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MULTIPLE PIECE ENGINE COMPONENT

BACKGROUND

[0001] Gas turbine engines typically include a compressor section, a combustor
section and a turbine section. During operation, air is pressurized in the compressor section
and is mixed with fuel and burned in the combustor section to generate hot combustion gases.
The hot combustion gases are communicated through the turbine section, which extracts
energy from the hot combustion gases to power the compressor section and other gas turbine
engine loads.

[0002] Both the compressor and turbine sections may include alternating arrays of
rotating blades and stationary vanes that extend into the core flow path of the gas turbine
engine. For example, in the turbine section, turbine blades rotate and extract energy from the
hot combustion gases that are communicated along the core flow path of the gas turbine
engine. Turbine blades are known to include an airfoil section, over which the hot
combustion gases flow, and a root attached to a rotatable disc. Turbine blades are typically

cast such that the airfoil section and the root are integrally formed as a single-piece structure.

SUMMARY
[0003] One exemplary embodiment of this disclosure relates to a gas turbine
engine, including a component having a first portion formed using one of a casting and a
forging process, and a second portion formed using an additive manufacturing process.
[0004] In a further embodiment of any of the above, the component includes a
third portion formed using an additive manufacturing process.
[0005] In a further embodiment of any of the above, the second portion and the

third portion provide pressure and suction side walls of the component.



WO 2015/058043 PCT/US2014/061061

[0006] In a further embodiment of any of the above, the first portion includes a
root, platform, and at least one radial support projecting from the platform.

[0007] In a further embodiment of any of the above, the root, platform, and at
least one radial support are integrally formed of one of a single crystal, directionally
solidified, and an equiax alloy.

[0008] In a further embodiment of any of the above, the at least one radial support
includes at least one rib projecting into a corresponding slot formed in one of the second
portion and the third portion.

[0009] In a further embodiment of any of the above, the at least one radial support
includes a plurality of radial supports, each of the radial supports including a first rib and a
second rib projecting into slots formed in the second portion and the third portion.

[0010] In a further embodiment of any of the above, the at least one radial support
provides a mate face corresponding to a mate face of one of the second portion and the third
portion.

[0011] In a further embodiment of any of the above, the second portion and the
third portion are joined to the at least one radial support by one of welding, brazing, diffusion
bonding, and gluing.

[0012] In a further embodiment of any of the above, the second portion and the
third portion include microchannels formed therein.

[0013] In a further embodiment of any of the above, the component is one of a
rotor blade and a stator vane.

[0014] Another exemplary embodiment of this disclosure relates to a component
for a gas turbine engine. The component includes a platform, and an airfoil section including

a pressure side wall and a suction side wall. The platform is formed using one of a casting
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and a forging process, and the pressure and suction side walls are formed using an additive
manufacturing process.

[0015] In a further embodiment of any of the above, the component includes at
least one radial support projecting from the platform, the at least one radial support formed
integrally with the platform during the casting process.

[0016] In a further embodiment of any of the above, the at least one radial support
provides a joining interface with one of the pressure side wall and the suction side wall.

[0017] In a further embodiment of any of the above, the at least one radial support
includes a rib projecting into a corresponding slot in one of the pressure side wall and the
suction side wall.

[0018] Another exemplary embodiment of this disclosure relates to a method of
forming a component. The method includes forming a first portion of the component using
one of a casting and a forging process, additively manufacturing a second portion of the
component, and joining the second portion to the first portion.

[0019] In a further embodiment of any of the above, the method includes
additively manufacturing a third portion of the component, and joining the third portion to the
first portion.

[0020] In a further embodiment of any of the above, the joining step includes one
of welding, brazing, and gluing.

[0021] In a further embodiment of any of the above, the additive manufacturing
step includes one of a direct metal laser sintering (DMLS) process, an electron beam melting
(EBM) process, electron beam wire deposition (EBWD) process, a laser powder deposition
(LPD) process, and a laser powder plasma spray (LPPS) process.

[0022] In a further embodiment of any of the above, the additive manufacturing

step includes selectively melting a powdered metal, and the powdered metal is one of (1) a



WO 2015/058043 PCT/US2014/061061

titanium alloy, (2) tungsten alloy, (3) nickel alloy, (4) cobalt alloy, (5) steel alloy, and (6) a
molybdenum alloy.

