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(57) ABSTRACT 

A method for mti!!g alloy before and after ~iction stir 
welding, the method comprising Ihe following steps. First 
solution heat treating a multiplicity of aluminum-zinc alloy 
engineered components for a first time peiiod at a first 
temperature. First air cooling the components in ambient air 
at room temperatwe until the components are oooled to 
room temperature. Friction stir welding the components to 
form an assembly. Second solution heat treating tbe assem- 
bly for a second time period at a second temperature. 
Additional steps and embodiments are considered. 
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SECOND AIR COOLING THE ASSEMBLY IN AMBIENT AIR AT ROOM 
TEMPERATURE 

FIRST SOLUTION HEAT TREATING A MULTIPLICITY OF 
ENGINEERED COMPONENTS COMPRISING 7x50 ALUMINUM 

ALLOY AT A PREDETERMINED TEMPERATURE FOR A 
PREDETERMINED TIME 

i 
Y FIRST AIR COOLING THE ENGINEERED COMPONENTS IN 

AMBIENT AIR (LE., AIR COOLED) AT ROOM TEMPERATURE 

r I 7-22 

Y FRICTION STIR WELDING THE ENGINEERED COMPONENTS INTO 
AN ASSEMBLY 

SECOND SOLUTION HEAT TREATING THE ASSEMBLY AT A 1 PREDETERMINED TEMPERATURE FOR A PREDETERMINED TIME y 
I I 

24 
QUENCHING THE ASSEMBLY WITHIN A PREDETERMINED TIME 

AFTER COMPLETION OF THE ABOVE STEP 

t 
STABILIZING THE ASSEMBLY IN AMBIENT AIR AT ROOM 

TEMPERATURE FOR A PREDETERMINED TIME 

I 1-26 
FIRST AGING THE ASSEMBLY AT A PREDETERMINED 

TEMPERATURE FOR A PREDETERMINED TIME r 
SECOND AGING THE ASSEMBLY AT A PREDETERMINED 

TEMPERATURE FOR A PREDETERMINED TIME 

FIG. 4. 
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indicates the original alloy; 
integers 1 through 9, which are 

alloy modifications. 
assigned consecutively, indicate 

US 6,802,444 B1 

the aluminum alloy or 
indicate the aluminum 
purity. 

First Digit indicates the Alloy Group as follows: 

Aluminum alloys grouped by major alloying elements 
Aluminum, 99.00 percent and greater. ............ lXXX 

Copper ................................. 2XXX 
Manganese .............................. 3XXX 
Silicon. ................................. 4XXX 
Magnesium.. ............................ SXXX 
Magnesium and silicon ..................... 6XXX 
Zinc. ................................... 7XXX 
Other element. ........................... 8XXX 

Unused Series ............................... SXXX 

/ 

FIG. 5. 
(Prior Art) 
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HEAT TREATMENT OF FRICTION STIR 
WELDED 7x50 ALUMINUM 

ORIGIN OF THE APPARATUS 

The methods described herein were made by employee(s) 
under contract with the United States Government and may 
be manufactured and used by or for the Government of the 
United States of America for governmental purposes without 
the payment of any royalties thereon or therefor. 

BACKGROUND OF INVENTION 

Aluminum alloys are used in a variety of applications. For 
example, certain aluminum alloys are extensively employed 
in lightweight structures, such as are present in subsonic 
aircraft systems, because of their high strength to weight 
ratio, low cost and good formability. These high strength 
alloys, designated in the art as 7000 series aluminum alloys, 
contain as their principal components a major amount of 
aluminum and minor amounts of zinc. 

Friction stir welding is utilized to join engineered com- 
ponents (hereinafter referred to as “component [singular] or 
components [plural]”) to form assemblies that may be used 
in the manufacture of aerospace, aeronautical, military and 
commercial applications. As illustrated in FIG. 1, friction 
stir welding involves inserting a rotating friction stir welding 
probe 10 (hereinafter referred to as “probe”) into a multi- 
plicity of faces of faying components, while urging the 
components together. The rotation of the probe 10 between 
the faying faces of the components creates friction that 
generates sufficient heat energy to plasticize the compo- 
nents’ material in the weld zone 14. A weld joint forms 13, 
joining the components together in a unitary assembly 15, as 
the plasticized regions of the components flow together and 
solidify in the weld zone. Alternatively, a plasticized region 
between the components can be formed without utilizing a 
rotating tool by moving one of the components relative to 
the other while concurrently urging the components 
together. 

