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Description

Technical Field

[0001] The present disclosure relates to the manufac-
ture of parts using Hot Isostatic Pressing, and in particular
relates to the formation of hollow section parts by powder
Hot Isostatic Pressing (HIP).

Background

[0002] In powder HIP, metal powder is compacted us-
ing heat and pressure into a solid metal component. The
powder is placed into a container, known as a can, which
is shaped according to the desired component’s shape.
The can containing the powder is evacuated to remove
any gaseous elements and then sealed and held at a
high pressure and temperature. The powder particles
fuse and diffusion bond into a solid mass producing a
component having an external shape defined by the in-
ternal shape of the can.
[0003] In a particular example of this process, steel
cans are often used, when using titanium powder, and
these can be removed from the titanium part, after cool-
ing, by acid etching to provide a clean part. However, the
mismatched thermal expansion coefficients of titanium
and steel present problems when trying to form complex
parts using for example titanium powder and a steel can.
These problems could be encountered for all metals with
mismatched thermal expansion coefficients.
[0004] Hollow-section parts are also extremely hard to
manufacture using conventional powder HIP processes
due to difficulties in forming moulds and removing can
material from the internal regions.
[0005] There is therefore a requirement for an im-
proved method of forming metal parts, particularly hollow
(and thus lightweight) metal parts using powder HIP.

Summary

[0006] There is provided an apparatus for forming a
unitary component (a part) using powder Hot Isostatic
Pressing (HIP), the apparatus comprising a skin compo-
nent formed of a metal sheet having a first side and a
second side; and a HIP can formed of metal and having
a first side (for example, an outer part) and a second side
(for example, an inner part), the second side of the HIP
can being attached to the first side of the skin component,
the HIP can defining a sealed volume and comprising a
filling means to fill the sealed volume with metal powder;
wherein the skin and HIP can are arranged to form a
unitary component upon application of a HIP process.
Used herein "can" refers to a container preferably shaped
(and thus having a geometry) corresponding to the de-
sired component’s shape.
[0007] A hollow space may be formed between a por-
tion of the second side of the HIP can and a portion of
the first side of the skin component, and the apparatus

is provided with a vent into the hollow space to allow
pressure applied during the HIP process to be commu-
nicated into the hollow space.
[0008] The HIP can may be welded to the skin.
[0009] The HIP can may be welded to the skin using
electron beam welding.
[0010] The skin may form part of the wall of the HIP
can to define the sealed volume.
[0011] The filling means may be sealable to prevent
gas communication between the sealed volume and the
exterior of the HIP can during HIP processing.
[0012] The skin and HIP can may be formed from met-
als with substantially the same thermal expansion prop-
erties. "Substantially the same thermal expansion prop-
erties" may mean that the skin and HIP can are made of
metals which have the same thermal expansion coeffi-
cient (TEC) or have a TEC that is similar to each other
(for example, the differential TEC may be up to about 6
5, 10, 15%, preferably no more than about 615%).
[0013] The skin and HIP can may be formed from the
same metal.
[0014] The skin and HIP can may be formed from the
same metal, wherein the same metal is selected from
the group consisting of nickel, cobalt, titanium, iron, alu-
minium and alloys thereof and combinations thereof. For
example, a steel, a superalloy or a titanium alloy.
[0015] The skin and HIP can may be formed from an
alpha-beta titanium alloy. The skin and HIP can may be
formed from a titanium/aluminum/vanadium alloy such
as a Ti-6Al-4V alloy or SP-700 (Ti-4.5AI-3V-2Mo-2Fe).
[0016] The HIP can may be filled with metal powder.
[0017] The HIP can may be filled with metal powder of
the substantially the same composition as the metal of
the HIP can and/or skin. The HIP can may be filled with
metal powder which has substantially the same thermal
expansion coefficient as the HIP can and/or skin. "Sub-
stantially the same thermal expansion properties" may
mean the same thermal expansion coefficient (TEC) or
a similar TEC (for example, the differential TEC may be
up to about 6 5, 10, 15%, preferably up to about 615%).
[0018] The metal powder may be selected from the
group consisting of nickel, cobalt, iron, aluminium and
alloys thereof or combinations thereof, for example a ti-
tanium alloy, a steel, or a superalloy (such as a nickel or
cobalt superalloy).
[0019] The metal powder may be a titanium alloy. The
metal powder may be an alpha-beta titanium alloy.
[0020] The metal powder may be a titanium/alumini-
um/vanadium alloy, such as a Ti-6Al-4V alloy or Ti-4.5AI-
3V-2Mo-2Fe.
[0021] The particle size of the metal power is selected
to provide the desired properties of the finished arti-
cle/unitary component. For example, a fine powder (with
particle size of for example 20 to 500 microns) may be
used to form a fine grain, high strength alloy.
[0022] There is also provided a method of manufactur-
ing a unitary component utilising Hot Isostatic Pressing,
the method comprising the steps of providing an appa-
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ratus as described herein, filling the HIP can with a metal
powder; evacuating the HIP can; sealing the evacuated
HIP can; and applying a HIP process to the apparatus in
a HIP chamber.
[0023] The metal powder may be of substantially the
same, or exactly the same, composition (and thus have
the same or a similar TEC) as the HIP can and/or skin.
[0024] The method may further comprise the step of
attaching the apparatus to a base plate.
[0025] The apparatus may be attached to the base
plate using a vacuum. The vacuum acts to create a vac-
uum seal thus ensuring that the apparatus is securely
held in place.
[0026] The HIP process is carried out under pressure.
For example, in the case of titanium (where a good dif-
fusion bonding response is available) the pressure may
be substantially reduced, such as about 50 MPa. More
normally, however, the pressure is approximately
100MPa to 200 MPa. For example, for nickel superalloys
the pressure used is approximately 100 MPa. In the case
of aluminium, however, the pressure may have to be as
high as approximately 200 MPa.
[0027] The HIP process is carried out at a temperature
of between 450°C to 1400°C, again dependent on the
material being processed.

