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IMPROVED LITHIUM ALUMINUM ALLOY SYSTEM

Field of the Invention

This invention relates to an improved aluminum

Lithium alloy system and more particularly relates to a

lithium aluminum alloy which contains magnesium and

S zinc and is characterized as a low density alloy with

improved tensile strength ‘suitable. for aircraft and
aerospace applications.

Background

In the aircraft industry, it has been generally
10 recognized that one of the most effective ways to

reduce the weight of an aircraft 1is to reduce the
density of aluminum alloys used in the aircraft

construction. For purposes of reducing the alloy
density, lithium additions have been made. However,
15 the addition of 1lithium to aluminum alloys is not

without problems. For example, the addition of lithium
to aluminum alloys often results in a decrease in
ductility and fracture toughness. Where the use is in
aircraft parts, it is imperative that the 1lithium

20 ‘containing alloy have both improved ductility and
fracture toughness and strength properties.
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With respect to conventional alloys, both high
strength and high fracture toughness appear to be quite
difficult to obtain when viewed in 1light of
conventional alloys such as AA (Aluminum Association)

S 2024-T3X and 7050-TX normally used in aircraft
applications. For example, a paper by J. T. Staley
entitled "Microstructure and Toughness of High-Strength
Aluminum Alloys," Properties Related to Fracture
Toughness, ASTM STP605, American Society for Testing

10 and Materials, 1976, pp. 71-103, shows generally that
for AA2024 sheet, toughness decreases as strength
increases. Also, in the same paper, it will be
observed that the same is true of AA7050 plate. More
desirable alloys would permit increased strength with
15 only minimal or no decrease in toughness or would
permit processing steps wherein the toughness was
controlled as the strength was increased in order to
provide a more desirable combination of strength and
toughness. Additionally, in more desirable alloys, the
20 combination of strength and toughness would be
attainable in an aluminum-lithium alloy having density
reductions in the order of 5 to 15%. Such alloys find
widespread use in the aerospace industry where low
weight and high strength and toughness translate to

25 high fuel savings. Thus, it will be appreciated that
obtaining qualities such as high strength at little or
no sacrifice in toughness, or where toughness can be
controlled as the strength is increased would result in
a remarkably unique aluminum-lithium alloy product.

30 It is known that the addition of lithium to
aluminum alloys reduces their density and increases
their elastic moduli producing significant improvements
in specific stiffnesses. Furthermore, the rapid
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increase in solid solubility of 1lithium in aluminum
over the temperature range of 0° to 500°C results in an
alloy system which 1is amenable to precipitation
hardening to achieve strength levels comparable with
5 some of the existing commercially produced aluminum
alloys. However, the demonstratable advantages of
lithium containing alloys have been offset by other
disadvantages such as limited fracture toughness and
ductility, delamination problems or poor stress
10 corrosion cracking resistance etc.

Thus only four 1lithium containing alloys have
achieved significant usage in the aerospace field.
These are two American alloys, X2020 and 2090, a
British alloy 8090 and a Russian alloy 01420.

15 An American alloy, X2020, having a composition of
Al-4.5Cu~1.,1Li-0.5Mn-0.2Cd (all figures relating to a
composition now and hereinafter in wt.%) was registered
in 1957. The reduction in density associated with the
1.1% lithium addition to X2020 was 3% and although the

20 alloy developed very high strengths, it also possessed
very low 1levels of fracture toughness, making 1its
efficient use at high stresses inadvisable. Further
ductility related problems were also discovered during

forming operations. Eventually, this alloy has been
25 formally withdrawn since 1974.

Another American alloy, 2090, having a composition

of Al-2.4 to 3.0 Cu-1.9 to 2.6 Li - 0.08 to 0.15 Zr,

was registered at Aluminum Association in 1984.
Although this alloy developed high strengths, it also

30 possessed poor fracture toughness and poor short
transverse ductility associated with delamination
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problems and prevented alloy 2090 from wide range
commercial implementation.

A British alloy, 8090, having a composition of Al-
1.0 to 1.6 Cu - 0.6 to 1.3 Mg - 2.2 to 2.7 Li - 0.04 to
0.16 2r, was registered at Aluminum Association in
1988. The reduction in density associated with 2.2 to
2.7 wt. Li was significant. However, its limited
strength capability with poor fracture toughness and
poof stress corrosion cracking resistance prevented

alloy 8090 from becoming a widely accepted alloy for
aerospace and aircraft applications.