Although the development of friction stir welding tech- 
nology to make complex welds is proceeding at an 
extremely rapid pace, understanding of the microstructural 
transformations that occur during the friction stir welding 
process and of the post weld mechanical properties has been 
relatively slow. Where 7x50 (wherein “X’  can represent any 
number from &9, see block 31 of FIG. 5) series aluminum 
(Al) alloy components are friction stir welded, solution heat 
treating the components is necessary to improve corrosion 
resistance (including stress corrosion cracking [SCC] 
resistance), ductility as well as tensile and yield strengths. 
Solution heat treatment for the purposes herein is defined as 
heating an alloy to a suitable temperature and holding the 
alloy at that temperature long enough to cause one or more 
constituents to enter into a solid solution. Post-friction stir 
welded heat treatment of 7x50 aluminum alloy components 
in accordance with SAE AMs-H 6088, a standard heat treat 
specification with temperature schedules commonly known 
in the art, results in large columnar grains in the weld metal 
of a friction stir welded ioint. Further. eloneation is below 

2 
treatments for shorter time periods to eliminate SCC con- 
cerns as well as elimination of a heat treatment step alto- 
gether. Further, an advantage of the low temperature heat 
treatment has a less likelihood to distort a component. The 

5 term low temperature as used herein is defined as less than 
about 400 degrees E Conversely, the term high temperature 
for the purposes herein is defined as greater than about 410 
degrees F. 

Various types of low temperature schedules in efforts to 
10 mitigate material degradation after a friction stir weld pro- 

cess have been attempted. However, material degradation 
such as SCC may still exist. The present method uses high 
temperature heat treatment in contrast to the current research 
trend. 

Thus, there is a need for improved methods of heat 
treating friction stir welding materials. Such manufacturing 
methods should be cost effective, as well as minimizing the 
degradation of the material properties. 

l5 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. is a fragmentary perspective view illustrating the 
joining of two components through friction stir welding, as 
is known in the art. 

FIG. 2. is a fragmentary perspective view illustrating an 
assembly fabricated by the joining of two components 
through friction stir welding, as is known in the art. 

FIG. 3. is a schematic temperature-versus-time plot illus- 
trating an example cycle for a 0.27 inch 7050 AI plate that 

FIG. 4. is a flow chart showing the general steps per- 
formed of the present method to pre-treat and post-treat a 
multiplicity of components and the friction stir welded 
assembly, respectively. 

FIG. 5 is a key chart illustrating the definition of each 
number in an A1 alloy four digit code, as is known in the art. 

DETAILED DESCRIPTION 

The present method will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which embodiments of the method are shown. This method 
may, however, be embodied in many different forms and 
should not be construed as limited to the embodiments set 

45 forth herein; rather, these embodiments are provided so that 
this disclosure will be thorough and complete and will fully 
convey the scope of the method to those skilled in the art. 
Like numbers refer to like elements throughout. 

The term “about” as used herein may be applied to modify 
50 any quantitative representation that could permissibly vary 

without resulting in a change in the basic function to which 
it is related. For example, a quantitative temperature as 
disclosed herein may permissibly be different than the 
precise value if the basic function to which the temperature 

Referring now to the drawings, and in particular to FIG. 
1, there is shown a first component 11 and second compo- 
nent 12, undergoing a friction stir weld. In one embodiment, 
the first and second components are made of 7x50 A1 alloy. 

60 In a further embodiment. both the first and second comuo- 

25 

30 incorporates a friction stir weld step. 

35 

55 is related does not change. 

