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Description

FIELD

[0001] The present disclosure relates to aluminum al-
loys for use in aircraft components and, more particularly,
to aluminum alloys formed to have improved elongation,
ductility, and fracture resistance properties.

BACKGROUND

[0002] Many aircraft include various components such
as landing gear having wheel assemblies to allow the
aircraft to travel along the ground during taxi, takeoff, and
landing. It is desirable for such aircraft components to
have a relatively large tensile strength and to be relatively
lightweight. Aluminum and aluminum alloys may provide
desirable combinations of material strength and relatively
low weight. However, such aluminum alloys may have
some undesirable characteristics such as relatively low
elongation properties, relatively low ductility, and rela-
tively low fracture resistance.

SUMMARY

[0003] Disclosed herein is a method of forming an air-
craft component. The method includes mixing a shape
memory alloy (SMA) with an aluminum alloy to form a
combination of the SMA and the aluminum alloy. The
method further includes forming the aircraft component
with the combination of the SMA and the aluminum alloy.
[0004] In any of the foregoing embodiments, the alu-
minum alloy includes aluminum (Al), copper (Cu), mag-
nesium (Mg), silver (Ag), titanium (Ti), and boron (B).
[0005] In any of the foregoing embodiments, the alu-
minum alloy is Al-Cu-Mg-Ag-TiB2.
[0006] In any of the foregoing embodiments, the SMA
includes a nickel titanium alloy.
[0007] In any of the foregoing embodiments, forming
the aircraft component includes forming the aircraft com-
ponent using at least one of casting, forging, powder met-
al, extrusion, or additive manufacturing.
[0008] In any of the foregoing embodiments, mixing
the SMA with the aluminum alloy includes at least one
of mixing particles of the SMA in powder form with par-
ticles of the aluminum alloy in powder form or mixing the
SMA in the powder form with liquid aluminum alloy.
[0009] In any of the foregoing embodiments, mixing
the SMA with the aluminum alloy includes: providing the
SMA in wire form having a length that is less than 0.0197
inches; retaining the SMA in the wire form in a single
location; melting the aluminum alloy; and pouring the alu-
minum alloy over the SMA in the wire form.
[0010] In any of the foregoing embodiments, mixing
the SMA with the aluminum alloy includes: melting the
aluminum alloy; and mixing the SMA with the aluminum
alloy during the melting of the aluminum alloy.
[0011] In any of the foregoing embodiments, the com-

bination of the SMA and the aluminum alloy includes be-
tween 0.1 percent (0.1%) and 18% of the SMA by volume.
[0012] Also disclosed is a method of forming an aircraft
component. The method includes mixing a shape mem-
ory alloy (SMA) an aluminum alloy including aluminum
(Al), copper (Cu), magnesium (Mg), silver (Ag), titanium
(Ti), and boron (B);to form a combination of the SMA and
the aluminum alloy, the SMA including a nickel titanium
alloy. The method further includes forming the aircraft
component with the combination of the SMA and the alu-
minum alloy.
[0013] In any of the foregoing embodiments, mixing
the SMA with the aluminum alloy includes at least one
of mixing particles of the SMA in powder form with par-
ticles of the aluminum alloy in powder form or mixing the
SMA in the powder form with liquid aluminum alloy.
[0014] In any of the foregoing embodiments, mixing
the SMA with the aluminum alloy includes: providing the
SMA in wire form having a length that is less than 0.0197
inches; retaining the SMA in the wire form in a single
location; melting the aluminum alloy; and pouring the alu-
minum alloy over the SMA in the wire form.
[0015] In any of the foregoing embodiments, the com-
bination of the SMA and the aluminum alloy includes be-
tween 0.1 percent (0.1%) and 18% of the SMA by volume.
[0016] Also disclosed is an aircraft component. The
component includes an aluminum alloy. The component
further includes a shape memory alloy (SMA) mixed to-
gether with the aluminum alloy to form a combination of
the SMA and the aluminum alloy.
[0017] In any of the foregoing embodiments, the alu-
minum alloy includes aluminum (Al), copper (Cu), mag-
nesium (Mg), silver (Ag), titanium (Ti), and boron (B).
[0018] In any of the foregoing embodiments, the alu-
minum alloy is Al-Cu-Mg-Ag-TiB2.
[0019] In any of the foregoing embodiments, the SMA
includes a nickel titanium alloy.
[0020] In any of the foregoing embodiments, the SMA
is provided in powder form and the aluminum alloy is
provided in powder form, and the SMA and the aluminum
alloy are combined while both in the powder form.
[0021] In any of the foregoing embodiments, the SMA
is provided in wire form having a length that is less than
0.0197 inches and the aluminum alloy is combined with
the SMA while the aluminum alloy is melted.
[0022] In any of the foregoing embodiments, the com-
bination of the SMA and the aluminum alloy includes be-
tween 0.1 percent (0.1%) and 18% of the SMA by volume.
[0023] The forgoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated herein otherwise. These fea-
tures and elements as well as the operation of the dis-
closed embodiments will become more apparent in light
of the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter of the present disclosure is
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particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosures, however, may
best be obtained by referring to the detailed description
and claims when considered in connection with the draw-
ing figures, wherein like numerals denote like elements.

