperature range for obtaining the (α+β) phase at a particular slow speed of
temperature lowering, and heating [Step 5-7] from the temperature range for obtaining the (α+β) phase to the temperature
range for obtaining the β single phase at a particular slow speed of temperature raising, are repeated at least two times.
Thereby, while the crystalline orientation is controlled in a texture that is oriented to a direction other than the <111>
direction, which is a crystalline orientation with high induced stress (that is, the amount of existence of grains in which
the angle formed by the normal line of the (111) plane and the working direction (RD) is as small as less than 15° is
small), the grain size of grains having a large grain size (the grains Y’ and Z’ in the final state, or the grains Y and Z in
the state of the mid course) is controlled to be large in the grain size thereof, and the amount of existence of the grains
is controlled to be large. Concomitantly, the amount of existence of small grains that do not grow to a predetermined
size or larger (the grain X) can be appropriately controlled to be small. Thus, an alloy material that provides satisfactory
superelasticity even if subjected to repeated deformations, is obtained.
[0019] The working direction (RD, see Fig. 1) refers to the wire-drawing direction in the case of wire-drawing, or refers
to the rolling direction in the case of rolling. Usually, the rolling direction at the time of rolling of a sheet material or the
like is called RD (Rolling Direction), but the wire-drawing direction at the time of wire-drawing of a rod material or the
like may also be conventionally described as RD. Thus, when the term RD is used in the present specification, this
collectively refers to the rolling direction and the wire-drawing direction, and is intended to mean the working direction
for a sheet material, a rod material (wire material), or the like.

<Composition of Cu-Al-Mn-based alloy>

[0020] The copper-based alloy having shape memory characteristics and superelasticity is an alloy containing Al and
Mn. This alloy becomes a β phase (body-centered cubic) single phase (in the present specification, which may be simply
referred to as β single phase) at high temperature, and becomes a two-phase texture of a β phase and an α phase (face-
centered cubic) (in the present specification, may be simply referred to as (α+β) phase) at low temperature. The tem-
peratures ranges may vary depending on the alloy composition, but the high temperature at which the β single phase
is obtained is usually 700°C or higher, and the low temperature at which the (α+β) phase is obtained is usually less than
700°C.
[0021] The Cu-Al-Mn-based alloy material has a composition containing 3.0 to 10.0 mass% of Al and 5.0 to 20.0
mass% of Mn, with the balance being Cu and unavoidable impurities. If the content of elemental Al is too small, the β
single phase cannot be formed, and if the content is too large, the alloy material becomes brittle. The content of elemental
Al may vary depending onto the content of elemental Mn, but a preferred content of elemental Al is 6.0 to 10.0 mass%.
When the alloy material contains elemental Mn, the range of existence of the β phase extends to a lower Al-content
side, and cold workability is markedly enhanced. Thus, forming work is made easier. If the amount of addition of elemental
Mn is too small, satisfactory workability is not obtained, and the region of a β single phase cannot be formed. Also, if
the amount of addition of elemental Mn is too large, sufficient shape recovery characteristics are not obtained. A preferred
content of Mn is 8.0 to 12.0 mass%. The Cu-Al-Mn alloy material having the above-described composition has high hot
workability and cold workability, and enables to obtain a working ratio of 20 to 90% or higher in cold-working. Thus, the
alloy material can be worked by forming into rods (wires) and sheets (strips), as well as fine wires, foils, pipes and the
like that have been conventionally difficult to work.
[0022] In addition to the essential alloying elements described above, the Cu-Al-Mn-based alloy material can further
contain optional additionally alloying element(s), at least one selected from the group consisting of Ni, Co, Fe, Ti, V, Cr,
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Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag and misch metal (for example, Pr and Nd). These elements
exhibit an effect of enhancing the physical strength of the Cu-Al-Mn-based alloy material, while maintaining cold work-
ability. The content in total of these optional additionally elements is preferably 0.001 to 10.000 mass%, and particularly
preferably 0.001 to 5.000 mass%. If the content of these optional additionally elements is too large, the martensite
transformation temperature is lowered, and the β single phase texture becomes unstable.
[0023] Ni, Co, Fe and Sn are elements that are effective for strengthening of the matrix microstructure. Co makes the
grains coarse by forming Co-Al intermetallic compound, but Co in an excess amount causes lowering of toughness of
the alloy. A content of Co is 0.001 to 2.000 mass%. A content of Ni and Fe is respectively 0.001 to 3.000 mass%. A
content of Sn is 0.001 to 1.000 mass%.
[0024] Ti is bonded to N and O, which are inhibitory elements, and forms oxynitride. Also, Ti forms boride when added
in combination with B, to enhance physical strength. A content of Ti is 0.001 to 2.000 mass%.
[0025] V, Nb, Mo and Zr have an effect of enhancing hardness, to enhance abrasion resistance. Further, since these
elements are hardly solid-solubilized into the matrix, the elements precipitate as a β phase (bcc crystals), to enhance
physical strength. Contents of V, Nb, Mo and Zr are respectively 0.001 to 1.000 mass%.
[0026] Cr is an element effective for retaining abrasion resistance and corrosion resistance. A content of Cr is 0.001
to 2.000 mass%. Si has an effect of enhancing corrosion resistance. A content of Si is 0.001 to 2.000 mass%. W is
hardly solid-solubilized into the matrix, and thus has an effect of precipitation strengthening. A content of W is 0.001 to
1.000 mass%.
[0027] Mg has an effect of eliminating N and O, which are inhibitory elements, fixes S that is an inhibitory element as
sulfide, and has an effect of enhancing hot workability or toughness. Addition of a large amount of Mg brings about grain
boundary segregation, and causes embrittlement. A content of Mg is 0.001 to 0.500 mass%.
[0028] P acts as a de-acidifying agent, and has an effect of enhancing toughness. A content of P is 0.01 to 0.50
mass%. Be, Sb, Cd, and As have an effect of strengthening the matrix microstructure. Contents of Be, Sb, Cd and As
are respectively 0.001 to 1.000 mass%.
[0029] Zn has an effect of raising the shape memory treatment temperature. A content of Zn is 0.001 to 5.000 mass%.
When appropriate amounts of B and C are used, a pinning effect is obtained, and thereby an effect of coarsening the
grains is obtained. Particularly, combined addition of B and C together with Ti and Zr is preferred. Contents of B and C
are respectively 0.001 to 0.500 mass%.
[0030] Ag has an effect of enhancing cold workability. A content of Ag is 0.001 to 2.000 mass%. When an appropriate
amount of misch metal is used, a pinning effect is obtained, and thereby an effect of coarsening the grains is obtained.
A content of misch metal is 0.001 to 5.000 mass%. Misch metal refers to an alloy of rare earth elements, such as La,
Ce, and Nd, for which separation into simple substances is difficult.

<Metallic microstructure of Cu-Al-Mn-based alloy material>

[0031] The Cu-Al-Mn-based alloy material has a recrystallized texture. Further, the Cu-Al-Mn-based alloy material of
has a recrystallized texture that is substantially formed from (composed of) a β single phase. The expression ’having a
recrystallized texture substantially formed from a β single phase’ means that the proportion occupied by a β phase in
the recrystallization texture is 90% or more, and preferably 95% or more.
[0032] In the technical field of the present invention, even if a large number of grains exist randomly without being
aligned a uniform crystalline orientation, if this is a so-called bamboo structure (as schematically shown in Fig. 1, a
metallic texture having a crystal structure in which grain boundaries are positioned like the nodes of a bamboo tree), the
average strain of the amounts of transformation strains in various orientations may be obtained as superelasticity. In
this case, consequently, the average strain may be obtained approximately to the same extent as the transformation
strain in the predetermined texture defined in the present invention. For example, even in a situation in which only several
grains exist randomly, there are occasions in which a superelastic strain of close to 10% in the average is provided, and
there were also occasions in which this superelastic strain was about 3%. Further, in the case where the control of small
grains is impossible, for example, there are occasions in which although the alloy material provides the superelastic
strain described above after several times of repeated deformations, the alloy material may not function as a shape
memory alloy after 100 times of repeated deformations.
[0033] Thus, controlling a Cu-Al-Mn-based alloy material to have a predetermined texture and a predetermined grain
size constitutes the technical significance of the present invention. That is, according to the present invention, when a
predetermined texture is formed, the alloy material stably exhibits superelastic characteristics, and in addition to that,
even if predetermined small grains (grains X) are co-present at a certain low existence ratio in the bamboo structure
formed by predetermined large grains (grains Y or Z), exhibition of superelasticity capable of enduring a number (for
example, 100 times) of repeated deformations has been made possible. As such, a remarkable effect can be obtained,
which is unpredictable from the conventional means.
[0034] There also has been a demand for a bamboo structure in the conventional technologies, but only large grains
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could be controlled, and the control of small grains could not be achieved. Thus, alloy materials exhibited satisfactory
superelasticity after several repeated cycles, but the quantity of residual strain increased after a large number of cycles.
This is because residual strain is accumulated in the grain boundaries. Small grains that caused residual strain after a
large number of repeated deformations were controlled to be eliminated up to a certain mixed use ratio, and thereby the
residual strain after a large number of repetitions could be made small. As such, a remarkable effect can be obtained,
which is unpredictable from the conventional means.

<Definitions of grain sizes and controls thereof>

[0035] In the Cu-Al-Mn-based copper alloy, grains having small grain sizes (grains X defined in the present invention)
exist in an amount of existence (existence proportion) as low as 15% or less, but most of the grains are grains having
large grain sizes (for example, grains Y and Z defined in the present invention, in which the grain lengths satisfy the
relationships of a ≥ b). In a rod, regarding a small grain (this is referred to as grain X) in which the grain length (ax for
the grain X) in the working direction (RD) with respect to the sample diameter R is R/2 or less, and the grain length (bx
for the grain X) in a direction perpendicular to the working direction (RD) is R/4 or less, the amount of existence of the
grains X is 15% or less, and preferably 10% or less, of the total amount of the alloy material. Herein, the amount of
existence of the grains X can be determined based on the proportion of the area (area ratio) occupied by the relevant
grains at a surface or a cross-section of the Cu-AI-Mn-based copper alloy material. For the measurement, an area of a
surface or a cross-section in the longitudinal direction of the alloy material, in which measurement has been arbitrarily
made at 4 or more points, can be employed. In regard to the grain X according to the present invention, evaluation shall
be performed at the surface of the Cu-Al-Mn-based alloy material, where the working ratio is substantially higher than
the working ratio at the central portion due to the influence of additional shear stress in the working process or the friction
at a tool surface, and the grains are likely to become fine.
[0036] The large grains, grain Y and grain Z (or grains Y’ and Z’ in the final state), are such that the grain lengths
thereof (a and b) satisfy the relationships of a ≥ b. In regard to the grain Y and the grain Z (or grains Y’ and Z’ in the final
state), it is particularly preferable that the grain lengths (a and b, or a’ and b’ in the final state) satisfy the relationships
of a ≥ 1.5b (or a’ ≥ 1.5b’ in the final state). In the Cu-Al-Mn-based alloy material, the superelastic characteristics for
repeated deformations can be further enhanced by achieving a balance between the state of the grain sizes and preferably
the texture that will be explained below.
[0037] Regarding this large grain, with regard to the grain Y (or grain Y’ in the final state) in which the grain length a
in the working direction and the grain length b in a direction perpendicular to the working direction satisfy the relationships
of a ≥ b, and the angle formed by the normal line of the (111) plane of the crystal and the working direction (RD) is 15°
or larger, the amount of existence of the grain Y (or grain Y’ in the final state) is 85% or more of the total amount of the
alloy material. It is preferable that the amount of existence of the grain Y is 90% or more.
[0038] Further, among grains Y as described above, with regard to the grain Z (or grain Z’ in the final state) in which
the angle formed by the normal line of the (101) plane of the crystal and the working direction (RD) is 20° or less, it is
preferable that the amount of existence of the grain Z is 50% or more of the total amount of the alloy material. It is more
preferable that the amount of existence of the grain Z (or grain Z’ in the final state) is 60% or more.
[0039] In the case where the sum total of the amount of existence of grains X and the amount of grains Y (grains Y
include grains Z) is less than 100%, this means that grains having a size other than the sizes of the grains X and the
grains Y exist, in addition to the grains X and the grains Y. In this case, the size of the grains having a size other than
the sizes of the grains X and the grains Y is larger than that of the grains X and smaller than that of the grains Y.

