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(57) ABSTRACT

A method of forming and a blank therefor, in which the blank
comprises a parent body and an insert, at least one of which is
made of a material which possesses superplastic properties.
The insert is joined to the parent body by friction stir welding.
The primary purpose of the invention is to provide a blank for
a forming process during which some parts of the blank are
required to deform to an extent which requires superplastic
properties, whereas the remaining parts of the blank are
deformed to a lesser extent.

10 Claims, 3 Drawing Sheets
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METHOD OF FORMING AND BLANK
THEREFOR

This invention relates to a method of material forming to
produce shaped parts, and to a blank for use in such forming.
The invention is particularly directed to the superplastic
forming (SPF) process utilising certain materials, primarily
metallic, which exhibit superplastic properties.

Superplasticity can be defined in various different ways,
but generally it is. A property exhibited by certain materials
whereby they are able, at an appropriate temperature and
strain rate, typically in the range 107> to 107%, to undergo
plastic deformation to very large (eg 200% or more) elonga-
tions under tension without rupture. High strain rate super-
plasticity may be defined as a minimum strain rate of 107> S+
and is typically found in materials produced by Equal Chan-
nel Angular Pressing (ECAP) or friction stir processing
(FSP). Materials which possess superplastic properties may
be formed, using processes such as SPF, into complex 3D
shapes such as are needed in the aerospace and automotive
industries.

Several materials exhibit superplastic properties, butonly a
relatively small number find commercial applications. These
include certain alloys of aluminium, titanium and nickel.
Various methods can be used to achieve the fine grain micro-
structure which is necessary for materials to exhibit super-
plasticity. Unfortunately these methods usually involve quite
complex and expensive processing to convert a base material,
which does not possess superplastic properties at all or only to
a small extent, into one which does possess the required
superplastic properties. For example, U.S. patent application
No. 2002/0079351 describes a technique in which superplas-
tic properties are generated locally in a parent metal using
friction stir welding (FSW). The blank thus created can
thence be deformed to create a desired 3D article by a forming
process such as forging, rolling, drawing, bending, extruding,
gas forming, punching or stamping. That part of the blank
which has been rendered superplastic by the FSW is suffi-
ciently ductile to deform to the required shape whereas the
remainder of the blank is not.

Friction stir welding is a relatively new technique. The
basic process is described, for example, in W093/10935 and
is typically used to join two workpieces. The process involves
plunging a rotating or reciprocating probe into the workpiece
to be joined, and moving the probe along the line of the join.
The heat generated by the frictional engagement of the probe
with the workpieces generates an area of plasticised material
which, after passage of the probe, joins across the join line to
weld the workpieces together.

In the present invention, we seek to achieve a blank which
is functionally similar to that obtained in the process
described in the above-mentioned U.S. patent application No.
2002/0079351 in that it comprises a limited area within the
parent metal which has superplastic properties and which
thus, during a subsequent forming process, will readily
deform to produce the required shape, leaving the remaining
material either not deformed at all, or deformed only to a
limited extent within its plastic capabilities. The technique of
the present invention leads, however, to a number of advan-
tages over the prior-art process, which advantages will
become apparent in the following description.

According to a first aspect of the invention there is provided
a method of preparing a blank for superplastic forming, said
method comprising the steps of joining an insert to a parent
body by means of friction stir welding, at least one of the
parent body and the insert being made of a material which has
superplastic properties.
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Any suitable method of forming can be used, such as those
listed above, but the preferred method is superplastic forming
at elevated temperature with pressurised fluid, as will be
described in more detail below.

In accordance with a second aspect of the invention there is
provided a blank for use in a superplastic forming process in
which a limited region or regions of the blank are required to
deform to a greater extent than the remainder, said blank
comprising a parent body and an insert joined thereto by
means of friction stir welding, at least one of the parent body
and the insert being made of a material which has superplastic
properties, and wherein that part of the blank which has said
superplastic properties is positioned so as to correspond to a
respective limited region.