Brief Description of the Drawings

[0028]

Figure 1 shows a schematic cross section of an ap-
paratus according to the current disclosure; and

Figure 2 shows a flow chart of a production process.

Detailed Description

[0029] The present disclosure relates to an improved
HIP process for the formation of metal parts, for example
titanium parts. The process enables the fabrication of
complex parts, with hollow sections, while avoiding the
difficulties of the prior art.
[0030] The present disclosure describes below a tita-
nium can with a substantially similar thermal expansion
coefficient to the titanium powder used in the HIP proc-
ess, so that the part being formed (for example skin and
stringer), and the can, expand and contract at substan-
tially similar rates. Removal of the can as in the prior art
may not be necessary due to features of the fabrication
process described below. Accordingly, in the process of
the present invention, preferably the HIP can is not sub-
sequently removed after the HIP process.
[0031] In a specific example a superplastically formed
can is used in conjunction with a skin component to form
a unitary component, which is a unitary skin and stringer
(stiffener) structure having a hollow region within the uni-
tary component. The production technique allows the
fabrication of large components with complex shapes

and hollow sections using a single process sequence.
[0032] Figure 1 shows a schematic cross-section of an
example of a production apparatus for forming a compo-
nent according to the processes and techniques de-
scribed herein.
[0033] The particular example of Figure 1 is for the
production of a skin and stringer assembly, for example
for use in an aircraft. A can 100 is made from a titanium
alloy of similar composition to the titanium powder which
will fill it and form the component after HIP processing.
For example a titanium/aluminium/vanadium alloy, such
as a Ti-6Al-4V alloy may be utilised for both the powder
and the can 100. The can 100 may be formed using a
superplastic forming process which is capable of forming
components requiring no, or minimal, post processing.
Other techniques which are capable of producing a can
100 of appropriate dimensions which will form part of the
final product may also be utilised, for example additive
layer manufacturing.
[0034] The can 100 comprises an inner part 101 and
outer part 102. The inner part 101 is mounted to a skin
103. The inner part 101 is joined to the skin 103 along
line 104 (perpendicular to the plane of the drawing). The
outer part 102 is joined to the skin 103 and inner part 101
at line 105. Joints 104 and 105 form gas-tight seals. Elec-
tron beam (stake) welding (a fusion welding process uti-
lising an electron beam) is particularly appropriate for
forming joints 104, 105 as it is usually conducted in a
vacuum, but any other suitable joining process which pro-
vides a gas tight seal may be utilised. An advantage of
using electron beam welding under vacuum (and with
the adjacent surfaces of the inner part 101 and the skin
103 in a clean and essentially oxide-free condition) is that
the inner part 101 and skin 103 will diffusion bond togeth-
er during the HIP process since the surfaces will be both
clean and free from gaseous elements that might other-
wise either contaminate the surfaces at temperature or
might be insoluble in titanium and form gas entrapment
features. The electron beam process also maintains a
clean and oxide-free surface for the can 100 which is
required for HIP processing.
[0035] In the example of Figure 1 the outer part 102 is
joined to the edge of the inner part 101 and to the skin
103 at the same location (joint 105). However, this ar-
rangement depends on the component design. For ex-
ample, the outer part 102 may be joined to the inner part
