(19)

DANMARK (10 DK/EP 2619341 T3

(12) Oversaettelse af
europeeisk patentskrift

Patent-og
Varameerkestyrebsen

(51)

(45)

(80)

(73)
(72)
(74)

(54)

Int.Cl.: C 22 C 14/00 (2006.01) A 61 L 27/06 (2006.01) B 62 D 29/00 (2006.01)
C22F 1/18 (2006.01)

Overseettelsen bekendtgjort den: 2018-08-27

Dato for Den Europaeiske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2018-06-13

Europaeisk ansggning nr.: 11760918.0

Europaeisk indleveringsdag: 2011-09-07

Den europeeiske ansagnings publiceringsdag: 2013-07-31

International ansggning nr.: US2011050595

Internationalt publikationsnr.: WO2012039927

Prioritet: 2010-09-23 US 888699 2010-10-13 US 903851

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

Patenthaver: ATl Properties LLC, 1600 N.E. Old, Salem Road, Albany OR 97321, USA
Opfinder: BRYAN, David J., 8005 Blue Stream Lane, Indian Trail, North Carolina 28079, USA
Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark

Benzevnelse: FREMGANGSMADE TIL FREMSTILLING AF FASTGORELSESELEMENTER AF ALPHA/BETA-
TITANLEGERINGER MED H@J STYRKE

Fremdragne publikationer:

WO-A1-2004/101838

US-A- 5980 655

US-A1- 2003 211 003

Anonymous: "ATIl 425A® Alloy Applications”, ATl Webpage , 4 July 2010 (2010-07-04), XP002663645, Retrieved
from the Internet: URL :http //www.alleghenytechnologies.com/a ti4d25/applications/default.asp [retrieved on
2011-11-15] -& ATI: "ATI 425A® Alloy Applications”, Printout of WayBack Machine , 4 July 2011 (2011-07-04),
XP002663646, Retrieved from the Internet: URL:http //web.archive.org/web/20100704044

024/http //www.alleghenytechnologies.com/A Tl425/applications/default.asp#other [retrieved on 2011-11-15]
Anonymous: "Technical Data Sheet. ATl 425 Alloy (Version 1)", ATl webpage , 3 July 2010 (2010-07-03), pages
1-5, XP002663207, Retrieved from the Internet: URL :http //www.alleghenytechnologies.com/a
tid25/specifications/datasheet.asp [retrieved on 2011-11-10] -& ATI: "Technical Data Sheet. ATl 425 Alloy
(Version 1) - Printout of the screen”, Internet Archive Wayback Machine , 3 July 2010 (2010-07-03),
XP002663398, Retrieved from the Internet: URL:http //web.archive.org/web/20100703120

218/http //www.alleghenytechnologies.com/A Tl425/specifications/datasheet.asp [retrieved on 2011-11-10] -&
D.Greenfield: " ATl Aerospace presents results of year-long characterization program for the new ATI 425 Alloy
Titanium products at Aeromat 2010", ATlI Website: News release , 21 June 2010 (2010-06-21), XP002663402,
Retrieved from the Internet: URL:http //www.alleghenytechnologies.comva ti425/docs/Aeromat

Fortsaettes ...



DK/EP 2619341 T3



DK/EP 2619341 T3

DESCRIPTION

BACKGROUND OF THE TECHNOLOGY

FIELD OF THE TECHNOLOGY

[0001] The present disclosure relates to mechanical fasteners and fastener stock, and in
particular to fasteners and fastener stock comprising alpha/beta titanium alloys.

DESCRIPTION OF THE BACKGROUND OF THE TECHNOLOGY

[0002] Titanium alloys typically exhibit a high strength-to-weight ratio, are corrosion resistant,
and are resistant to creep at moderately high temperatures. For these reasons, titanium alloys
are used in aerospace and aeronautic applications including, for example, landing gear
members, engine frames, and mechanical fasteners.

[0003] Reducing the weight of an aircraft results in fuel savings, and thus there is a strong
drive in the aerospace industry to reduce aircraft weight. Titanium and titanium alloys are
attractive materials for achieving weight reduction in aircraft applications because of their high
strength-to-weight ratio. Currently, titanium alloy

fasteners are used in less demanding aerospace applications. In certain aerospace
applications in which titanium alloys do not exhibit sufficient strength to meet the particular
mechanical requirements of the application, heavier iron and nickel based alloy fasteners are
used.

