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(57) ABSTRACT

A method for manufacturing a component having a defined
geometry includes: a) defining a pre-component geometry
including interim shape elements and additional, sacrificial
elements for supporting interim elements; b) on a base plate,
depositing multiple layers of a powder including a material
from which the pre-component will be manufactured; c)
sintering the powder to form the pre-component to the
defined geometry; d) removing at least some of the sacrifi-
cial elements from the pre-component; e) subjecting the
remaining pre-component from step d) to a HIP step; and )
removing remaining sacrificial elements from the pre-com-
ponent product of step e) to provide a component to the
defined component geometry. In the definition of the pre-
component geometry, the interim elements differ from the
corresponding final shape elements in the defined compo-
nent geometry such that during the HIP step, the interim
shape elements adjust to form final shape elements in the
defined component geometry.
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FIG. 2

FIG. 3
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METHOD OF MANUFACTURE OF A
TURBINE COMPONENT

TECHNICAL FIELD

[0001] The present disclosure concerns the manufacture of
an engineering component, for example a component of a
gas turbine engine wherein the manufacturing method
involves a hot isostatic pressing (HIP) step. More particu-
larly, a method of manufacture involving an additive layer
manufacturing (ALM) step and a HIP step is described.

BACKGROUND TO THE INVENTION

[0002] Additive layer manufacturing (ALM) methods are
known. In these methods a component is built up layer by
layer onto a base plate until the 3D component is defined. In
some ALM methods, layers are created by selective treat-
ment of layers within a mass of particulate material, the
treatment causing cohesion of selected regions of particu-
lates into a solid mass. For example, the particulate is a
ferrous or non-ferrous alloy powder and the treatment
involves local heating using a laser or electron beam.
Specific examples of such ALM methods include (without
limitation); laser sintering, laser melting, direct laser depo-
sition (DLD) and electron beam melting (EBM).

[0003] Additive layer manufacturing (ALM) techniques
are known for use in defining complex geometries to high
tolerances and can be used as an alternative to casting. For
large components with more complex geometries it is
known to provide an ALM pre-component which incorpo-
rates sacrificial support structures in addition to the designed
geometry of the component. These structures hold over-
hanging parts of the pre-component in position during
completion of the ALM step when powder layers above the
support structure are being treated and treated layers are
soliditying into the designed component geometry. Whilst
such supports are helpful in preserving the designed geom-
etry and preventing sagging of overhanging parts, such
supports can be a source of cracking and crack propagation
in the pre-component.

[0004] When the component is a high performance engi-
neering component, for example, a component of a gas
turbine engine, further treatment steps are necessary to
address porosity and/or weaknesses in the component sur-
face which might result in failure of the component under
high pressure, high stress and/or high temperature condi-
tions. Processes may include blasting or peening the surface.
Hot Isostatic Pressing (HIP) is one commonly used process
which may be used optionally in addition to a blasting or
peening step. A component is subjected to both elevated
temperature and isostatic pressure in a high pressure con-
tainment vessel. Typically this step is carried out in an inert
gas environment to avoid any chemical reaction between the
component and the pressurizing gas. A pre-component made
by an ALM method is typically subjected to the HIP step
with the base plate and support structures still in position.
These assist in preserving the designed geometry of the
component during the HIP process. After completion of the
HIP step, sacrificial elements of the pre-component (such as
the base plate and support structures) are removed. The
surface of the remaining component may then be finished in
one or more optional finishing steps.