~~ ~ 

2% and standard 3-point bend specimens fracture in a brittle nents are made of 7050Al alloy. In one embodiment, the irst 
manner. A fracture of this nature, as is known in the art, is and second components have a thickness from about 0.25 
considered to be unacceptable. The standard practice uses inches to about 0.50 inches. For a definition of each number 
specific temperature schedules in an effort to mitigate SCC in the XXXX sequence describing an A1 alloy, refer to FIG. 
problems on 7x50 series aluminum alloys that have not 65 5. The first and second components may be machined, 
been welded or otherwise thermally processed. Most through known manufacturing means, from a single work- 
research is currently attempting to use low temperature heat piece into a predetermined shape and thickness as required 



degrees E ~n one embodiment, the -thickness of the miti-  
plicity of 7x50 Al or 7050 Al alloy compnents is from 
about 0.25 inches to about 0.50 inches. In a further 
embodiment, the thickness of the multiplicity of 7x50 AI M 
7050 Al alloy components is about 0.25 inches. In a further 
embodiment, the thickness of the multiplicity of 7x50 Al 01 
7050 Al alloy components is about 0.27 inches. In one 
embodiment, the heating time or first time period is fnnn 
about 60 minutes to about 90 minutes. In a further 
embodiment, the first time period is about 60 minutes. 

In one embodiment, the first air cooling step comprises 
cooling the multiplicity of 7x50 Al or 7050 Al alloy 
components in ambient air (i.e., air cooled) to room tem- 

at room temperature. This specific cooling step is not a 
standard SAE-AMS-H-6088 armeat or a standard solution 
heat treatment including a liquid quench. 
As an example asillustratedinFIG. 1 , t h e h t  and second 

components 11, 12, both of which may have been pre- 
conditioned by a first solution heat treating step and cooling 
step are ready to be joined by friction stir welding to form 
an assembly 15. Friction stir welding eliminates a number of 
defects and other undesirable properties related to conven- 
tional fusion welding, such as micro-cracks, poor ductility, 
lack of fusion, porosity and most importantly, minimization 
of distortion, which can adversely effect the shape and 
tolerances of the joined components. As is known in the art, 
7x50 and most other 7000 series Al alloys are considered 
unweldable by conventional fusion processes. To join com- 
ponents by friction stir welding, the components are posi- 
tioned relative to one another such that the components 
define an interface 16 along the length of the mmponents. 
The components may be secured so as to prevent movement 
of the components relative to one another. For instance, the 
components may be secured to each other by spot welding 

perature. In one embodiment, the first air cooling step occurs 

reduces material degradation of the assembly. For example, 
the post-weld solution heat treatment homogenizes the mate- 

35 rial affected by friction stir welding while significantly 
limiting large grain growth at the face and root of the 
weldment. A secondary benefit of post weld heat ueatment 
is the inherent reduction or elimination of welding induced 
residual stresses. The second solution heat treating step 

40 comprises heating the assembly at a second temperame fur 
a second time period. In one embodiment, the second 
temperature is greater than 410 degrees E In a further 
embodiment, the second temperature is from about 880 

45 the second temperature is about 890 degrees E In one 
e ~ ~ t , t h e s e c o n d d t i m e o d i s f r o m a b o u t 5 m i n u t e s  
to about 20 minutes. This second time period is not a 
SAE-AMS-H-6088 standard. In a further embodiment, the 
second time period is about 10 minutes. 

The second step in the post friction stir welded treatment 
may involve quenching (see block 24 in FIG. 4) the assem- 
bly to prevent diffusion and the accompanying formation of 
any solute phase. Specifically, the quenching step comprises 
immersing the assembly in a water bath wherein in one 

55 embodiment, the water is at a third ternperamre. In one 
embodiment, the third temperature is from about 70 degrees 
E to about 125 degrees F. In a further embodiment, the third 
temperature is about 85 degrees F. to about 100 degrees F. 
In one embodiment, the quenching step is initiated within 

60 about 10 seconds from the time the post-weld solution heat 
treatment is completed. A drop bottom quench furnace may 
beused. 
The third step in the post friction stir welded treatment 

may involve stabilizing the assembly in ambient air at room 
65 temperature (see block 25 in FIG. 4) for a third time period. 

This step allows for natural aging and stabilization and is not 
a SAE-AMs-H-6CJ88 standard. In one embodiment, the 

degrees F. to about 900 degrees F. In afurtherembodme ’ n t ,  

50 
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assembly is held for a third time period of at least about 4 
hours in ambient air at room temperature. In a further 
embodiment, the assembly is held for a third time period of 
at least about 96 hours in ambient air at room temperature. 

temperature until the assembly is cooled to room tempera- 
ture after the second aging step. 