[0004] Most titanium alloy parts used in aerospace applications are made from Ti-6Al-4V alloy
(ASTM Grade 5; UNS R56400; AMS 4965), which is an alpha/beta titanium alloy. Typical
minimum specification for small diameter Ti-6Al-4V fastener stock, i.e., fastener stock having a
diameter less than 0.5 inches (1.27 cm), are 170 ksi (1,172 MPa) ultimate tensile strength
(UTS), as determined according to ASTM E8/E8M-09 ("Standard Test Methods for Tension
Testing of Metallic Materials" ASTM International, 2009), and 103 ksi (710 MPa) double shear
strength (DSS), as determined according to NASM 1312-13 ("Method 13-Double Shear”,
Aerospace Industries Association-National Aerospace Standard (Metric), February 1, 2003).

[0005] Iron and nickel based superalloys, such as, for example, A286 iron-base superalloy
(UNS S66286), are representative of materials used in aerospace fastener applications having
the next tier of strength. Typical specified minimum strengths for cold drawn and aged A286
alloy fasteners are 180 ksi (1,241 MPa) UTS and 108 ksi (744 MPa) DSS.

[0006] Alloy 718 nickel based superalloy (NO7718) is a material used in aerospace fasteners
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that represents the uppermost tier of strength. Typical specification minimums for cold drawn
and aged Alloy 718 superalloy fasteners are 220 ksi (1,517 MPa) UTS and 120 ksi (827 MPa)
DSS.

[0007] In addition, two beta titanium alloys that currently are in use or are under consideration
for use as high strength fastener materials exhibit minimum ultimate tensile strength of 180 ksi
(1,241.1 MPa) and minimum DSS of 108 ksi (744.6 MPa). SPS Technologies, Jenkintown, Pa.,
offers a titanium alloy fastener fabricated from an optimized beta-titanium alloy that conforms
to the chemistry of Ti-3Al-8V-6Cr-4Zr-4Mo titanium alloy (AMS 4958). The SPS bolts are
available in diameters up to 1 inch (2.54 cm). Alcoa Fastening Systems (AFS) has developed a
high-strength

titanium fastener made from a titanium alloy that conforms to the nominal chemistry of Ti-5Al-
5Mo-5V-3Cr-0.5F e titanium alloy (also referred to as Ti-5553; UNS unassigned), a near beta-
titanium alloy. The AFS Ti-5553 alloy fasteners reportedly exhibit tensile strength of 190 ksi
(1,309 MPa), greater than 10% elongation, and minimum DSS of 113 ksi (779 MPa) for
uncoated parts and 108 ksi (744 MPa) for coated parts.

[0008] Beta-titanium alloys generally include a high alloying content, which increases the cost
of components and processing compared with alpha/beta titanium alloys. Beta-titanium alloys
also generally have a higher density than alpha/beta titanium alloys. For example ATI 425®

alpha/beta titanium alloy has a density of about 0.161 Ibs/in® (4.5 g/cm3), whereas the beta-
titanium alloy Ti-3Al-8V-6Cr-4Zr-4Mo has a density of about 0.174 Ibs/in® (4.8 g/cm?), and the
near beta-titanium alloy Ti-5AI-5Mo-5V-3Cr-0.5Fe has a density of about 0.168 Ibs/in® (4.7

g/cm?). Fasteners made from titanium alloys that are less dense may provide further weight
savings for aerospace applications. In addition, the bimodal microstructure that is obtained, for
example, in solution treated and aged alpha/beta titanium alloys may provide improved
mechanical properties such as high cycle fatigue compared to beta-titanium alloys. Alpha/beta
titanium alloys also have a higher beta transus temperature (Tp) than beta-titanium alloys. For
example, the Tg of ATl 425® alpha/beta titanium alloy is about 1,800°F (982.2°C), whereas Ti-
S5AI-5Mo-5V-3Cr-0.5Fe beta titanium alloy has a Tg of about 1,500°F (815.6°C). The difference
in Tg for the two forms of titanium alloys allows for a larger temperature window for

thermomechanical processing and heat treatment in the alpha/beta phase field for alpha/beta
titanium alloys.

[0009] Given the continuing need for reduced fuel consumption through aircraft weight
reduction, a need exists for improved lightweight fasteners for aerospace applications. In
particular, it would be advantageous to provide lightweight alpha/beta titanium alloy aerospace
fasteners and fastener stock exhibiting higher strength than current generation aerospace
fasteners fabricated from Ti-6Al-4V alpha/beta titanium alloy.

SUMMARY
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[0010] The invention provides a method for producing a titanium alloy fastener stock having a
diameter of 4.57 mm (0.18 inches) to 31.8 mm (1.25 inches) in accordance with claim 1 of the
appended claims.

[0011] The present disclosure describes an article of manufacture selected from a titanium
alloy fastener and a titanium alloy fastener stock includes an alpha/beta titanium alloy
comprising, in percent by weight: 3.9 to 4.5 aluminum; 2.2 to 3.0 vanadium; 1.2 to 1.8 iron;
0.24 to 0.3 oxygen; up to 0.08 carbon; up to 0.05 nitrogen; titanium; and up to a total of 0.3 of
other elements. In a non-limiting embodiment, the alpha/beta titanium alloy fastener or
fastener stock exhibits an ultimate tensile strength of at least 170 ksi (1,172 MPa) and a double
shear strength of at least 103 ksi (710.2 MPa).