101 away from the edge of the inner part 101, or the outer
part 102 may be joined directly to the skin 103. Further-
more, the region of material of the inner part 101 between
the two joins 104, 105 in Figure 1 may be omitted such
that the skin 103 forms a section of the can 100.
[0036] Any hollow zones, such as hollow zone 107 be-
tween the skin 103 and the inner part 101, must each be
vented such that the externally applied pressure from the
HIP process will be communicated to the hollow zone
107 to act upon the outer surface of can 100. The hollow
zone 107 is thus vented by a vent pipe 108. Although not
visible in the cross section of Figure 1 the hollow zone
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107 may be divided into sections by further features of
the component and thus multiple vents may be required
to ensure all hollow zones are vented.
[0037] A fill pipe 109 is provided for filing the can 100
with metal powder. The fill pipe 109 may be provided as
is known in the art for conventional HIP cans and is of a
type which may be sealed prior to HIP processing. The
fill pipe 109 may also be utilised to evacuate the can 100
prior to sealing and HIP processing. As such the fill pipe
109 is shaped and located so as to permit filling of the
can 100 with metal powder and to permit evacuation of
the can 100.
[0038] During HIP processing, powder particles within
the can 100 diffusion bond together and to the walls of
the can 100, thus forming a solid item. The inner part 101
also diffusion bonds to the skin at the points of contact.
A unitary component is thus formed comprising the skin
103 and can 100 (which after HIP processing is solid)
parts. As described above the can 100 is formed by a
process which allows the can 100 to form part of the
component, for example a superplastic process using a
metal or an alloy matched to that of the powder is partic-
ularly appropriate. The resulting component thus needs
minimal post-processing, and in particular there is no
need to remove the can 100 from within the hollow zone
107. This is a particular advantage since removing con-
ventional cans from hollow zones is problematic as the
etch process is difficult to control and machining within
a hollow zone is difficult or near impossible. Further it is
particularly advantageous to use matching or similar
TECs for the can 100, skin 103 and/or metal powder as
it results in a finished article (unitary component) that is
less likely to have defects as a result of mismatched
TECs. This is particularly advantageous in hollow unitary
components which can be susceptible to damage such
as buckling.
[0039] For application of the HIP process the skin 103
and can 100 assembly is mounted on a support plate
110. An interface layer is provided between the support
plate 110 and the skin 103, to inhibit the formation of a
diffusion bond between these surfaces during the HIP
process. For example, an yttria stop-off compound may
be utilised, or any other suitable interface layer to inhibit
a diffusion bond. The support plate 110 may also be
formed from titanium, but any suitable material may be
utilised. It is preferable that the support plate 110 has a
similar or same coefficient of thermal expansion to the
material used for the component being manufactured.
[0040] The support plate 110 may have the desired
final contour form of the skin 103. Although the skin 103
in the example is flat, the same processes and principles
described above may be utilised with a non-flat skin. In
such examples the support plate 110 may match the
shape of the skin 103 to provide even support.
[0041] Optionally, a seal 111 is provided and the area
within that seal 111, between the skin 103 and support
plate 110, is evacuated via vacuum pipe 112 to hold the
skin 103 on the support plate 110. The seal 111 may

