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(57) Abstract: The mould (10) includes at least one part (20), intended to be in contact with the component (12) being moulded,
made from sintered vitreous silica. According to the process, said component (12) is formed by the superplastic forming in the
mould (10) of a plate (18) made of a material capable of undergoing superplastic deformation, for example titanium or titanium
alloy, aluminium or aluminium alloy, or any material exhibiting superplastic properties. Preferably, a barrier is formed between at
least a part of the contact surfaces of the mould (10) and the component (12) being moulded, for example by coating with boron
nitride, at least partially, the contact surfaces of the mould (10) and the component (12) being moulded, before placing the plate (18)
in the mould (10), and/or by injecting an inert gas, notably helium or argon, between the contact surfaces of the mould (10) and the

component (12) being moulded.
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Superplasticity forming mould and mould insert

[0001] The present invention relates to a mould, an insert, a device and a process for the
shaping of a component by superplastic forming, and to a component obtained by this
process.

[0002] Under certain conditions of temperature and mechanical stresses, certain
materials such as titanium, titanium alloys, aluminium or certain of its alloys, certain
steels, etc., exhibit superplasticity, i.e. the capacity to undergo a large amount of
deformation without rupture. This property makes it possible to manufacture
components of complex shape by a process of superplastic moulding commonly referred
to by the acronym SPF (SuperPlastic Forming) ,

[0003] Metal moulds are already known in the current state of the art for the shaping of
components by superplastic forming. Such metal moulds are relatively costly as they are
fabricated in special alloys and require cdmplex machining operations. Furthermore, the
metal moulds consume a large quantity of energy for heating to a temperature suitable for
thérmoplastic moulding and are sensitive to uneven temperature distribution and to
temperature variations which can lead to deformation of the moulds

[0004] In order to remedy these drawbacks as far as possible, a mould has been proposed
in the current state of the art, notably in US-A-4,984,348, US-A-5,661,992 or
US-A-5,214,949, for the shaping of a component in titanium or titanium alloy by
superplastic forming. The mould normally comprises a base in which a moulding cavity is
formed, and a cover, between which a titanium or titanium alloy plate is designed to be
placed. In accordance with a conventional process, the mould is heated, the plate is
clamped between the base and the cover, then an inert gas is injected under pressure
between the cover and plate. Under the effect of the gas pressure, the plate undergoes
superplastic deformation and assumes the shape of the mould cavity.

[0005] US-A-4,984,348, US-A-5,661,992 and US-A-5,214,949 describe moulds fabricated
at least partially in ceramic. This material is more particularly a refractory concrete
generally consisting of a filler based on granular vitreous silica and a binder based on
aluminate or silicate.

[0006] In a refractory concrete, the binder forms a matrix within which the granular filler
is held. However, under certain conditions, the grains of the granular filler are capable of
being separated from the matrix. In particular, a material such as titanium or a titanium
alloy brought to a superplastic state in a refractory concrete mould enters the micro-
cavities in the surface of the mould in contact with the material being moulded. Upon
demoulding of the formed items, this leads to separation of material at the surface of the
mould and/or to defects at the surface of the formed items. In addition, the mould suffers
premature wear. These drawbacks result in numerous moulded components being

rejected.
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[0007] Furthermore, under conditions of superplastic moulding, the materials forming
the binder of the refractory concrete of which the mould is made, such as aluminates or
silicates, tend to migrate into the moulded component to a depth that may reach several
microns. Such surface contamination of the moulded component is not acceptable in
certain applications, notably in the case of moulded components in titanium or titanium
alloy intended for use in the aircraft industry.
[0008] The purpose of the invention is to propose a mould for the shaping of a component
by superplastic forming resistant to wear and thermal shocks capable of producing a
component presenting a highly satisfactory surface finish.
[0009] To this end, the object of the invention is a mould for the shaping of a component
by superplastic forming, notably a component made of titanium or titanium alloy,
aluminium or aluminium alloy, or of any material exhibiting superplastic properties,
characterised in that it includes at least one part, designed to be in contact with the
component to be moulded, made from sintered vitreous silica.
[0010] According to other characteristics of this mould :
the part of the mould in sintered vitreous silica constitutes a mould insert ;
the mould includes means designed to form a barrier between at least a part of the
contact surfaces of the mould and the component being moulded ;
the means designed to form a barrier include a coating of boron nitride covering at least
partially the surface of the part of the mould in contact with the component being
moulded ;
the means designed to form a barrier include means of injection of an inert gas, notably
helium or argon, at the surface of the mould in contact with the component being
moulded.
[0011] The object of the invention is also an insert for a mould for the shaping of a
component by superplastic forming, notably a component in titanium or titanium alloy, in
aluminium or aluminium alloy, or in any material exhibiting superplastic properties, the
insert being of the type delineating a moulding surface designed to be in contact with the
component being moulded, characterised in that it is made from sintered vitreous silica.
[0012] The object of the invention is also a forming device of the type comprising a press
equipped with two platens between which is interposed a mould for the shaping of a
component by superplastic forming, notably a component in titanium or titanium alloy, in
aluminium or aluminium alloy, or in any material exhibiting superplastic properties,
characterised in that the mould is a mould as defined above.
[0013] According to another characteristic of this device, a heating block, preferably made
of ceramic, is interposed between each press platen and the mould.
[0014] The object of the invention is also a process for forming a component, of the type
in which said component is shaped by the superplastic forming in a mould of a plate