[0012] In an additional embodiment described, an article of manufacture selected from a
titanium alloy fastener and a titanium alloy fastener stock comprises an alpha/beta titanium
alloy consisting essentially of, in percent by weight: 3.9 to 4.5 aluminum; 2.2 to 3.0 vanadium,;
1.2 to 1.8 iron; 0.24 to 0.3 oxygen; up to 0.08 carbon; up to 0.05 nitrogen; up to a total of 0.3 of
other elements; titanium; incidental impurities; and wherein the other elements consist
essentially of one or more of tin, zirconium, molybdenum, chromium, nickel, silicon, copper,
niobium, tantalum, manganese, and cobalt, wherein the weight percent of each such element
is 0.1 or less, and boron and yttrium, wherein the weight percent of each such element is less
than 0.005. In a non-limiting embodiment, the alpha/beta titanium alloy fastener or fastener
stock exhibits an ultimate tensile strength of at least 170 ksi (1,172 MPa) and a double shear
strength of at least 103 ksi (710.2 MPa).

[0013] In an embodiment according to the present disclosure, a method for producing a
titanium alloy fastener stock includes providing an alpha/beta titanium alloy comprising, in
percent by weight. 3.9 to 4.5 aluminum; 2.2 to 3.0 vanadium; 1.2 to 1.8 iron; 0.24 to 0.3
oxygen; up to 0.08 carbon; up to 0.05 nitrogen; titanium; and up to a total of 0.3 of other
elements. The alpha/beta titanium alloy is hot rolled and, subsequently, is annealed at an
annealing temperature in a range of 1,200°F (648.9°C) to 1,400°F (760°C) for an annealing
time in a range of 1 hour to 2 hours. After annealing, the alpha/beta titanium alloy is air cooled,
and then machined to predetermined dimensions. The alpha/beta titanium alloy is then solution
treated at a

solution treatment temperature in a range of 1,500°F (815.6°C) to 1,700°F (926.7°C) for a
solution treating time in a range of 0.5 hours to 2 hours. After solution treatment, the
alpha/beta titanium alloy is cooled at a cooling rate that is at least as fast as air cooling, and
then aged at an aging treatment temperature in a range of 800°F (426.7°C) to 1,000°F
(5637.8°C) for an aging time in a range of 4 hours to 16 hours. Following aging, the titanium
alloy is air cooled. In a non-limiting embodiment, an alpha/beta titanium alloy made according
to the foregoing method embodiment exhibits an ultimate tensile strength of at least 170 ksi
(1,172 MPa) and a double shear strength of at least 103 ksi (710.2 MPa).

BRIEF DESCRIPTION OF THE DRAWINGS
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[0014] The features and advantages of methods described herein may be better understood
by reference to the accompanying drawings in which:

FIG. 1 is schematic representation of embodiments of fasteners described;

FIG. 2. is a flow diagram of an embodiment of a method of producing fasteners and fastener
stock according to the present disclosure;

FIG. 3 is a plot of ultimate tensile strength of fastener bar and wire stock made by non-limiting
embodiments according to the present disclosure, comparing those properties with
requirements for Ti-6Al-4V titanium alloy fastener bar and wire stock;

FIG. 4 is a plot of yield strength of fastener bar and wire stock made by non-limiting
embodiments according to the present disclosure, comparing those properties with
requirements for Ti-6Al-4V titanium alloy fastener bar and wire stock; and

FIG. 5 is a plot of percent elongation of fastener bar and wire stock made by non-limiting
embodiments according to the present disclosure, comparing those properties with
requirements for Ti-6Al-4V titanium alloy fastener bar and wire stock.

[0015] The reader will appreciate the foregoing details, as well as others, upon considering
the following detailed description of certain non-limiting embodiments of methods according to
the present disclosure.

DETAILED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

[0016] In the present description of non-limiting embodiments, other than in the operating
examples or where otherwise indicated, all numbers expressing quantities or characteristics
are to be understood as being modified in all instances by the term "about". Accordingly, unless
indicated to the contrary, any numerical parameters set forth in the following description are
approximations that may vary depending on the desired properties one seeks to obtain in the
materials and by the methods according to the present disclosure. At the very least, and not as
an attempt to limit the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques.