A Russian alloy, 01420, containing Al-4 to 7 Mg-
1.5 to 2.6 Li - 0.2 to 1.0 Mn - 0.05 to 0.3 Zr (either
or both of Mn and Zr being present), was described in
U.K. Pat. No. 1,172,736 by Fridlyander et al. The
Russian alloy 01420 possesses specific moduli better
than . those of conventional alloys, but its specific

strength levels are only comparable with the commonly
used 2000 series aluminum alloys so that weight savings

can only be achieved in stiffness critical
applications.

It is also known that the inclusion of magnesium
with lithium in an aluminum alloy may impart high
strength and low density to the alloy, but these
elements are not of themselves sufficient to produce
high strength without other secondary elements.
Secondary elements such as copper and zinc provide
improved precipitation hardening response; zirconium
provides grain size control, and elements such as
silicon and transition metal elements provide thermal
stability at intermediate temperatures up to 200°C.
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However, combining these elements in aluminum alloys
has been difficult Dbecause of the reactive nature in
liguid aluminum which encourages the formation of
coarse, complex intermetallic phases during
conventional casting.

Therefore, considerable effort has been cdirected
to producing low density aluminum based alloys capable
of being formed into structural components for the
alrcraft and aerospace industries. The alloys provided

Dy the present invention are believed to meet this need
of the art. '

Summary of the Invention

It 1s accordingly one object of an aspect of the
present inventlion to provide a low density, high
strength aluminum based alloy which contains lithium

and magnesium.

A further object of an aspect of the present
invention 1s to provide a low density, high strength
aluminum based alloy which contains critical amounts of

lithium, magnesium, silver and zinc.

A still further object of an aspect of the present
invention is to provide a method for production of such
alloys and their use in aircraft and aerospace

components.

Other objects and advantages of the present
invention will become apparent as the description

thereof proceeds.
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In satisZaction oI the Zforegoing objects anc

advantages, there ls trovided by the present invention

fellowing formula: |
MgalipZncAggAilpal

in

wherein a, b, ¢, d and bal indicate the amounts cf
elements present in the alloy and wherein a ranges from
0.5 to 10.0%, b ranges from 0.5 to 3.0%, c ranges from
C.1 to 5.0%, d ranges £from 0.10 to 2.0%, and bal
10 indicates that the balance of the composition is
aluminum, the ranges being in weight percent based on
the total alloy, with the proviso that the total amount
cf alloying elements may not exceed 12.0 wt. %, and
with the further rroviso that when a ranges from 7.0 to

10.0%, b cannoct exceed 2.5% and ¢ cannot exceed 2.0%.

'_j
in

In accordance with another embodiment of the
present invention, there 1is provided a 1low density

aluminum based alloy consisting essentially of the

formula:

wherein a ranges from 0.5 to 10%, b ranges from 0.5 to

3.0%, ¢ ranges from 0.1 to 5.0%, d ranges from 0.1 to

2.0%, 2Z2r is in an amount up to 1.0% and bal 1indicates
25

that the balance of the composition is aluminum, with
the proviso that the total amount alloying elements may
not exceed 12.0 wt. % and with the further proviso that
when a ranges from 7.0 to 10.0%, b cannot exceed 2.5%

and ¢ cannot exceed 2.0%.
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In accordance with a further embodiment of the
present invention, there is provided a low density
aluminum alloy consisting essentially of the formula:

5 MgaLinncAgereAlbal
wherein a 1is 4.4, b is 1.8, ¢ is 0.5, 4 is 0.3, e is

0.14 and bal indicates the balance is aluminum

In accordance with a another embodiment of the
10 present invention, there is provided a method for

preparation of an alloy which comprises the following
steps:

a) casting an alloy of the following composition:

15 . Mg.L: innc'Ag gAlypal

wherein a ranges from 0.5 to 10%, b ranges from (0.5 to
3.0%, ¢ ranges from 0.1 to 5.0%, d ranges from 0.1 to
2.0%, and bal indicates the balance of the alloy 1is
aluminum, with the provisoc that the total amount of
20 alloying elements cannot exceed 12.0%, with the further
proviso that when a ranges from 7.0 to 10.0%, b cannot
exceed 2.5% and c cannot exceed 2.0%,
b) forming an ingot cf said alloy; .
c) relieving stress 1in said ingot Dy heating;
d) homogenizing by heating, soaking at an
25 elevated temperature and cooling;
e) hot rolling to final gauge;
f) heat treating by soaking and then guenching;
'g) stretching 5 to 8%; and
h) aging by heating.
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present invention also provides a method for

preparation of the alloy compositions which comprises

a)
b)

<)

10 e)

casting an ingot of the alloy;

relieving stress in the ingot;

homogenizing the grain structure by heating
the ingot and cooling;

hot rolling to a final gauge;

soaking at elevated temperature;

guenching;

stretching to desired elongation; and

aging.

