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(54) BLADED DISC AND METHOD OF MANUFACTURING THE SAME

(57) A method (56) for fabricating an integral assem-
bly (24) is disclosed. The method comprises providing
(56) a first workpiece (26) having a first surface (46) and
a second workpiece (28) having a second surface (50),
performing a first bonding process between the first sur-
face (46) of the first workpiece (26) and the second sur-
face (50) of the second workpiece (28) to form a sub-as-
sembly workpiece (48), and performing a second bond-
ing process between a third surface (52) of the sub-as-
sembly workpiece (48) and a fourth surface (54) of a third
workpiece (30) to form the integral assembly (24). The
material properties of the first workpiece (26) are different
from material properties of the third workpiece (30).
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to a bladed disc
and a method of manufacturing the same.

BACKGROUND

[0002] Gas turbine engines are employed in a variety
of applications, such as aircraft, and marine vessels,
among others. The gas turbine engines generate a thrust
from a fluid flow by first compressing an intake air within
a compression unit. The compression unit utilizes a se-
ries of bladed discs or bladed rings for compressing the
intake air. The compression unit supplies the com-
pressed air to be mixed with a fuel mixture for combustion
in a combustion unit. The resulting hot, high pressure
gaseous mixture is expanded through a turbine portion
to extract energy which drives the compressors and a
propulsor such as a fan or propeller. Energy may also be
extracted in the form of electrical power.
[0003] The bladed discs are a unitary construction hav-
ing a disc (or a drum) and a number of blades spaced
apart from each other. If the disc and the blade are inte-
grated as a single piece, weight saving may be achieved.
As a result, nonmechanical methods of joining the blades
have been proposed, wherein the bladed discs are ma-
chined from a single forged piece. However, such meth-
ods suffer from manufacturing challenges due to less ef-
ficient utilization of expensive materials and expensive
forging machinery.
[0004] Due to technical challenges associated with a
high temperature environment, the bladed discs are re-
quired to be fabricated with dissimilar materials. Howev-
er, there are technical challenges in joining two dissimilar
materials. For example, joining of the dissimilar materi-
als, i.e. a blade and disc alloys having different crystal
structures, differences in thermal processing (i.e. heat
treatment) requirements and difficulty in joining using a
solid state or melting processes, such as a fusion weld-
ing. Further, the fusion welding may give unfavorable
post weld mechanical properties due to a heat affected
zone and mixing of alloys, increased grain size and lack
of post weld homogenisation heat treatment. Further-
more, the dissimilar materials have different character-
istics, i.e. weld induced residual stress or optimum ma-
terial condition (e.g. aging) and hence there are always
challenges in joining the dissimilar materials. Further-
more, the welding procedures of the dissimilar materials
may require large and costly setups. Therefore, there is
a need for an improved bladed disc that is fabricated from
the dissimilar materials and further a method of manu-
facturing the same is proposed.