[0017] Referring now to FIG. 1, an aspect of this disclosure is directed to an article of
manufacture selected from a titanium alloy fastener 10 and a titanium alloy fastener stock (not
shown). In a non-limiting embodiment, the article includes an alpha/beta titanium alloy
comprising, in percent by weight: 3.9 to 4.5 aluminum; 2.2 to 3.0 vanadium; 1.2 to 1.8 iron;
0.24 to 0.3 oxygen; up to 0.08 carbon; up to 0.05 nitrogen;
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titanium; and up to a total of 0.3 of other elements. In non-limiting embodiments of this
disclosure the other elements referred to in the alloy composition comprise or consist
essentially of one or more of tin, zirconium, molybdenum, chromium, nickel, silicon, copper,
niobium, tantalum, manganese, and cobalt, each having a maximum concentration of 0.1
weight percent as individual elements, and boron and yttrium, each having a maximum
concentration of 0.005% as individual elements, with the sum total of all of the other elements
not exceeding 0.3 weight percent. In a non-limiting embodiment, the alpha/beta titanium article
of manufacture according to the present disclosure exhibits an ultimate tensile strength of at
least 170 ksi (1,172 MPa) and a double shear strength (DSS) of at least 103 ksi (710.2 MPa)
for fasteners having diameters in the range of 0.18 inches (4.57 mm) to 1.25 inches (31.8
mm). In a non-limiting embodiment of this disclosure, fasteners may have diameters as small
as can be fabricated. In a non-limiting embodiment, fasteners according to the present
disclosure exhibit a percent elongation of at least 10%.

[0018] In certain non-limiting embodiments, the elemental composition of an alpha/beta
titanium alloy included in the fastener or fastener stock according to the present disclosure is
encompassed by the alloy composition disclosed in U.S. Pat. No. 5,980,655 ("the '655 patent").
The '655 patent discloses an alloy having the composition shown in the following Table 1.
Table 1

Alloying Element Percent by Weight
Aluminum from about 2.9 to about 5.0
Vanadium from about 2.0 to about 3.0

Iron from about 0.4 to about 2.0
Oxygen greater than 0.2 to about 0.3
Carbon from about 0.005 to about 0.03
Nitrogen from about 0.001 to about 0.02

Other elements less than about 0.5

[0019] A commercial version of the alloy of the '655 patent is ATI 425® alloy, which is available
from ATI Aerospace, a business of Allegheny Technologies Incorporated, Pittsburgh, PA. The
ultimate tensile strength of alloys having the elemental composition disclosed in the '655 patent
ranges from about 130 to 133 ksi (896 to 917 MPa). However, the present inventor surprisingly
discovered that the significantly narrower range of chemistry in the present disclosure results in
alpha/beta titanium fasteners that may exhibit the significantly higher ultimate tensile strengths
disclosed herein. In a non-limiting embodiment, the ultimate tensile strength of the fasteners
disclosed herein, made from the alloy composition disclosed herein, was up to 22% greater
than the UTS disclosed in the '655 patent. Without intending to be bound by any theory of
operation, it is believed that the surprisingly high strength of fastener alloy compositions
disclosed herein may have been at least in part a result of significantly increasing the
aluminum and oxygen levels above minimum levels disclosed in the '655 patent, which may
have increased the strength of the dominant alpha phase in the alpha/beta titanium alloy.
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[0020] The inventor also surprisingly discovered that narrowing the allowable ranges of
aluminum, vanadium, iron, oxygen, carbon, and nitrogen in the fastener alloy disclosed herein
relative to the alloy disclosed in the '655 patent reduces the variability of the mechanical
properties and the variability of the beta transus temperature of the fastener alloy disclosed
herein. This reduced variability is important for process and microstructural optimization to
achieve the superior mechanical properties disclosed herein.

[0021] In another non-limiting embodiment, a titanium alloy fastener and a titanium alloy
fastener stock disclosed herein comprises a diameter of up to 0.75 inches (1.91 c¢cm), and has
an ultimate tensile strength of at least 180 ksi (1,241 MPa) and a double shear strength of at
least 108 ksi (744.6 MPa). In a non-limiting embodiment, fasteners or fastener stock according
to this disclosure have up to about 26% greater ultimate tensile strength than the ultimate
tensile strength disclosed in the '655 patent.

[0022] Referring again to FIG. 1, according to another non-limiting aspect of this disclosure,
an article of manufacture selected from a titanium alloy fastener 10 and a titanium alloy
fastener stock (not shown) includes an alpha/beta titanium alloy consisting essentially of, in
percent by weight. 3.9 to 4.5 aluminum; 2.2 to 3.0 vanadium; 1.2 to 1.8 iron; 0.24 to 0.3
oxygen; up to 0.08 carbon; up to 0.05 nitrogen; no more than a total of 0.3 of other elements;
with the remainder titanium; and incidental impurities. In non-limiting embodiments of this
disclosure the other elements referred to in the alloy composition comprise or consist
essentially of one or more of tin, zirconium, molybdenum, chromium, nickel, silicon, copper,
niobium, tantalum, manganese, and cobalt, wherein the weight percent of each such element
is 0.1 or less, and boron and yttrium, wherein the weight percent of each such element is less
than 0.005, with the sum total of all of the other elements not exceeding 0.3 weight percent. In
a non-limiting embodiment, the article of manufacture has an ultimate tensile strength of at
least 170 ksi (1,172 MPa) and a double shear strength of at least 103 ksi (710.2 MPa).