Also provided by the present invention is use of

this alloying compesition in aircraft and structural

components.
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Description of Preferred Embodiments

The present invention provides a low density
aluminum based alloy which contains magnesium, lithium,
zinc and silver as essential components and optionally,

5 additives for the control of grain size and to control
grain growth if recrystallized. The aluminum based low
density alloy of the invention consists essentially of
the formula

Mg, Lip Zng Agg Alp,)

10 wherein a ranges from 0.5 to 10%, b ranges from 0.5 to
3.0%, c ranges from 0.1 to 5.0%, d ranges from 0.10 to
2.0%, and bal indicates that the balance of the
composition is aluminum, with the proviso that the
total amount of alloying elements may not exceed 12.0

15 wt. % and with the further proviso that when a ranges
from 7.0 to 10.0%, b cannot exceed 2.5% and c cannot
exceed 2.0%.

A preferred alloy composition according to this

invention is an alloy wherein a ranges from 4.0 to 6.5,

20 b ranges from 1.5 to 2.2, c ranges from 0.3 to 1.5 and
d ranges from 0.3 to 1.0% with the balance aluminum.

A preferred low lithium alloy of the present
invention is a composition wherein a is 7.0 - 10.0, b
is 1.0 - 1.5, ¢ is 0.3 - 1.0 and 4 is 0.3 - 1.0 with
25 the balance aluminum. A preferred high lithium alloy
of the present invention is a composition wherein a is
3.0 to 5.5, b is 2.2 to 3.0, ¢ is 0.3 - 1.0-and d is
0.3 to 1.0, with the balance aluminum.

A preferred low magnesium, low lithium alloy of
30 the invention is an alloy wherein a is 2.0 to 3.0, b 1is



WO 92/03583 pcr/usm/os@_

2089171 °

1.0 to 2.0, ¢ is 4.0 to 6.0, 4 is 0.3 to 1.0 with the
balance aluminum.

The most preferred composition is an alloy of the
following formula:
5 Mg, Lip Zn¢ Agg 2T Alp,
wherein a is 4.4, b is 1.8, ¢ is 0.5, d is 0.3 and e is
0.14, and bal is the balance of the alloy. This alloy
has a density of 0.091 lbs/ind.

The alloys of the present invention may also

10 contain additional elements to control grain size, for

recrystallization during heat treatment following

mechanical working, such as zirconium, manganese,
chromium, hafnium, scandium, titanium etc.

Zzirconium additions have been found to be an

15 effective and economically attractive method to control

grain size and prevent recrystallization. Strength

and ductility improvements in zirconium COntaining

alloys can be directly related to the unrecrystallized

grain structure produced by the use of zirconium. A

20 preferred level of zirconium addition would be 0.10 to

0.2 wt.%. Up to 1.0 wt.% of other refining elements

may be added. Manganese may be added 0.1 to 1.0 wt.%.

Hafnium may be added 0.1 to 0.5 wt.%. Scandium may be

added 0.1 wt.% to 0.8 wt.%¥. Titanium may be added 0.0l

25 to 0.2 wt.%. Chromium may be added in an amount of 0.1

wt.% to 0.5 wt.%. (These elements may be added as one

element alone or added together in various
combinations).

wWhile providing the alloy product with controlled
30 amounts of alloying elements as described hereinabove,