The use of the terms “parent body” and “insert” are not
intended to simply any particular size relationship between
the two, but are used simply to enable the two parts to be
readily distinguished. It will, however, often be the case that
the part of the blank that is superplastic will be the smaller in
size since investigation has shown that, in many cases, it is
only a relatively small proportion of a blank that is subjected
to deformation, during the forming process, of sufficient mag-
nitude to warrant the need for a superplastic material. Thus,
fabricating the whole blank of superplastic material is often
unnecessary and, since such materials are more expensive to
produce, costs can be saved by using as little as possible of the
superplastic material. However, we do not wish to exclude the
possibility that the remainder of the blank is also of super-
plastic material and, indeed, the degree of superplasticity of
the parent body, whilst normally different to that of the insert,
may in certain circumstances be of a similar level to or equal
to that of the insert.

Inthe preferred embodiment it is the insert that is formed of
superplastic material, and the parent body is formed from a
material which is either not superplastic at all, or is superplas-
tic to a lesser extent. For simplicity of description, this
arrangement will be assumed hereafter. Thus, during the
forming process, there are two possibilities:—

1) The parent body remains undeformed during the form-
ing process, deformation only occurring within the
insert;

2) Both the parent body and the insert are deformed during
the forming process, but the insert is positioned in that
region which requires an amount of deformation suffi-
cient to warrant the use of a superplastic material, the
remaining parts being deformed to a lesser extent than
this.

The blank may be formed of multiple inserts, each fre-
quency stir welded to the parent body. Some or all of these
inserts may be made out of superplastic material. In addition,
the or each insert may further be provided with means
whereby it may perform a mechanical function, for example
stiffening or providing a threaded bore for a fastening in the
finished part.

The or each insert may be positioned in relation to the
parent body in various different ways. For example an insert
may simply abut one edge of the parent body and be joined
along the abutting edge. Alternatively, the parent body may be
cut out to receive the insert, either by way of slot opening into
an edge ofthe parent body, or by way of a closed cut-out in the
parent body. In a further alternative, the insert may overlie the
parent body and be joined thereto, thus forming a two-layered
composite structure in the area of the insert. Such an insert
may more properly perhaps be referred to as a patch, since it
is not “inserted” into an opening in the parent body. Thus the
word “insert” as used herein should be construed with this in
mind. Where a two-layered region is formed by a patch-type
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insert, care needs to be taken with the properties of the under-
lying material of the parent body; clearly the superplasticity
of the two-layered structure is dictated by both layers, and if
the plasticity of the parent body, at least in the region con-
cerned, is not the same as or similar to that of the insert, then
the overall superplasticity may be impaired. In a still further
alternative, an insert and a patch may be used, by joining a
patch in such a way as to wholly or partially overlie an
existing insert thus forming, in effect, a composite insert
comprising two layered parts. In practice, both parts of such
acomposite insert may be joined to the parent body in a single
FSW operation.

A particular benefit of friction stir welding as a joining
method is that it is a solid state process in which there is no
melting, unlike conventional fusion welding where melting
occurs. Accordingly the superplastic properties of the or each
insert are not impaired during the joining process; indeed in
the immediate area of the join they may be enhanced. In
addition the area of superplasticity may be extended for a
short distance into the parent body (see the above-mentioned
U.S. patent application No. 2002/0079351). By contrast,
fusion welding creates a cast material in the area of the join,
together with heat-affected areas leading to reduced ductility.

The or each insert may or may not be the same thickness as
the parent body. In one embodiment the insert is thicker than
the parent body, but tapers at its edges so as to avoid a step
where it joins the parent body. Such a step would be undesir-
able in the event that FSW is used since the FSW tool is
normally waisted and thus a substantially equal thickness on
each side of the join is desirable, although techniques for
FSW welding of sheets presenting different thicknesses along
the line of the join are now available.

One or both surfaces of the insert may be contoured to
achieve particular desired properties, as will be explained in
more detail hereinafter.