[0023] In a non-limiting embodiment, a titanium fastener and a titanium alloy fastener stock
according to the present disclosure comprises a diameter of up to 0.75 inches (1.91 cm), an
ultimate tensile strength of at least 180 ksi (1,241 MPa), and a double shear strength of at
least 108 ksi (744.6 MPa).

[0024] As used herein, the term "fastener” refers to a hardware device that mechanically joins
or affixes two or more objects together. A fastener includes, but is not limited to, a bolt, a nut, a
stud, a screw, a rivet, a washer, and a lock washer. As used herein, the phrase "fastener stock"
refers to an article that is processed to form one or more fasteners from the article.

[0025] Referring to FIG. 2, a non-limiting aspect according of the present disclosure is a
method 20 for producing a titanium alloy fastener or fastener stock. The method comprises
providing 21 an alpha/beta titanium alloy comprising, in percent by weight: 3.9 to 4.5
aluminum; 2.2 to 3.0 vanadium; 1.2 to 1.8 iron; 0.24 to 0.3 oxygen; up to 0.08 carbon; up to
0.05 nitrogen; titanium; and up to a total of 0.3 of other elements. In non-limiting embodiments



DK/EP 2619341 T3

of this disclosure the other elements referred to in the alloy composition comprise or consist
essentially of one or more of tin, zirconium, molybdenum, chromium, nickel, silicon, copper,
niobium, tantalum, manganese, and cobalt, wherein the weight percent of each such element
is 0.1 or less, and boron and yttrium, wherein the weight percent of each such element is less
than 0.005, with the sum total of all of the other elements not exceeding 0.3 weight percent.
The alpha/beta titanium alloy is hot rolled 22 at a temperature in the alpha/beta phase field of
the alpha/beta titanium alloy. In a non-limiting embodiment, a hot rolling temperature is at least
50°F (27.8°C) below the beta transus temperature of the alpha/beta titanium alloy, but no more
that 600°F (333.3°C) below the beta transus temperature of the alpha/beta titanium alloy.

[0026] After hot rolling 22, the alpha/beta titanium alloy optionally is cold drawn and annealed
to reduce size without substantially changing the mechanical properties of the alpha/beta
titanium alloy. In a non-limiting embodiment, cold drawing reduces the cross-sectional area of
the titanium alloy workpiece by less than 10%. Prior to cold drawing, the alpha/beta titanium
alloy may be coated with a solid lubricant, such as, but not limited to, molybdenum disulfide
(MoSy).

[0027] In a non-limiting embodiment, after hot rolling 22, the alpha/beta titanium alloy is
annealed 23 and cooled 24 to provide an alpha/beta titanium alloy fastener stock. In a non-
limiting embodiment, annealing 23 includes annealing the hot rolled alpha/beta titanium alloy at
an annealing temperature in an annealing temperature range of 1,200°F to 1,400°F (649°C to
760°C). In another non-limiting embodiment, an annealing time ranges from about 1 hour to
about 2 hours. In still another non-limiting embodiment, annealing 23 comprises annealing the
hot rolled alpha/beta titanium alloy at about 1,275°F (690.6°C) for about one hour. In a non-
limiting embodiment, after annealing 23, the annealed alpha/beta titanium alloy is cooled 24 to
room temperature or to ambient temperature. In certain non-limiting embodiments, after
annealing 23, the annealed alpha/beta titanium alloy is air cooled or water cooled to room
temperature or to ambient temperature.

[0028] After annealing 23 and cooling 24, in a non-limiting embodiment, the alpha/beta
titanium alloy fastener stock is machined 25 to a dimension useful for forming a fastener from
the stock. Optionally, a coating may be applied to the alpha/beta titanium alloy fastener stock
prior to machining. Conventional machining coatings are known to persons skilled in the art
and need not be elaborated upon herein.

[0029] In a non-limiting embodiment, the machined titanium alloy fastener stock is solution
treated 26 at a solution treatment temperature in a solution treatment range of 1,500°F
(815.6°C) to 1,700°F (926.7°C) for a solution treating time in a range of 0.5 hours to 2 hours.
In a specific non-limiting embodiment, the machined titanium alloy fastener stock is solution
treated 26 at a solution treatment temperature of about 1610°F (876.7°C).