<Definitions of texture and controls thereof>

[0040] In regard to the Cu-Al-Mn-based alloy material, when the crystalline orientation of a sample is analyzed at a
plane that faces the stress axis direction (working direction, RD) by electron backscatter diffraction pattern analysis
(EBSP) (taking the area of the alloy material in which measurement has been made arbitrarily at three or more points
(magnification of 100x)), 85% or more, and preferably 90% or more, of the grains have a texture in which the angle
formed by the normal line of the (111) plane and the working direction is 15° or larger (see Fig. 2(a) of Comparative
Example 1 or Fig. 2(b) of Example 1). In other words, the proportion of grains in which the angle formed by the normal
line of the (111) plane of the crystal and the working direction is 15° or larger, is 85% or more, and preferably 90% or
more, of all the grains. The grains in which the angle formed by the normal line of the (111) plane and the working
direction is 15° or larger, may exist in an area ratio (amount of existence) of 100% with respect to all the grains of the
observation plane, but in reality, the area proportion may be less than 100%. In the present invention, a grain in which
the grain lengths satisfy the relationships of a ≥ b, and in which the angle formed by the normal line of the (111) plane
of the crystal and the working direction is 15° or larger, is referred to as grain Y. The direction of the normal line of the
(111) plane is the direction of the (111) plane. Similarly, the direction of the normal line of the (101) plane is the direction
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of the (101) plane.
[0041] More preferably, the Cu-Al-Mn-based alloy material has a texture in which, among the grains Y, in addition to
the grain lengths and the texture described above, 50% or more of the grains, and more preferably 60% or more of the
grains, are such that the angle formed by the normal line of the (101) plane of the crystal and the working direction (RD)
is within the range of 20°. In other words, among the grains Y, the proportion of the grains in which the angle formed by
the normal line of the (101) plane of the crystal and the working direction (RD) is 20° or less, is preferably 50% or more,
and more preferably 60% or more, of all the grains. In the present invention, such a grain is referred to as grain Z.
[0042] In the present invention, the degree of integration in directions other than the <111> direction or the degree of
integration in the <101> direction are measured by a SEM-EBSD method. The specific measurement method will be
explained below.
[0043] The Cu-AI-Mn-based alloy material is cut such that the plane facing the stress axis direction (working direction,
RD) becomes an observation plane, and the alloy material is embedded in an electroconductive resin and is subjected
to vibration-type buff finish (polishing). Measurement is made by an EBSD method at four or more sites in a measurement
region of about 800 mm 3 2,000 mm, under the conditions of a scan step of 5 mm. Herein, regarding the specimen for
measuring the recrystallized texture, a specimen extracted at the time point of completion of [Step 5-4] is used. This is
because if the Cu-Al-Mn-based alloy material is subjected to the entire shape memory heat treatment including the final
step [Step 5-10], since grains grow coarsely, it becomes difficult to analyze the texture. Thus, when a specimen is
extracted at the time point of completion of [Step 5-4], which is a step of the mid course, the distribution of the crystalline
orientation before coarsening of the grains can be checked, and thus, the specimen is inspected in the state described
above. For the analysis, the crystalline orientation obtained from all of the analysis results using an OIM software program
(trade name, manufactured by TSL) is plotted on an inverse pole figure (see, for example, Fig. 2(a) and Fig. 2(b)). As
described above, the area of the atomic plane of a grain in which the angle formed by the normal line of the (111) plane
and the working direction is within the range of 15° or larger, and the area of the atomic plane of a grain in which the
angle formed by the normal line of the (101) plane and the working direction is within the range of 20° or less, are
respectively determined. The respective areas thus obtained are divided by the total analytic area, and thereby the
amount of existence of grains in which the angle formed by the normal line of the (111) plane and the working direction
is 15° or larger and the amount of existence of grains in which the angle formed by the normal line of the (101) plane
and the working direction is within 20° are obtained. Among these, the amount of existence of grains of [Step 5-4] having
a predetermined orientation, which correspond to grains in which the grain lengths of the material obtainable after a final
heat treatment satisfy the relationships of a ≥ b, is the amount of existence of the grains Y and the grains Z, and the
amount of existence of the grains at the time point of completion of [Step 5-10] is the amount of existence of the grains
Y’ and the grains Z’.
[0044] With the methods for working and heat treatment according to the present invention, the grain size in the final
steps of a shape memory heat treatment can be controlled, without destroying the proportions of the controlled crystalline
orientations. Thus, the range of the orientation property of the crystalline orientation according to the present invention
is equal to that of the orientation property of the final crystalline orientation.
[0045] For example, in Example 1 indicated in Table 3-2, the results obtained by analyzing a specimen extracted at
the time point of completing [Step 5-4] at four points in an analytic region having a size of about 800 mm 3 2,000 mm
by the SEM-EBSD method are recorded, as the values of the amounts of existence of the grains Y and the grains Z.
Thus, it is shown that the amount of grains Y (proportion of area ratio) in which the angle formed by the normal line of
the (111) plane and the working direction was 15° or larger, was 88%, and that, among the grains Y, the amount of
grains Z in which the angle formed by the normal line of the (101) plane of the crystal and the working direction was 20°
or less, was 60%. That is, in those cases, the magnitude of the grain size is not considered.
[0046] On the other hand, regarding the working conditions and the like, for a material that had been produced in the
same manner as in Example 1 and subjected up to [Step 5-10], an arbitrary grain was measured by the SEM-EBSD
method, the orientation property of the crystalline orientation of the grain was clarified, and then the grain lengths of the
grain and the area ratios were determined by calculation. As a result, the amount of grains (hereinafter, grains Y’) in
which the angle formed by the normal line of the (111) plane and the working direction was 15° or larger was 89%, and
the amount of grains (hereinafter, grains Z’) in which the angle formed by the normal line of the (101) plane and the
working direction was 20° or less was 65%. For the grains Y’ and the grains Z’, the crystalline orientations were checked
by the SEM-EBSD method, then images of the grain size were taken using a digital camera or the like, and thereby the
area (area ratio) is calculated.
[0047] When the amounts of existence of the crystalline orientations of the grains at the time points of [Step 5-4] and
[Step 5-10] were compared, using the analytic method such as described above. In Example 26, while grains Y 91%
and grains Z 60% were obtained at the time point of [Step 5-4] (the state in the mid course of the production), grains Y’
95% and grains Z’ 68% were obtained at the time point of [Step 5-10] (the final state); in Example 27, while grains Y
88% and grains Z 55% were obtained at the time point of [Step 5-4], grains Y’ 88% and grains Z’ 60% were obtained at
the time point of [Step 5-10]; and in Example 39, while grains Y 85% and grains Z 54% were obtained at the time point
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of [Step 5-4], grains Y’ 85% and grains Z’ 55% were obtained at the time point of [Step 5-10]. Thus, it was confirmed
that grains grew almost without any change in the orientation property of the crystalline orientation, and grains were
coarsened. This indicates that in the heat treatment steps according to the present invention, generation of new nuclei
is not induced by a heat treatment, and grains are coarsened. In addition to the fact that there are limitations on the size
of the specimen in the SEM-EBSD method, and that the textures in the mid course can be easily checked, consistency
with the final crystalline orientation is confirmed as described above. Thus, the amounts of existence of grains Y and
grains Z, which are the textures in the mid course, can be regarded and handled as the amounts of existence of grains
Y’ and grains Z’ of the final texture. Accordingly, it can be said that the amount of existence (proportion) of the grains
according to the present invention that exhibit a predetermined orientation as checked in the mid course of the production
process represents an amount of existence equivalent to that of the final texture state.
[0048] In the case where the crystalline orientation of each grain after performing the final heat treatment is measured
by the SEM-EBSD method, the measurement region includes grains X, and the area ratio is checked by measuring the
crystalline orientations of at least 20 or more at the minimum of grains including grains Y and Z (or grains Y’ and Z’)
other than the grains X. In regard to the evaluation of the area ratio in the final state, since grains have been coarsened,
the EBSD method is not performed, and the area ratio is calculated from a photograph or the like. That is, in Step [5-4],
measurement of the crystalline orientation and the area ratio is performed by the EBSD method, but in [Step 5-10], only
the crystalline orientation is measured by the EBSD method, and measurement of the area ratio is performed using a
photograph or the like. Herein, for the confirmation of the texture after the final heat treatment of [Step 5-10], measurement
of the crystalline orientation and the grain size of the same material at a different position in the longitudinal direction
was performed, and similar results were acknowledged.
[0049] Further, since the grains X of the material after the final heat treatment had a small grain size, the crystalline
orientation was not evaluated, and an evaluation of the grain size and the area ratio only was performed. The measurement
range for the area ratio of the grain size related to the grains X is defined as a range including 20 or more at the minimum
of grains, similarly to the range in which the grains Y’ and the grains Z’ are identified.
[0050] The method of measuring the grain size and the method of measuring the crystalline orientation, each according
to the present invention, are performed respectively and independently.