SUMMARY OF THE INVENTION

[0005] The present disclosure concerns a bladed disc

for a gas turbine engine. In some examples, a bladed
disc and methods for fabricating the same are disclosed.
[0006] The bladed disc (also called an integral assem-
bly) may be used in a low pressure turbine, intermediate
pressure or a high pressure turbine. It may also find ap-
plication in the compressor section of the gas turbine.
[0007] The high pressure turbine is exposed to the hot-
test, highest pressure air, and the low pressure turbine
is subjected to cooler, lower pressure air.
[0008] According to various, but not necessarily all,
embodiments of the disclosure there is provided a meth-
od for fabricating an integral assembly, the method com-
prising: providing a first workpiece having a first surface
and a second workpiece having a second surface ;
performing a diffusion bonding process between the first
surface of the first workpiece and the second surface of
the second workpiece to form a sub-assembly workpiece;
and performing a friction welding process between a third
surface of the sub-assembly workpiece and a fourth sur-
face of a third workpiece to form the integral assembly,
wherein material properties of the first workpiece being
different from material properties of the third workpiece.
[0009] According to various, but not necessarily all,
embodiments of the disclosure there is provided a meth-
od of fabricating a bladed disc for a gas turbine, the meth-
od comprises providing a sub-assembly workpiece
formed from a first workpiece bonded to a second work-
piece; and performing a second bonding process be-
tween a third surface of the sub-assembly workpiece and
a fourth surface of a third workpiece to form the bladed
disc, wherein material properties of the first workpiece
being different from material properties of the third work-
piece.
[0010] According to various, but not necessarily all,
embodiments of the disclosure there is provided a bladed
disc. The bladed disc comprises a first workpiece; a sec-
ond workpiece; and a third workpiece, wherein the first
workpiece is coupled to the third workpiece using the
second workpiece to form the bladed disc, the second
workpiece is disposed in between the first workpiece,
and the third workpiece to facilitate coupling of the first
workpiece, and the third workpiece using each of a first
bonding process and a second bonding process, material
properties of the first workpiece being different from ma-
terial properties of the third workpiece.
[0011] The bladed disc may be manufactured such that
the material properties of the first workpiece are different
from material properties of the third workpiece.
[0012] For blades, that have a relatively low volume,
the residual stress imparted by friction welding may be
difficult to relieve by heat treatment particularly as the
alloys used have high temperature capability. Use of a
second workpiece isolates the first workpiece from the
heat of the friction welding and may be a material that is
simpler to treat to remove residual stress.
[0013] The bladed disc may be a fan bladed disc, a
compressor section bladed disc or any other bladed disc.
[0014] The integral assembly may be selected from a
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group comprising bladed discs, bladed drums and / or
bladed rings.
[0015] The first workpiece may be a blade, and the
third workpiece may be a disc.
[0016] The first bonding process comprises a diffusion
bonding.
[0017] The diffusion bonding may utilise a pressure
greater than 1 MPa to facilitate adequate bonding at a
temperature of 1000°C or greater.
[0018] The second bonding process may comprise a
linear friction welding, an orbital friction welding, stir weld-
ing or other friction welding methods.
[0019] The first workpiece and the second workpiece
may be positioned such that the first surface of the first
workpiece abuts the second surface of the second work-
piece before carrying out the first bonding process.
[0020] The first work piece and the second work piece
may be processed for alignment, surface treatments,
heat treatment processes, non-destructive examination
(NDE) before carrying out the first bonding process.
[0021] The first workpiece may be manufactured from
a single-crystal nickel super alloy, or a directional solid-
ification (DS) super alloy.
[0022] The first work piece may be manufactured from
alloys selected from CMSX-4®, CMSX-2 ®, MAR-
M002®, CM247® or IN718®.
[0023] The single-crystal nickel super alloy, or a direc-
tional solidification (DS) super alloy may be diffusion
bonded at a temperature between 10000°C and 1300°C
for up to 4 hours.
[0024] The second workpiece may be manufactured
from wrought, or cast material.
[0025] The third workpiece may be manufactured from
IN718®, or a single-crystal nickel super alloy, or a direc-
tional solidification (DS) super alloy.
[0026] The bladed disc may be processed for surface
finishing processes, flash removal processes, heat treat-
ment processes, non-destructive examinations (NDE).
[0027] According to various, but not necessarily all,
embodiments of the disclosure there is provided a gas
turbine engine comprising the bladed disc as described
in any of the preceding paragraphs.
[0028] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Embodiments will now be described by way of
example only, with reference to the Figures, in which:

Figure 1 illustrates a sectional view of a gas turbine
engine;

Figure 2 illustrates a side view showing a bladed disc
assembly;

Figure 3 illustrates a perspective view showing a first
workpiece, a second workpiece and a third work-
piece to form a bladed disc;

Figures 4A, 4B and 4C illustrate perspective views
of a sub-assembly workpiece and the third workpiece
combined to form the bladed disc;

Figure 5 illustrates a method for fabricating an inte-
gral assembly, in accordance with the first embodi-
ment; and

Figure 6 illustrates a method for fabricating the blad-
ed disc for a gas turbine engine, in accordance with
the second embodiment.