allow some movement between the skin 103 and support
plate 110 to allow for differential expansion and contrac-
tion between the skin 103 and support plate 110. Such
a system provides an even force for retaining the skin
103 in location. Other methods of holding the skin 103 in
place may also be utilised. In so doing, compaction of
the powder, which will cause overall shrinkage relative
to the initial geometric form, may then be constrained to
cause movement solely in the direction onto the base
plate so as to better manage such dimensional and ge-
ometric change.
[0042] The skin 103 and can 100 assembly, on support
plate 110, are placed within a HIP vessel and a HIP proc-
ess applied to the parts to form the unitary stringer and
skin component. In an alternative process the skin 103
and can 100 assembly may be placed on a support plate
in the HIP chamber.
[0043] Figure 2 shows a flow chart of a process utilising
the apparatus of Figure 1. At step 200 inner 101 and
outer parts 102 of the can 100 are formed, for example
using a superplastic forming process and separate form-
ing dies. At step 201 the skin 103 is formed to the required
shape. This is achieved by any known process in the art,
such as rolling, superplastic forming or additive layer
manufacturing. At step 202 the inner part 101 of the can
100 is joined to the skin 103 and the outer part 102 is
joined to the skin 103 and/or inner part 101 to form a
sealed can 100.
[0044] At step 203 the can 100 is filled with powder
using known techniques to ensure complete filling and
then may be either directly evacuated or alternatively pre-
flushed with an inert gas, such as argon, prior to evacu-
ation. Evacuation can be achieved by any known process
in the art, such as using vacuum apparatus. The fill pipe
109 is then sealed, for example by mechanically crimping
the end of the fill pipe 109. Pre-flushing with an inert gas
such as argon (before evacuation and the fill pipe 109
being sealed) helps ensure a lower level of interstitial
element take-up. This is particularly advantageous if frac-
ture toughness is a critical factor in the design of the
finished article.
[0045] At step 204 the assembly is mounted on a sup-
port plate 110 with an appropriate interface layer. At step
205 the support plate 110 and assembly is positioned in
a HIP chamber (in an alternative method the support plate
110 may be static in the HIP chamber and the assembly
mounted on it in position), and all appropriate vent and
pressure connections are made.
[0046] At step 206 the assembly is subjected to a HIP
process of pressure application and heating to a temper-
ature sufficient to cause the powder particles to fuse and
diffusion bond. The time, temperature and pressure will
depend on the metal/alloy composition and characteris-
tics, such as powder particle size, melting point etc. In
an example process for titanium, pressures typically in
excess of about 50MPa, preferably about100MPa may
be applied, at a temperature of approximately
900-930°C. The pressure applied to the outside surface
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of the outer part 102 is transmitted through the outer part
102 to diffusion bond the outer part 102 to the consoli-
dated powder. The pressure is also transmitted through
the consolidated powder to diffusion bond the inner part
101 to the consolidated powder, and to diffusion bond
the inner part 101 to the skin 103. The pressure and tem-
perature are held for a sufficient amount of time (for ex-
ample about 1-2 hours) to effect full diffusion bonding of
both the powder itself and the powder to each of the can
parts 101, 102. The pressure may either be maintained
or reduced prior to, during or after the temperature is
reduced back to ambient levels. At step 207 the pressure
is then released and the temperature is allowed to drop
back to ambient temperature, and the component can be
removed.
[0047] A unitary component comprising the skin and
stringer (including a plurality of stringers or other such
stiffening forms), with hollow sections, is thus formed
which requires only minimal post-processing.
[0048] In the above examples the can 100 is formed
using a superplastic forming process (the can is heated
up to promote super plasticity in the metal/alloy and then
while soft the can is shaped, for example by thermofor-
ming, blow forming, or vacuum forming. Other forming
techniques may be utilised such as casting. However,
significant post-processing may be required, and such
methods are known to provide components which can
present difficulties during HIP processing. For example
voids may be present in the cast can which require spe-
cific processing. It is therefore preferred within the con-
text of the present invention that the can and/or skin is
made from a technique that requires minimal post
processing (post processing such as grinding, etching or
machining). Suitable examples include superplastic
forming or additive layer manufacturing (ALM).
[0049] The unitary component (finished article) manu-
factured by the apparatus and process of the present
invention will have a good surface finish (comparable to
that of a superplastically formed part), which requires
minimal or no post processing.
[0050] The above description has been given with par-
ticular reference to the formation of titanium parts, but
the same principles and apparatus can be applied to oth-
er metals which are suitable for HIP processing, such as
nickel, cobalt, titanium, iron, aluminium and alloys thereof
and combinations thereof (for example, a steel, a super-
alloy, such as a nickel or cobalt based superalloy, or a
titanium alloy).
[0051] Similarly the apparatus may be applied to any
component shape to which the principles are applicable.
[0052] The titanium alloys of choice remain open to the
user but Ti-6Al-4V alloy is available in both SPF-grade
sheet and also in powder form and so is seen as being
a particularly suitable combination. There may also be
merit for some applications for Ti-alloy powder being con-
tained within commercially pure forms of titanium cans if
there was a desire to combine a higher strength core with
a softer grade of inner and/or outer material.