<Method of producing Cu-Al-Mn-based alloy material>

[0051] In regard to the Cu-Al-Mn-based alloy material, regarding the production conditions for obtaining a superelastic
alloy material which stably provides satisfactory superelastic characteristics and has excellent resistance to repeated
deformations, a production process such as described below may be mentioned. A representative example of the
production process is illustrated in Fig. 3. Further, a preferred example of the production process is illustrated in Fig. 5(a).
[0052] In the following explanation, the treatment temperature and treatment time (retention time) for a heat treatment,
and the working ratio (cumulative working ratio) of cold-working, all being described with the terms "(for example,)" are
representatively indicated with the values used in Process No. a in Example 1, and the present invention is not intended
to be limited to these values.
[0053] In the entire production process, particularly, when the heat treatment temperature [3] for intermediate annealing
[Step 3] is set to the range of 400°C to 680°C, and the cold-working ratio or the working ratio for cold wire-drawing [5]
for the cold work (specifically, cold rolling or cold wire-drawing) [Step 4-1] is set to the range of 30% or more, a Cu-Al-
Mn-based alloy material which stably provide satisfactory superelastic characteristics is obtained. In addition to those,
in the shape memory heat treatment [Step 5-1] to [Step 5-10], the speeds of temperature raising [10] and [16] in heating
[Step 5-3] and [Step 5-7] from the temperature ranges [8] and [14] for obtaining the (α+β) phase (which may vary
depending on the alloy composition, but is 300°C to 700°C, and preferably 400°C to 650°C) to the temperature ranges
[11] and [17] for obtaining the β single phase (which may vary depending on the alloy composition, but is 700°C or higher,
preferably 750°C or higher, and more preferably 900°C to 950°C), and the speed of temperature lowering [13] in cooling
[Step 5-5] from the temperature range [11] for obtaining the β single phase to the temperature range [14] for obtaining
the (α+β) phase, are all controlled to a predetermined slow range such as 0.1 °C/min to 20°C/min. Further, after the
heating [Step 5-3] from the temperature range [8] for obtaining the (α+β) phase to the temperature range [11] for obtaining
the β single phase, a series of steps including: from retention [Step 5-4] in a temperature range [11] for obtaining the β
single phase for a predetermined time [12]; cooling [Step 5-5] from the temperature range [11] for obtaining the β single
phase to the temperature range [14] for obtaining the (α+β) phase at a speed of temperature lowering [13] of 0.1°C/min
to 20°C/min; retention [Step 5-6] in the temperature range [14] for a predetermined time [15]; heating [Step 5-7] from
the temperature range [14] for obtaining the (α+β) phase to the temperature range [17] for obtaining the β single phase
at a speed of temperature raising [16] of 0.1 °C/min to 20°C/min; to retention [Step 5-8] in the temperature range [17]
for a predetermined time [18], that is, a series including from [Step 5-4] to [Step 5-8], is repeated at least two times (Step
[5-9]). Thereafter, rapid cooling [Step 5-10] is carried out lastly.
[0054] Further, before the [Step 5-9] of repeating at least two times from [Step 5-4] to Step [5-8] including these
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temperature lowering [Step 5-5] and temperature raising [Step 5-7], it is preferable to perform heating [Step 5-1] to the
temperature range [8] for obtaining the (α+β) phase at a speed of temperature raising [7], and then retention [Step 5-2]
in this temperature range [8] for a certain retention time [9]. As such, once retention [Step 5-2] in the temperature range
[8] for obtaining the (α+β) phase is performed and then temperature raising [Step 5-3] to the temperature range [11] for
obtaining the β single phase is performed, the amount of precipitation of the α phase or the size is maintained constant
and small. Thus, in the case where a grain coarsening treatment is performed by rapid cooling [Step 5-10] at the end of
the shape memory heat treatment, an effect of having enlarged grains may be readily obtained.
[0055] Thus, first, when temperature raising [Step 5-1] to the temperature range [8] for obtaining the (α+β) phase is
performed, and then the alloy material is subjected to retention [Step 5-2] in this temperature range [8] for obtaining the
(α+β) phase (for example, 500°C) for 2 to 120 minutes [9]. In regard to the alloy material is heated by the heat treatment
[Step 5-1] described above, it is desirable if the material reaches the temperature range [8] for obtaining the (α+β) phase
by temperature raising. Thus, there are no particular limitations on the speed of temperature raising [7] to this [Step 5-1],
and it is not necessary to perform slow temperature raising in the present invention. This speed of temperature raising
[7] can be set to, for example, 30°C/min, but the speed of temperature raising may be faster, or on the contrary, may
be slower. In regard to the retention [Step 5-2], the retention time [9] in the temperature range [8] for obtaining the (α+β)
phase is preferably 10 to 120 minutes. Further, fixing of the amount of precipitation of the α phase is implemented by
[Step 5-2]. Since the amount of precipitation of the α phase can be controlled by [Step 5-2], there is no problem even if
the speed of temperature raising of [Step 5-1] is not defined. For this reason, the speed of temperature raising of [Step
5-1] can be carried out at a faster speed, and the overall time taken for the production can be shortened. This is one of
the advantages for the production method of the present invention.
[0056] Thereafter, temperature raising [Step 5-3] from the temperature range [8] for obtaining the (α+β) phase (for
example, 500°C) to the temperature range [11] for obtaining the β single phase (for example, 900°C) at the speed of
temperature raising [10] is performed, and the alloy material is retained [Step 5-4] in this temperature range [11] for a
predetermined time [12]. Then, temperature lowering [Step 5-5] to the temperature range [14] for obtaining the (α+β)
phase at the speed of temperature lowering [13] is performed, the alloy material is retained [Step 5-6] in this temperature
range [14] for a predetermined time [15], and temperature raising (in the temperature raising [Step 5-7] after the second
temperature raising, speed of temperature raising [16]) is performed again as described above. Steps including from
this [Step 5-4] to [Step 5-8] is repeated [Step 5-9] two or more times [20] in total. Thereafter, rapid cooling [Step 5-10]
is performed at the end, and the alloy material is subjected to a solution treatment. It is preferable to perform such an
overall process.
[0057] Herein, along with slowing of the speeds of temperature raising [10] and [16] and the speed of temperature
lowering [13] for the shape memory heat treatment (in the present specification, this is referred to as slow temperature
raising and slow temperature lowering, respectively), when the temperature lowering [Step 5-5] and temperature raising
[Step 5-7] are repeated two or more times, desired satisfactory superelasticity can be obtained even after repeated
deformations. The speeds of temperature raising [10] and [16] and the speed of temperature lowering [13] are all 0.1
°C/min to 20°C/min, preferably 0.1 °C/min to 10°C/min, and more preferably 0.1°C/min to 3.3°C/min. Further, in regard
to the shape memory heat treatment, after the last heating treatment in the slow temperature lowering [Step 5-5] and
slow temperature raising [Step 5-7] (in the depicted example, [Step 5-7] and [16] on the rightmost side in the diagram)
that are repeated at least two or more times, the alloy material is subjected to a solution treatment by rapid cooling [Step
5-10] (so-called quenching). This rapid cooling can be carried out by, for example, water cooling by introducing a Cu-
Al-Mn-based alloy material that has been subjected to a shape memory heat treatment up to retention and heating to
the β single phase [Step 5-8], into cooling water.
[0058] Preferably, a production process such as follows may be mentioned , the process according to the invention
being defined by claim 3. In a usual manner, after melting and casting [Step 1] and hot-working [Step 2] of hot rolling or
hot forging is carried out, intermediate annealing [Step 3] at 400°C to 680°C [3] for 1 to 120 minutes [4], and then cold-
working [Step 4-1] of cold rolling or cold wire-drawing at a working ratio of 30% or higher [5] are carried out. Herein, the
intermediate annealing [Step 3] and the cold-working [Step 4-1] may be carried out once each in this order, or may be
repeated [Step 4-2] in this order at a number of repetitions [6] of two or more times. Thereafter, the shape memory heat
treatment [Step 5-1] to [Step 5-10] is carried out.
[0059] The shape memory heat treatment [Step 5-1] to [Step 5-10] includes: heating [Step 5-3] from a temperature
range [8] for obtaining an (α+β) phase (for example, 500°C) to a temperature range [11] for obtaining a β single phase
(for example, 900°C) at a speed of temperature raising [10] of 0.1°C/min to 20°C/min, preferably 0.1°C/ min to 10°C/min,
and more preferably 0.1°C/min to 3.3°C/min; retention [Step 5-4] at that heating temperature [11] for 5 minutes to 480
minutes, and preferably 10 to 360 minutes [12]; cooling [Step 5-5] from a temperature range [11] for obtaining a β single
phase (for example, 900°C) to a temperature range [14] for obtaining an (α+β) phase (for example, 500°C) [14] at a
speed of temperature lowering [13] of 0.1°C/ min to 20°C/min, preferably 0.1 °C/min to 10°C/min, and more preferably
0.1 °C/min to 3.3°C/min; and retention [Step 5-6] at that temperature [14] for 20 to 480 minutes, and preferably 30 to
360 minutes [15]. Thereafter, the alloy material is subjected to: the heating [Step 5-7] again from a temperature range
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[14] for obtaining an (α+β) phase (for example, 500°C) to a temperature range [17] for obtaining a β single phase (for
example, 900°C) at the speed of temperature raising [16] of the slow temperature raising; and retention [Step 5-8] at
that temperature [17] for 5 minutes to 480 minutes, and preferably 10 to 360 minutes [18]. Repetition [Step 5-9] of such
slow temperature lowering [13] [Step 5-5] and slow temperature raising [16] [Step 5-7] is carried out at a number of
repetitions [19] of at least two times. Then, the shape memory heat treatment includes: rapid cooling [Step 5-10], for
example, water cooling.
[0060] The temperature range for obtaining an (α+β) single phase is set to 300°C to below 700°C, and preferably
400°C to 650°C.
[0061] The temperature range for obtaining a β single phase is set to 700°C or higher, preferably 750°C or higher,
and more preferably 900°C to 950°C.
[0062] After the shape memory heat treatment [Step 5-1] to [Step 5-10], it is preferable to perform an aging heat
treatment [Step 6] at below 300°C [21] for 5 to 120 minutes [22]. If the aging temperature [21] is too low, the β phase is
unstable, and if the alloy material is left to stand at room temperature, the martensite transformation temperature may
change. On the contrary, if the aging temperature [21] is too high, precipitation of the α phase occurs, and the shape
memory characteristics or superelasticity tends to be decreased conspicuously.
[0063] By repeatedly performing [Step 4-2] intermediate annealing [Step 3] and cold-working [Step 4-1], the crystalline
orientation can be integrated more preferably. The number of repetitions [6] of intermediate annealing [Step 3] and cold-
working [Step 4-1] may be one time, but is preferably two or more times, and more preferably three or more times. This
is because, as the number of repetitions [6] of the intermediate annealing [Step 3] and the cold-working [Step 4-1] is
larger, the degree of integration facing the <101> direction increases, to enhance the characteristics.