DETAILED DESCRIPTION

[0030] In the following description, the wording ’con-
tact’, ’abut’, ’connect’ and ’couple’, and their derivatives,
mean operationally contacting, abutting, connecting and
coupling. It should be appreciated that any number of
intervening components may exist, including no interven-
ing components.
[0031] With reference to Figure 1, a gas turbine engine
is generally indicated at 10, having a principal and rota-
tional axis 11. The engine 10 comprises, in axial flow
series, an air intake 12, a propulsive fan 13, an interme-
diate pressure compressor 14, a high-pressure compres-
sor 15, a combustion equipment 16, a high-pressure tur-
bine 17, an intermediate pressure turbine 18, a low-pres-
sure turbine 19 and an exhaust nozzle 20. A nacelle 21
generally surrounds the engine 10 and defines both the
air intake 12 and the exhaust nozzle 20.
[0032] The gas turbine engine 10 works in the conven-
tional manner so that air entering the air intake 12 is ac-
celerated by the propulsive fan 13 to produce two air
flows: a first air flow into the intermediate pressure com-
pressor 14 and a second air flow which passes through
a bypass duct 22 to provide propulsive thrust. The inter-
mediate pressure compressor 14 compresses the air flow
directed into it before delivering that air to the high pres-
sure compressor 15 where further compression takes
place.
[0033] The compressed air exhausted from the high-
pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high pressure tur-
bine 17, the intermediate pressure turbine 18 and the
low-pressure turbine 19 before being exhausted through
the exhaust nozzle 20 to provide additional propulsive
thrust. The high pressure turbine 17, the intermediate
pressure turbine 18 and the low-pressure turbine 19 drive
respectively the high pressure compressor 15, the inter-
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mediate pressure compressor 14 and the propulsive fan
13, each by suitable interconnecting shaft.
[0034] The high-pressure turbine 17, the intermediate
pressure turbine 18, and the low-pressure turbine 19 may
all be formed as a bladed disc 24. The bladed disc 24 is
shown in Figure 2 and comprises a disc 30 integrally
formed with multiple blade 26 on its peripheral surface.
The method of the present disclosure finds particular util-
ity in manufacturing the bladed disc 24 when the disc 30
and the blade 24 have different material properties.
[0035] Other gas turbine engines to which the present
disclosure may be applied may have alternative config-
urations. The gas turbine engines disclosed herein may
be utilized across various applications, i.e. an aerospace
or marine gas turbines, among others. By way of example
such engines may have an alternative number of inter-
connecting 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.
[0036] It will be understood that the disclosure 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 subcombinations of one or more fea-
tures described herein.
[0037] With reference to Figure 2 and 3, as used here-
in, terms "bladed disc assembly" or "bladed disc" or "in-
tegral assembly" are used herein to refer to any gas tur-
bine engine 10 components which includes a hub, i.e.
the disc 30 having the multiple blades 26 integral there-
with. Such components are sometimes also referred to
as "bladed disc" or "integrally bladed rotor". The present
disclosure is especially useful for bladed discs used in
the gas turbine engine 10, but is applicable to any kind
of bladed disc structure. The term "bladed disc assembly
24" may be interchangeably used with "the bladed disc
24" within the specification without departing from the
meaning and scope of the disclosure. The term "first
workpiece 26", "second workpiece 28", "third workpiece
30" may be interchangeably used with terms "blade 26",
"spacer 28" and "disc 30" respectively without departing
from the meaning and scope of the disclosure. In accord-
ance with the present disclosure, the bladed disc assem-
bly 24 includes a first workpiece 26 (i.e. the blade 26), a
second workpiece 28 (i.e. a spacer 28) and a third work-
piece 30 (i.e. the disc 30) around the circumference of
which is disposed of the multiple blades 26 (shown as
32) in an annular array. The plurality of blades 26 extend
from the disc 30 in an outwardly radial and axial direction.
As will be appreciated by those skilled in the art, the first
workpiece 26 may have varying configurations, i.e.
shape, thickness without departing from the meaning and
scope of the disclosure. The number and orientation of
the first workpiece 26 around the circumference of third

