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METHOD FOR TEMPERING AN ALUMINUM
ALLOY

[0001] This application 1s a continuation-in-part of U.S.
application Ser. No. 12/387,966 filed May 8, 2008 that claims
priority from Provisional Application Serial No. 61/133,207
filed Jun. 26, 2008.

FIELD OF THE INVENTION

[0002] This present invention relates to the manufacture of
metallic domes and conical components used 1n launch
vehicles, and 1n particular, components produced using the
aluminum lithium alloy known as 2193.

BACKGROUND OF THE INVENTION

[0003] Aluminum lithrum alloy, 2195, 1s used 1n launch
vehicle applications where 1ts lower density, higher modulus
and comparable strength, and desirable cryogenic service
properties make 1t attractive. When components are manufac-
tured to industry guidelines for this material, the 2195 alumi-
num lithium alloy also possesses resistance to stress corro-
sion cracking. As the mass for launch vehicle payloads
continues to grow, use of this alloy for fuel tanks and vehicle
structures has become a requirement by NASA and other
launch vehicle service providers. In supporting this require-
ment, 1t becomes necessary to supply 2195 alloy 1n 1ts highest
strength condition and possessing resistance to stress corro-
s10n cracking.

[0004] To achieve the high strength capability and resis-
tance to stress corrosion cracking of this material, manufac-
turers solution heat treat the material which 1s then followed
by a rapid quenching in water or 1n a solution of glycol and
water. After the quench, the material 1s uniformly cold
worked. The cold working process 1s typically a stretching,
operation that 1s controlled from 1 to 3 percent. Upon com-
pleting the cold working operation, the component 1s then
artificially aged to achieve high strength and resistance to
stress corrosion cracking. The thermal treatment and cold
working parameters are well known and have been estab-
lished as the idustry standard practice by 2195 material
producers to achieve ideal conditions for 2195 aluminum
lithium alloy. This 1deal condition would be defined as temper
designation T8X where the 2195 material 1s solution heat
treated, quenched, cold worked (stretched) 1% to 3% to an
intermediate temper T3X, and artificially aged to T8X. For
some launch vehicle tank and structural components, 1t 1s not
possible to uniformly apply the cold work that 1s required to
achieve the desired characteristics of 2195 aluminum lithium
alloy due to the size and geometric shape of the parts. Single
piece tank domes and cones produced from a 21935 aluminum
lithium plate/blank using the metal spinning process fall into
this category. It 1s 1n the manufacture of these components
that current manufacturing methods fall short.

[0005] One possible solution 1s to manufacture metal spin-
ning equipment capable of uniformly applying the cold work
necessary to achieve the high strength and resistance to stress
corrosion cracking of 2195 aluminum lithium alloy. How-
ever, 1t 1s unlikely that metal spinning manufacturers will
invest 1n this equipment given the relatively low volume of
parts. There 1s also the question as to whether cold work using,
compressive forces developed from metal spinning 1s likely to
yield the desired condition given that industry data 1s based on
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cold work using tension forces. The unfavorable return on
investment and questionable success of this solution make
this an unattractive option.

[0006] A method of manufacturing these components and
achieving the high strength and resistance to stress corrosion
cracking without the addition of cold work after solution heat
treatment and quench is not known in the art. Parts produced
using 2195 material without the post quench cold work would
carry the T62 temper designation for which there 1s no pub-
lished industry standard for strength and resistance to stress
corrosion cracking requirements.

SUMMARY OF THE INVENTION

[0007] The invention 1s a method of manufacturing domes
and cones using the metal spinning process and alternative
heat treatment parameters to achieve the same properties
attainable as 11 the part were cold worked although this step
has been eliminated. The preferred embodiment of the
method includes the steps of forming and heat treating 2195
aluminum lithium alloy domes and cones.

[0008] Itisanaspectof the invention to provide a method of
treating 2195 aluminum lithium alloy 1n order to achieve the
same favorable properties obtained using prior art methods
requiring cold working of the produced part.

[0009] It 1s another aspect of the invention to provide a
method of treating 21935 aluminum lithium alloy that can be
used with extremely large parts requiring spinning techniques
to manufacture such parts.

[0010] It is still another aspect of the invention to provide a
method of treating 2195 aluminum lithium alloy that pos-
sesses high tensile and yield strengths.

[0011] It 1s another aspect of the invention to provide a
method of treating 2195 aluminum lithium alloy that has a
high resistance to stress corrosion cracking

[0012] Finally, 1t 1s an aspect of the mvention to provide a
method of treating 21935 aluminum lithium alloy that provides
parts for launch vehicles which meet performance parameters
yet can be made using existing manufacturing equipment.
[0013] These aspects of the mnvention are not meant to be
exclusive and other features, aspects, and advantages of the
present invention will be readily apparent to those of ordinary
skill in the art when read in conjunction with the following
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 1s an illustration of a multi-stage rocket,
which shows the type of components that can be made using
the process taught by the invention.

[0015] FIG. 21satflow chart of the preferred embodiment of
the method 1n accordance with the present invention.

[0016] FIG. 31satable of matenal properties thathave been
achieved by producing parts 1n accordance with the present
invention compared to material produced with the cold work
outlined in a published industry material standard.