(Preferred conditions for the steps)

[0064] The intermediate annealing [Step 3] is carried out at 400°C 680°C [3] for 1 minute to 120 minutes [4]. It is
preferable that this intermediate annealing temperature [3] is set to a lower temperature, and preferably to 400°C to 550°C.
[0065] The cold-working [Step 4-1] is carried out at a working ratio [5] of 30% or higher. Herein, the working ratio is a
value defined by formula: 

wherein A1 represents the cross-sectional area of a specimen obtained before cold-working (cold-rolling or cold-wire-
drawing); and A2 represents the cross-sectional area of the specimen obtained after cold-working.
[0066] The cumulative working ratio ([6]) in the case of repeatedly performing this intermediate annealing [Step 3] and
cold-working [Step 4-1] two or more times is preferably set to 30% or higher, and more preferably 45% or higher. There
are no particular limitations on the upper limit of the cumulative working ratio, but the cumulative working ratio is usually
95% or lower.
[0067] In regard to the shape memory heat treatment [Step 5-1] to [Step 5-10], first, in [Step 5-1], temperature raising
is carried out after the cold-working, from room temperature to a temperature range [8] for obtaining an (α+β) phase (for
example, 500°C) at the speed of temperature raising [7] (for example, 30°C/min). Then, retention [Step 5-2] is performed
in a temperature range [8] for obtaining an (α+β) phase (for example, 500°C) for 2 to 120 minutes, and preferably 10 to
120 minutes [9]. Then, when heating [Step 5-3] is performed from a temperature range [8] for obtaining an (α+β) phase
(for example, 500°C) to a temperature range [11] for obtaining a β single phase (for example, 900°C), the speed of
temperature raising [10] is set to 0.1°C/min to 20°C/min, preferably 0.1°C/min to 10°C/min, and more preferably 0.1°C/min
to 3.3°C/min, of the slow temperature raising. Then, the alloy material is retained [Step 5-4] in this temperature range
[11] for 5 to 480 minutes, and preferably 10 to 360 minutes [12]. Then, cooling [Step 5-5] is performed from a temperature
range [11] for obtaining a β single phase (for example, 900°C) to a temperature range [14] for obtaining an (α+β) phase
(for example, 500°C) at a speed of temperature lowering [13] of 0.1°C/min to 20°C/min, preferably 0.1 °C/min to 10°C/min,
and more preferably 0.1 °C/min to 3.3°C/min, and the alloy material is retained [Step 5-6] in this temperature range [14]
for 20 to 480 minutes, and preferably 30 to 360 minutes [15]. Then, heating [Step 5-7] is performed again from a
temperature range [14] for obtaining an (α+β) phase (for example, 500°C) to a temperature range [17] for obtaining a β
single phase (for example, 900°C) at the speed of temperature raising [16] of the slow temperature raising, and the alloy
material is retained [Step 5-8] in this temperature range [17] for 5 to 480 minutes, and preferably 10 to 360 minutes [18].
Repetition [Step 5-9] of such a [Step 5-4] to [Step 5-8] (conditions [11] to [18]) is carried out at least two times [19].
[0068] The cooling speed [20] at the time of rapid cooling [Step 5-10] is usually set to 30°C/sec or more, preferably
100°C/sec or more, and more preferably 1 ,000°C/sec or more.
[0069] The final optional aging heat treatment [Step 6] is usually carried out at 70°C to 300°C [21] for 5 to 120 minutes
[22], and preferably at 80°C to 250°C [21] for 5 to 120 minutes [22].
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<Physical property>

[0070] The superelastic Cu-Al-Mn-based alloy material of the present invention has the following physical properties
(characteristics).
[0071] In regard to the Cu-Al-Mn-based alloy material, the amount of residual strain in repeated deformations of
repeating 100 times loading and unloading of a stress equivalent to an amount of strain of 5% (see, for example, Fig.
4(a) and Fig. 6(a)) is 2% or less. This amount of residual strain is preferably 1.5% or less. There are no particular
limitations on the lower limit of this amount of residual strain, but the amount of residual strain is usually 0.1% or more.
[0072] Further, in the case where the difference between the stress value of the 0.2% proof stress value and the stress
value exhibited when a strain of 5% is loaded is defined as the difference of stress (see, for example, Fig. 4(b) and Fig.
6(a)), the different of stress is 50 MPa or less. This difference of stress is more preferably 30 MPa or less. There are no
particular limitations on the lower limit of this difference of stress, but the difference of stress is usually 0.1 MPa or more.
This difference of stress represents the amount of change in a region (a plateau region) where the stress exhibits an
almost constant value with respect to an increase in strain in the stress-strain curve of a shape memory alloy. When
this difference of stress is made small in a predetermined range, even in the case where the alloy material is subjected
to a large force, only a certain quantity of force is transferred considering the strain. Thus, for example, when the alloy
material is used as a construction material, the influence on the construction structure can be reduced. Further, if this
difference of stress is small, since transformation and reverse transformation between the matrix phase and the martensite
phase can occur easily, the alloy material can endure repeated deformations or vibrations.

<Size and shape of the rod>

[0073] The rod of the present invention is a shaped body that is elongated in the working direction (RD). As described
previously, the working direction (RD) is the wire-drawing direction for wire-drawing. The rod of the present invention is
elongated in the working direction (RD), but it is not necessarily essential that the longitudinal direction of the rod is
consistent with the working direction. In the case where the rod of the present invention, which is a lengthy object, has
been cut or bent, whether the rod is included in the present invention or not is determined, by considering which direction
the original working direction of the alloy material is directed to. There are also no particular limitations on the specific
shape of the rod of the present invention, and, for example, any shape of rod (wire) may be taken. There are also no
particular limitations on the sizes of the rod of the present invention. For example, the diameter thereof may be employed
0.1 mm to 50 mm; or alternatively, the diameter of the rod may be the size of 8 mm to 16 mm depending on the use thereof.
[0074] In the present invention, a rod (or a wire) may be any shape of a square rod (or a square wire) or a rectangular
rod (or a rectangular wire), in addition to a round rod (or a round wire). In order to obtain the square rod (or the square
wire), the round rod (or the round wire) obtained as above is subjected to, in a usual manner, for example, cold-working
using a working machine, cold-working using a cassette roller die, pressing, drawing, and the like, to carry out a rectangular
wire-working. Further, when a cross-section shape obtainable in rectangular wire-drawing is appropriately adjusted, a
square rod (or a square wire) having a square cross-sectional shape and a rectangular rod (or a rectangular wire) having
a rectangular cross-sectional shape can be produced individually. Further, the rod (or the wire) of the present invention
may also have a tubular shape, which is a hollow shape having a tube wall, or the like.

<Vibration damping material or construction material>

[0075] The rod of the present invention can be preferably used as a vibration damping material or a construction
material. This vibration damping material or construction material is constructed from the rod described above. Examples
of the vibration damping material or construction material are not particularly limited, but, for example, may include brace,
fastener, anchor bolt, and the like.

<Vibration damping structure>

[0076] The vibration damping structure of the present invention is preferably constructed of the rod. This vibration
damping structure is constructed of the vibration damping material. Examples of the vibration damping structure are not
particularly limited, but any kinds of the structures may be used as long as the structures are constructed of using the
above-described brace, fastener, anchor bolt, and the like.

<Civil engineering and construction material>

[0077] The rod of the present invention can also be utilized as a civil engineering and construction material enabling
prevention of the pollution of noises or vibrations. For example, the rod can be used by forming a composite material



EP 3 118 338 B1

14

5

10

15

20

25

30

35

40

45

50

55

together with concrete.

<Others>

[0078] The rod of the present invention can also be used as a vibration-absorbing member for an aircraft, an automobile,
or the like. The rod can also be applied to the field of transportation equipment intended for an effect of attenuating
(reducing) noises.

EXAMPLES

[0079] The present invention will be described in more detail based on examples given below, but the invention is not
meant to be limited by these.

(Examples 1 to 49, Comparative Examples 1 to 34)

[0080] Samples (specimen) of rods (wires) were produced under the following conditions.
[0081] As the raw materials that give the compositions of the Cu-Al-Mn-based alloy as indicated in Table 1-1 and
Table 1-2, pure copper, pure Mn, pure Al, and if necessary materials of other optionally adding alloying elements were
subjected respectively to melting in a high-frequency induction furnace. The Cu-Al-Mn-based alloys thus melted were
cooled, to obtain ingots with diameter of 80 mm 3 length of 300 mm. The ingot thus obtained was subjected to hot
extrusion at 800°C, and then rod materials having a diameter of 10 mm were produced, in Example 1, according to the
working process illustrated in Process No. a shown in Table 2 (a flow chart thereof is presented in Fig. 5(a)), and in
Comparative Example 1, according to the Process No. A shown in Table 2 (a flow chart thereof is presented in Fig. 5(b)).
In the respective Examples and Comparative Examples other than those, rod materials were produced in the same
manner as in Example 1 and Comparative Example 1, except that the working process was changed as indicated in
Table 2.
[0082] The various processes for the steps described in Table 2 as well as Table 3-1, Tables 4-1 and 4-2 described
below, correspond to the number indicated in parentheses ([Process #]) shown in Fig. 3, Fig. 5(a), or Fig. 5(b). Also,
production conditions other than those shown in Table 2 (the number indicated in parenthesis ([#])) were as follows, and
in the case where there were no particular descriptions in Table 2, Table 3-1, and Tables 4-1 to 4-2, the same conditions
were adopted in all of the Examples and Comparative Examples.
[0083] For the melting and casting conditions of [1], as described above, the material was melted in the air and then
was cooled and cast in a mold having a predetermined size.
[0084] The hot-working temperature of [2] was set to 800°C.
[0085] The intermediate annealing temperature of [3] was set to 550°C.
[0086] The intermediate annealing time of [4] was set to 100 minutes.
[0087] The cold-working ratio of [5] was set to 30%.
[0088] The number of repetitions of [3] to [5] in [6] was set to three times, and the cumulative cold-working ratio was
set to 65%.
[0089] The speed of temperature raising from room temperature to a temperature range for obtaining an (α+β) phase
in [7] was set to 30°C/min.
[0090] The retention temperature at a temperature range for obtaining an (α+β) phase in [8] was set to 500°C.
[0091] The retention time at the temperature range for obtaining an (α+β) phase in [9] was set to 60 minutes.
[0092] The retention temperature at a temperature range for obtaining a β single phase in [11] was set to 900°C.
[0093] The retention time at the temperature range for obtaining a β single phase in [12] was set to 120 minutes.
[0094] The retention temperature at a temperature range for obtaining an (α+β) phase in [14] was set to 500°C.
[0095] The retention time at the temperature range for obtaining an (α+β) phase in [15] was set to 60 minutes.
[0096] The retention temperature at a temperature range for obtaining a β single phase in [17] was set to 900°C.
[0097] The retention time at the temperature range for obtaining a β single phase in [18] was set to 120 minutes.
[0098] The rapid-cooling speed from the temperature range for obtaining a β single phase in [20] was set to 50°C/sec.
[0099] The aging temperature in [21] was set to 150°C.
[0100] The aging time in [22] was set to 20 minutes.
[0101] Texture observation was performed using an optical microscope or with the naked eye, and the analysis of
crystalline orientation was performed using an EBSD method. For the evaluation of superelastic characteristics, loading
and unloading of stress by a tensile test was repeated 100 times, a stress-strain curve (S-S curve) was determined, and
the residual strain was determined, to evaluate the superelastic characteristics. The tensile test was carried out by cutting
five specimens (N = 5) from one sample material. In the following test results, the residual strain is the average value
of five results.
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[0102] The results of tests and evaluations of Examples according to the present invention and Comparative Examples
are summarized in Tables 3-1 to 3-2 and Tables 4-1 to 4-2, together with the kind of the alloy material (see Tables 1-1
and 1-2) and the working process conditions (see Table 2, Table 3-1, and Tables 4-1 to 4-2).
[0103] The methods for tests and evaluations are described in detail below.