[0053] The term "skin" has been used to describe part
103, but as will be appreciated this does not restrict the
part to being a skin in the final product (although it may
be) but is used for descriptive purposes only. In the gen-
eral sense the skin is a planar, sheet, layer which may
be flat or shaped.
[0054] Although the present invention has been de-
scribed in connection with some embodiments, it is not
intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only
by the accompanying claims. Additionally, although a
feature may appear to be described in connection with
particular embodiments, one skilled in the art would rec-
ognize that various features of the described embodi-
ments may be combined in accordance with the inven-
tion. In the claims, the term ’comprising’ does not exclude
the presence of other elements or steps.
[0055] Furthermore, the order of features in the claims
does not imply any specific order in which the features
must be performed and in particular the order of individual
steps in a method claim does not imply that the steps
must be performed in this order. Rather, the steps may
be performed in any suitable order. In addition, singular
references do not exclude a plurality. Thus, references
to ’a’, ’an’, ’first’, ’second’, etc. do not preclude a plurality.
In the claims, the term ’comprising’ or "including" does
not exclude the presence of other elements.

Claims

1. An apparatus for forming a unitary component using
powder Hot Isostatic Pressing (HIP), the apparatus
comprising:

a skin component formed of a metal sheet hav-
ing a first side and second side; and
a HIP can formed of metal and having a first side
and a second side,
the second side of the HIP can being attached
to the first side of the skin component, the HIP
can defining a sealed volume and comprising a
filling means to fill the sealed volume with metal
powder; wherein
the skin and HIP can are arranged to form a
unitary component upon application of a HIP
process.

2. The apparatus according to claim 1, wherein a hollow
space is formed between a portion of the second
side of the HIP can and a portion of the first side of
the skin component, and the apparatus is provided
with a vent into the hollow space to allow pressure
applied during the HIP process to be communicated
into the hollow space.

3. The apparatus according to claim 1 or 2, wherein the
HIP can is welded to the skin.
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4. The apparatus according to claim 3, wherein the HIP
can is welded to the skin using electron beam weld-
ing.

5. The apparatus according to any preceding claim,
wherein the skin forms part of the wall of the HIP can
to define the sealed volume.

6. The apparatus according to any preceding claim,
wherein the filling means is sealable to prevent gas
communication between the sealed volume and the
exterior of the HIP can during HIP processing.

7. The apparatus according to any preceding claim,
wherein the skin and HIP can are formed from metals
with substantially the same thermal expansion prop-
erties.

8. The apparatus according to any preceding claim,
wherein the skin and HIP can are formed from the
same metal.

9. The apparatus according to any preceding claim,
wherein the skin and HIP can are formed from a ti-
tanium alloy.

10. The apparatus according to any preceding claim,
wherein the skin and HIP can are formed from Ti-
6Al-4V alloy.

11. The apparatus according to any preceding claim,
wherein the HIP can is filled with metal powder.

12. The apparatus according to any preceding claim,
wherein the HIP can is filled with metal powder of
substantially the same composition as the metal of
the HIP can and skin.

13. The apparatus according to claim 11 or 12, wherein
the metal powder is a titanium alloy.

14. The apparatus according to claim 13, wherein the
metal powder is a Ti-6Al-4V alloy.

15. The apparatus according to any preceding claim,
wherein the unitary component is part of an aircraft.

16. A method of manufacturing a unitary component uti-
lising Hot Isostatic Pressing, the method comprising
the steps of
providing an apparatus according to any of claims 1
to 15;
filling the HIP can with a metal powder;
evacuating the HIP can;
sealing the evacuated HIP can; and
applying a HIP process to the apparatus in a HIP
chamber.

17. The method according to claim 16, wherein the metal
powder is of substantially the same composition as
the HIP can and skin.

18. The method according to claim 16 or 17, further com-
prising the step of attaching the apparatus to a base
plate.

19. The method according to claim 18, wherein the ap-
paratus is attached to the base plate using a vacuum.

20. An aircraft part produced by the apparatus as defined
in any one of claims 1 to 15 or produced by the meth-
od as defined in any one of claims 16 to 19.
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