Making the insert thicker and/or contouring the surface of
the insert is usually carried out either to compensate for local
thinning of the material during forming, or for mechanical
reasons such as a requirement for local stiffening, or the need
to secure a fastening. It will be seen that, where thinning is a
particular concern, the parent body and the insert may both
have superplastic properties and moreover, the superplastic-
ity of the insert may be little, or even no, greater than that of
the parent body. Generally speaking however, as already
mentioned, the superplasticity of the insert will be greater
than that of the parent body.

Where there are multiple inserts, they may have different
thickness, according to the particular requirement at their
location; likewise some may be contoured, others not, or there
may be a mixture of contouring and different thicknesses
amongst the various inserts.

As well as having a higher degree of superplasticity from
the parent body, the or each insert may be in a different
metallurgical condition, for example may have a different
temper, degree of hardening or grain size. It may also have a
different chemical composition, or may even be a different
material entirely.

The preferred shape of the blank is sheet-like or plate-like,
but it could be tubular, or an extrusion or casting, depending
upon the circumstances. The component parts making up the
blank—i.e. parent body and insert(s) will be shaped to give
the required final shape to the blank. The thickness of the
materials used to fabricate the blank are selected to meet the
particular requirements of use. FSW has been demonstrated
to work down to a thickness of about 1.2 mm and, at the upper
end, pneumatic superplastic forming of plates 10 mm thick or
possibly thicker still can be contemplated. Such thick plates
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can be readily joined by friction stir welding but for super-
plastic forming the material would preferably incorporate
materials having a grain size of 10 microns or less, preferably
5 microns or less, which inherently have very low flow stress
making, for example, pneumatic forming, a realistic possibil-
ity.

The most likely materials for the components of the blank
are metallic materials such as aluminium, but plastics mate-
rials are also possible.

The time needed to form a sheet metal part by SPF is
dictated by the superplastic characteristics of the starting
sheet, the process conditions (temperature and applied pres-
sure) and the degree of strain required to stretch the sheet into
conformance with the mould. Superplastic deformation is
achieved over a discrete strain rate range within which the
material exhibits a high strain rate sensitivity. For a given
alloy this superplastic strain rate range can be modified by the
prevailing grain size. Within limits larger grains: slower form-
ing, finer grains: faster forming. Additionally, finer grain size
results in a lower flow stress for a given rate of forming. This
knowledge has led to the development of “high strain rate”
fast forming superplastic alloys. Such alloys may be of con-
ventional composition but have been thermo-mechanically
processed by processes such as “equal channel angular press-
ing” (ECAP) or “friction stir processing” (FSP) to yield ultra
fine stable grain size, or they have been produced by exotic
processing methods such as mechanical alloying and physical
vapour deposition.

These “fast forming™ alloys have some common limita-
tions. They are expensive to produce and have not, at least as
yet, shown the ability to be easily scaled up to produce full
size sheets. These limitations have meant that their promise of
faster superplastic forming for commercial parts production
has not been realised.

The present invention enables the utilisation of these “fast
forming” materials as local inserts in regions of higher strains
within a more cost-effective larger sheet of “regular” super-
plastic alloy or conventional non-superplastic material. This
allows the “combination sheet” to form more quickly and for
the high cost of the insert material, to have limited impact on
overall cost.

In order that the invention may be better understood, sev-
eral embodiments thereof will now be described by way of
example only and with reference to the accompanying draw-
ings in which:

FIGS. 1 to 4 are diagrammatic plan views of rectangular
blanks suitable for use in the method of the present invention;

FIGS. 5A, B and C are views similar to those of FIG. 1,
showing three further configurations of blank;

FIGS. 6A to F illustrate the sequence of steps in a typical
forming method according to the invention;

FIG. 7 is a diagrammatic perspective view of the shaped
part to be made using the method illustrated in FIG. 6; and

FIGS. 8A-F are a series of sectional views for the purpose
of clarifying the manner in which an insert may be joined to
a parent body of sheet-like material.