made of a material capable of undergoing superplastic deformation, notably titanium or
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titanium alloy, aluminium or aluminium alloy, or any material exhibiting superplastic
properties, characterised in that the plate is placed in a mould as defined above.
[0015] According to other characteristics of this process :
a barrier is formed between at least a part of the contact surfaces of the mould and the
component being moulded ;
the barrier is formed by coating with boron nitride, at least partially, the contact surfaces
of the mould and the component being moulded, before the plate is placed in the mould ;
the barrier is formed by injecting an inert gas, notably helium or argon, between the
contact surfaces of the mould and the component being moulded.
[0016] The object of the invention is also a component, notably made of titanium or
titanium alloy, aluminium or aluminium alloy, or any material exhibiting superplastic
properties, characterised in that it is obtained by a process as defined above.
[0017] The invention will be better understood by reading the following description which
is given purely by way of example and made with reference to the figures in which :
figure 1 is a sectional view of a mould according to the invention;
figure 2 is a diagrammatic view of a component obtained by the process according to the
invention ;
figures 3 to 5 are diagrammatic views of a forming device according to the invention.
[0018] Figure 1 illustrates a mould according to the invention, designated by the general
reference 10. This mould is designed to shape a component 12, such as that illustrated in
figure 2, by superplastic forming.
[0019] The component 12 is for example made of titanium or a titanium alloy such as
TA6V. The component could be made in other materials capable of undergoing
superplastic deformation, for example aluminium.
[0020] The mould 10 illustrated in the example in figure 1 includes a base 14 and a cover
16 between which a plate 18 in a material capable of undergoing superplastic
deformation is intended to be interposed. The base 14 is fitted with an insert 20
delineating a moulding surface designed to be in contact with the component being
moulded. As a variant, the moulding surface may be incorporated directly into the base
14.
[0021] According to the invention, the mould 10 includes at least one part designed to be
in contact with the component being moulded, made from sintered vitreous silica. The
parts of the mould in sintered vitreous silica may thus include the base 14, the insert 20
and/or the cover 16.
[0022] Sintered vitreous silica, the use of which in the field of the invention has hitherto
been deprecated by the person skilled in the art - notably by reason of its thermal
insulating properties which are in principle incompatible with heating of the mould - is
found to present numerous advantages in the invention, notable among which are the

following.
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[0023] Sintered vitreous silica exhibits practically no sensitivity to uneven temperature
distribution. For this reason, there is no necessity to calculate the shape of the mould
which is a requirement in the case of conventional metal moulds.
[0024] Furthermore, sintered vitreous silica is composed of grains of silica bound together
by partial fusion during the sintering process. The grains of silica in this sintered
structure are highly resistant to separation, unlike the grains of silica in a refractory
concrete (ceramic) structure.
[0025] In addition, the structure of the sintered silica, which does not include any binder,
is composed of a highly pure vitreous silica phase which does not pose a risk of
contaminating the component being shaped by superplastic forming in the mould, unlike
the situation observed in the case of a refractory concrete in which the binder tends to
contaminate the moulded component.
[0026] Finally, the quantity of energy required to bring the mould or the part of the mould
made of sintered vitreous silica to the temperature required for superplastic moulding is
relatively small compared with the energy required in the case of a conventional metal
mould. Once the mould or part of the mould has reached the required temperature, the
sintered vitreous silica presents a calorific inertia making it possible to advantageously
limit the temperature variations of the mould during successive moulding cycles.
[0027] The mould 10 illustrated in figure 1 is designed to be placed in a forming device 22
such as that illustrated in figures 3 to 5. In these figures, the insert 20 is not shown.
[0028] The forming device 22 includes a press 24 equipped with two platens, lower 26
and upper 28, between which is interposed the mould 10. A lower heating block 30 is
interposed between the lower press platen 26 and the base 14 of the mould. An upper
heating block 32 is interposed between the upper press platen 28 and the cover 16 of the
mould. These heating blocks 30, 32, of conventional type, are preferably made of ceramic.
[0029] In the example illustrated in figures 3 to 5, the forming device 22 includes
conventional means 34 of injecting an inert gas such as helium or argon under pressure
between the cover 16 and the plate 18. This gas under pressure is designed to deform the
plate 18 so as to press it against the forming surface of the base 14.
[0030] In order to bring the plate 18 to conditions suitable for superplastic forming, the
mould 10 is heated by heat transfer from the heating blocks 30, 32 to the base 14 and the
cover 16.
[0031] To mould the plate 18, the latter is placed into the open mould 10 as illustrated in
figure 4, between the base 14 and the cover 16. The mould 10 is then closed, as
illustrated in figure 1, to clamp the plate 18 between the base 14 and the cover 16. The
plate 18 thus forms a seal between the base 14 and the cover 16. The heat from the
heated mould 10 is transferred to the plate to raise it to a temperature suitable for
superplastic forming. When the desired temperature conditions are reached, inert gas is