7. A method for treating aluminum alloy before and after 
friction stir welding, the method comprising the steps of: 

The fourth step in the post friction stir welded treatment 5 
may involve a first aging of the assembly (see block 26 in 
FIG. 4). This first aging step may be accomplished in a 
recirculating air furnace. The assembly is first aged at a 
fourth temperature for a fourth time period. In one 
embodiment, the fourth temperature is from about 240 10 
degrees E to about 260 degrees E In one embodiment, 
fourth time period is from about 3 hours to about 6 hours. In 
a further embodiment, the assembly 15 is first aged at a 
fourth temperature of about 250 degrees E for a fourth time 
period of about 5 hours. 

The fifth step in the post friction stir welded treatment 
may involve a second aging of the assembly (see block 27 
in FIG. 4). This second aging step may be accomplished in 
a recirculating air furnace. The assembly is second aged at 
a fifth temperature for a fifth time period. In one 2o 
embodiment, the assembly is second aged at a fifth tem- 
perature from about 315 degrees E to about 335 degrees E 
In one embodiment, the second aging time or fifth time 
period is from about 24 hours to about 30 hours. In a further 
embodiment, the assembly 15 is second aged at a fifth 25 
temperature of about 325 degrees E for a fifth time period 
of about 27 hours. 

The final step in the post friction stir welded treatment 
may involve a second air cooling of the assembly (see block 
28 in FIG. 4). In one embodiment, the second air cooling 
step comprises cooling the assembly in ambient air (Le., air 
cooled) to room temperature. In one embodiment, the sec- 
ond air cooling step occurs at room temperature. 

15 
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Uoon comDletion of the DOSt friction stir welded ~= 

first solution heat treating a multiplicity of 7x50 alumi- 
num alloy engineered components for a first time 
period from about 60 minutes to about 90 minutes at a 
first temperature from about 880 degrees E to about 
900 degrees E; 

first air cooling the multiplicity of 7x50 aluminum alloy 
engineered components in ambient air at room tem- 
perature until the multiplicity of 7x50 aluminum alloy 
engineered components are cooled to room tempera- 
ture; 

friction stir welding the multiplicity of 7x50 aluminum 
alloy engineered components to form an assembly; 

second solution heat treating the assembly for a second 
time period from about 5 minutes to about 20 minutes 
at a second temperature from about 880 degrees E to 
about 900 degrees E; 

quenching the assembly in a water bath at a third tem- 
perature from about 50 degrees E to about 125 degrees 
E wherein the quenching step is initialized no later than 
about I O  seconds after completion of the second solu- 
tion heat treating step; 

stabilizing the assembly in ambient air at room tempera- 
ture for a third time period of at least about 4 hours; 

first aging the assembly for a fourth time period from 
about 3 hours to about 6 hours at a fourth temperature 
from about 240 degrees E to about 260 degrees E; and 

second aging the assembly for a fifth time period from 
about 24 hours to about 30 hours at a fifth temperature 
from about 315 degrees E to about 335 degrees E 

8. The method according to claim 7, wherein the multi- 53 
treatment, the'assembly may be installed by attaching the 
assembly to other assemblies, such as to form the frame of 
an aircraft. 

pk i ty  of 7x50 aluminum alloy engineered components are 
composed of 7050 aluminum alloy. 

9. The method according to claim 7, wherein the multi- 
That which is claimed is: plicity of 7x50 aluminum alloy engineered components 
1. A method for treating alloy before and after friction stir 4o have a thickness from about 0.25 inches to about 0.50 

inches. 
first solution heat treating a multiplicity of 7x50 alloy 10. The method according to claim 7, wherein the mul- 

engineered components for a first time period at a first tiplicity of 7x50 aluminum alloy engineered components 
temperature; have a thickness of about 0.25 inches. 

first air cooling the components in ambient air at room 45 11. The method according to claim 7, wherein the mul- 
temperature until the components are cooled to room tiplicity of 7x50 aluminum alloy engineered components 
temperature; have a thickness of about 0.27 inches. 

friction stir welding the components to form an assembly; 12. The method according to claim 7, wherein the first 
and temperature is about 900 degrees E 

second solution heat treating the assembly for a second 50 13. The method according to claim 7, wherein the first 
time period at a second temperature. time period is about 60 minutes. 