[0023] The embodiments, examples and alternatives of the preceding paragraphs,
the claims, or the following description and drawings, including any of their various aspects
or respective individual features, may be taken independently or in any combination. Features
described in connection with one embodiment are applicable to all embodiments, unless such

features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The drawings can be briefly described as follows:

[0025] Figure 1 schematically illustrates a gas turbine engine.

[0026] Figure 2 is a side view of an engine component according to this
disclosure.

[0027] Figure 3 is a perspective, exploded view of the engine component of
Figure 2.

[0028] Figure 4 is a sectional view of the engine component of Figure 2, taken

along line 4-4.
[0029] Figure 5 is a sectional view of the engine component of Figure 2, taken

along line 5-5.

[0030] Figure 6 schematically illustrates an example method according to this
disclosure.

[0031] Figure 7 schematically illustrates an example laser powder plasma spray
(LPPS) process.

[0032] Figure 8A illustrates another example engine component according to this
disclosure.
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[0033] Figure 8B is an exploded view of the engine component of Figure 8A.

DETAILED DESCRIPTION

[0034] Figure 1 schematically illustrates an example gas turbine engine 20 that
includes a fan section 22, a compressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmenter section (not shown) among other
systems or features. The fan section 22 drives air along a bypass flow path B while the
compressor section 24 draws air in along a core airflow C along a core flow path where air is
compressed and communicated to a combustor section 26. In the combustor section 26, air is
mixed with fuel and ignited to generate a high pressure exhaust gas stream that expands
through the turbine section 28 where energy is extracted and utilized to drive the fan section
22 and the compressor section 24.

[0035] Although the disclosed non-limiting embodiment depicts a turbofan gas
turbine engine, it should be understood that the concepts described herein are not limited to
use with turbofans as the teachings may be applied to other types of turbine engines; for
example a turbine engine including a three-spool architecture in which three spools
concentrically rotate about a common axis and where a low spool enables a low pressure
turbine to drive a fan via a gearbox, an intermediate spool that enables an intermediate
pressure turbine to drive a first compressor of the compressor section, and a high spool that
enables a high pressure turbine to drive a high pressure compressor of the compressor
section.

[0036] The example engine 20 generally includes a low speed spool 30 and a high
speed spool 32 mounted for rotation about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It should be understood that various

bearing systems 38 at various locations may alternatively or additionally be provided.
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[0037] The low speed spool 30 generally includes an inner shaft 40 that connects
a fan 42 and a low pressure (or first) compressor section 44 to a low pressure (or first) turbine
section 46. The inner shaft 40 drives the fan 42 through a speed change device, such as a
geared architecture 48, to drive the fan 42 at a lower speed than the low speed spool 30. The
high-speed spool 32 includes an outer shaft 50 that interconnects a high pressure (or second)
compressor section 52 and a high pressure (or second) turbine section 54. The inner shaft 40
and the outer shaft 50 are concentric and rotate via the bearing systems 38 about the engine
central longitudinal axis A.

[0038] A combustor 56 is arranged between the high pressure compressor 52 and
the high pressure turbine 54. In one example, the high pressure turbine 54 includes at least
two stages to provide a double stage high pressure turbine 54. In another example, the high
pressure turbine 54 includes only a single stage. As used herein, a “high pressure”
compressor or turbine experiences a higher pressure than a corresponding “low pressure”
compressor or turbine.

[0039] The example low pressure turbine 46 has a pressure ratio that is greater
than about five (5). The pressure ratio of the example low pressure turbine 46 is measured
prior to an inlet of the low pressure turbine 46 as related to the pressure measured at the outlet
of the low pressure turbine 46 prior to an exhaust nozzle.

[0040] A mid-turbine frame 57 of the engine static structure 36 is arranged
generally between the high pressure turbine 54 and the low pressure turbine 46. The mid-
turbine frame 57 further supports bearing systems 38 in the turbine section 28 as well as
setting airflow entering the low pressure turbine 46.