injected under pressure into the mould to deform the plate 18, as illustrated in figure 5.
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[0032] After forming, the component is removed from the mould 10 in accordance with
conventional demoulding practice.
[0033] In order to avoid the formation of undesirable oxides at the surface of the moulded
component, notably oxides of titanium, and diffusion of these oxides into the mould, a
barrier is preferably formed between at least part of the contact surfaces of the mould and
the component being moulded.
[0034] Such a barrier is formed for example by coating with boron nitride, at least
partially, the contact surfaces of the mould and the component being moulded, before the
plate 18 is placed in the mould. Where appropriate, the boron nitride coating is applied to
the plate only or to the mould only. The boron nitride coating is formed on the plate for
example by spraying,.
[0035] The barrier may also be formed by injecting an inert gas, notably helium or argon,
between the contact surfaces of the mould and the component being moulded. To this
end, the forming device 22 includes means 36 (shown diagrammatically by an arrow in
figure 5) for injecting this inert gas between the base 14 and the plate 18, i.e. in contact
with the surface of the plate opposite that on which the gas pressure intended to deform
the plate 18 is applied.
[0036] The gas injection means 36 include for example means of diffusing the gas
through at least part of the sintered vitreous silica mould, thereby utilising the porosity of
this material to advantage, or through holes in the mould conveying the gas to the surface
of the mould intended to be in contact with the moulded component.
[0037] The pressure of the gas injected between the base 14 and the plate 18 is adjusted
s0 as not to impede the deformation of the plate against the forming surface of the base.
The gas injected between the cover 16 and the plate 18 supplies the energy required to
deform the plate 18 and also forms a barrier in the same way as the gas injected between
the base 14 and the plate 18.
[0038] Of course, the boron nitride coating and the gas barrier can be used in
combination.
[0039] Among the advantages of the invention, it will be noted that it permits the shaping
of a component by superplastic forming by means of a mould, fabricated at least partially
from vitreous silica, resistant to wear (no separation of silica grains) and thermal shocks.
The mould according to the invention thus makes it possible to obtain a component

presenting a highly satisfactory surface finish.
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CLAIMS

10.

Mould (10) for the shaping of a component (12) by superplastic forming,
characterised in that it includes at least one part, designed to be in contact with the

component (12) to be moulded, made from sintered vitreous silica.

Mould (10) according to claim 1, characterised in that the part of the mould (10) in

sintered vitreous silica constitutes an insert (20) of the mould (10).

Mould (10} according to claim 1 or 2, characterised in that it includes means
designed to form a barrier between at least part of the contact surfaces of the mould

(10) and the component (12) being moulded.

Mould (10) according to claim 3, characterised in that the means designed to form a
barrier include a boron nitride coating covering at least partially the surface of the
part of the mould (10) in contact with the component (12) being moulded.

Mould (10) according to claim 3 or 4, characterised in that the means designed to
form a barrier includes means (36) of injecting an inert gas, notably helium or argon,
at the surface of the part of the mould (10) in contact with the component (12) being

moulded.

Insert (20) for mould (10) for the shaping of a component (12) by superplastic forming,
the insert (20) being of the type delineating a moulding surface designed to be in
contact with the component (12) being moulded, characterised in that it is made

from sintered vitreous silica.

Forming device of the type including a press equipped with two platens (26, 28)
between which is interposed a mould (10) for the shaping of a component (12) by
superplastic forming, characterised in that the mould (10) is a mould (10} according

to any one of claims 1 to 5.

Device according to claim 7, characterised in thata heating block (30, 32}, preferably

made of ceramic, is interpoéed between each press platen (26, 28) and the mould (10).

Process for forming a component (12), of the type in which said component (12) is
formed by the superplastic forming in a mould (10} of a plate (18) made of a material
capable of undergoing superplastic deformation, characterised in that the plate (18)

is placed in a mould (10) according to any one of claims 1 to 5.

Process according to claim 9, characterised in that a barrier is formed between at
least part of the contact surfaces of the mould (10) and the component (12) being

moulded.
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11. Process according to claim 10, characterised in that the barrier is formed by coating
with boron nitride, at least partially, the contact surfaces of the mould (10) and the
component (12) being moulded, before the plate (18) is placed in the mould (10).

12. Process according to claim 9 or 10, characterised in that the barrier is formed by
injecting an inert gas, notably helium or argon, between the contact surfaces of the

mould (10} and the component (12) being moulded.

13. Component (12), notably made of titanium or titanium alloy, aluminium or aluminium
alloy, or any material exhibiting superplastic properties, characterised in that it is

obtained by a process according to any one of claims 9 to 12.
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