workpiece 30 may also vary without departing from the
meaning and scope of the disclosure. In an embodiment,
material properties of the first workpiece 26 are different
from material properties of the third workpiece 30.
[0038] With reference to Figure 2 and 3, the blade 26
comprises an aerofoil 34, a root 36, a platform 38, and a
tip 40. The blade 26 is connected to the disc 30 via the
root 36. The platform 38 extends axially and circumfer-
entially. The bladed disc assembly 24 has a generally
radial structure and, a central bore area (not shown). In
operations, the bladed disc assembly 24 is disposed on
a central axis (not shown) at the central bore area (not
shown) and rotates thereon or rotates with the axis (not
shown). The bladed disc assembly 24 further defines an
upstream position 42 and a downstream position 44. The
upstream position 42 and the downstream position 44
(see FIG. 3) correspond to the fluid path flow through and
across the bladed disc assembly 24. Fluid, and more
specifically air, first enters the bladed disc assembly 24
at the upstream position 42. As air passes the bladed
disc assembly 24, the air exits via the downstream posi-
tion 44. Air passing across the bladed disc assembly 24
is pressurized such that the air exiting the bladed disc
assembly 24 is at a higher temperature and pressure
relative to the air entering the bladed disc assembly 24.
The direction of the air flow (not shown) moves across
the face of the bladed disc assembly 24, wherein the face
being that portion of the bladed disc assembly 24 which
is exposed to air flow. In operation, the bladed disc as-
sembly 24 may be disposed within a housing or structure
(not shown) which, by close proximity to the blades 26
(shown as 32), assists in placing the air under pressure.
[0039] With reference to Figure 3, 4A, 4B, and 4C, an
integral assembly, i.e. the bladed disc 24 is manufac-
tured. The integral assembly 24 is selected from a group
comprising bladed discs, bladed drums and / or bladed
rings. In an embodiment, the integral assembly 24 is the
bladed disc 24. The bladed disc 24 comprises the first
workpiece 26, the second workpiece 28 and the third
workpiece 30. The first workpiece 26 is coupled to the
third workpiece 30 using the second workpiece 28 to form
the bladed disc 24. The second workpiece 28 is disposed
in between the first workpiece 26, and the third workpiece
30 to facilitate coupling of the first workpiece 26, and the
third workpiece 30 using each of a first bonding process
and a second bonding process as described in subse-
quent paragraphs. The material properties of the first
workpiece 26 are different from material properties of the
third workpiece 30. It will be apparent to one skilled in
the art that the first workpiece 26, the second workpiece
28, and the third workpiece 30 may be of any shape,
design, or characteristics other than as illustrated here.
[0040] The first workpiece 26 includes a first surface
46. The blade 26 may be a single crystal super alloy or
a directional solidification (DS) super alloy, such as but
not limited to CMSX-4®, CMSX-2®, MAR-M002® or
CM247® and other similar super alloys.
[0041] As will be appreciated by those skilled in the art,