[0041] The core airflow C is compressed by the low pressure compressor 44 then
by the high pressure compressor 52 mixed with fuel and ignited in the combustor 56 to

produce high speed exhaust gases that are then expanded through the high pressure turbine 54
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and low pressure turbine 46. The mid-turbine frame 57 includes vanes 59, which are in the
core airflow path and function as an inlet guide vane for the low pressure turbine 46.
Utilizing the vane 59 of the mid-turbine frame 57 as the inlet guide vane for low pressure
turbine 46 decreases the length of the low pressure turbine 46 without increasing the axial
length of the mid-turbine frame 57. Reducing or eliminating the number of vanes in the low
pressure turbine 46 shortens the axial length of the turbine section 28. Thus, the compactness
of the gas turbine engine 20 is increased and a higher power density may be achieved.

[0042] Figure 2 is a side view of an engine component 62 according to this
disclosure. For exemplary purposes, the illustrated engine component 62 is a turbine blade. It
should be understood that this disclosure extends to other engine components, such as
compressor blades, stator vanes (e.g., Figures 8A-8B), and fan blades, as non-limiting
examples.

[0043] The example engine component 62 includes an airfoil section 64, a root
66, and a platform 68. In this example, the root 66 includes a fir tree configuration. Other
roots, such as dovetail roots, come within the scope of this disclosure, however.

[0044] The airfoil section 64 includes a pressure side wall 70 and a suction side
wall 72, each of which extend between a leading edge 74 and a trailing edge 76. The pressure
side wall 70 and the suction side wall 72 extend radially from the platform 68 to a radially
outer blade tip 78. The term “radially,” as used herein refers to the radial direction Z, which is
normal to the engine central longitudinal axis A, and is used for purposes of explaining the
relative location of the illustrated components without being otherwise limiting.

[0045] In one example of this disclosure, the engine component 62 is a multiple
piece engine component. For example, as illustrated in Figure 3, the pressure side wall 70 and

the suction side wall 72 can be formed separately from the root 66 and the platform 68 of the
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engine component 62. In other words, the exposed airfoil flowpath section 64 is a separate
structure from the root 66 and platform 68.

[0046] In one example, the root 66, the platform 68, and a plurality of radial
supports 80A-80D are integrally formed using a casting process, as explained in detail below
relative to Figure 6. In another example, a forging process is used. While in this example four
radial supports 80A-80D are illustrated, it should be understood that there could be any
number of radial supports.

[0047] The pressure side wall 70 and the suction side wall 72 are separately
formed using an additive manufacturing process, again, as will be explained below relative to
Figure 6. After forming, the pressure side wall 70 and the suction side wall 72 are then joined
to the radial supports 80A-80D to provide the airfoil section 64, as will be described in detail
below.

[0048] Referring to Figure 3, the pressure side wall 70 includes an outer surface
82 providing a portion of the outer contour of the airfoil section 64, and an inner surface 84
facing the radial supports 80A-80D. In one example, the pressure side wall 70 includes a
plurality of radially extending slots 86A-86D.

[0049] In this example, the slots 86A-86D extend generally parallel to one
another, and have a longitudinal dimension extending generally in the radial direction Z. The
slots 86A-86D correspond to a plurality of pressure side ribs 88A-88D extending from the
radial supports 80A-80D in a direction perpendicular to the radial direction Z.

[0050] The suction side wall 72 likewise includes an outer surface 90, an inner
surface 92, and a plurality of slots 94A-94D which correspond to a plurality of suction side
ribs 96A-96D extending from a suction side of the radial supports 80A-80D.

[0051] The slots 86A-86D, 94A-94D and ribs 88A-88D, 96A-96D facilitate

alignment of the pressure side wall 70 and the suction side wall 72 relative to the radial
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supports 80A-80D, which may increase the ease of assembly of the engine component 62.
Further, the adjacent surfaces of the slots 86A-86D, 94A-94D and ribs 88A-88D, 96A-96D
(e.g., the surfaces that abut one another) provide joining interfaces for attachment (e.g., by
welding). That is, the slots 86A-86D, 94A-94D and ribs 88A-88D, 96A-96D not only
increase the ease of aligning the multiple pieces of the engine component 62, but also provide
a joining interface for welding.

[0052] While the illustrated example includes slots 86A-86D, 94A-94D and ribs
88A-88D, 96A-96D, slots and ribs are not required in all embodiments. For instance, the
radial supports 80A-80D may provide relatively planar mate faces corresponding to adjacent
mate faces formed on the inner surfaces of the pressure side wall 70 and the suction side wall
72. These adjacent mate faces may provide joining interfaces for attaching the pressure and
suction side walls 70, 72 to the radial supports 80A-80D.