FIG. 1 illustrates an aircraft having multiple landing
gear, in accordance with various embodiments;
FIG. 2 illustrates a method of forming an aircraft com-
ponent with a combined alloy having an aluminum
alloy and a shape memory alloy, in accordance with
various embodiments;
FIG. 3A illustrates a method of mixing an aluminum
alloy with a shape memory alloy, in accordance with
various embodiments;
FIG. 3B illustrates a method of mixing an aluminum
alloy with a shape memory alloy, in accordance with
various embodiments;
FIG. 4 illustrates an aircraft component having a
combined alloy with an aluminum alloy and a shape
memory alloy, in accordance with various embodi-
ments; and
FIG. 5 illustrates an aircraft component having a
combined alloy with an aluminum alloy and a shape
memory alloy, in accordance with various embodi-
ments.

DETAILED DESCRIPTION

[0025] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration and their best mode. While these exemplary
embodiments are described in sufficient detail to enable
those skilled in the art to practice the disclosure, it should
be understood that other embodiments may be realized
and that logical, chemical, and mechanical changes may
be made without departing from the spirit and scope of
the disclosure. Thus, the detailed description herein is
presented for purposes of illustration only and not of lim-
itation. For example, the steps recited in any of the meth-
od or process descriptions may be executed in any order
and are not necessarily limited to the order presented.
Furthermore, any reference to singular includes plural
embodiments, and any reference to more than one com-
ponent or step may include a singular embodiment or
step. Also, any reference to attached, fixed, connected
or the like may include permanent, removable, tempo-
rary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact.
[0026] Referring now to FIG. 1, an aircraft 10 in ac-
cordance with various embodiments can include multiple
landing gear including a first landing gear 12, a second
landing gear 14, and a third landing gear 16. In various
embodiments, the first landing gear 12 and the third land-