[0005] A prior art method is now described with reference
to the accompanying FIG. 2. In the described method, a
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component is manufactured from a high-temperature alloy
by a Powder Bed Direct Laser Deposition (PB DLD) or
Direct Metal Laser Sintering (DMLS) additive manufactur-
ing process. A powder bed 1 is raised into the path of a
spreading device 2 which spreads a thin layer of powder
across a base-plate 3. The base-plate typically comprises a
tool steel. Selected regions of the powder corresponding to
a shape which it is intended to build are fused together (and
also to the base-plate) by heat from laser 4. The base-plate
3 is gradually lowered with respect to the laser during the
process enabling layer upon layer of powder to be applied
and sintered by the laser. This layering process can create
one or more components 5 simultaneously. Additional sup-
port material in the form of support element 6 is used to
support the pre-component during the DLD build process, to
improve conformity to the desired shape. The additional
support material typically comprises the same material as
the pre-component and is solidified as part of the ALM step
to provide sacrificial support elements. The support ele-
ments aid in limiting sagging of overhanging shape elements
and also serve to control the profile of the pre-component.
[0006] Subsequent processing steps are performed on the
pre-component. Firstly, the pre-component is optionally
blasted with a blast media (for example, beads) to create a
compressed layer at the external surface. This compressed
layer imposes a compressive force on underlying material
resisting the propagation of cracks from within the main
body of the pre-component. The pre-component and base-
plate are then subjected to a Hot Isostatic Pressing step. The
HIP process substantially eliminates micro-cracks in the
material structure, so improving the properties of the pre-
component material. This is a particularly important step for
high-temperature nickel alloys (often used in the manufac-
ture of gas turbine engine components), which when pro-
duced by DLD alone are very susceptible to cracking due to
high micro-porosity and residual stresses in the pre-compo-
nent. The HIP step compresses the pre-component whilst
heating it. After the HIP process has been completed,
structural elements and the base plate are removed, for
example by a subsequent low impact machining step.

SUMMARY OF THE INVENTION

[0007] According to a first aspect there is provided a
method for the manufacture of a component having a
defined geometry comprising;

[0008] a) defining a pre-component geometry comprising
interim shape elements and additional, sacrificial elements
for supporting interim shape elements;

[0009] D) on a base plate, depositing multiple layers of a
powder comprising a material from which the component is
to be manufactured;

[0010] c) sintering the powder to form the pre-component
to the defined pre-component geometry;

[0011] d) removing at least some of the sacrificial ele-
ments from the pre-component;

[0012] e) subjecting the remaining pre-component from
step d) to a HIP step; and,

[0013] f) removing remaining sacrificial elements from
the pre-component product of step e) to provide a compo-
nent to the defined component geometry;

[0014] wherein in the definition of the pre-component
geometry, the interim shape elements differ with respect to
corresponding final shape elements in the defined compo-
nent geometry such that during the HIP step, the interim
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shape elements adjust to form final shape elements in the
defined component geometry.

[0015] The optimum positioning and area of contact of
sacrificial support elements is difficult to define and differs
from one material to another. Whilst advantageous and often
used to prevent sagging of overhanging shape elements in
the HIP step, the presence of these sacrificial support ele-
ments can be detrimental, adding to the already present
stresses on the pre-component during the HIP step and
resulting in localised crack propagation when the pre-com-
ponent cools after the HIP step. Such cracking can lead to
scrapping of a component which adds considerably to the
cost of manufacture of such components.

[0016] However, if the sacrificial support elements are
removed prior to the HIP step, for given HIP process
parameters, any deformation of shape elements during the
HIP process is resultant from gravitational assistance and the
orientation of the pre-component in the HIP furnace. The
skilled person will appreciate that for a given defined shape
and orientation and with a knowledge of the HIP processing
parameters, the gravitational impact on the pre-component
during the HIP step is predictable and can be determined.
The inventors propose that by reversing the calculation, a
pre-component geometry can be defined which will predict-
ably and reliably adjust to form a desired component geom-
etry during the HIP process. This enables some or all of the
support structures to be removed from the pre-component
prior to the HIP step thereby reducing the risk of cracking in
the post HIP component. Thus the scrappage rate of com-
ponents produced by this manufacturing method can be
reduced compared with the prior art methods and the cost of
manufacture can also be reduced.

[0017] Optionally the method further includes an interme-
diate step taken between steps d) and e) involving blasting
the pre-component with a blasting media whereby to provide
a compressed outer layer.

[0018] A further advantage can arise from the removal of
support elements immediately following the ALM step when
an intermediate blasting step is performed between the ALM
and HIP steps. The absence of the support elements (which
would present a barrier to some parts of the shaped elements
being impacted by the blast media) enables a more uniform
compressed layer to be formed on the shaped element
surfaces thereby potentially further improving the material
properties of the finished component.