[0053] As illustrated in Figure 4, the pressure side wall 70 can include a plurality
of microchannels 98, 100 configured to direct a cooling flow of fluid from a core passageway
102 provided between the pressure and suction side walls 70, 72. The suction side wall 72
may likewise include a plurality of microchannels 104, 106 configured to direct a portion of
fluid from the core passageway 102 outward toward the suction side wall. The illustrated
microchannels 98, 100, 104, 106 are shown for illustrative purposes only. The pressure and
suction side walls 70, 72 may include additional and/or different types of microchannels.

[0054] Figure 5 is a view taken along line 5-5 from Figure 2, and illustrates the
detail of the interaction between the slots in the pressure and suction side walls 70, 72, and
further illustrates the pressure and suction side walls 70, 72 joined to the radial supports 80A-
80D. In one example, the pressure and suction side walls 70, 72 are welded (e.g., tack
welded) to the radial supports 80A-80D. In other examples, the pressure and suction side

walls 70, 72 are brazed, diffusion bonded, or glued/cemented to the radial supports 80A-80D.
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Other techniques for joining the pressure side wall and suction side wall 70, 72 to the radial
supports 80A-80D may be used herein.

[0055] Figure 6 illustrates an example method for forming the engine component
62. In the method, at 108, the pressure and suction side walls 70, 72 are additively
manufactured. As is known of additive manufacturing processes, a powdered metal may be
selectively melted to form a first layer of the component. In one example, the powdered metal
is a titanium alloy. In another example, the powdered metal is a molybdenum alloy. Other
example alloys may be used herein, such as: (1) a titanium, (2) tungsten, (3) nickel, (4)
cobalt, and (5) steel alloys. As the selectively melted powder metal cools, additional
powdered metal is layered on top of the cooled metal, and is selectively melted to form
another, subsequent layer. The process is repeated to build the component. Example
techniques include direct metal laser sintering (DMLS), electron beam melting (EBM),
electron beam wire deposition (EBWD), and laser powder deposition (LPD). Other types of
additive manufacturing processes come within the scope of this disclosure. For instance, as
illustrated in Figure 7, one example additive manufacturing process includes the use of a laser
powder plasma spray (LPPS) process. In this process, the external flowpath surfaces 70, 72
are additively built, and leverage the cast (or forged) radial supports 80A-80D as the base for
the additive build. In other words, the external flowpath surfaces 70, 72 are essentially built
onto the radial supports 80A-80D.

[0056] Separately, the root 66, the platform 68, and the radial supports 80A-80D
are formed, at 110, in one example by way of casting, such as investment casting. In another
example, a forging process is used. In either case, the root 66, the platform 68, and the radial
supports 80A-80D may be formed of a single crystal, directionally solidified, or equiax alloy.
Such alloys are generally more resistant to creep than materials suited for additive

manufacturing.

10
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[0057] Finally, at 112, the pressure and suction side walls 70, 72 are joined to the
casting formed at 110, by way of welding, or some other joining process, as mentioned
above.

[0058] The microchannels 98, 100, 104, 106 in the pressure and suction side walls
70, 72 may be difficult to form by way of casting or forging. On the other hand, materials that
are capable of being additively manufactured may be less resistant to creep and other stresses.
Accordingly, this disclosure provides an engine component 62 with a first portion (e.g., the
root, platform, and radial supports 80A-80D) having sufficient creep and other load-resistive
capabilities, and second and third portions (the pressure and suction side walls 70, 72, for
example) including relatively intricate microchannel cooling passageways for cooling the
airfoil section 64.

[0059] While a molybdenum alloy is listed above as an example material for
additive manufacturing, the pressure and suction side walls 70, 72 may be formed using
different manufacturing techniques in the example when the pressure and suction side walls
70, 72 are made of a molybdenum alloy. For example, the pressure and suction side walls 70,
72 could be formed using EDM, ECM, or other, more conventional machining techniques.
Further, if the pressure and suction side walls 70, 72 are made from a material that reacts with
nickel (Ni) or has a different thermal expansion coefficient, then an intermediate material
coating may be applied to the internal casting at locations of expected contact between the
pressure and suction side walls and the internal casting.