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the blade 26 may be manufactured from various other
types of alloys, such as NickelNickel based alloys, Chro-
mium based alloys, Tungsten based alloys, Aluminium
based alloys or other metal alloys not described herein
without departing from the meaning and scope of the
disclosure. The single crystal alloy and casting technol-
ogy offer a combination of properties for advanced gas
turbine engine components. The alloys are designed to
produce superior properties for a challenging combina-
tion of requirements, such as high temperature creep-
strength, fatigue resistance, oxidation resistance, coat-
ing performance and retention of performance in thin-
walled configurations. The blade 26 is bonded to the sec-
ond workpiece 28 between the first surface 46, and a
second surface 50 using the first bonding process to form
the sub-assembly workpiece 48. In an embodiment, the
second workpiece 28 is the spacer manufactured from
wrought, additive layer manufacture or cast material pro-
duction technologies. The second workpiece 28 may be
of same composition as the third workpiece 30 as de-
scribed later. The second workpiece 28 may also include
materials, but not limited to IN718®, or a single-crystal
nickel super alloy, or a directional solidification (DS) su-
per alloy, Waspaloy®, Udimet 720®, or RR1000®. As
will be appreciated by those skilled in the art, the second
workpiece 28 may be manufactured from various other
types of metal alloys such as NickelNickel based alloys,
Chromium based alloys, Tungsten based alloys, Alumin-
ium based alloys or other metal alloys not described here-
in without departing from the meaning and scope of the
disclosure. Further the sub-assembly workpiece 48 is
joined with the third workpiece 30 by the second bonding
process.
[0042] Further, the first surface 46 of the first workpiece
26 is prepared, prior to make the first surface 46 suitable
for the first bonding process, by machining away oxide
layer and then washing the machined surface with suit-
able degreasing agents or cleaning agents. Similarly, the
second surface 50 of the second workpiece 28 is also
prepared for the first bonding process by ensuring that
cleaning is done properly. Cleaning of the first workpiece
26 and the second workpiece 28 ishelpful for the first
bonding process as the surfaces, i.e. the first surface 46
and the second surface 50 need to intersperse into each
other with least possible impurities. The first surface 46
of the first workpiece 26 and the second surface 50 of
the second workpiece 28 are prepared for bonding proc-
ess by various other surface finishing techniques which
may reduce the asperity (unevenness of surface or
roughness). Such techniques are known as polishing,
milling, etching etc. In an embodiment, etching is per-
formed for surface preparation, as etching is applicable
for some materials, such as Titanium (Ti). As will be ap-
preciated by those skilled in the art, there may be other
processes, not limited to etching for surface preparation.
As will be appreciated by those skilled in the art, the first
surface 46 of the first workpiece 26 and the second sur-
face 50 of the second workpiece 28 may also be proc-