a. Recrystallized texture orientation

[0104] Before the evaluation of resistance to repeated deformations of superelasticity that will be described below,
each of specimens was cut such that the plane facing the stress axis direction (working direction, RD) would be an
observation plane, followed by embedding in an electrically conductive resin and subjected to vibration-type buffer finish
(polishing). Measurement was carried out at four (4) points or more, by an EBSD method, in a measurement region
having a size of about 800 mm 3 2,000 mm, under the conditions of a scan step of 5 mm. Herein, for the sample from
which the recrystallized texture was analyzed, a specimen extracted at the time point of completion of [Step 5-4] was
used. This is because, if the Cu-Al-Mn-based alloy of the present invention material is subjected up to [Step 5-10], which
is the final step of the shape memory heat treatment, since grains have grown coarsely, it becomes difficult to perform
a texture analysis. Thus, when a specimen is extracted at a time point of completion of [Step 5-4], which is the step of
the mid course, the distribution of the crystalline orientation before coarsening of the grains can be checked. Thus, the
samples were checked in the state described above. The crystalline orientations obtained from all of the measurement
results, using an OIM software (trade name, manufactured by TSL), were plotted on an inverse pole figure (for example,
please see Fig. 2(a) and Fig. 2(b)). As described above, the area of the atomic plane of grains in which the angle formed
by the normal line of the (111) plane and the working direction (RD) is in the range of 15° or larger, and the area of the
atomic plane of grains in which the angle formed by the normal line of the (101) plane and the working direction (RD) is
in the range of 20° or less, were respectively determined. By dividing each of the areas by the total measurement area,
the amount of existence of grains in which the angle formed by the normal line of the (111) plane and the working
direction (RD) was 15° or larger, and the amount of existence of grains in which the angle formed by the normal line of
the (101) plane and the working direction (RD) was 20° or less, were obtained.
[0105] According to the definitions of the present invention, a grain, which has predetermined grain sizes (a ≥ b), and
in which the angle formed by the normal line of the (111) plane and the working direction (RD) was 15° or larger, is
defined as grain Y, and the amount of existence (area ratio) of the grains Y is indicated as "amount of existence (%) of
grains Y" in the tables. Further, among the grains Y, a grain, in which the angle formed by the normal line of the (101)
plane and the working direction (RD) was 20° or less, is defined as grain Z, and the amount of existence of the grains
Z is indicated as "amount of existence (%) of grains Z".
[0106] In regard to the amount of existence (%) of grains Y, an amount of existence of 90% or more was judged
excellent and was rated as "A"; an amount of existence of 85% or more and less than 90% was judged satisfactory and
was rated as "B"; and an amount of existence of less than 85% was judged unacceptable and was rated as "C". These
grades are indicated in the tables.
[0107] Further, in regard to the amount of existence (%) of grains Z, an amount of existence of 60% or more was
judged excellent and was rated as "A"; an amount of existence of 50% or more and less than 60% was judged satisfactory
and was rated as "B"; and an amount of existence of less than 50% was judged unacceptable and was rated as "C".
These grades are indicated in the tables.
[0108] An inverse pole figure produced from the results obtained by measuring the crystalline orientation observed in
a plane facing the working direction (RD) of Example 1 by EBSD is presented in Fig. 2(b). Similarly, an inverse pole
figure produced from the measurement results of Comparative Example 1 is presented in Fig. 2(a). As can be seen from
the inverse pole figure marked with two kinds of oblique lines in the diagram of Fig. 2(b), the Cu-Al-Mn-based alloy
material of Example 1 has the particularly preferable texture defined in the present invention.
[0109] Apart from those, in regard to the samples of Examples and Comparative Examples, the amount of existence
of grains Y in which the angle formed by the normal line of the (111) plane and the working direction (RD) is 15° or larger,
and the amount of existence of grains Z in which the angle formed by the normal line of the (101) plane and the working
direction (RD) is 20° or less, were measured in the same manner by the EBSD method.

b. Grain size of a recrystallized texture

[0110] Before a tensile test for an evaluation of the resistance to repeated deformations of superelasticity described
below, a specimen in a rod form was etched on the surface with an aqueous solution of ferric chloride, and the grain
size was checked. The entire length of the specimen to be checked was not particularly set up, but it was considered
that a length equal to or longer than the gauge length of the tensile test that will be described below would be needed.
Thus, in the present invention, a length of 100 mm or more was used. The respective samples of Example 1 and
Comparative Example 1 were etched with an aqueous solution of ferric chloride, and then texture photographs were
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taken. The photographs are shown in Fig. 7(a) for Example 1, and in Fig. 7(b) for Comparative Example 1. Further, a
schematic diagram for the method of measuring the grain size is as shown in Fig. 1. According to the present invention,
it is required that the amount of existence of grains (hereinafter, grains X) in which the grain length (hereinafter, ax) in
the working direction (RD) with respect to the width or diameter R of the sample is R/2 or less, and the grain length
(hereinafter, bx) in a direction perpendicular to the stress axis is R/4 or less, be 15% or less. Further, in the grains Y
(and grains Z), it is required that the relationships of a ≥ b be satisfied.
[0111] According to the definition in the present invention, a grain which satisfies the predetermined relationships of
grain sizes (ax and bx) is designated as grain X, and the amount of existence (area ratio) of the grains X is designated
as "amount of existence (%) of grains X" in the tables. When the grain sizes of Example 1 and Comparative Example 1
were compared, in Example 1, the amount of grains X was 15% or less, and the relationships of a ≥ b was satisfied in
all of the grains Y (and grains Z). On the other hand, in Comparative Example 1, the grain X existed at an area proportion
of more than 15%, and thus the definition in the present invention was not satisfied.
[0112] Among the grains of the rod material for which the grain size was measured by the method described above,
a sample in which the existence proportion of grains X was 10% or less of the total area of measurement was judged
excellent and was rated as "A"; a sample in which the existence proportion of grains X was more than 10% and 15% or
less was judged satisfactory and was rated as "B"; and a sample in which the existence proportion was more than 15%
was judged poor and was rated as "C". The ratings are indicated in the tables.
[0113] Further, in regard to the grain size in the grains Y (and grains Z), since it is required that the relationships of a
≥ b be satisfied, the grain size was judged based on the average value of the value of a/b. The value of a/b of a grain
Y is indicated as "a/b size of grain Y" in the tables. A sample in which the value of a/b was 1.5 or more was judged
excellent and was rated as "A"; a sample in which the value of a/b was less than 1.5 and 1.0 or more was judged
satisfactory and was rated as "B"; and a sample in which the value of a/b was less than 1.0 was judged poor and was
rated as "C". The ratings are presented in the tables.
[0114] In the case where the sum of the amount of existence of grains X and the amount of existence of grains Y (the
grains Y include grains Z) was less than 100%, other grains existed, which had a size other than the sizes of the grains
X and the grains Y. In this case, the size of the other grains having a size other than the grains X and the grains Y, was
larger than the grains X and smaller than the grains Y.

c. Resistance to repeated deformations [residual strain after repeating 100 cycles - loading and unloading of 5% strain]

[0115] Loading and unloading of a stress that resulted in a strain of 5% were repeated, and a stress-strain curve (a
S-S curve) was determined. The residual strain after one cycle and the residual strain after 100 cycles were determined
(see Fig. 4(a)).
[0116] Twenty specimens having a length of 170 mm were cut out from each sample and were subjected to the test.
The residual strain after 100 cycles of loading and unloading of a strain of 5% was determined from the stress-strain
curve (the S-S curve). In the tables, the residual strain after 100 cycles is indicated as "residual strain after cycles".
[0117] Regarding the test conditions, a tensile test of alternately repeating loading and unloading of a stress that gives
a strain amount of 5% at a gauge length of 100 mm was carried out 100 times at a test speed of 5%/min. An evaluation
was carried out according to the following criteria.
[0118] The case where the residual strain was 1.5% or less, was judged to have excellent superelastic characteristics
and was rated as "A"; the case where the residual strain was 2.0% or less but more than 1.5%, was judged to have
satisfactory superelastic characteristics and was rated as "B"; and the case where the residual strain was large such as
more than 2.0%, was judged to have unacceptable superelastic characteristics and was rated as "C". The results are
shown in the tables.
[0119] In regard to the representative residual strain, a stress-strain curve (a S-S curve) is presented in Figs. 6(a) and
6(b). Fig. 6(a) shows the results of a specimen of Example 1 produced based on Process No. a, and Fig. 6(b) shows
the results of a specimen of Comparative Example 1 produced based on Process No. A. As can be seen from Fig. 6(a)
and Fig. 6(b), the residual strain (%) after 100 cycles of loading and unloading of 5% strain, was 1.4% in Example 1,
and 2.2% in Comparative Example 1.

d. Difference of stress in 5% strain and 0.2% strain

[0120] Loading and unloading of a stress that gives 5% strain is performed, and the difference between the stress
value for 0.2% proof stress and the stress value exhibited when a strain of 5% is loaded is determined, as the "difference
of stress" from the stress-strain curve (the S-S curve) (see Fig. 4(b)). Regarding the "difference of stress" described
above, for example, when the amount of existence of grains in which the angle formed by the normal line of the (101)
plane, which is a preferable crystalline orientation, and the working direction is 20° or less cannot be appropriately
controlled in the case where working has been insufficiently achieved or the like, this "difference of stress" occurs.
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Further, even in the case where the crystalline orientation is oriented in the <101> direction, if the grain size does not
satisfy the conditions defined in the present invention, the amount of residual strain becomes large. Thus, the "difference
of stress" between the stress value of a 0.2% proof stress and the stress value exhibited in the case where a strain of
5% is loaded, becomes larger. This difference of stress is such that, for example, in the case where the alloy material
is used as a construction material, a smaller value of stress that is transferred to the building is preferred. Thus, it can
be said that as the difference of stress is smaller, the alloy material has more excellent in characteristics. Accordingly,
when the "difference of stress" was measured by the method described above, a sample having a difference of stress
of 30 MPa or less was judged excellent and was rated as "A"; a sample having a difference of stress of more than 30
MPa and 50 MPa or less was judged satisfactory and was rated as "B"; and a sample having a difference of stress of
more than 50 MPa was judged poor and was rated as "C". The ratings are presented in the tables.

Table 1-1

Alloy No. Adding elements mass%

Al Mn Ni Co Fe Ti V Cr Si Sn Zn B C Pr Nd

1 8.2 11.2 - - - - - - - - - - - - -

2 7.8 12.4 - - - - - - - - - - - - -

3 9.8 8.0 - - - - - - - - - - - - -

4 3.0 11.0 - - - - - - - - - - - - -

5 10.0 10.8 - - - - - - - - - - - - -

6 8.0 5.0 - - - - - - - - - - - - -

7 8.0 19.8 - - - - - - - - - - - - -

8 8.2 11.2 1.00 - - - - - - - - - - -

9 8.2 11.2 - 0.50 - - - - - - - - - - -

10 8.2 11.2 2.50 - - - - - - - - - - - -

11 8.2 11.2 2.50 - 0.50 - - - - - - - - - -

12 8.2 11.2 - - - 0.50 - - - - - - - - -

13 8.2 11.2 - - - - 0.50 - - - - - - - -

14 8.2 11.2 - - - - - 0.50 - 0.10 - 0.003 - - -

15 8.2 11.2 - - - 0.30 - - 0.05 - - - 0.003 - -

16 8.2 11.2 - - - - 0.10 - - 0.50 - - - - -

17 8.2 11.2 - - - - 0.10 - - - 0.50 - - - -

18 8.2 11.2 - - - - - - - - - - - 0.03 0.01

19 8.2 11.2 - - - - - 0.40 - 0.10 - - - - -

20 8.2 11.2 - - - 0.20 - 0.30 - - - - - - -

Note: "-" means not added

Table 1-2

Alloy No. Adding elements (mass%)

Al Mn Ni Co Fe Ti V Cr Si Sn Zn B C Pr Nd

21 2.8 11.0 - - - - - - - - - - - - -

22 11.0 10.5 - - - - - - - - - - - - -

23 18.0 10.5 - - - - - - - - - - - - -

24 7.9 4.0 - - - - - - - - - - - - -
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(continued)