Referring firstly to FIG. 1, there is shown a blank 1 of
rectangular shape, and made out of sheet material. It will be
understood that the size and shape of the blank will be dic-
tated by the individual requirements and will not necessarily
be as shown.

The blank has a composite structure comprising a parent
body 2 and an insert 3, the latter being shown shaded. The join
between the insert and the parent body 2 is made by welding,
using the technique of friction stir welding. Friction stir weld-
ing is effected by passing a rotating or reciprocating tool
along the joint line, and this is illustrated diagrammatically in



US 7,523,850 B2

5

FIG. 1, with the tool being represented by the reference 4. In
the case of a rotating tool, the tool 4 rotates about an axis
which is vertical or near vertical to the general plane of the
blank and is moved into the joint at the arrow marked IN,
thence round the join line, and exits the joint at the arrow
marked OUT.

As will be explained in more detail below, the blank illus-
trated in FIG. 1 is subject to a hot forming operation to
produce a 3D article of desired shape. During this operation
the material of the bank will be deformed and the inherent
plasticity of the material of the blank is relied upon during this
deformation. However, the inherent plasticity may not be
sufficient to produce complex shapes, including such features
as sharp curves and corners, and here a material having super-
plastic properties may be required. In practice, it is often the
case that only a part of the blank needs to have superplastic
properties, since the remainder of the blank is either not
deformed at all during the forming process, or is deformed
only to an extent that is within its inherent capabilities. In such
cases, it is clearly wasteful to provide a blank which is made
wholly of the expensive superplastic material when only a
small part is subject to deformation sufficient to need super-
plastic properties.

The blank illustrated in FIG. 1 meets this requirement by
providing that just a part of the blank, namely the insert 3 is
made of a material having superplastic properties. The parent
body 2 can be of conventional sheet material, although the
invention does not preclude the possibility that the parent
body also has superplastic properties, but to a lesser extent.
Thus, in a particular example, the parent body 2 is made of
low-cost conventional aluminium alloy sheet, whereas the
insert 3 is made from a more expensive superplastic alu-
minium alloy. Note, however, that the insert and the parent
body do not both have to be of the same material (aluminium
in this case); the insert could be a superplastic variety of some
other material.

The insert 3 is made of such a size and shape, and is
positioned with respect to the parent body 2, such that it
corresponds to that area of the blank 1 which requires super-
plastic properties. In addition, it will be seen from the above-
referred to patent application No. U.S. 2002/0079351 that the
use of FSW can itself create or enhance superplastic proper-
ties in a material which would otherwise not possess such
properties, and it will thus be seen that the area of superplas-
ticity might in fact be extended into the parent body 2 in the
immediate vicinity of the weld line during the FSW process.

The exact shape and location of the insert with respect to
the parent body can be determined in various ways. For
example computational simulation methods such as non-lin-
ear finite modelling may be used to analyse the variation of
thickness that will result during the forming process. The
contoured thickness and location of the insert necessary to
achieve a uniform final thickness after deformation can then
be calculated. Alternatively, forming trials may be performed
using a biaxial grid marked sheet to determine regions of high
strain in the formed part, and the origin of these regions on the
unformed flat sheet.

FIGS. 2 to 4 illustrate various blanks having differently
shaped and/or positioned inserts 3. The blank shown in FIG.
2 is the same as that shown in FIG. 1, except that the insert 3
has a different shape. The blank shown in FIG. 3 has an insert
3 which is completely surrounded by the material of the
parent body 2. In this case the route of the FSW tool 4 is as
shown, being shown dotted where the route passes through
the material of the parent body 2 and in solid where it passes
round the joint line itself. Since a complete passage round the
joint line returns the FSW tool to the point at which it started,
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it is most convenient to have the tool leave the blank by the
same route as it entered. The blank shown in FIG. 4 has two
inserts 3.1 and 3.2, each being shaped as required for the
particular application. Each insert is joined around its perim-
eter to the parent body 1 by FSW. In the case of insert 3.1, the
FSW tool 4 is plunged into the joint line at some point, then
moved around the joint line and back to the same point, at
which point the tool is removed and the resultant hole
plugged. In the case of insert 3.2, the same technique as is
used in the blank of FIG. 3 is used to effect welding of the
joint.