2023171 -
W12 92/03583 PCT/US91/06032

it is preferred that the alloy be prepared according to
specific method steps in order to provide the most
desirable characteristics of both strength and fracture
toughness. Thus, the alloy as described herein can be
5 provided as an ingot or billet for fabrication into a
suitable wrought product Dby casting techniques
currently employed in the art for cast products, with
continuous casting being preferred. It should be noted
that the alloy may also be provided in billet form
10 consolidated from fine particulate such as powdered
aluminum alloy having the compositions in the ranges
set forth hereinabove. The powder or particulate
material can be produced by processes such as
atomization, mechanical alloying and melt spinning.
15 The ingot or billet may be preliminarily worked or
shaped to provide suitable stock for subsequent working
operations. Prior to the principal working operation,
the alloy stock is preferably subjected to
homogenization to homogenize the internal structure of
20 the metal. Homogenization temperature may range from
650-930°F. A preferred time period is about 20 hours
or more in the homogenization temperature range.
Normally, the heat up and homogenizing treatment does
not have to extend for more than 40 hours; however,
25 longer times are not normally detrimental. A time of
20 to 40 hours at the homogenization temperature has
been found quite suitable. In addition to dissolving
constituents to promote workability, this
homogenization treatment is important in that it is
30 believed to precipitate dispersoids which help to
control final grain structure.
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After the homogenizing treatment, the metal can be
rolled or extruded or otherwise subjected to working
operations to produce stock such as sheet, plate or
extrusions or other stock suitable for shaping‘into the
end product.

That is, after the ingot has been homogenized it
may be hot worked or hot rolled. Hot rolling may be
performed at a temperature in the range of 700° to
950°F with a typical temperature being in the range of
700° to 950°F.

the ingot to one-fourth of its original thickness or to

Hot rolling can reduce the thickness of

final gauge, depending on the capability of the rolling
equipment. Cold rolling may be used to provide further
gauge reduction. Hot or cold rolling can be used to

produce final gauge thickness.

The rolled material in sheet form is preferably
solution heat treated typically at a temperature in the
range of 960° to 1040°F for a period in the range of
0.25 to 5 hours.
strength and fracture toughness necessary to the final

To further provide for the desired

product and to the operations in forming that product,
the product should be rapidly quenched to prevent or
minimize uncontrolled precipitation of strengthening
phases. Thus, it is preferred in the practice of the
present invention that the quenching rate be at least
100°F per second from solution temperature to a

temperature of about 200° or lower. A preferred
quenching rate is at least 200°F per second in the
temperature range of 900°F or more to 200°F or less.
After the metal has reached a temperature of about
When the alloy of

the invention is slab cast or roll cast, for example,

200°F, it may then be air cooled.
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it may be possible to omit somme or all of the steps

referred to hereinabove, and such is contemplated
within the purview of the invention.

After solution heat treatment and quenching as

5 noted, the improved sheet, plate or extrusion or other

wrought products are artificially aged to improve

strength, in which case fracture toughness can drop

considerably. To minimize the 1loss in fracture

toughness associated with improvement in strength, the

10 solution heat treated and quenched alloy product,

particularly sheet, plate or extrusion, may be
stretched, preferably at room temperature.

After the alloy product of the present invention

has been worked, it may be artificially aged to provide

15 the combination of fracture toughness and strength
which are so highly desired in aircraft members. This

can be accomplished by subjecting the sheet or plate or
shaped product to a temperature in the range of 150° to
400°F for a sufficient period of time to further

20 increase the yield strength. Preferably, artificial
aging is accomplished by subjecting the alloy product

to a temperature in the range of 275° to 375°F for a

period of at least 30 minutes. A suitable aging
practice contemplates a treatment of about 8 to 24
25 hours at a temperature of about 340°F. Further, it

will be noted that the alloy product in accordance with
the present invention may be subjected to any of the
typical underaging treatments well known in the art,
including natural aging. Also, while reference has
30 been made to single aging steps, multiple aging steps,
such as two or three aging steps, are contemplated and



WO 92/03583 ﬂz 0 8 9 i 7 1 15 PCP/US91/06&

stretching or its equivalent working may be used prior
to or even after part of such multiple aging steps.

The Mg-Li-Ag-Zn-containing aluminum alloys of the
present invention provide outstanding properties for a
5 low density, high strength alloy. In particular, the
alloy compositions of the present invention exhibit an
ultimate tensile strength as high as 72 ksi with an
ultimate tensile strength (UTS) which ranges from 69-72
ksi depending on conditioning, a tensile yield strength
10 (TYS) of as high as 66 ksi and ranging from 63-66 ksi,
and an elongation of up to 9%. These are outstanding
results for an alloy composition of low density and
makes the alloy capable of being formed into structural
components for use in aircraft and aerospace
15 applications. It has been particularly found that the
combination of and critical control of the amounts of
lithium, magnesium, zinc and silver alloying components
enable one to obtain a low density alloy having
excellent tensile strehgth and elongation. The density
20 of the alloy according to the present invention is as
low as 0.091 1bs/in? and ranges from 0.089 1lbs/in3 to

0.095 lbs/in3.