2. The mebod according to claim 1, further comprising 14. The method according to claim 7, wherein the friction 
quenching the assembly in a water bath at a third tempera- stir welding Step comprises the Steps Of: 
ture after completion of the second solution heat treating positioning a first 7x50 aluminum alloy engineered com- 
step. 55 ponent adjacent to a second 7x50 aluminum alloy 
3. The method according to claim 2, further comprising engineered component to thereby define an interface 

stabilizing the assembly in ambient air at room temperature therebetween; and 
for a third time period after completion of the quenching joining the first and second 7x50 aluminum alloy engi- 
step. neered components to form the assembly by friction stir 

welding the first and second 7x50 aluminum alloy 
first aging the assembly for a fourth time period at a fourth engineered components along the interface. 
temperature after completion of the stabilizing step. 15. The method according to claim 7, wherein the second 
5. The method according to claim 4, further comprising 

second aging the assembly for a fifth time period at a fifth 16. The method according to claim 7, wherein the second 
temperature after completion of the first aging step. 
6. The method according to claim 5, further comprising 17. The method according to claim 7, wherein the third 

second air cooling the assembly in ambient air at room 

welding, the method comprising the steps of 

4. The method according to claim 3, further comprising 60 

temperature is about 900 degrees E 

65 time period is about I O  minutes. 

time period is at least about 96 hours. 

f 
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18. The method according to claim 7, wherein the fourth 

19- The method according to claim 7' wherein the fourth 

20. The method according to claim 7, wherein the fifth s 

21. The method according to claim 7,  wherein the fifth 

22. The Inethod according t0 Claim 7, further comprising 

stabilizing the assembly in ambient air at mom tempera- 
ture for a third time period of at least about % hours; 

first aging the assembly for a fourth time period of about 
5 hours at a fourth temperature of about 250 degrees E; 
and 

second aging the assembly for a fifth time pexiod of about 
27 hours at a fifth temperature of about 325 degrees E 

24. The method m g  to claim 23, wherein said 
10 multiplicity of 7x50 aluminum alloy engineered compo- 

nents are composed of 7050 aluminum alloy. 
25. The method according to claim 23, wherein the 

multiplicity of 7x50 aluminum alloy engineered compo- 
nents have a thickness of about 025 inches. 

26. The method according to claim 23, wherein the 

temperature is about 250 degrees E 

time period is about 5 hours. 

temperamre is about 325 degrees E 

time period is about 27 hours. 

second air cooling the assembly in ambient air at 
ts...-+.- ..-t;l the n m r r - h l . .  :- ---1..-l & -  --- I ."*..p.-- - Y U  w--"'J w -.cU Lv .-UJ L & l U t k ' I l -  

Lure after the second aging step. 

friction stir welding, the method comprising the steps of: 
A method for treating alumimun all0y before and after 

first solution heat treating a_ mu!tip!icity r?f 7X50 d h -  15 
num alloy engineered components having a thiclroess 

tim period of about 60 
of about 890 degrees E; 

from 0.25 to h t  0.50 inches for a first of 7x50 aluminum alloy engineered cov 
at a first nexus have a thickness of about 0.27 inches. 

27. The method according to claim 23, wherein the 
first air cooling the multiplicity of mo al-nm alloy 20 friction stir welding step comprises the steps of: 

engin& com-nts in d i e m  air at m m  tern- positioning a first 7x50 aluminum alloy engineered c ~ m -  
pemum until the multiplicity of 7x50 aluminum alloy 
engineered mmpoxnts are cooled to room tempera- 
=; 

friction stir welding the multiplicity of 7x50 aluminum 
alloy engineered components to form an assembly; 

second solution heat treating the assembly for a second 
time period of about 10 minutes at a second tempera- 
ture of about 890 degrees E; 

q u e n c h g  the assembly in wider bath at a third tempera- 
ture from about 85 degrees E to about 100 degrees E 
wherein the quenching step is inilidizuino later than 
about 10 seconds after completion of the seumd solu- 
tion heat mating step; * * * * *  

ponent adjacent to a second 7x50 aluminum alloy 
engineered component to thereby define an interface 
therebetween; and 

joining the first and second 7x50 aluminum alloy engi- 
neered wmponents to form the assembly by friction stir 
welding the first and second 7x50 aluminum alloy 
engineered components along the interface. 

28. The method according to claim 23, further comprising 
second air cooling the assembly in ambient air at room 
tern- until the assembly is cooled to room tempera- 
ture after the second aging step. 

25 
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