FIG. 5 shows 3 more blanks suitable for use with the
method of the present invention, each of these having differ-
ently shaped and positioned inserts. It will be understood that
these inserts will be joined to the parent body by FSW; in the
case of the embodiment shown in FIG. 5B, this will involve
two separate welds. The thickness of the or each insert 3 may
be the same as or different to that of the parent body 2. This
will enable that part of the blank which comprises the insert to
have different mechanical properties to the remainder, a fea-
ture which may be required in the finished part, or in the
forming process itself. In particular, making the insert thicker
than the parent body will not only stiffen that part of the blank
but also may compensate, wholly or in part, for any thinning
which occurs during the forming process. Thus, by selecting
an appropriate additional thickness before forming, a near
uniform thickness can be achieved in the part after forming,
even despite the different strain levels. Alternatively, the
insert may be made of sufficient thickness to leave a thickened
region in the formed part. Such a thickened region might be
required for functional reasons, for example, to give greater
strength or stiffness, or to provide for a threaded connection.

To facilitate FSW of an insert which is of different thick-
ness, it is preferred to bring the thickness of the facing edge
along the join line to be the same.

As well as or instead of making the insert of different
thickness than the parent body, the surface of the insert may
be contoured to provide a varying thickness across its area.
Such contouring may be applied to one or both surfaces of the
insert although usually the contoured face will be on the side
that does not come into contact with the tool (i.e. it will be on
the fluid side). Insofar as such contouring may result in the
facing edges of the join line being of different thickness, it is
desirable, as before, to bring these facing edges to the same
thickness to facilitate the passage of the FSW tool.

Itis envisaged that the blanks shown in FIGS. 1 to S may be
used in a forming process utilising a heated mould and fluid
pressure to stretch the blank into contact with the mould
surface. The position, size and shape of the insert 3 will be
such that that part of the blank which comprises the parent
body 2 will be brought into contact with that part of the mould
whose geometry is such that it requires only a modest strain in
the blank (within the capabilities of the parent body) whereas
that part of the blank which comprises the insert will be
brought into contact with that part of the mould whose geom-
etry requires a higher strain which is not within the capabili-
ties of the material of the parent body (for example because
such strain would result in excessive thinning or require pro-
tracted forming times) but can be formed successfully from
the more expensive superplastic material of the insert. The
benefit is thus that the cost of the composite blank (parent
body 2+insert 3) will be less than a blank fabricated wholly
from the more expensive superplastic material. Currently
many parts formed from superplastic materials have only
relatively small local regions, often amounting to less than
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10% ofthe total area of the blank, where significant strain (for
example greater than 50%) is needed to create the geometry
of the desired part.

There will now be described, with reference to FIGS. 6 and
7, atypical sequence of operations in forming a shaped part in
accordance with the method of the invention. The part to be
formed is illustrated diagrammatically in FIG. 7, in which the
hatched region 5 containing sharp curves and corners is
assumed to be one which, during the forming process, will
cause high strain in the material to be used to fabricate the
part.

The first step in the process (FIG. 6A) is to select a suitable
piece 6 of sheet material to form the parent body 2. A piece 7
of' material is then cut out of the sheet 6 (FIG. 6B) to leave a
correspondingly-shaped hole 8 in sheet 6.

Meanwhile a sheet 9 of a material exhibiting superplastic
properties is selected and a piece 10 is cut from this sheet,
corresponding in size and shape to the hole 8 in sheet 6 (FIG.
6C). It is assumed that the remaining pieces cut out of the
sheet 9 will be used to fabricate subsequent blanks. A section
11-11 through piece 10 is represented by the dotted frame 11.
As detailed in enlargement 12, the piece 10 may optionally
have a contoured surface 16, providing additional thickness at
13, for example to compensate for local thinning, as
explained above.