essed for alignment, other surface treatments, heat treat-
ment processes, non-destructive examination (NDE) be-
fore carrying out the first bonding process as described
below.
[0043] The first bonding process is a diffusion bonding
process which involves surface activated fusion of ma-
terials. The diffusion bonding is used to join one material
(e.g. single crystal blade) to a layer/spacer of a second
(polycrystalline) material which is either the same mate-
rial as, or a compatible alloy (e.g. a modified version of
the same material) with the part to which this sub-assem-
bly is to be joined (e.g. the polycrystalline disc). The dif-
fusion bonding is a solid state type welding in which at-
oms of the two solid metallic surfaces intersperse into
each other with no filler metal. There is no extra weight
to the bladed disc assembly 24 as there is no filler ma-
terial. The diffusion bonding is carried out in a high pres-
sure state in which bonded surfaces are aligned with re-
spect to each other. The diffusion bonding is carried out
in many ways one example is by use of a Hot Isostatic
Pressure (HIP) vessel. HIP based diffusion bonding al-
lows dissimilar materials to be bonded together to form
a metallurgical bond with diffusion occurring on an atomic
level. The first surface 46 and the second surface 50
intersperse and join after homogenisation forming into
the sub-assembly workpiece 48. Within the HIP vessel,
a vacuum tight seal between the first workpiece 26 and
the second workpiece 28 is created. Further, the diffusion
bonding process is completed by heating the second
workpiece 28 and the first workpiece 26 in a vacuum.
The surfaces i.e. the first surface 46 and the second sur-
face 50 are heated in a furnace or by electrical resistance
and pressure is applied using hydraulic or a pneumatic
press. In an embodiment, a pressure greater than 1 MPa
is required to facilitate adequate bonding at a tempera-
ture of 1000°C or greater.. This temperature and duration
of diffusion bonding may vary depending on alloy com-
position and type, DS and equiaxed alloys may require
different temperatures based on the upper aging temper-
ature for the specific alloy. As will be appreciated by those
skilled in the art, the temperature and duration for the
diffusion bonding for the double aged alloy or any other
applicable alloys, not limited to, a single-crystal nickel
super alloy, or a directional solidification (DS) super alloy
may vary without departing from the meaning and scope
of the disclosure. As will be appreciated by those skilled
in the art, the first bonding process may use other solid
state type welding or any other technique.
[0044] With reference to Figure 3, 4A, 4B, and 4C, the
sub-assembly workpiece 48 is formed, when the first
workpiece 26 and the second workpiece 28 are bonded
together by the first bonding process. Further the sub-
assembly workpiece 48 is joined with the third workpiece
30 by the second bonding process as described herein.
A third surface 52 of the sub-assembly workpiece 48 is
prepared, prior to make the third surface 52 suitable for
the second bonding process, by machining away an ox-
ide layer and then washing the machined surface with
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suitable degreasing agents or cleaning agents. Similarly,
a fourth surface 54 of the third workpiece 30 is also pre-
pared for the second bonding process by ensuring that
cleaning has been done properly. Cleaning of the sub-
assembly workpiece 48 and the third workpiece 30 is
helpful for the second bonding process as the surfaces,
i.e. the third surface 52 and the fourth surface 54 need
to intersperse into each other with least possible impuri-
ties. The third surface 52 of the sub-assembly workpiece
48 and the fourth surface 54 of the third workpiece 30
are prepared for the second bonding process by surface
finishing techniques which may help reduce the asperity
(unevenness of surface or roughness). Such techniques
are known as polishing, milling, etching etc. As will be
appreciated by those skilled in the art, the third surface
52 of the sub-assembly workpiece 48 and the fourth sur-
face 54 of the third workpiece 30 may be processed for
alignment, other surface treatments, heat treatment
processes, non-destructive examinations (NDE) before
carrying out the second bonding process.
[0045] The second bonding process is a solid state
welding process for welding the sub-assembly workpiece
48 with the third workpiece 30. In an embodiment, the
second bonding process is a linear friction welding or an
orbital friction welding. The linear friction welding is proc-
essed between the third surface 52 of the sub-assembly
workpiece 48 and the fourth surface 54 of the third work-
piece 30. The linear friction welding utilized heat gener-
ated from friction to couple the sub-assembly workpiece
48 with the third workpiece 30. Friction heats the material
to a plastic state in conjunction with an applied force to
create the weld. The second bonding process may also
be designed in such a way that it ensure that the sub-
assembly workpiece 48 having the first workpiece 26 is
protected from undesirable heat and stress from the sec-
ond bonding process. The orbital friction weld may be
another welding process for a reliable weld between the
sub-assembly workpiece 48 and the third workpiece 30.
As will be appreciated by those skilled in the art, the sec-
ond bonding process may use any other solid state type
welding or any other technique.
[0046] Referring to FIG. 5, a method 56 for fabricating
the integral assembly 24 is disclosed, and is described
in conjunction with Figures. 1-4.
[0047] At step 58, the first workpiece 26 having the first
surface 46 and the second workpiece 28 having the sec-
ond surface 50 are provided. The first surface 46 is abut-
ted with the second surface 50 after each surfaces 46,
50 has undergone surface treatments. The first surface
46 of the first workpiece 26 and the second surface 50
of the second workpiece 28 are prepared for the first
bonding process by surface finishing techniques which
may help reduce the asperity (unevenness of surface
roughness). As will be appreciated by those skilled in the
art, the first surface 46 of the first workpiece 26 and the
second surface 50 of the second workpiece 28 may be
processed for alignment, other surface treatments, non-
destructive examinations (NDE) before carrying out the