ing gear 16 may be main landing gear and the second
landing gear 14 may be a nose landing gear. Each land-
ing gear may include one or more wheel assemblies. For
example, the first landing gear 12 includes a wheel as-
sembly 18. The landing gear 12, 14, 16 and the wheel
assembly 18 support the aircraft 10 in response to the
aircraft 10 being parked and during taxi, takeoff, and land-
ing of the aircraft 10.
[0027] The aircraft 10 may further include one or more
gas turbine engine 20. The gas turbine engine 20 may
be controlled by a pilot (such as by controlling a throttle
in a cockpit) to generate thrust to accelerate the aircraft
10. The gas turbine engine 20 may include a nacelle 22.
[0028] Any of the landing gear 12, 14, 16 (including
corresponding wheel assemblies 18), the gas turbine en-
gine 20 (including the nacelle 22), and any other compo-
nent of the aircraft 10 may include an aluminum alloy.
Aluminum alloys may exhibit desirable characteristics in
aircraft components due to their relatively light weight
and relatively great tensile strength. However, such alu-
minum alloys may include undesirable characteristics
such as relatively low ductility, fracture resistance, and
elongation. Relatively great ductility, fracture resistance,
and elongation may be desirable in certain situations
such as in response to a bird strike. For example, it may
be desirable for the wheel assembly 18 to return to an
original form after striking a bird. In that regard, the
present disclosure reveals systems and methods for
forming aluminum alloys that include a shape memory
alloy (SMA) which provides improved ductility, fracture
resistance, and elongation. The components of the air-
craft 10 may include a combined alloy including alumi-
num alloy and SMA. In that regard, the components may
include either a combination alloy that includes both alu-
minum and SMA or a combination of an aluminum alloy
or magnesium alloy and a SMA that have not been al-
loyed together.
[0029] Referring now to FIG. 2, a method 100 forming
an aircraft component to have a relatively great tensile
strength, ductility, fracture resistance, and elongation is
shown. The method begins in block 102 where an alu-
minum alloy is provided. The aluminum alloy may include
an alpha-phase with presence of a theta-phase that pro-
vides strengthening. The aluminum alloy may be a rela-
tively high-strength aluminum alloy such as an aluminum
alloy including aluminum (Al), copper (Cu), magnesium
(Mg), silver (Ag), titanium (Ti), and boron (B) (e.g., Al-
Cu-Mg-Ag-TiB2). Example cast aluminum alloys may
conform to SAE Aerospace Materials standards, and/or
registered with the Aluminum Association including alu-
minum A205, 355, or A356 aluminum alloys, including
cast alloys 2XX or 3XX series aluminum cast alloys.
Wrought aluminum alloys may conform to standards set
by SAE Aerospace Materials standards, and /or regis-
tered with the Aluminum Association including aluminum
6061, 2014, 2040, or 7050 aluminum alloys, including
other 6XXX, 2XXX, or 7XXX series aluminum alloys, or
the like. The aluminum alloy may be provided in any form
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such as a powder form, a solid form, a molten form, or
the like.
[0030] A SMA may also be provided in block 102. The
SMA may include any SMA such as a nickel titanium
alloy available under the trade name Nitinol and available
from Memry Corporation of Bethel, CT. The SMA may
be provided in any form such as a powder form (including
a short fiber form or particulate form) or a wire form.
[0031] In block 104, the SMA may be mixed with the
aluminum alloy to form a combination alloy. For example
and referring to FIG. 3A, a method 200 provides an ex-
ample of mixing a SMA with an aluminum alloy. The meth-
od 200 corresponds to a method of mixing powdered
SMA with powdered aluminum alloy. In block 202, the
particles of the SMA may be mixed with the particles of
the aluminum alloy. Because both the SMA and the alu-
minum alloy are powdered, the particles may be blended
together using any known method, such as a powder
blender (e.g., a V-cone blender). In various embodi-
ments, the aluminum alloy may be melted and then the
SMA particles may be added to the molten aluminum
alloy. Because many SMA materials have a greater melt-
ing temperature than aluminum alloys, adding the SMA
particles to the molten aluminum alloy may desirably fail
to melt the SMA particles (or fiber particulates).
[0032] Referring to FIG. 3B, another method 250 pro-
vides an example of mixing SMA in wire form with an
aluminum alloy. In block 252, the SMA may be provided
in a wire form. The wire form may include single-strands
of SMA wires, multiple strands of SMA wires coupled
together, a mesh of SMA wires, particulates of SMA fib-
ers, cut SMA wire particulates, or the like. The SMA wires
may be purchased in wire form or may be formed to have
the wire form. In various embodiments, each of the wires
of the SMA may have a length that is less than 0.0197
inches (0.5 millimeters). In that regard, the wires of the
SMA may be chopped and may thus be referred to as
chopped SMA wire.
[0033] In block 254, the SMA may be retained in a sin-
gle location. For example, the SMA may be retained in
a cast. As part of block 254, the SMA may be reduced
or otherwise reshaped to have a shape of the resulting
aircraft component. For example, the SMA wires may be
placed in a cast and excess wire may be cut such that
the SMA wires are located only within the cast. The SMA
wires may be held in place using any technique such as
an adhesive, a clamp, or the like. In various embodi-
ments, the cast may retain the SMA wires in place due
to a cavity shape within the cast.
[0034] In block 256, the aluminum alloy may be melted
to a liquid form. For example, the aluminum alloy may be
heated to its melting temperature to cause it to liquefy.
[0035] In block 258, the aluminum alloy may be poured
over the SMA wires, thus mixing the aluminum alloy with
the SMA wires. SMA typically has a greater melting tem-
perature than aluminum alloys. In that regard, pouring
the melted aluminum alloy over the SMA wires is unlikely
to melt or otherwise deform the SMA wires. Thus, the