[0019] Subsequent to the HIP step, the sacrificial support
elements and remaining base-plate may be removed by any
of'a number of known, low impact machining processes. For
example but without limitation, such a removal step might
involve; wire cutting, water-jet machining and/or laser cut-
ting. Subsequent, optional finishing processes may option-
ally also be performed to complete the manufacture of the
component.

[0020] In another aspect, the invention comprises a gas
turbine engine incorporating one or more components manu-
factured in accordance with the method of the invention.

[0021] The skilled person will appreciate that except
where mutually exclusive, a feature described in relation to
any one of the above aspects may be applied mutatis
mutandis to any other aspect. Furthermore except where
mutually exclusive any feature described herein may be
applied to any aspect and/or combined with any other
feature described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments will now be described by way of
example only, with reference to the Figures, in which:
[0023] FIG. 1 is a sectional side view of a gas turbine
engine which may comprise components made in accor-
dance with the method of the invention;

[0024] FIG. 2 shows schematically a pre-HIP ALM step
known to be used in prior art manufacturing methods;
[0025] FIG. 3 shows schematically a likely site for propa-
gation of a crack in the pre-component subjected to the
method of FIG. 2;

[0026] FIG. 4A shows a first view of a pre-component at
a first stage of a method according to the invention;
[0027] FIG. 4B shows a second view of a pre-component
at a second stage of a method according to the invention;
[0028] FIG. 5 shows a pre-component substantially simi-
lar to that shown in FIGS. 4A and 4B which has been
subjected to a HIP process without prior removal of some
sacrificial support elements.

DETAILED DESCRIPTION OF DRAWINGS
AND EMBODIMENTS

[0029] With reference to FIG. 1, a gas turbine engine is
generally indicated at 10, having a principal and rotational
axis 11. The engine 10 comprises, in axial flow series, an air
intake 12, a propulsive fan 13, an intermediate pressure
compressor 14, a high-pressure compressor 15, combustion
equipment 16, a high-pressure turbine 17, and intermediate
pressure turbine 18, a low-pressure turbine 19 and an
exhaust nozzle 20. A nacelle 21 generally surrounds the
engine 10 and defines both the intake 12 and the exhaust
nozzle 20.

[0030] The gas turbine engine 10 works in the conven-
tional manner so that air entering the intake 12 is accelerated
by the fan 13 to produce two air flows: a first air flow into
the intermediate pressure compressor 14 and a second air
flow which passes through a bypass duct 22 to provide
propulsive thrust. The intermediate pressure compressor 14
compresses the air flow directed into it before delivering that
air to the high pressure compressor 15 where further com-
pression takes place.

[0031] The compressed air exhausted from the high-pres-
sure compressor 15 is directed into the combustion equip-
ment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 17, 18, 19 before being exhausted
through the nozzle 20 to provide additional propulsive
thrust. The high 17, intermediate 18 and low 19 pressure
turbines drive respectively the high pressure compressor 15,
intermediate pressure compressor 14 and fan 13, each by
suitable interconnecting shaft.

[0032] Other gas turbine engines to which the present
disclosure may be applied may have alternative configura-
tions. By way of example such engines may have an
alternative number of interconnecting shafts (e.g. two) and/
or an alternative number of compressors and/or turbines.
Further the engine may comprise a gearbox provided in the
drive train from a turbine to a compressor and/or fan.
[0033] Many components of the gas turbine engine could
be manufactured by the method of the invention. For
example (but without limitation), components in the turbine
sections 17, 18 and 19, or the combustor 16 may be
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manufactured in accordance with the invention. The method
is well suited to the manufacture of components with
non-linear geometries.

[0034] FIG. 2 has been discussed above. During the HIP
step of a pre-component as shown in FIG. 2, the support
element 6 can add to the stresses in the pre-component
during the HIP process, by restricting any shape change
which might otherwise occur, for example, where a shape
element overhangs from the main body of the pre-compo-
nent and is supported by the support element. This can result
in a large surface crack 7 at the vulnerable site as shown in
FIG. 3.