Alloy No. Adding elements (mass%)

Al Mn Ni Co Fe Ti V Cr Si Sn Zn B C Pr Nd

25 7.8 21.0 - - - - - - - - - - - - -

26 8.2 11.2 6.00 - - - - - - - - - - - -

27 8.2 11.2 - 4.50 - - - - - - - - - - -

28 8.2 11.2 3.50 - - - - - - - - - - - -

29 8.2 11.2 0.50 - 4.00 - - - - - - - - - -

30 8.2 11.2 - - - 3.00 - - - - - - - - -

31 8.2 11.2 - - - - 1.50 - - - - - - - -

32 8.2 11.2 - - - - - 3.00 - 5.00 - 0.10 - - -

33 8.2 11.2 - - - 0.30 - - 4.50 - - - - -

34 8.2 11.2 - - - - 0.10 - - 2.00 - - - - -

35 8.2 11.2 - - - - 2.00 - - - 5.50 - - - -

36 8.2 11.2 - - - - - - - - - - - 6.00 -

37 8.2 11.2 - - - - - - - - - - 2.00 - 0.01

38 8.2 11.2 - - - - - - - - - - - - 5.50

39 8.2 11.2 - - - - - 3.50 - 0.10 - - - - -

40 8.2 11.2 - 1.00 1.50 1.50 - 2.00 - 1.50 1.00 - 1.00 - 0.80

41 8.2 11.2 - - - 2.00 - 3.00 - - - - - - -

Note: "-" means not added
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[0121] As is apparent from the results described above, in Examples 1 to 49, since the grain size and the texture
orientation defined in the present invention are satisfied, the resistance to repeated deformations of superelasticity, and
the difference of stress between a 5% strain and a 0.2% strain, are excellent. Further, as described above, it was also
confirmed that the orientation of the grains (Y and Z) immediately after [Step 5-4] was consistent with the orientation of
coarse grains (Y’ and Z’) after the final heat treatment ([Step 5-10]).
[0122] Contrary to the above, each of the Comparative Examples resulted in the results in which any of the charac-
teristics was poor.
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[0123] Among these, in Comparative Examples 1 to 10 shown in Table 3-1 to Table 3-2, and Comparative Examples
32 to 34 shown in Table 4-2, production itself was impossible (Comparative Example 8); at least one condition of the
grain size or the texture orientation as defined in the present invention was not satisfied (Comparative Examples other
than Comparative Example 8); and the resistance to repeated deformations of superelasticity was poor. In Comparative
Examples 9 and 10, the difference of stress was also poor. These are all Comparative Examples with respect to the
production method of the present invention. In Comparative Example 8, the intermediate annealing temperature was
too low, and disconnection occurred. On the other hand, in Comparative Example 9, the intermediate annealing tem-
perature was too high, and the texture orientation could not be controlled as desired.
[0124] Further, since all of Comparative Examples 11 to 31 shown in Table 4-2 did not satisfy the predetermined alloy
composition defined in the present invention, the production itself of the materials was impossible (Comparative Examples
11 to 15, 17 to 20, 22, 26, and 30), or although the conditions for the grain size or the texture orientation defined in the
present invention were satisfied, the resistance to repeated deformations of superelasticity was poor (Comparative
Examples other than Comparative Examples 11 to 15, 17 to 20, 22, 26, and 30).
[0125] It can be seen from the results described above that, even if a desired texture could be formed, if the alloy
material is not produced under conditions in which the retention at temperature ranges [8] and [14] for obtaining an (α+β)
phase for predetermined times [9] and [15] in [Step 5-2] or [Step 5-6], the speeds of temperature raising [10] and [16]
in [Step 5-3] and [Step 5-7], the speed of temperature lowering [13] in [Step 5-5], and the number of repetitions [19] of
temperature lowering and temperature raising in [Step 5-9] are appropriately satisfied, it is difficult to cause coarsening
of grains Y (including grains Z) while the texture is maintained, and to control the amount of existence of grains X to be
at a low level. Thus, the grain size or the texture defined in the present invention cannot be satisfied, the difference of
stress becomes small (low in characteristics of vibration damping), and the resistance to repeated deformations of
superelasticity becomes poor.
[0126] Further, the test results were omitted but not shown. However, for the cases of the Cu-Al-Mn-based alloy
materials of the present invention, which had the preferred alloy compositions within the ranges defined in the present
invention other than those described in Tables 1-1 and 1-2, and for the cases of the sheets (strips) but not the rods
(wires), the similar results as those of Examples can be obtained.
[0127] Having described our invention as related to the present embodiments, it is our intention that the invention not
be limited by any of the details of the description, unless otherwise specified, but rather be construed broadly within its
spirit and scope as set out in the accompanying claims.
[0128] This application claims a priority on Patent Application No. 2014-052462 filed in Japan on March 14, 2014.

REFERENCE SIGNS LIST

[0129]

1 Cu-Al-Mn-based alloy rod material (wire material) of the present invention

2 Grain X

3 Grain Y’ and Z’, in the final state (grains Y and Z in the state of the mid course) R Alloy material width or rod
material (wire material) diameter
RD Working direction of alloy material (wire-drawing direction of rod material (wire material))

Claims

1. A rod having a bamboo structure which is formed of a Cu-Al-Mn-based superelastic alloy material having a compo-
sition consisting of 3.0 to 10.0 mass% of Al, 5.0 to 20.0 mass% of Mn, and 0.000 to 10.000 mass% in total of at
least one selected from the group consisting of Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr,
Zn, B, C, Ag, and misch metal, where the contents of Ni and Fe are each 0.000 to 3.000 mass%; the content of Co
is 0.000 to 2.000 mass%; the content of Ti is 0.000 to 2.000 mass%; the contents of V, Nb, Mo, and Zr are each
0.000 to 1.000 mass%; the content of Cr is 0.000 to 2.000 mass%; the content of Si is 0.000 to 2.000 mass%; the
content of W is 0.000 to 1.000 mass%; the content of Sn is 0.000 to 1.000 mass%; the content of Mg is 0.000 to
0.500 mass%; the content of P is 0.000 to 0.500 mass%; the contents of Be, Sb, Cd, and As are each 0.000 to
1.000 mass%; the content of Zn is 0.000 to 5.000 mass%; the contents of B and C are each 0.000 to 0.500 mass%;
the content of Ag is 0.000 to 2.000 mass%; and the content of misch metal is 0.000 to 5.000 mass%; with the balance
being Cu and unavoidable impurities,
wherein the alloy material is an alloy material having a shape that is elongated in the working direction, which is the
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drawing direction,
wherein the Cu-Al-Mn-based alloy material has a recrystallized texture wherein the proportion occupied by a β phase
in the recrystallization texture is 90% or more,
wherein in regard to a grain X for which the grain length ax in the working direction of the alloy material is R/2 or
less with respect to the width or diameter R of the alloy material, and for which the grain length bx in a direction
perpendicular to the working direction is R/4 or less, the amount of existence of the grains X is 15% or less of the
total amount of the alloy material, and
wherein in regard to a grain Y’, for which the grain length a in the working direction and the grain length b in the
direction perpendicular to the working direction satisfy the relationships of a ≥ b, and for which the angle formed by
the normal line of the (111) plane of the crystal and the working direction is 15° or larger, the amount of existence
of the grains Y’ is 85% or more of the total amount of the alloy material,
wherein the value of the difference between the stress value of 0.2% proof stress in the case of performing loading
and unloading of stress that gives a strain of 5%, and the stress value obtainable when a strain of 5% is loaded, as
determined from a stress-strain curve, is 50 MPa or less, and the amount of residual strain obtainable when loading
and unloading of the stress that gives a strain of 5% is repeated 100 times, is 2.0% or less,
wherein the crystalline orientation is analyzed at a plane that faces the working direction by electron backscatter
diffraction pattern analysis (EBSP),
wherein among the grains Y’, in regard to a grain Z’ in which the angle formed by the normal line of the (101) plane
of the crystal and the working direction is 20° or less, the amount of existence of the grains Z’ is 50% or more of the
total amount of the alloy material,
wherein the term "bamboo structure" refers to a metallic texture having a crystal structure in which the grain bound-
aries of the grains Y’ and Z’ are positioned like the nodes of a bamboo tree, and
wherein grains X are co-present in the bamboo structure formed by grains Y’ or Z’.

2. The rod according to claim 1, wherein the Cu-AI-Mn alloy material has the composition containing 0.001 to 10.000
mass% in total of at least one selected from the group consisting of Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P,
Be, Sb, Cd, As, Zr, Zn, B, C, Ag, and misch metal, where the contents of Ni and Fe are each 0.001 to 3.000 mass%;
the content of Co is 0.001 to 2.000 mass%; the content of Ti is 0.001 to 2.000 mass%; the contents of V, Nb, Mo,
and Zr are each 0.001 to 1.000 mass%; the content of Cr is 0.001 to 2.000 mass%; the content of Si is 0.001 to
2.000 mass%; the content of W is 0.001 to 1.000 mass%; the content of Sn is 0.001 to 1.000 mass%; the content
of Mg is 0.001 to 0.500 mass%; the content of P is 0.010 to 0.500 mass%; the contents of Be, Sb, Cd, and As are
each 0.001 to 1.000 mass%; the content of Zn is 0.001 to 5.000 mass%; the contents of B and C are each 0.001
to 0.500 mass%; the content of Ag is 0.001 to 2.000 mass%; and the content of misch metal is 0.001 to 5.000 mass%.

3. A method of producing the rod of claim 1 or 2, comprising the steps of:

melting and casting (1) of a raw material of a Cu-Al-Mn-based alloy material having a composition consisting
of 3.0 to 10.0 mass% of Al, 5.0 to 20.0 mass% of Mn, and 0.000 to 10.000 mass% in total of at least one selected
from the group consisting of Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag,
and misch metal, where the contents of Ni and Fe are each 0.000 to 3.000 mass%; the content of Co is 0.000
to 2.000 mass%; the content of Ti is 0.000 to 2.000 mass%; the contents of V, Nb, Mo, and Zr are each 0.000
to 1.000 mass%; the content of Cr is 0.000 to 2.000 mass%; the content of Si is 0.000 to 2.000 mass%; the
content of W is 0.000 to 1.000 mass%; the content of Sn is 0.000 to 1.000 mass%; the content of Mg is 0.000
to 0.500 mass%; the content of P is 0.000 to 0.500 mass%; the contents of Be, Sb, Cd, and As are each 0.000
to 1.000 mass%; the content of Zn is 0.000 to 5.000 mass%; the contents of B and C are each 0.000 to 0.500
mass%; the content of Ag is 0.000 to 2.000 mass%; and the content of misch metal is 0.000 to 5.000 mass%;
with the balance being Cu and unavoidable impurities;
performing hot-working (2);
performing at least once of intermediate annealing (3) at 400°C to 680°C for 1 to 120 minutes and cold-working
(5) at a cumulative working ratio of 30% or more, in this order; and
heating (7) from room temperature to a temperature range for obtaining an (α+β) phase (8), then maintaining
in this temperature range for 2 to 120 minutes, heating (10) from the temperature range for obtaining the (α+β)
phase to a temperature range for obtaining a β single phase (11) at a speed of temperature raising of 0.1°C/min
to 20°C/min, maintaining in this temperature range for 5 to 480 minutes, then cooling (13) from the temperature
range for obtaining the β single phase to the temperature range for obtaining the (α+β) phase (14) at a speed
of temperature lowering of 0.1°C/min to 20°C/min, maintaining in this temperature range for 20 to 480 minutes,
then heating (16) from the temperature range for obtaining the (α+β) phase to the temperature range for obtaining
the β single phase (17) at a speed of temperature raising of 0.1°C/min to 20°C/min, and maintaining in this
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temperature range for 5 to 480 minutes, and then rapidly cooling (20);
wherein the series of steps: from maintaining in the temperature range for obtaining a β single phase, then
cooling from the temperature range for obtaining a β single phase to the temperature range for obtaining an
(α+β) phase at a speed of temperature lowering of 0.1°C/min to 20°C/min, and maintaining in this temperature
range for 20 to 480 minutes; to heating from the temperature range for obtaining an (α+β) phase to the tem-
perature range for obtaining a β single phase at a speed of temperature raising of 0.1°C/min to 20°C/min, and
maintaining in this temperature range for 5 to 480 minutes, is repeated at least two times,
wherein the temperature range for obtaining the (α+β) phase is 300°C to 700°C and wherein the temperature
range for obtaining the β single phase is 700°C or higher.