In the preferred method of the invention, the

alloys are formulated in molten form and then cast into

25 an ingot. Stress 1s then relieved in the ingot by
heating at 600° to 650°F for 6 to 10 hours. The ingot

is then homogenized at temperatures ranging from 650°F

to 1000°F at 50°F/hr., then soaked at 900-975°F for 20-
50 hours and air cooled. Thereafter, the alloy is
30 converted into a usable article by conventional
mechanical deformation technigues such as rolling,
extrusion or the like. The alloy may be subjected to
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hot rolling and preferably is heated to roll at S900°F
to final gauge between 900°F to 700°F. A heat
treatment may include soaking at 1000°F for one hour
followed by a cold water gquench. Since the alloy has

5 been rolled, it is generally stretched by subjecting it
to an immediate stretch of 5 to 6%. The aluminum alloy
then can be further treated by aging under various
conditions but preferably at 340°F for eight hours for

peak strength, or 340°F for 16 to 24 hours for an
10 overaged condition.

Aging is carried out to increase the strength of
the material while maintaining its fracture toughness
and other engineering properties at  relatively high
levels. Since high strength is preferred in accordance

15 with this invention, the alloy is aged at 340°F for 4-
12 hours to achieve peak strength. At higher
temperatures, less time will be needed to attain the
desired strength levels than at lower aging
temperatures.

20 When the above treatments on the alloy are carried
out, the treatment will result in an Al-Li alloy having

a tensile yield strength on the order of 63-66 ksi and
ultimate yield strength of 69-72 ksi.

The following example is presented to illustrate
25 the invention, but the invention is not to be
considered as limited thereto. In this example and

throughout the specification, parts are by weight
unless otherwise indicated.
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Duplicates of three separate alloys were prepared
according to the following procedure. An aluminum
alloy containing 4.4% magnesium, 1.8% 1lithium, 0.5%

5 zinc, 0.3% silver, and 0.14% zirconium, with the
balance being aluminum, was formulated. The alloy was
cast as an ingot into a 30-pound permanent mold
casting. The ingot was then subjected to stress relief
by heating at 650°F for eight. hours. Thereafter, the

10 ingot was homogenized by heating at 50°F up to 650°F to
930°F, and then soaked for 36 hours at 930°F. The
ingot was then air cooled and hot rolled at 900°F to a
final gauge of 0.375 inch at the temperature of 700°F
to 900°F. The hot rolled ingot was then heat treated

15 by soaking at 1000°F for one hour, then subjected to a
cold water quench, and then immediately stretched 5.6%.
The ingot was then subjected to aging under the
following conditions for three separate sets of ingots
prepared accoxrding to this example:

20 1. 340°F/8 hours for peak strength;
2. 340°F/16 hours for overaged condition;
3. 340°F/24 hours for overaged condition.

During aging, the heat-up rate was 50°F for all
applications.

25 The ingots produced according to this example were
then subjected to measurements of ultimate tensile
strength (UTS), 0.2% offset tensile yield strength
(TYS), and elongation. The results are presented in
the following table where UTS is Ultimate Tensile

30 Strength, TYS is Tensile Yield Strength and El is
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Elongation. The tensile tests were conducted with 0.25
inch diameter round tension specimens. The tensile
elongation values were measured from one inch gauge
length.

5 TABLE

MECHANICAL PROPERTY RESULTS
(averaged values from duplicates)

UTS TYS El
10 At Peak Aged condition: |
(340°F/8 hours) 72 ksi 66 ksi 9%
At Overaged condition:
(340°F/16 hours) 69.4 ksi 64.4 ksi 9%
(340°F/ 24 hours) 69.8 ksi 63.3 ksi 9%

15

It was discovered according to the present
invention that the combination of components in the
aluminum alloy system of this invention increases

20 tensile yvield strength and elongation substantially.

The tensile yield strength of the ingots £from
Example 1 were compared with a known alloy of the
composition:

4 .5Mg, 1.8Li, 0.3Ag, 0.142r, Balance
25 Aluminum, but 0.0% 2Zn.