first bonding process.
[0048] At step 60, the first bonding process is per-
formed between the first surface 46 of the first workpiece
26 and the second surface 50 of the second workpiece
28 to form the sub-assembly workpiece 48. The first
bonding process includes the diffusion bonding process.
The first surface 46 and the second surface 50 inter-
sperse and join after homogenisation forming into the
sub-assembly workpiece 48. Within the HIP vessel, a
vacuum tight seal between the second workpiece 28 and
the first workpiece 26 is created. Further, the diffusion
bonding process is completed by heating the second
workpiece 28 and the first workpiece 26 in a vacuum.
The surfaces i.e. the first surface 46 and the second sur-
face 50 are heated in a furnace or by electrical resistance
and pressure is applied using hydraulic or a pneumatic
press. In an embodiment, a pressure greater than 1 MPa
is required to facilitate adequate bonding at a tempera-
ture of 1000°C or greater.
[0049] At step 62, a second bonding process is per-
formed between the third surface 52 of the sub-assembly
workpiece 48 and the fourth surface 54 of the third work-
piece 30 to form the integral assembly 24, i.e. the bladed
disc 24. The third surface 52 of the sub-assembly work-
piece 48 and the fourth surface 54 of the third workpiece
30 are prepared, prior to make the surfaces 52, 54 suit-
able for the second bonding process. The second bond-
ing process is a linear friction welding or an orbital friction
welding. The linear friction weld achieves a weld by push-
ing two workpieces, i.e. the sub-assembly workpiece 48
and the third workpiece 30 with respect to each other and
producing frictional heat for carrying out the welding. As
will be appreciated by those skilled in the art, before us-
age, the bladed disc 24 may be processed further for
surface finishing processes, heat treatment processes,
non-destructive examinations (NDE).
[0050] Referring to FIG. 6, a method 64 for fabricating
the bladed disc 24 for a gas turbine engine 10 is disclosed
and is described in conjunction with Figures 1- 4.
[0051] At step 66, the sub-assembly workpiece 48 is
provided. The sub-assembly workpiece 48 is formed from
the first workpiece 26 bonded to the second workpiece
28. In an embodiment, the sub-assembly workpiece 48
is in a preassembled state and is used for coupling with
the third workpiece 30 as described below.
[0052] At step 68, the second bonding process is per-
formed between the third surface 52 of the sub-assembly
workpiece 48 and the fourth surface 54 of the third work-
piece 30 to form the bladed disc 24. The third surface 52
of the sub-assembly workpiece 48 and the fourth surface
54 of the third workpiece 30 are prepared, prior to make
the surfaces 52, 54 suitable for the second bonding proc-
ess. The second bonding process is a linear friction weld-
ing or an orbital friction welding. The linear friction welding
is done between the third surface 52 of the sub-assembly
workpiece 48 and the fourth surface 54 of the third work-
piece 30. As will be appreciated by those skilled in the
art, the bladed disc 24 may be processed further for sur-
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face finishing processes, heat treatment processes, flash
removal processes, heat treatment processes, other
non-destructive examinations (NDE).
[0053] The proposed embodiments of the disclosure
offer various advantages. The proposed disclosure uses
a combination of the first bonding process and the second
bonding process for bonding two different materials of
varying material properties. Further, the proposed dis-
closure provides flexibility to use known technology, such
as a solid state welding for bonding the blade 26 with the
disc 30. The first bonding process has a smaller profile
and used for bonding the first workpiece 26 and the sec-
ond workpiece 28. As a result, there is no potentially del-
eterious effect on the disc 30 due high temperatures of
the diffusion bonding. The second workpiece 28 is bond-
ed to the first workpiece 26 such that there is no require-
ment of a huge diffusion bonding furnace (or HIP vessel).
The proposed techniques may also be used to repair
bladed discs, which in service experience very hostile
environments and undergo different kinds of damage.
[0054] Further, the proposed technology is easily ap-
plied to facilitate joining of other structures with internal
holes or similar discontinuities e.g. a fan bladed disc,
metal-matrix-composite bladed disc. The aerofoil 34 of
the first workpiece 26 may be made slightly wider to per-
mit blending of a diffusion bond line. Also, the bladed disc
assembly 24 is fabricated from dissimilar material, for
example. components made of a composite material
which cannot be satisfactorily joined through a friction
welding.
[0055] In addition the method and process enables
joining of components that are currently effectively im-
possible to inertia weld because or inertia required to join
them being significantly in excess of the inertia available
on the largest machine commercially available. Advan-
tageously, the capital infrastructure required to join these
components is lowered.
[0056] Further, by providing a second or fourth work-
piece which has a different hardness to the other work-
piece, or the third workpiece it is possible to tailor the
proportion of the upset which comes from either material.
For example the tailoring could ensure that a greater pro-
portion of the upset comes from the harder material which
permits a greater elimination of any surface material or
impurities from the harder material.
[0057] The use of a second and / or fourth workpiece
could, e.g. by adding a material that is chemically or vis-
ually distinct from the parent alloys of the first, third or
fifth workpieces, tenable a quality control inspection of
the flash either in-situ or post-weld for evidence of the
added material.
[0058] Further, the proposed disclosure facilitates join-
ing of ceramic or ceramic based workpiece to a metallic
workpiece. The proposed disclosure is also applicable
for joining inter-metallic materials to a metallic, or joining
of bladed discs with hollow cavities within the blade 26,
or joining of bladed discs with a discontinuity in shape or
construction within the blade 26. Where the cavity opens