SMA wires retain their original shape within the melted
(and later re-solidified) aluminum alloy.
[0036] Returning reference to FIG. 2, the SMA and the
aluminum alloy may be mixed to have a specific percent-
age by volume of the SMA. For example, the combination
alloy may have between 0.1 percent (0.1%) and 25%
SMA by volume, between 0.1% and 18% SMA by volume,
between 0.1% and 15% SMA by volume, or the like.
[0037] In block 106, an aircraft component may be
formed using the combination alloy. For example, if the
combination alloy includes powdered aluminum alloy and
powdered SMA, the combination alloy may be melted
(e.g., by heating to the melting temperature of the alumi-
num alloy or to the SMA) and then maybe cast, forged,
extruded, or the like into the aircraft component. As an-
other example of forming the aircraft component using a
powdered combination alloy, the powder mixture may be
used in additive manufacturing to form the component.
[0038] If the combination alloy includes the wire SMA
and the molten aluminum alloy, the aircraft component
may be formed by the mixing step (i.e., by pouring the
aluminum alloy into the cast with the wire SMA or the
chopped wire SMA). In various embodiments, the alumi-
num alloy may be mixed with the wire SMA to form a
block or other shape, and the block or other shape may
be reduced to the final aircraft component.
[0039] Turning now to FIG. 4, an aircraft component
300 is shown. The aircraft component 300 may include
SMA particles 302 and an aluminum alloy 304. The SMA
particles 302 may have been provided in powder form
and may have been mixed with molten or powdered alu-
minum alloy 304. The mixture may have been formed
into the aircraft component 300 such as by additive man-
ufacturing, casting, forging, poweder metal forging, ex-
trusion, or the like.
[0040] Referring now to FIG. 5, another aircraft com-
ponent 400 is shown. The aircraft component 400 may
include SMA wires 402 and an aluminum alloy 404. The
SMA wires 402 may have been provided in wire form or
chopped wire form and may have been mixed with molten
aluminum alloy 404. For example, the SMA wires 402
may have been held in place within a casting having a
shape corresponding to the aircraft component 400 and
the molten aluminum alloy 404 may have been poured
into the cast and around the SMA wires 402. In various
embodiments, the molted aluminum alloy 404 may have
been mixed with chopped SMA wires before being
poured into the cast.
[0041] The systems, methods, and aircraft compo-
nents disclosed herein provide various benefits and ad-
vantages over conventional systems, methods, and air-
craft components. For example, addition of the SMA in-
creases elongation, ductility, and fracture resistance rel-
ative to aluminum alloys without SMA. This results in an
increase in fracture toughness from single-digit values
to double-digit values. This further reduces slows or elim-
inates crack propagation through a resulting aircraft com-
ponent due to the phenomenon of crack bridging, where-
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as the fracture resistance increases with increasing crack
extension. This is typically characterized by R-curve test-
ing.
[0042] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0043] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment", "an embodiment", "an example em-
bodiment", etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0044] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. As used herein, the terms "comprises", "compris-
ing", or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such

process, method, article, or apparatus.