This prior art alloy, aged at 340°F for 24 hours,
exhibits an ultimate tensile strength (UTS) of 69.5 ksi
but a tensile yield strength (TYS) of only 53.3 ksi,
and an elongation of 7%.
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The invention has been described herein with
references to certain preferred embodiments. However,
as obvious variations thereon will become apparent to
those skilled in the art, the invention is not to be

5 considered as limited thereto.
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WHAT IS CLAIMED:

1 A low density aluminum based alloy consisting
essentially of the formula:

MgaL inncAgdAlbal

wherein a ranges from 0.5 to 10%, b ranges from 0.5 to
3.0%, ¢ ranges from 0.1 to 5.0%, d ranges from 0.1 to
2.0%, and bal indicates that the balance of the
composilition 1s aluminum, with the proviso that the
total amount of alloying elements may not exceed 12.0
wt.% and with the further proviso that when a ranges
from 7.0 to 10.0%, b cannot exceed 2.5% and ¢ cannot
exceed 2.0%.

2. A low density aluminum based alloy consisting
essentially of the formula:

Mg.LipZNn.AggZYAlpan

wherein a ranges from 0.5 to 10%, b ranges from 0.5 to
3.0%, ¢ ranges from 0.1 to 5.0%, d ranges from 0.1 to
2.0%, Z2r 1s in an amount up to 1.0% and bal indicates
that the balance of the composition is aluminum, with
the proviso that the total amount alloying elements may
not exceed 12.0 wt.% and with the further proviso that
when a ranges from 7.0 to 10.0%, b cannot exceed 2.5%
and ¢ cannot exceed 2.0%.

3. An aluminum based alloy according to claim 1 or 2
which has a density of about 0.091 1lbs/in.°.

4. An aluminum based alloy according to claim 1 or 2
wherein a is 7.0 to 10.0%, b 1s 1.0 to 1.5%, ¢ 1is 0.3
to 1.0% and d is 0.3 to 1.0%.

N P A R A i T A N O T R G T e T T o A T N P T Y S 17y i S\ P Ty YV Sy e e P P T AL S0 T 7 S NV SN PN, (TR~ AW = TN [N A O i 0, M LI A S P OF) S L e A Ak i P, e g T I SN T AT o A T, LA S PAAL b W A S A A o BN\ 4 YA v ey b T Far—r—rr e P v b S S ¢ P p—— Jrpp— ™ s e




10

15

20

25

30

-~ CA 02089171 2002-01-25

- 18 -

5. An aluminum based alloy according to claim 1
or 2 wherein a is 3.0 to 5.5%, b is 2.2 to 3.0%, c is
0.3 to 1.0% and d is 0.3 to 1.0%.

6. An aluminum based alloy according to claim 1
or 2 wherein a 1s 2.0 to 3.0%, b is 1.0 to 2.0%, c is
3.0 to 5.0%, and d is 0.3 to 1.0% with the balance
aluminum.

7. A low density aluminum alloy consisting

essentially of the formula:
MgaL ib chAgdZ reAlbal

wherein a is 4.4, b is 1.8, ¢ is 0.5, d is 0.3, e is

0.14 and bal indicates the balance is aluminum.

8. A method for preparation of an alloy which

comprises the following steps:
a) casting an alloy of the following

composition:
MgaLipZncAgaAlpal

wherein a ranges from 0.5 to 10%, b ranges from 0.5 to
3.0%, ¢ ranges from 0.1 to 5.0%, 4 ranges frem 0.1 to
2.0%, and bal indicates the balance of the alloy is

aluminum, with the proviso that the total amcunt of

alloying elements cannot exceed 12.0%, with the further

proviso that when a ranges from 7.0 to 10.0%, b cannot
exceed 2.5% and c¢ cannot exceed 2.0%,

b) forming an ingot of said alloy;
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C) relieving stress in said i1ngot by heating;

d) homogenizing by heating, socaking at an elevated
temperature and cooling;

e) hot rolling to final gauge;

f) heat treating by SOaking and then quenching;

g) stretching 5 to 8%; and

h) aging by heating.

9. An aerospace alrframe structure produced from an

aluminum alloy of claim 1.

10. An aerospace ailrframe structure produced from an

aluminum alloy of claim 7.

11. An aircraft airframe structure produced from an

aluminum alloy of claim 1.

12. An aircraft airframe structure produced from an

aluminum alloy of claim 7.
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