[0030] After solution treatment 26, the machined titanium alloy fastener stock is cooled 27. In
non-limiting embodiments, cooling 27 may be carried out using, air cooling, water cooling,
and/or water quenching, and may be referred to as "fast cooling". Preferably, the cooling rate
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achieved during cooling 27 is as fast as air cooling. In a non-limiting embodiment, cooling 27
comprises a cooling rate of at least 1,000°F (555.6°C) per minute. In a non-limiting
embodiment, cooling 27 comprises any cooling process known to a person skilled in the art
that achieves the indicated cooling rate. Fast cooling 27 is used to preserve the microstructure
obtained by solution treatment 26.

[0031] In a non-limiting embodiment, the solution treated 26 and fast cooled 27 titanium alloy
fastener stock is aged 28 at an aging treatment temperature in an aging treatment
temperature range of about 800°F (426.7°C) to about 1,000°F (537.8°C) for an aging time in
an aging treatment time range of about 4 hours to about 16 hours. In a specific non-limiting
embodiment, the solution treated 26 and fast cooled 27 titanium alloy fastener stock is aged 28
at 850°F (454.4°C) for 10 hours. In certain non-limiting embodiments, after aging 28, the
alpha/beta titanium alloy fastener stock is air cooled 29 or fast cooled to produce an alpha/beta
titanium alloy fastener as disclosed herein.

[0032] It has been determined that fastener stock manufactured according to this disclosure
has higher mechanical properties compared with fastener stock fabricated from Ti-6-4 titanium
alloy. Therefore, it is possible to use fasteners fabricated according to this disclosure in smaller
dimensions to replace Ti-6-4 fasteners in the same applications. This leads to savings in
weight, which is of value in aerospace applications. It also has been determined that in certain
applications, fasteners fabricated according to this disclosure could replace steel alloy
fasteners having the same dimensions and result in a weight savings of value for aerospace
applications.

[0033] The examples that follow are intended to further describe certain non-limiting
embodiments, without restricting the scope of the present invention. Persons having ordinary
skill in the art will appreciate that variations of the following examples are possible within the
scope of the invention, which is defined solely by the claims.

EXAMPLE 1

[0034] An ingot was produced from compacts made from raw materials using double vacuum
arc remelt (VAR) technology. Samples were taken from the ingot for chemical analysis, and the
measured average chemistry of the ingot is provided in Table 2. The beta transus temperature
of the alloy was determined to be 1,785°F (973.9°C).

Table 2

Al \ Fe @) N C Remainder
4.06 2.52 1.71 0.284 0.008 0.017 { Ti and incidental impurities

EXAMPLE 2
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[0035] Titanium alloy ingot from several heats having chemical compositions according to this
disclosure were hot rolled at a hot rolling temperature of about 1,600°F (871.1°C). The hot
rolled material was annealed at 1,275°F (690.6°C) for 1 hour and air cooled. The annealed
material was machined into fastener stock bars and wires having various diameters from about
0.25 inches (6.35 mm) to about 3.5 inches (88.9 mm). The fastener stock bars and wires were
solution treated at about 1,610°F (876.7°C) for about 1 hour and water quenched. After
solution treatment and water quenching, the fastener stock bars and wires were aged at about
850°F (454.4°C) for about 10 hours and air cooled.

EXAMPLE 3

[0036] The fastener stock bars and wires from Example 2 were tensile tested at room
temperature. The ultimate tensile strengths of the fastener stock bars and wires are presented
graphically in FIG. 3. The yield strengths of the fastener stock bars and wires are presented
graphically in FIG. 4, and the percent elongations of fastener stock bars and wires are
presented graphically in FIG. 5. The minimum ultimate tensile strength, yield strength, and
percent elongation required for solution treated and aged Ti-6AI-4V alloy in aerospace fastener
applications (AMS 4965) are also illustrated in FIGS. 3-5, respectively. It is seen from FIG. 3
that ultimate tensile strengths measured for the fastener stock bar and wire manufactured
according to this disclosure exceeded the illustrated Ti-6Al-4V alloy specifications by the
significant amount of approximately 20 ksi (138 MPa) in all measured diameter sizes. Further,
it is seen from FIG. 5 that fastener stock having chemical compositions according to this
disclosure exhibited percent elongations in the range of at least 10 percent to about 19
percent.

EXAMPLE 4

[0037] Fastener stock having a diameter of about 0.25 inches (6.35 mm), having the chemical
composition from Example 1, and solution treated and aged as in Example 2 was tensile
tested. The results of the tensile tests are listed in Table 3.