to the first surface the diffusion bonding of the second
surface may be used to provide a suitable surface for
friction welding. Other techniques to join the first and sec-
ond surface may not be sufficiently robust to withstand
the pressures of the friction welding or may leave impu-
rities in the join that are detrimental to the properties of
the join.
[0059] It will be appreciated by one skilled in the art
that, where technical features have been described in
association with one embodiment, this does not preclude
the combination or replacement with features from other
embodiments where this is appropriate. Furthermore,
equivalent modifications and variations will be apparent
to those skilled in the art from this disclosure. Accordingly,
the exemplary embodiments of the disclosure set forth
above are considered to be illustrative and not limiting.
[0060] It will be understood that the disclosure 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 subcombinations of one or more fea-
tures described herein.

Claims

1. A method (56) for fabricating an integral assembly
(24), the method comprising:

providing (58) a first workpiece (26) having a
first surface (46) and a second workpiece (28)
having a second surface (50);
performing (60) a diffusion bonding process be-
tween the first surface (46) of the first workpiece
(26) and the second surface(50) of the second
workpiece (28) to form a sub-assembly work-
piece (48); and
performing (62) a friction welding process be-
tween a third surface (52) of the sub-assembly
workpiece (48) and a fourth surface (54) of a
third workpiece (30) to form the integral assem-
bly (24),
wherein material properties of the first work-
piece (26) being different from material proper-
ties of the third workpiece (30).

2. A method according to claim 1, wherein the integral
assembly (24) is selected from a group comprising
bladed discs, bladed drums and / or bladed rings.

3. A method according to claim 1 or claim 2, wherein
the second bonding process comprises a linear fric-
tion welding, or an orbital friction welding.

4. A method according to any preceding claims, where-
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in the first workpiece (26) is manufactured from a
single-crystal nickel super alloy, or a directional so-
lidification (DS) super alloy.

5. A method according to any preceding claims, where-
in the second workpiece (28) is manufactured from
a group consisting of wrought, or cast material.

6. A method (64) of fabricating a bladed disc (24) for a
gas turbine according to any preceding claim, the
method comprising:

providing (66) a sub-assembly workpiece (48)
formed from a first workpiece(26) diffusion
bonded to a second workpiece(28); and
performing (68) friction welding between a third
surface (52) of the sub-assembly workpiece (48)
and a fourth surface (54) of a third workpiece
(30) to form the bladed disc (24),
wherein material properties of the first work-
piece (26) being different from material proper-
ties of the third workpiece (30).

7. A method according to any preceding claims, where-
in the first workpiece (26) is a blade, and the third
workpiece (30) is a disc.

8. A method according to any preceding claims, where-
in the sub-assembly workpiece (48) is formed by dif-
fusion bonding the first workpiece (26) and the sec-
ond workpiece (28).

9. A method according to claim 8 wherein the second
bonding process comprises a linear friction welding,
or an orbital friction welding.

10. A method according to any preceding claim, wherein
the first workpiece has a cavity opening to the first
surface and the diffusion bonding process between
the first surface and the second surface closes the
cavity.

11. A bladed disc (24) comprising:

a first workpiece (26);
a second workpiece (28); and
a third workpiece (30),
wherein the first workpiece (26) is coupled to the
third workpiece (30) using the second workpiece
(28) to form the bladed disc (24), the second
workpiece (28) is disposed in between the first
workpiece (26), and the third workpiece (30) to
facilitate coupling of the first workpiece (26), and
the third workpiece (30), wherein the first work-
piece is coupled to the second workpiece by dif-
fusion bonding and the second workpiece is cou-
pled to the third workpiece by friction welding,
the material properties of the first workpiece (26)

being different from material properties of the
third workpiece (30).

12. A bladed disc (24) of the claim 11, wherein the first
workpiece is a blade, and the third workpiece is a
disc.

13. A bladed disc (24) according to claim 11 or claim 12,
wherein the second bonding process comprises a
linear friction welding, or an orbital friction welding.

14. A bladed disc (24) according to any of claim 11 to
claim 13, wherein the first workpiece has a cavity
opening to a surface to which the second workpiece
(28) is coupled.

15. A gas turbine engine (10) comprising a bladed disc
(24) as claimed in any of the claim 11 to claim 13.

13 14 



EP 3 358 132 A1

9



EP 3 358 132 A1

10



EP 3 358 132 A1

11



EP 3 358 132 A1

12



EP 3 358 132 A1

13



EP 3 358 132 A1

14



EP 3 358 132 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 3 358 132 A1

16

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