The piece 10 is now fitted into the hole 8 and welded in
place to complete the blank 1 using FSW (FIG. 6D). Thus it
will be seen that the piece 6 of FIG. 6B becomes the parent
body 2 ofthe blank 1, and the piece 10 of FIG. 6C becomes the
insert 3 of the blank 1.

The completed blank 1 is now placed over a mould 14
having a cavity 15 shaped to correspond to the part to be
formed (FIG. 6E). It will be noted that the insert 3 is posi-
tioned so as to correspond to the region 5 in the part to be
formed. Usually, the blank is clamped around its edges before
fluid pressure, as represented by arrows A,B is now applied to
stretch the material of the blank into the mould cavity 15
(FIG. 6F), thus producing the shape required, as shown in
section on the right-hand side of FIG. 6F. It will be seen that,
during this forming process, part of the parent body is
deformed, but not to an extent beyond that of which it is
capable. For this purpose, the inherent plasticity of the mate-
rial of the parent body may be relied upon, or it may be
enhanced by treating it to give a level of superplasticity suf-
ficient to enable it to undergo the deformation required of it.
It will be seen that a complex part might have several areas of
different superplasticity, including some areas which do not
exhibit superplasticity at all, these being fabricated with one
or more inserts FSW welded into the parent body to provide
a potentially quite complex distribution of levels of super-
plasticity across the blank. It will also be seen that it is
possible to provide an insert within an insert to achieve such
multiple levels of plasticity. The use of inserts makes such
complex arrangements possible.

Referring now to FIG. 8, there are shown a series of views
intended to clarify the various ways in which an insert 3 can
be fitted to a parent body 2 to fabricate ablank 1 in sheet form.
FIG. 8A shows the parent body 2 having a prepared hole 20 to
receive the insert 3. FIG. 8B shows the insert after fitting, and
illustrates at 21,22 the weld areas created by FSW. It will be
noted that the thickness T of the insert is the same as that of the
parent body. FIG. 8C shows a view similar to that of FIG. 8B,
but in which the upper surface of the insert is contoured, as
discussed above. FIG. 8D shows the joining of an insert 3 in
the form of a patch onto the parent body 2 in order to create a
layered structure. References 23 and 24 show the FSW welds
required to effect joining. Reference 25 shows a further
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optional weld which may be needed for added strength and/or
where the insert is of a larger size. FIG. 8E is similar to FIG.
8D, but shows an insert in the form of a patch having a
contoured upper surface. FIG. 8F shows the joining of an
insert 3.1 in the form of'a patch over an existing insert 3.2 such
as illustrated in FIG. 8B in order to form a layered insert.
Advantageously both parts 3.1 and 3.2 of the layered insert
have a similar level of superplasticity so that the performance
of one part does not impair the other. References 21 to 24
shows the various FSW welds which are used to attach the
insert part 3.2 to the parent body (welds 21,22) and to attach
the insert part 3.1 to the insert part 3.2 (welds 23,24) although
the welds may be arranged differently, as required.

There now follows some non-limiting examples of combi-
nations of parent body/insert materials that could be used in
the present invention. In each case the materials are alu-
minium alloy sheet identified using their Aluminum Associa-
tion international alloy designations, that on the left being the
parent body, that on the right, the insert:

(1) Standard AA 5083 to Superplastic AA 5083

(i1) Standard AA 2024 to Superplastic AA 2004

(iii) Standard AA 7075 to Superplastic AA 7475

(iv) Standard AA 6061 to Superplastic AA 2004

Typical starting gauges might be 1.9 mm (0.075 inches) of
standard AA 7075 (for the parent body), and a 4.45 mm
(0.175 inches) contoured insert of superplastic AA 7475. In
this example, the bulk of the superplastically formed blank
has only 50% thickness strain apart from a local area, repre-
sented by the insert, where the strain level reaches 250%. This
combination of starting gauges would result in a more uni-
form overall thickness after SPF of about 1.27 mm (i.e. no
local “thinness” in the high strain region).