Claims

1. A method (100) of forming an aircraft component,
the method comprising:

mixing (104) a shape memory alloy (SMA) with
an aluminum alloy to form a combination of the
SMA and the aluminum alloy; and
forming the aircraft component with the combi-
nation of the SMA and the aluminum alloy.

2. The method of claim 1, wherein the aluminum alloy
includes aluminum (Al), copper (Cu), magnesium
(Mg), silver (Ag), titanium (Ti), and boron (B).

3. The method of claim 2, wherein the aluminum alloy
is Al-Cu-Mg-Ag-TiB2, and/or wherein the SMA in-
cludes a nickel titanium alloy.

4. The method of any preceding claim, wherein forming
the aircraft component includes forming the aircraft
component using at least one of casting, powder
metal, forging, extrusion, or additive manufacturing.

5. The method of any preceding claim, wherein mixing
the SMA with the aluminum alloy includes:

providing the SMA in wire form having a length
that is less than 0.0197 inches;
retaining the SMA in the wire form in a single
location;
melting the aluminum alloy; and
pouring the aluminum alloy over the SMA in the
wire form.

6. The method of any preceding claim, wherein mixing
the SMA with the aluminum alloy includes:

melting the aluminum alloy; and
mixing the SMA with the aluminum alloy during
the melting of the aluminum alloy.

7. A method (200) of forming an aircraft component,
the method comprising:

mixing (2020) a shape memory alloy (SMA) an
aluminum alloy including aluminum (Al), copper
(Cu), magnesium (Mg), silver (Ag), titanium (Ti),
and boron (B);to form a
combination of the SMA and the aluminum alloy,
the SMA including a nickel titanium alloy; and
forming the aircraft component with the combi-
nation of the SMA and the aluminum alloy.

8. The method of any preceding claim, wherein mixing
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the SMA with the aluminum alloy includes at least
one of mixing particles of the SMA in powder form
with particles of the aluminum alloy in powder form
or mixing the SMA in the powder form with liquid
aluminum alloy.

9. The method of claim 7 or 8, wherein mixing the SMA
with the aluminum alloy includes:

retaining the SMA in a wire form in a single lo-
cation, the SMA in the wire form having a length
that is less than 0.0197 inches;
melting the aluminum alloy; and
pouring the aluminum alloy over the SMA in the
wire form.

10. The method of any preceding claim, wherein the
combination of the SMA and the aluminum alloy in-
cludes between 0.1 percent (0.1%) and 18% of the
SMA by volume.

11. An aircraft component, comprising:

an aluminum alloy; and
a shape memory alloy (SMA) mixed together
with the aluminum alloy to form a combination
of the SMA and the aluminum alloy.

12. The aircraft component of claim 11, wherein the alu-
minum alloy includes aluminum (Al), copper (Cu),
magnesium (Mg), silver (Ag), titanium (Ti), and boron
(B).

13. The aircraft component of claim 12, wherein the alu-
minum alloy is Al-Cu-Mg-Ag-TiB2, and/or wherein
the SMA includes a nickel titanium alloy.

14. The aircraft component of any of claims 11 to 13,
wherein the SMA is provided in powder form and the
aluminum alloy is provided in powder form, and the
SMA and the aluminum alloy are combined while
both in the powder form, or wherein the SMA is pro-
vided in wire form having a length that is less than
0.0197 inches and the aluminum alloy is combined
with the SMA while the aluminum alloy is melted.

15. The aircraft component of any of claims 11 to 14,
wherein the combination of the SMA and the alumi-
num alloy includes between 0.1 percent (0.1%) and
18% of the SMA by volume.
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