DETAILED DESCRIPTION OF THE INVENTION

[0017] As shown in FIG. 1, the 1illustration of the multi-

stage rocket 10 1s a typical structure that has parts that can be
made using the method taught herein. Payload 15 1s placed
within the payload fairing structure. Second stage rocket
engine 17 powers payload 15 during the final leg of the

journey to achieve a successtul orbit. In the first stage of

rocket 10, note that primary tank 12 and secondary tank 14
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have a domed top and bottom 16 and 18 respectively. These
tanks have an extremely large diameter 11 and are particularly
well suited to be manufactured using the present mvention.
The thrust cone 17 (typically composite materials) 1s also a
component part that would be preferably made using the
method disclosed herein.

[0018] Referring now to FIG. 2, the flow chart showing
process 54 for tempering 2195 aluminum lithium alloy 1s
described. The starting material form 20 1s in the mill temper
known as the F condition. The material plate 20 1s annealed in
step 22 1n accordance SAE Aerospace Material Specification
AMS 2770 for 2XXX aluminum alloy. The dome or cone
forming 1s done 1n step 24 by a spinning process. The dome or
cone forming 1s performed in steps 26, 28 at a controlled
temperature of 725° F.£25° F. using the metal spinning pro-
cess and/or the stretch forming process developed as dis-
closed in U.S. Pat. No. 6,199,419. Upon completing the form-
ing operation, the component i1s solution heat treated, 1n
accordance with SAE Aerospace Material Specification AMS
2°770 using a set temperature of 950° F.=10° F. for a time 1n
accordance with AMS 2770 Table 3 and then rapid quenched
in either water or glycol water solution as indicated in step 30.
I necessary, the component may be straightened after solu-
tion heat treatment to remove minor distortion resulting from
the rapid quench, step 32. The component 1s then artificially
aged 1n step 34. In step 36, the component temperature 1s
raised to 340° F.,£5° F. The component 1s then “soaked”
(industry term of art meaning to allow 1t to remain at that
temperature) for 32 hours+5 minutes. Then, 1n step 38, the
component temperature 1s lowered to 250° F.£5° F. at a
decreasing rate of 45° F. per hour. Then, the component part
1s “soaked” again for 72 hours+5 minutes in step 40. Finally,
in step 42, the component part 1s air cooled to room tempera-
ture. After the completion of the above referenced steps, the
component part carries the 162 temper designation and 1s
tested for its properties beginning 1n step 44. The various
parameters that are tested are hardness, step 46; electrical
conductivity, step 48; minimums achieved when practicing
the mvention, step 50 and, finally 1n step 52, a SCC Test as
specified.

[0019] Although the present invention has been described
with reference to certain preferred embodiments thereof,
other versions are readily apparent to those of ordinary skill in
of the preferred embodiments contained herein.

What 1s claimed 1s:

1. A process for tempering an aluminum alloy blank to
achieve high strength capability and resistance to stress cor-
rosion cracking, said process comprising the steps of:

annealing said alloy blank 1n accordance with Aerospace
Matenal Specification AMS 2770 for 2XXX aluminum
alloy;
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hot spinning the annealed alloy blank into a desired shape
at a first controlled temperature;

solution heat treating said desired shape 1n accordance with
SAFE Aerospace Material Specification AMS 2770 using,
a set temperature of 950° F.=10° F. for a time 1n accor-
dance with AMS 2770 Table 3;

rapidly quenching said desired shape 1n a liqud;

a first aging said desired shape to a second controlled
temperature;

a {irst soaking of said desired shape at a first predetermined
length of time;

lowering the second controlled temperature of said desired
shape at a predetermined rate of decrease to a third
controlled temperature;

a second soaking of said desired shape at a second prede-
termined length of time; and

air cooling said desired shape until said desired shape
reaches room temperature.

2. The process of claim 1 comprising the additional step

alter said quenching step of:

straightening said desired shape to remove minor distor-

tions that may be itroduced by said quenching step.

3. The process of claim 1 comprising the additional step of:

testing said desired shape to determine the properties of

said desired shape.

4. The process of claim 3 wherein said testing step has a
least one test selected from the group of tests consisting of
hardness, electrical conductivity, mechanical ASTM test, and
a SCC test.

5. The process of claim 1 wherein said quenching liquid 1s
water.

6. The process of claim 1 wherein said quenching liquid 1s
a glycol water solution.

7. The process of claim 1 wherein said first controlled
temperature 1s 1n the range of 725 degrees F.

8. The process of claim 1 wherein said second controlled
temperature 1s 1n the range of 340 degrees F.

9. The process of claiam 1 wherein said third controlled
temperature 1s 1n the range of 250 degrees F.

10. The process of claim 1 wherein said temperature rate of
decrease 1s 1n the range of 45 degrees F. per hour.

11. The process of claim 1 wherein said first soaking time
1s 1n the range of 32 hours.

12. The process of claim 1 wherein said soaking time 1s in
the range of 72 hours.

13. The process of claim 1 wherein said aluminum alloy
blank 1s made from 21935 aluminum lithium alloy.

14. The process of claim 1 wherein said desired shape is a
domed top of a rocket.

15. The process of claim 1 wherein said desired shape is a
thrust cone of a rocket.
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