The insert may be made from exotic materials containing
expensive alloying elements such as scandium as described in
U.S. Pat. No. 5,055,257 that have greatly improved super-
plastic properties. Another alternative could be the alloys
developed by Grimes et al at Imperial College London pro-
duced by rapid cooling of liquid aluminium alloys containing
0.5 to 1.0% Zr as described in the ESPRC Report
GR/L43848.

The invention claimed is:

1. A method of preparing a blank for superplastic forming
comprising:

providing an insert and a parent body, at least one of the

insert and the parent body being made of material which
homogeneously exhibits superplastic properties prior to
the start of a friction stir welding process;

joining the provided insert and the provided parent body by

friction stir welding; and

wherein the material that homogeneously exhibits super-

plastic properties is capable of deforming at least 200%
without fracturing.

2. A method as claimed in claim 1 wherein friction stir
welding is carried out using a tool which is passed along the
joint line between the insert and the parent body.

3. A method of preparing a blank for superplastic forming
comprising:

providing an insert and a parent body, the parent body

having a cutout into which the insert fits, at least one of
the insert and the parent body made of a material which
exhibits superplastic properties prior to the start of a
friction stir welding process:

joining the insert and the parent body by friction stir weld-

ing; and

wherein the material that exhibits superplastic properties is

capable of deforming at least 200% without fracturing.
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4. A method as claimed in claim 3 wherein said cutout
opens into an edge of the parent body so that the insert, when
joined to the parent body, forms at least part of the external
edge of the blank.

5. A method as claimed in claim 3 wherein said cutout is
closed, thus forming a hole passing through the parent body.

6. A method of forming a blank for superplastic forming
comprising:

providing an insert and a parent body, the insert being made

of a first material which exhibits superplastic properties
prior to the start of a friction stir welding process and the
parent body being made of a second material which,
prior to the start of a friction stir welding process, exhib-
its superplastic properties to a lesser extent than the first
material;

joining the insert and the parent body by friction stir weld-

ing; and

wherein the first material and the second material are

capable of deforming at least 200% without fracturing.

7. A method of forming a blank for superplastic forming
comprising:

providing multiple inserts and a parent body, one or more

of atleast one of the multiple inserts and the parent body
being made of a material which exhibits superplastic
properties prior to the start of a friction stir welding
process, the at least one of the inserts having a different
level of superplasticity than the parent body;

joining the multiple inserts and the parent body by friction

stir welding; and

wherein the material that exhibits superplastic properties is

capable of deforming at least 200% without fracturing.

8. A method of preparing a blank for superplastic forming,
said method comprising steps of joining an insert to a parent
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body by means of friction stir welding, at least one of the
parent body and the insert being made of a material which
homogeneously exhibits superplastic properties prior to the
start of the friction stir welding process; and wherein the
material that exhibits superplastic properties has a minimum
strain rate of 107> 87"
9. A method of preparing a blank for superplastic forming,
said method comprising the steps of:
taking an insert and a parent body at least one of which is
homogenously made of a material which has superplas-
tic properties;
bringing the insert and the parent body together to form a
junction between the two;
carrying out friction stir welding along the junction of the
insert and the parent body to join the insert and the parent
body to produce said blank; and
wherein the material that exhibits superplastic properties
has a minimum strain rate of 107 S7".
10. A method of preparing a blank for superplastic form-
ing, said method comprising the steps of:
taking an insert and a parent body at least one which is
made of a material which has superplastic properties;
bringing the insert and the parent body together to form a
junction between the two;
carrying out friction stir welding along the junction of the
insert and the parent body to join the insert and the parent
body to produce said blank in the form of a composite
material in which that part which corresponds to the
insert has a different level of superplasticity than that
part which corresponds to the parent body; and
wherein the material that exhibits siperplastic properties is
capable of deforming at least 200% without fracturing.
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