[0035] FIGS. 4A and 4B show a pre-component having a
shape element in the form of an aerofoil shaped body 45.
The aerofoil has a leading edge end 41 and a trailing edge
end 42. The pre-component has been built up on a powder
bed 43. The pre-component further includes sacrificial sup-
porting elements 46a, 465, 46¢. FIG. 4A shows the pre-
component at the end of the ALM process (steps b) and ¢)
of the method). FIG. 4B shows the component after step d)
but before step e) of the method. As can be seen from a
comparison of the Figures, sacrificial elements 46a and 465
are removed prior to subjecting the pre-component to a HIP
process. The pre-component 45 geometry is designed to
distort during heating in the HIP process to provide an
optimum desired aerofoil shape. For example, during HIP-
ing the pre-component geometry curves in the region adja-
cent the trailing edge (for example from about the position
of sacrificial elements 46a, 465 to the edge 42).

[0036] FIG. 5 illustrates potential issues that might occur
during the HIP process if sacrificial elements 565 and 56¢
(which compare to 465 and 46c¢) were retained during the
HIP process. The trailing edge sacrificial support element
56¢ can over-restrain the thin shape element section
approaching the trailing edge 52.

[0037] This can result in a crack 57 somewhere between
the trailing edge 52 and the other supports 564, 5656. The
support 565, opposite 564 can result in local over-restraint.
This can result in a peeling away of, for example support 565
from the shape element 55 resulting in a damaged section 58
on the surface. Damage at the surface could create weakness
and a propensity for cracking in that region.

[0038] It will be understood that the invention is not
limited to the embodiments above-described and various
modifications and improvements can be made without
departing from the concepts described herein. Except where
mutually exclusive, any of the features may be employed
separately or in combination with any other features and the
disclosure extends to and includes all combinations and
sub-combinations of one or more features described herein.

1. A method for the manufacture of a component having

a defined geometry comprising;

a) defining a pre-component geometry comprising interim
shape elements and additional, sacrificial elements for
supporting interim shape elements;

b) on a base plate, depositing multiple layers of a powder
comprising a material from which the pre-component is
to be manufactured;

¢) sintering the powder to form the pre-component to the
defined pre-component geometry;
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d) removing at least some of the sacrificial elements from
the pre-component;

e) subjecting the remaining pre-component from step d) to
a HIP step; and,

f) removing any remaining sacrificial elements from the
pre-component product of step e) to provide a compo-
nent to the defined component geometry;

wherein in the definition of the pre-component geometry,
the interim shape elements differ with respect to cor-
responding final shape elements in the defined compo-
nent geometry such that during the HIP step, the
interim shape clements adjust to form final shape
elements in the defined component geometry.

2. A method as claimed in claim 1 further including an
intermediate step taken between steps d) and e) involving
blasting the pre-component with a blasting media whereby
to provide a compressed outer layer.

3. Amethod as claimed in claim 1 wherein one or both of
the removal steps involve; wire cutting, water-jet machining
and/or laser cutting.

4. A method as claimed in claim 1 further comprising a
finishing process after step ) to complete the manufacture of
the component.

5. A method as claimed in claim 1 wherein the powder
comprises a ferrous or non-ferrous alloy, or a ceramic.

6. A method as claimed in claim 5 wherein the powder
comprises a high temperature Ni alloy.

7. A method as claimed in claim 1 wherein the sintering
step involves heating with a laser.

8. A component manufactured in accordance with the
method claim 1.

9. A component as claimed in claim 8 which is configured
for use in a gas turbine engine.

10. A component as claimed in claim 8 wherein the
component has an aerofoil cross section.

11. A component as claimed in claim 10 wherein the
pre-component for the component comprises a structural
element at a trailing edge of the aerofoil which is removed
before the HIP step.

12. A component as claimed in claim 10 wherein the
pre-component comprises a pair of oppositely facing struc-
tural elements arranged on opposite walls in a midsection of
the aerofoil wherein one of the pair is removed before the
HIP step.

13. A gas turbine engine comprising at least one compo-
nent, the at least one component having the configuration as
set out in claim 8.

14. A gas turbine engine comprising at least one compo-
nent, the at least one component having the configuration as
set out in claim 9.

15. A gas turbine engine comprising at least one compo-
nent, the at least one component having the configuration as
set out in claim 10.

16. A gas turbine engine comprising at least one compo-
nent, the at least one component having the configuration as
set out in claim 11.

17. A gas turbine engine comprising at least one compo-
nent, the at least one component having the configuration as
set out in claim 12.



