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[57] ABSTRACT 
A method of producing a metal article, for example a 
pressure vessel, including the steps of forming an in 
?atable envelope of a super-plastic metallic alloy, 
heating the envelope to within the temperature range 
for super-plasticity, and applying a differential pres 
sure between the interior and the exterior of the enve 
lope such that the envelope expands as a balloon. 

9 Claims, 5 Drawing Figures 





3,895,436 
1 

FORMING METALS 

There is a class of metallic alloys which have a com 
position and microstructure such that, when heated to 
within an appropriate range of temperatureand when 
deformed within an appropriate range of strain rate, 
they exhibit the ?ow characteristics of a viscous ?uid. 
Such alloys have characteristics indicated by the for 
mula. 

where: 
m is numerically of the order of 0.7 to 1.00, 
f is applied stress (load per unit area), his a constant, 
sis strain rate (extension per unit of original length 
per unit of time), and, 

m is the strain rate sensitivity. 
The condition in which these characteristics are at 

tained is known as super-plasticity and large deforma 
tions are possible without fracture. The present inven 
tion is concerned with the working of metals when in 
this condition. 
The invention may be used to provide a method of 

producing pressure vessels. 
Where metal pressure vessels are required to be of 

light weight, the metal of which they are formed is 
often difficult to work and accordingly the components 
of the vessel are often machined from solid billets. One 
objective of the present invention is to provide a rela 
tively simple and quick alternative method to such ma 
chining in the production of pressure vessels. It will be 
appreciated, however, that the invention is not limited 
to the production of pressure vessels but has uses in the 
production of metal articles in general. 
According to the present invention a method of pro 

ducing a metal article includes the steps of forming an 
inflatable envelope of a metallic alloy of the class here 
inbefore described, heating the envelope to within the 
temperature range for super-plasticity of the metallic 
alloy, and applying a differential pressure between the 
interior and the exterior of the envelope such that the 
envelope expands as a balloon. 
Subsequently the envelope is allowed to cool. Prefer 

ably the in?atable envelope is formed by metallurgi 
cally bonding two layers of the metallic alloy together 
by means of a welding or, alternatively, a diffusion 
bonding process. Where a welding process is used, it is 
preferably of the electron beam type. 
The differential pressure is preferably applied to the 

envelope by admitting a pressure ?uid to the interior 
thereof. 
One preferred method according to the invention is 

now described with reference to the accompanying 
drawings. 

In these drawings: 
FIG. 1 is a perspective view of the components of a 

pressure vessel in an unassembled state, 
FIG. 2 is a similar view of the components when as 

sembled prior to forming, 
FIG. 3 is a side elevation of a pressure vessel subse 

quent to forming, 
FIG. 4 is an enlarged part-sectional view of the region 

included in plane IV—IV-—IV—-IV of FIG. 2, and 
FIG. 5 is an enlarged part-sectional view of the sec 

tioned area of FIG. 3 shown generally by Arrow V. 
The Figures are not to scale. 
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2 
Referring to the Figures, these illustrate the produc 

tion of a spherical or near spherical container suitable 
for use as a pressure vessel. Although a spherical con 
tainer is illustrated, it will be appreciated that other 
container shapes can be produced by the method of the 
invention by changing the shapes of the component 
parts. 
As illustrated, two discs 1 and 2 are cut from a sheet 

of an alloy containing about 6% aluminium, 4% vana 
dium, and 90% titanium with a microstructure such 
that it has super-plastic characteristics. One disc 2 is 
provided with a small aperture 3 over which is welded 
a pipe union 4 as shown in FIG. 2. The two discs are 
placed one on top of the other and are electron beam 
welded together around their common peripery to form 
an in?atable envelope. The electron beam is directed 
radially onto the periphery so that in cross-section the 
metallurgically bonded area is as shown in FIG. 4. The 
local area where fusion has taken place is shown at 5. 
A source of inert gas is connected by means of a pipe 