Table 3
Ultimate Tensile Yield Percent Reduction in Double Shear
Strength (ksi) Strength Elongation Area Strength (ksi)
(ksi)
199.9 1751 13.0 45 123.3
199.9 176.2 13.0 44 120.0
196.3 169.4 10.0 39 117.4

196.9 171.4 11.0 39 117.2
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[0038] The ultimate tensile strengths ranged from about 196 ksi to about 200 ksi (1351 MPa
to 1379 MPa), which is higher than the minimum requirements for Ti-6Al-4V fastener stock of
170 ksi (1,172 MPa) UTS and 103 ksi (710 MPa) DSS. It is also observed that the properties
agree with the accepted empirical relationship that DSS = 0.6 X UTS.

EXAMPLE 5

[0039] Fastener stock having a diameter of about 0.75 inches (1.91 cm), having a chemistry
from Example 1, and heat treated according to Example 2 was tensile tested. The results of
the tensile tests are listed in Table 4.

Table 4

Diameter Ultimate Tensile Strength Yield Strength Percent
(inch) (ksi) (ksi) Elongation
0.75 185.9 160.3 12.3
0.75 185.8 160.1 12.8
0.75 185.4 159.7 12.9
0.75 186 159.5 12.7
0.75 186.1 160.3 12.4
0.75 186.1 160 12.4
0.75 186.3 160.6 12.4
0.75 186.1 160.3 12.8

Average 186.0 160.1 12.6
STD 0.3 04 0.2

[0040] The average ultimate tensile strength of the 0.75 inch (1.91 cm) fastener stock bars
was 186 ksi (1,282 MPa), which satisfies the minimum specification for fasteners fabricated
from A286 iron-base superalloy. Based upon the accepted empirical relationship between DSS
and UTS presented hereinabove, the 0.75 inch (1.91 cm) bars are expected to also meet the
108 ksi (744 MPa) DSS requirement for fasteners fabricated from A286 iron-base superalloy.

EXAMPLE 6

[0041] Ingot having the chemical composition as in Example 1 is hot rolled, annealed, and
machined as in Example 2 to form a fastener stock having a diameter of about 0.75 inches
(1.91 cm). The fastener stock is computer numerical control machined into a fastener having a
shape of a stud. The stud is solution treated and aged as in Example 2 to form a non-limiting
embodiment of a fastener of this disclosure.
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EXAMPLE 7

[0042] Ingot having the chemical composition as in Example 1 is hot rolled, annealed, and
machined as in Example 2 to form a fastener stock having a diameter of about 1 inch (2.54
cm). The fastener stock is roll threaded and cut into pieces having lengths of about 2 inches
(5.08 cm). The pieces are cold forged to form hex head bolts. The hex head bolts are solution
treated and aged as in Example 2 to form a non-limiting embodiment of a fastener according to
this disclosure.

EXAMPLE 7

[0043] Ingot having the chemical composition as in Example 1 is hot rolled, annealed, and
machined as in Example 2 to form a fastener stock having a diameter of about 1 inch (2.54
cm). The center of the fastener stock is machined to provide a 0.5 inch (1.27 cm) diameter
hole. The fastener stock is then cut into pieces having a thickness of 0.125 inches (0.318 cm).
The fastener stock is solution treated and aged as in Example 2 to form a non-limiting
embodiment of a fastener in the form of a washer according to this disclosure.

[0044] The present disclosure has been written with reference to various exemplary,
illustrative, and non-limiting embodiments. However, it will be recognized by persons having
ordinary skill in the art that various substitutions, modifications, or combinations of any of the
disclosed embodiments (or portions thereof) may be made without departing from the scope of
the invention as defined solely by the claims. Thus, it is contemplated and understood that the
present disclosure embraces additional embodiments not expressly set forth herein. Such
embodiments may be obtained, for example, by combining and/or modifying any of the
disclosed steps, ingredients, constituents, components, elements, features, aspects, and the
like, of the embodiments described herein. Thus, this disclosure is not limited by the
description of the various exemplary, illustrative, and non-limiting embodiments, but rather
solely by the claims. In this manner, it will be understood that the claims may be amended
during prosecution of the present patent application to add features to the claimed invention as
variously described herein.
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Patentkrav

1. Fremgangsmade til fremstilling af et titanlegering-fastgarelseselementma-
teriale med en diameter fra 4,57 mm (0,18 tommer) til 31,8 mm (1,25 tommer),
hvilken fremgangsmade omfatter:

tilvejebringelse af en alpha/beta-titanlegering, der omfatter, i veegtprocent:
3,9 til 4,5 aluminium;

2,2 til 3,0 vanadium;

1,21l 1,8 jern;