4. The method of producing the rod according to claim 3, wherein the Cu-AI-Mn alloy material has the composition
according to claim 2.

5. The method of producing a rod according to claim 3 or 4, wherein after the rapid cooling, an aging heat treatment
is carried out at 70°C to 300°C for 5 to 120 minutes.

Patentansprüche

1. Stab mit einer Bambusstruktur, der aus einem superelastischen Legierungsmaterial auf Cu-Al-Mn-Basis mit einer
Zusammensetzung gebildet ist, bestehend aus 3,0 bis 10,0 Massen-% Al, 5,0 bis 20,0 Massen-% Mn und insgesamt
aus 0,000 bis 10,000 Massen-% von mindestens einem, ausgewählt aus der Gruppe, bestehend aus Ni, Co, Fe,
Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag und Mischmetall, wobei die Gehalte an Ni und
Fe jeweils 0,000 bis 3,000 Massen-% betragen; der Gehalt an Co 0,000 bis 2,000 Massen-% beträgt; der Gehalt
an Ti 0,000 bis 2,000 Massen-% beträgt; die Gehalte an V, Nb, Mo und Zr jeweils 0,000 bis 1,000 Massen-%
betragen; der Gehalt an Cr 0,000 bis 2,000 Massen-% beträgt; der Gehalt an Si 0,000 bis 2,000 Massen-% beträgt;
der Gehalt an W 0,000 bis 1,000 Massen-% beträgt; der Gehalt an Sn 0,000 bis 1,000 Massen-% beträgt; der Gehalt
an Mg 0,000 bis 0,500 Massen-% beträgt; der Gehalt an P 0,000 bis 0,500 Massen-% beträgt; die Gehalte an Be,
Sb, Cd und As jeweils 0,000 bis 1,000 Massen-% betragen; der Gehalt an Zn 0,000 bis 5,000 Massen-% beträgt;
die Gehalte an B und C jeweils 0,000 bis 0,500 Massen-% betragen; der Gehalt an Ag 0,000 bis 2,000 Massen-%
beträgt; und der Gehalt an Mischmetall 0,000 bis 5,000 Massen-% beträgt; wobei der Rest Cu und unvermeidbare
Verunreinigungen ist,
wobei das Legierungsmaterial ein Legierungsmaterial mit einer Form ist, die in der Arbeitsrichtung, die die Zieh-
richtung ist, länglich ist,
wobei das Legierungsmaterial auf Cu-Al-Mn-Basis eine rekristallisierte Textur aufweist, wobei der Anteil, den eine
β-Phase in der Rekristallisationstextur einnimmt, 90% oder mehr beträgt;
wobei in Bezug auf ein Korn X, für das die Kornlänge ax in der Arbeitsrichtung des Legierungsmaterials R/2 oder
weniger in Bezug auf die Breite oder den Durchmesser R des Legierungsmaterials beträgt, und für das die Kornlänge
bx in einer Richtung senkrecht zur Arbeitsrichtung R/4 oder weniger beträgt, die Häufigkeit des Vorhandenseins der
Körner X 15% oder weniger der Gesamtmenge des Legierungsmaterials beträgt, und
wobei in Bezug auf ein Korn Y’, für das die Kornlänge a in Arbeitsrichtung und die Kornlänge b in einer Richtung
senkrecht zur Arbeitsrichtung die Beziehung a ≥ b erfüllen und für die der durch die Normale von der (111) -Ebene
des Kristalls und die Arbeitsrichtung gebildete Winkel 15° oder mehr beträgt, die Häufigkeit des Vorhandenseins
der Körner Y’ 85% oder mehr der Gesamtmenge des Legierungsmaterials beträgt,
wobei der Wert der Differenz zwischen dem Spannungswert von 0,2% Prüfspannung im Fall des Spannens und
Entspannens, wodurch eine Dehnung von 5% entsteht, und dem Spannungswert, der erhalten werden kann, wenn
eine Dehnung von 5% aufgebracht wird, wie aus einer Spannungs-Dehnungs-Kurve bestimmt, 50 MPa oder weniger
beträgt, und die Höhe der Restdehnung, die erhalten werden kann, wenn 100 mal so gespannt und entspannt wird,
dass eine Dehnung von 5% entsteht, 2,0% oder weniger beträgt,
wobei die kristalline Orientierung in einer Ebene, die der Arbeitsrichtung zugewandt ist, durch Elektronenrückstreu-
ungsbeugungsmusteranalyse (EBSP) analysiert wird,
wobei unter den Körnern Y’ in Bezug auf ein Korn Z’, in dem der Winkel, der durch die Normale der (101) -Ebene
des Kristalls und die Arbeitsrichtung gebildet wird, 20° oder weniger beträgt, die Häufigkeit des Vorhandenseins
der Körner Z’ 50% oder mehr der Gesamtmenge des Legierungsmaterials beträgt,
wobei sich der Begriff "Bambusstruktur" auf eine metallische Textur mit einer Kristallstruktur bezieht, in der die
Korngrenzen der Körner Y’und Z’ wie die Knoten eines Bambusbaums positioniert sind, und
wobei die Körner X in der durch die Körner Y’oder Z’ gebildeten Bambusstruktur gleichzeitig vorhanden sind.
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2. Stab nach Anspruch 1, wobei das Cu-Al-Mn-Legierungsmaterial eine Zusammensetzung aufweist, die insgesamt
0,001 bis 10,000 Massen-% von mindestens einem enthält, ausgewählt aus der Gruppe, bestehend aus Ni, Co, Fe,
Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag und Mischmetall, wobei die Gehalte an Ni und
Fe jeweils 0,001 bis 3,000 Massen-% betragen; der Gehalt an Co 0,001 bis 2,000 Massen-% beträgt; der Gehalt
an Ti 0,001 bis 2,000 Massen-% beträgt; die Gehalte an V, Nb, Mo und Zr jeweils 0,001 bis 1,000 Massen-%
betragen; der Gehalt an Cr 0,001 bis 2,000 Massen-% beträgt; der Gehalt an Si 0,001 bis 2,000 Massen-% beträgt;
der Gehalt an W 0,001 bis 1,000 Massen-% beträgt; der Gehalt an Sn 0,001 bis 1,000 Massen-% beträgt; der Gehalt
an Mg 0,001 bis 0,500 Massen-% beträgt; der Gehalt an P 0,010 bis 0,500 Massen-% beträgt; die Gehalte an Be,
Sb, Cd und As jeweils 0,001 bis 1,000 Massen-% betragen; der Gehalt an Zn 0,001 bis 5,000 Massen-% beträgt;
die Gehalte an B und C jeweils 0,001 bis 0,500 Massen-% betragen; der Gehalt an Ag 0,001 bis 2,000 Massen-%
beträgt; und der Gehalt an Mischmetall 0,001 bis 5,000 Massen-% beträgt.

3. Verfahren zur Herstellung des Stabes nach Anspruch 1 oder 2, umfassend die Schritte:

Schmelzen und Gießen (1) eines Rohmaterials eines Legierungsmaterials auf Cu-Al-Mn-Basis mit einer Zu-
sammensetzung bestehend aus 3,0 bis 10,0 Massen-% Al, 5,0 bis 20,0 Massen-% Mn und insgesamt 0,000
bis 10,000 Massen-% von mindestens einem, ausgewählt aus der Gruppe, bestehend aus Ni, Co, Fe, Ti, V,
Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag und Mischmetall, wobei die Gehalte an Ni und
Fe jeweils 0,000 bis 3,000 Massen-% betragen; der Gehalt an Co 0,000 bis 2,000 Massen-% beträgt; der Gehalt
an Ti 0,000 bis 2,000 Massen-% beträgt; die Gehalte an V, Nb, Mo und Zr jeweils 0,000 bis 1,000 Massen-%
betragen; der Gehalt an Cr 0,000 bis 2,000 Massen-% beträgt; der Gehalt an Si 0,000 bis 2,000 Massen-%
beträgt; der Gehalt an W 0,000 bis 1,000 Massen-% beträgt; der Gehalt an Sn 0,000 bis 1,000 Massen-%
beträgt; der Gehalt an Mg 0,000 bis 0,500 Massen-% beträgt; der Gehalt an P 0,000 bis 0,500 Massen-%
beträgt; die Gehalte an Be, Sb, Cd und As jeweils 0,000 bis 1,000 Massen-% betragen; der Gehalt an Zn 0,000
bis 5,000 Massen-% beträgt; die Gehalte an B und C jeweils 0,000 bis 0,500 Massen-% betragen; der Gehalt
an Ag 0,000 bis 2,000 Massen-% beträgt; und der Gehalt an Mischmetall 0,000 bis 5,000 Massen-% beträgt;
wobei der Rest Cu und unvermeidbare Verunreinigungen sind;
Warmbearbeiten (2);
mindestens einmaliges Zwischenglühen (3) bei 400° C bis 680° C für 1 bis 120 Minuten und Kaltbearbeiten (5)
bei einem kumulierten Bearbeitungsverhältnis von 30% oder mehr, in dieser Reihenfolge; und
Erhitzen (7) von Raumtemperatur auf einen Temperaturbereich zum Erhalten einer (α + β) -Phase (8), dann
Halten in diesem Temperaturbereich für 2 bis 120 Minuten, Erhitzen (10) von dem Temperaturbereich zum
Erhalten der (α +) β) -Phase bis zu einem Temperaturbereich, um eine ß-Einzelphase (11) zu erhalten mit einer
Temperaturanstiegsgeschwindigkeit von 0,1° C/min bis 20° C/min, 5 bis 480 Minuten in diesem Temperatur-
bereich halten und dann abkühlen (13) vom Temperaturbereich zum Erhalten der β-Einzelphase zum Tempe-
raturbereich zum Erhalten der (α + β) -Phase (14) bei einer Temperaturabsenkungsgeschwindigkeit von 0,1°
C/min bis 20° C/min, 20 bis 480 Minuten in diesem Temperaturbereich halten, dann Erhitzen (16) vom Tempe-
raturbereich zum Erhalten der (α + β) -Phase zum Temperaturbereich zum Erhalten der β-Einzelphase (17) bei
einer Temperaturanstiegsgeschwindigkeit von 0,1° C/min bis 20° C/min und 5 bis 480 Minuten in diesem Tem-
peraturbereich halten und dann schnell abkühlen (20);
wobei die Reihe von Schritten: vom Aufrechterhalten in dem Temperaturbereich zum Erhalten einer β-Einzel-
phase, dann Abkühlen vom Temperaturbereich zum Erhalten einer β-Einzelphase zum Temperaturbereich zum
Erhalten einer (α + β) -Phase mit einer Geschwindigkeit der Temperaturabsenkung von 0,1° C/min bis 20°
C/min und Halten in diesem Temperaturbereich für 20 bis 480 Minuten; zum Erwärmen vom Temperaturbereich
zum Erhalten einer (α + β) -Phase zum Temperaturbereich zum Erhalten einer β-Einzelphase bei einer Tem-
peraturanstiegsgeschwindigkeit von 0,1° C/min auf 20°C/min und Aufrechterhalten in diesem Temperaturbe-
reich für 5 bis 480 Minuten mindestens zweimal wiederholt wird,
wobei der Temperaturbereich zum Erhalten der (α + β) -Phase 300° C bis 700° C beträgt und wobei der
Temperaturbereich zum Erhalten der β-Einzelphase 700° C oder höher beträgt.