[0060] While the above discussion is made relative to a rotor blade, this
disclosure extends to stator vanes as well. As illustrated in Figures 8 A-8B, an example stator
vane 114 may include an inner platform 116, an outer platform 118, and a radial support 120
extending therebetween. In this example, the inner and outer platforms 116, 118 and the

radial support 120 are formed using a casting or forging process. An airfoil section 122 of the

11
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vane 114 includes pressure and suction side sections 124A, 124B formed using an additive
manufacturing process. Similar to the above example, the pressure and suction side sections
124A, 124B may include slots 126 for receiving a corresponding rib 128 from the radial
support 120. In this example, the vane 114 only includes a single radial support 120, although
it should be understood that additional radial supports could be included.

[0061] Although the different examples have the specific components shown in
the illustrations, embodiments of this disclosure are not limited to those particular
combinations. It is possible to use some of the components or features from one of the
examples in combination with features or components from another one of the examples.

[0062] One of ordinary skill in this art would understand that the above-described
embodiments are exemplary and non-limiting. That is, modifications of this disclosure would
come within the scope of the claims. Accordingly, the following claims should be studied to

determine their true scope and content.

12
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CLAIMS

What is claimed is:

1. A gas turbine engine, comprising:
a component including a first portion formed using one of a casting and a forging

process, and a second portion formed using an additive manufacturing process.

2. The gas turbine engine as recited in claim 1, wherein the component includes a third

portion formed using an additive manufacturing process.

3. The gas turbine engine as recited in claim 2, wherein the second portion and the third

portion provide pressure and suction side walls of the component.

4. The gas turbine engine as recited in claim 2, wherein the first portion includes a root,

platform, and at least one radial support projecting from the platform.

5. The gas turbine engine as recited in claim 4, wherein the root, platform, and at least
one radial support are integrally formed of one of a single crystal, directionally solidified, and

an equiax alloy.

6. The gas turbine engine as recited in claim 4, wherein the at least one radial support

includes at least one rib projecting into a corresponding slot formed in one of the second

portion and the third portion.

13
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7. The gas turbine engine as recited in claim 6, wherein the at least one radial support
includes a plurality of radial supports, each of the radial supports including a first rib and a

second rib projecting into slots formed in the second portion and the third portion.

8. The gas turbine engine as recited in claim 4, wherein the at least one radial support
provides a mate face corresponding to a mate face of one of the second portion and the third

portion.

0. The gas turbine engine as recited in claim 4, wherein the second portion and the third

portion are joined to the at least one radial support by one of welding, brazing, diffusion

bonding, and gluing.

10. The gas turbine engine as recited in claim 2, wherein the second portion and the third

portion include microchannels formed therein.

11. The gas turbine engine as recited in claim 2, wherein the component is one of a rotor

blade and a stator vane.

14
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12. A component for a gas turbine engine, comprising:

a platform, and an airfoil section including a pressure side wall and a suction side
wall, wherein the platform is formed using one of a casting process and a forging process,
and wherein the pressure and suction side walls are formed using an additive manufacturing

process.

13. The component as recited in claim 12, including at least one radial support projecting
from the platform, the at least one radial support formed integrally with the platform during

the casting process.

14. The component as recited in claim 13, wherein the at least one radial support provides

a joining interface with one of the pressure side wall and the suction side wall.

15. The component as recited in claim 13, wherein the at least one radial support includes

a rib projecting into a corresponding slot in one of the pressure side wall and the suction side

wall.

15
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16. A method of forming a component, comprising:
forming a first portion of the component using one of a casting and a forging process;
additively manufacturing a second portion of the component; and

joining the second portion to the first portion.

17. The method as recited in claim 16, including:
additively manufacturing a third portion of the component; and

joining the third portion to the first portion.

18. The method as recited in claim 16, wherein the joining step includes one of welding,

brazing, and gluing.

19. The method as recited in claim 16, wherein the additive manufacturing step includes
one of a direct metal laser sintering (DMLS) process, an electron beam melting (EBM)
process, electron beam wire deposition (EBWD) process, a laser powder deposition (LPD)

process, and a laser powder plasma spray (LPPS) process.

20. The method as recited in claim 16, wherein the additive manufacturing step includes
selectively melting a powdered metal, the powdered metal being one of (1) a titanium alloy,
(2) tungsten alloy, (3) nickel alloy, (4) cobalt alloy, (5) steel alloy, and (6) a molybdenum

alloy.

16
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