6 to‘the union 4 in readiness to pressurise the interior 
of the envelope. The pressure of the gas admitted to the 
interior is arranged to be variable up to a maximum of 
about 200 p.s.i. 
The envelope is then placed in an oven and heated to 

within the range 930°—950°C and then the pressure 
?uid is admitted initially at a relatively low pressure, 
say 50 p.s.i. The envelope in?ates gradually and, as it 
does so, the pressure is increased, to say 150 p.s.i. The 
rate of such in?ation is such that it is within the allow 
able strain rate range for the material of the envelope 
to retain its super-plasticity so that a spherically or 
near-spherically shaped vessel is formed as illustrated 
in FIG. 3. FIG. 5 shows how the weld area deforms dur 
ing the in?ation process; as is evident, the edges of the 
discs 1 and 2 tend to hinge about the weld fusion area 
5 to lie generally in line with one another. 
When a desired size of vessel is obtained, the pres 

sure is then reduced to atmospheric and the in?ated 
vessel is then allowed to cool. Should extra strength be 
required in the region of the weld fusion area 5, the ves 
sel is again welded in this area by the same or another 
suitable process. An improved joint is thus provided. 
To obtain local variations in the shape of the com— 

pleted pressure vessel, the envelope is expanded to 
contact a mould so that expansion is restricted in a de 
sired locality. > 
Where ducts are required on the surface of the ves 

sel, to provide a heat exchanger for example, these are 
produced by metallurgically bonding the edges 7 of 
strips 8 to the envelope. This is shown in FIG. 3. The 
strips are of similar material to the envelope and can be 
attached to the envelope at the same time as the discs 
1 and 2 are joined. On heating to within the super 
plasticity range, the volume between the strip 8 and the 
envelope is pressurised simultaneously with pressurisa 
tion of the envelope, so that the strips inflate to bulge 
away from the envelope. 
Pressure vessels produced in the manner described 

are capable of withstanding considerable pressure dif 
ferentials and are of relatively light weight. Moreover 
they are relatively simply and quickly produced. 
We claim: 
1. A method of producing a hollow metal vessel, in 

cluding the steps of: 
forming two similar substantially flat sheet members 
of a super-plastic metallic alloy having a composi 
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tion and microstructure such that, when heated to 
within an appropriate temperature range and 
where deformed within an appropriate range of 
strain rate, it exhibits the ?ow characteristics of a 
viscous ?uid; 

placing the sheet members in contiguous face-to-face 
relationship with each other and with their periph 
eries in register; ' 

forming an in?atable envelope by joining their pe 
ripheries together by means of a metallurgical 
bonding process which provides a peripheral 
bonded region; 

heating the envelope to within the temperature range 
for super-plasticity of the metallic alloy; and 

applying a differential pressure between the interior 
and the exterior of the envelope such that, as it ex 
pands as a balloon, the peripheries of the sheet 
members tend to hinge about the peripheral 
bonded region to lie generally in line with one an 
other. 

2. A method according to claim 1 wherein the sheet 
members are in the form of discs and the hollow metal 
vessel is ?nally of at least nearly spherical form. 

3. A method according to claim 1 wherein the sheet 
members are metallurgically bonded by a welding pro 
cess which forms a weld fusion area. 

4. A method according to claim 1 in which the appli 
cation of differential pressure is effected by introducing 
a pressurized inert gas into the envelope. 

5. A method according to claim 3 wherein, subse 
quently to expanding the envelope, the weld fusion 
area is subjected to further welding process. 

6. A method for producing a metal article compris 
mg: 
placing a pair of generally ?at sheets of metallic ma 

terial in contiguous face-to-face relationship with 
each other and in superposition so that their bor 
ders are substantially in registery; 

securing the two sheets together at the borders; 
opening a communication to the region enclosed by 

the sheets; 
heating the sheets to such an extent that they behave 
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4 
as super-plastic material; 

applying pressure through the communication to said 
region to in?ate the region and thus de?ect the 
sheets away from one another right to the borders 
thereof without disconnecting the securement at 
the borders; and 

permitting the resulting product to cool and the pres 
sure to return to ambient. 

7. The method of claim 6 wherein: 
the securing step is performed by forming a ?llet 
weld joining the outer edges of the two sheets along 
the borders thereof; and 

in the pressure applying step, the region is in?ated to 
such an extent that the two sheets, adjacent the 
borders, each rotate away from their initial position 
through about 90°, so that the two sheets, adjacent 
the borders and the ?llet weld become generally 
coplanar as seen in radial section. 

8. The method of claim 7 wherein the sheets are 
made of an alloy consisting essentially of: 

Constituent Weight Percent 

Ti 90 
Al 6 

-Continued 

Constituent Weight Percent 
Va 4 

wherein the temperature reached while in?ating the re 
gion lies in the range of 930°—950°C and wherein the 
pressure reached while in?ating the region lies in the 
range of 50-200 p.s.i. 

9. The method of claim 6 further including: 
positioning a mould adjacent at least one of the 

sheets before the in?ating has been completed, 
and, during the in?ating, causing the at least one 
sheet to bulge into engagement with the mould, in 
order to modify the shape of the product produced. 

* * * * * 