4. Verfahren zur Herstellung des Stabes nach Anspruch 3, wobei das Cu-Al-Mn-Legierungsmaterial die Zusammen-
setzung nach Anspruch 2 aufweist.

5. Verfahren zur Herstellung eines Stabes nach Anspruch 3 oder 4, wobei nach dem schnellen Abkühlen eine Alte-
rungswärmebehandlung bei 70 °C bis 300 °C für 5 bis 120 Minuten durchgeführt wird.
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Revendications

1. Tige ayant une structure en bambou qui est formée d’un alliage superélastique à base de Cu-Al-Mn ayant une
composition constituée de 3,0 à 10,0% en masse d’Al, 5,0 à 20,0% en masse de Mn et de 0,000 à 10,000% en
masse au total d’au moins un choisi dans le groupe constitué de Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P,
Be, Sb, Cd, As, Zr, Zn, B, C, Ag et métal misch, où les teneurs en Ni et Fe sont chacune de 0,000 à 3,000% en
masse; la teneur en Co est de 0,000 à 2,000% en masse; la teneur en Ti est de 0,000 à 2,000% en masse; les
teneurs en V, Nb, Mo et Zr sont chacune de 0,000 à 1,000% en masse; la teneur en Cr est de 0,000 à 2,000% en
masse; la teneur en Si est de 0,000 à 2,000% en masse; la teneur en W est de 0,000 à 1,000% en masse; la teneur
en Sn est de 0,000 à 1,000% en masse; la teneur en Mg est de 0,000 à 0,500% en masse; la teneur en P est de
0,000 à 0,500% en masse; les teneurs en Be, Sb, Cd et As sont chacune de 0,000 à 1,000% en masse; la teneur
en Zn est de 0,000 à 5,000% en masse; les teneurs en B et C sont chacune de 0,000 à 0,500% en masse; la teneur
en Ag est de 0,000 à 2,000% en masse; et la teneur en métal misch est de 0,000 à 5,000% en masse; le reste étant
du Cu et des impuretés inévitables,
dans lequel le matériau d’alliage est un matériau d’alliage ayant une forme qui est allongée dans la direction de
travail, qui est la direction d’étirage,
dans lequel le matériau d’alliage à base de Cu-Al-Mn a une texture recristallisée dans laquelle la proportion occupée
par une phase β dans la texture de recristallisation est de 90% ou plus,
dans lequel en ce qui concerne un grain X pour lequel la longueur de grain ax dans la direction de travail du matériau
d’alliage est R/2 ou moins par rapport à la largeur ou au diamètre R du matériau d’alliage, et pour lequel la longueur
de grain bx dans une direction perpendiculaire à la direction de travail est R/4 ou moins, la quantité d’existence des
grains X est de 15% ou moins de la quantité totale du matériau d’alliage, et
dans lequel en ce qui concerne un grain Y’, pour lequel la longueur de grain a dans la direction de travail et la
longueur de grain b dans la direction perpendiculaire à le direction de travail satisfont les relations de a ≥ b, et pour
lequel l’angle formé par la ligne normale du plan (111) du cristal et de la direction de travail est de 15° ou plus, la
quantité d’existence des grains Y’ est de 85% ou plus de la quantité totale du matériau d’alliage,
dans lequel la valeur de la différence entre la valeur de contrainte de 0,2% de contrainte d’épreuve dans le cas de
l’exécution d’un chargement et d’un déchargement de contrainte qui donne une déformation de 5%, et la valeur de
contrainte pouvant être obtenue lorsqu’une déformation de 5% est chargée, déterminée à partir de une courbe
contrainte-déformation, est de 50 MPa ou moins, et la quantité de déformation résiduelle pouvant être obtenue lors
du chargement et du déchargement de la contrainte qui donne une déformation de 5% est répétée 100 fois, est de
2,0% ou moins, dans lequel l’orientation cristalline est analysée dans un plan qui fait face à la direction de travail
par analyse du diagramme de diffraction par rétrodiffusion d’électrons (EBSP),
dans lequel, parmi les grains Y’, par rapport à un grain Z’ dans lequel l’angle formé par la ligne normale du plan
(101) du cristal et la direction de travail est égal ou inférieur à 20°, la quantité d’existence des grains Z’ représente
50% ou plus de la quantité totale du matériau d’alliage,
dans lequel le terme «structure en bambou» se réfère à une texture métallique ayant une structure cristalline dans
laquelle les joints de grains des grains Y’ et Z’ sont positionnés comme les nœuds d’un bambou, et
où les grains X sont co-présents dans la structure en bambou formée par les grains Y’ ou Z’.

2. Tige selon la revendication 1, dans laquelle le matériau d’alliage Cu-Al-Mn a la composition contenant de 0,001 à
10,000% en masse au total d’au moins un sélectionné dans le groupe constitué de Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo,
W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn, B, C, Ag et misch métal, où les teneurs en Ni et Fe sont chacune de 0,001 à
3,000% en masse; la teneur en Co est de 0,001 à 2,000% en masse; la teneur en Ti est de 0,001 à 2,000% en
masse; les teneurs en V, Nb, Mo et Zr sont chacune de 0,001 à 1,000% en masse; la teneur en Cr est de 0,001 à
2,000% en masse; la teneur en Si est de 0,001 à 2,000% en masse; la teneur en W est de 0,001 à 1,000% en
masse; la teneur en Sn est de 0,001 à 1,000% en masse; la teneur en Mg est de 0,001 à 0,500% en masse; la
teneur en P est de 0,010 à 0,500% en masse; les teneurs en Be, Sb, Cd et As sont chacune de 0,001 à 1,000%
en masse; la teneur en Zn est de 0,001 à 5,000% en masse; les teneurs en B et C sont chacune de 0,001 à 0,500%
en masse; la teneur en Ag est de 0,001 à 2,000% en masse; et la teneur en métal misch est de 0,001 à 5,000% en
masse.

3. Procédé de production de la tige selon la revendication 1 ou 2, comprenant les étapes de:

fusion et coulée (1) d’une matière première d’un alliage à base de Cu-Al-Mn ayant une composition consistant
en 3,0 à 10,0% en masse d’Al, 5,0 à 20,0% en masse de Mn et 0,000 à 10,000% en masse au total d’au moins
un choisi dans le groupe constitué de Ni, Co, Fe, Ti, V, Cr, Si, Nb, Mo, W, Sn, Mg, P, Be, Sb, Cd, As, Zr, Zn,
B, C, Ag et métal misch, où les teneurs en Ni et Fe sont chacune de 0,000 à 3,000% en masse; la teneur en
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Co est de 0,000 à 2,000% en masse; la teneur en Ti est de 0,000 à 2,000% en masse; les teneurs en V, Nb,
Mo et Zr sont chacune de 0,000 à 1,000% en masse; la teneur en Cr est de 0,000 à 2,000% en masse; la teneur
en Si est de 0,000 à 2,000% en masse; la teneur en W est de 0,000 à 1,000% en masse; la teneur en Sn est
de 0,000 à 1,000% en masse; la teneur en Mg est de 0,000 à 0,500% en masse; la teneur en P est de 0,000
à 0,500% en masse; les teneurs en Be, Sb, Cd et As sont chacune de 0,000 à 1,000% en masse; la teneur en
Zn est de 0,000 à 5,000% en masse; les teneurs en B et C sont chacune de 0,000 à 0,500% en masse; la
teneur en Ag est de 0,000 à 2,000% en masse; et la teneur en métal misch est de 0,000 à 5,000% en masse;
le reste étant du Cu et des impuretés inévitables;
effectuer un travail à chaud (2);
effectuer au moins une fois un recuit intermédiaire (3) à 400 °C à 680 °C pendant 1 à 120 minutes et un
écrouissage (5) à un rapport de travail cumulatif de 30% ou plus, dans cet ordre; et
chauffage (7) de la température ambiante à une plage de température pour obtenir une phase (α + β) (8), puis
maintien dans cette plage de température pendant 2 à 120 minutes, chauffage (10) à partir de la plage de
température pour obtenir la phase (α + β) à une plage de température pour l’obtention d’une phase unique β
(11) à une vitesse de montée en température de 0,1° C/min à 20° C/min, maintien dans cette plage de température
pendant 5 à 480 minutes, puis refroidissement (13) de la plage de température pour l’obtention de la phase
unique β à la plage de température pour l’obtention de la phase (α + β) (14) à une vitesse d’abaissement de la
température de 0,1° C/min à 20 °C/min, maintien dans cette plage de température pendant 20 à 480 minutes,
puis chauffage (16) de la plage de température pour l’obtention de la phase (α + β) à la plage de température
pour l’obtention de la phase unique β (17) à une vitesse de montée en température de 0,1 °C/min à 20 °C/min,
et maintien dans cette plage de température pendant 5 à 480 minutes, puis refroidissement rapide (20);
dans lequel la série d’étapes: du maintien dans la plage de température pour obtenir une phase unique β, puis
du refroidissement de la plage de température pour l’obtention d’une phase unique β à la plage de température
pour obtenir une phase (α + β) à une vitesse d’abaissement de la température de 0,1 °C/min à 20 °C/min, et
maintien dans cette plage de température pendant 20 à 480 minutes; au chauffage de la plage de température
pour l’obtention d’une phase (α + β) à la plage de température pour l’obtention d’une phase unique β à une
vitesse de montée en température de 0,1° C/min à 20° C/min, et maintien dans cette plage de température
pendant 5 à 480 minutes, est répété au moins deux fois,
dans lequel la plage de températures pour obtenir la phase (α + β) est de 300 °C à 700 °C et dans laquelle la
plage de températures pour obtenir la phase unique β est de 700 °C ou plus.

4. Procédé de production de la tige selon la revendication 3, dans lequel le matériau d’alliage Cu-Al-Mn a la composition
selon la revendication 2.

5. Procédé de production d’une tige selon la revendication 3 ou 4, dans lequel après le refroidissement rapide, un
traitement thermique de vieillissement est effectué de 70 °C à 300 °C pendant 5 à 120 minutes.
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