0,24 til 0,3 oxygen,;

op til 0,08 carbon;

op til 0,05 nitrogen;

op til i alt 0,3 af andre elementer, hvor de op til i alt 0,3 % af andre elementer
indbefatter en eller flere af:

mindre end 0,005 hver af bor og yttrium;

ikke mere end 0,1 hver af tin, zirconium, molybdaen, krom, nikkel, silicium, kob-
ber, niobium, tantal, mangan og kobolt; og

resten titan og tilfeeldige urenheder;

varmvalsning af titanlegeringen i en alpha/beta-fase af titanlegeringen;
udgledning af titanlegeringen ved en udglodningstemperatur i et omrade pa
648,9 °C (1200 °F) til 760 °C (1400 °F) i en udgladningstid i et omrade pa 1
time til 2 timer;

luftkaling af titanlegeringen;

bearbejdning af titanlegeringen til et forudbestemt mal af en diameter fra 4,57
mm (0,18 tommer) til 31,8 mm (1,25 tommer);

oplgsningsbehandling af den bearbejdede titanlegering i et oplgsningsbe-
handlingsomrade pa 815,6 °C (1500 °F) til 926,7 °C (1700 °F) i en oplgsnings-
behandlingstid i et omrade pa 0,5 time til 2 timer;

afkgling af titanlegeringen ved en afkglingshastighed p& mindst 555,6 °C
(1000 °F) pr. minut;

aeldning af titanlegeringen ved en aldningsbehandlingstemperatur i et omrade
pa 426,7 °C (800 °F) til 537,8 °C (1000 °F) i en oplgsningsbehandlingstid i et
omrade pa 4 timer til 16 timer; og

luftkaling af titanlegeringen.
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2. Fremgangsmade ifolge krav 1, hvor titanlegeringen bearbejdes til et mal af
en diameter op til 19,1 mm (0,75 tommer).

3. Fremgangsmade ifglge krav 1 eller krav 2, hvor varmvalsningen udfgres ved
en temperatur i omradet 27,8 °C (50 °F) under en beta transus-temperatur af
titanlegeringen til 333,3 °C (600 °F) under beta transus-temperaturen af titan-
legeringen.

4. Fremgangsmade ifglge krav 1 eller krav 2, yderligere omfattende, efter
varmvalsning og fgr udgledning af titanlegeringen, koldtraekning af titanlege-
ringen til en reduktion i tvaersnitsomrade mindre end 10 % og udgladning.

5. Fremgangsmade ifolge krav 4, yderligere omfattende coating af titanlege-
ringen med et fast smgremiddel for traekning.

6. Fremgangsmade ifglge krav 5, hvor det faste smgremiddel er molybdaen-
disulfid.

7. Fremgangsmade ifalge krav 1 eller krav 2, hvor udgladningstemperaturen
er 690,6 °C (1275 °F), og udgladningstiden er 1 time.

8. Fremgangsmade ifolge krav 1 eller krav 2, hvor titanlegeringen coates for
bearbejdning af titanlegeringen.

9. Fremgangsmade ifolge krav 1 eller krav 2, hvor afkgling efter oplgsnings-
behandlingstrinnet omfatter en blandt luftkeling, vandkeling og bratkgling i
vand.

10. Fremgangsmade ifglge krav 1 eller krav 2, hvor oplgsningsbehandlings-
temperaturen er 876,7 °C (1610 °F), og afkeling af titanlegeringen omfatter
bratkeling i vand.

11. Fremgangsmade ifglge krav 1 eller krav 2, hvor eeldning af titanlegeringen
omfatter aeldning ved 454.,4 °C (850 °F) i 10 timer.
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provide an alphalbeta titanium alloy comprising, in percent by weight, 3.910 4.5
aluminum;, 2.2 to 3.0 vanadium, 1.2 to 1.8 iron; 0.24 to 0.3 oxygen, up to 0.08 carbon,
up to 0.05 nitrogen, and up to 0.3 of elements other than titanium

I -

hot roll the alpha/beta titanium alloy at a temperature in the alpha/beta
phase field of the alpha/beta titanium alloy.
\22
y

anneal the hot rolled alphaibeta titanium alloy at an annealing temperature in a
annealing temperature range of 1200°F to 1400°F (648.9 °C to 760°C) for an

annealing time from about 1 hour fo about 2 Hours.

! 23

air cool the annealed alpharheta titanium alloy to
room temperature or to ambient temperature
N4

2

machine the alpharbeta titanium-alloy fastener stock to a titanium
alloy fastener dimension

25

solution treated 25 at a solution treatment temperature in a.solution
treatment range of 1,500°F (815.6°C) to 1,700°F (926.7°C) for a solution
treating time from about 0.5 hours to about 2 hours

v 2

cool the solution treated titanium alloy fastener stock at a
cooling rate at least as fast as that of air cooling e 27

!

age at an aging treatment temperature in an aging treatment temperature range of
about 800°F (426.7°C) to about 1000°F (537.8°C} for an aging time in an aging
treatment time range of about 4 hours to about 16 hours.

28

X

air cool the alpha/beta titanium alloy fastener stock to
produce an alphafbeta titanium alioy fastener M~ 29

FIG. 2
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