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CAST COMPONENT HAVING CORNER RADIUS
TO REDUCE RECRYSTALLIZATION

BACKGROUND
[0001] This disclosure relates to recrystallization in cast components.
[0002] Machine components, such as gas turbine engine airfoils, can be cast from
a superalloy material. For instance, in investment casting, a ceramic or refractory metal core
is arranged in a mold and coated in a wax material, which provides a desired shape. The wax
material is then coated with ceramic slurry that is hardened into a shell. The wax is melted
out of the shell and the remaining cavity is then filled with metal to provide the component.

The core is then removed, leaving internal passages within the component.

SUMMARY

[0003] A cast component according to an example of the present disclosure
includes a cast body having a single crystal microstructure and an internal corner bounding an
internal cavity. The single crystal microstructure defines a critical internal residual stress with
respect to investment casting of the cast body using a refractory metal core beyond which the
single crystal microstructure recrystallizes under a predetermined condition. The internal
corner defines a corner radius (R) that is greater than a critical corner radius below which an
amount of internal residual stress in the single crystal microstructure exceeds the critical
internal residual stress. The internal cavity includes a cross section of less than about 20 mils
near the corner radius.

[0004] In a further embodiment of any of the foregoing embodiments, the internal
cavity is a micropassage with cross section less than about 15 mils.

[0005] In a further embodiment of any of the foregoing embodiments, the
micropassage is embedded within an exterior wall of the cast body.

[0006] In a further embodiment of any of the foregoing embodiments, the cast
body is an airfoil, and the exterior wall is a suction side wall or a pressure side wall of the
airfoil.

[0007] In a further embodiment of any of the foregoing embodiments, the
micropassage has a cross-section taken perpendicular to a longitudinal direction of the cast
body, the cross-section having a maximum dimension width, W, such that a ratio of the

maximum width D to the corner radius R is no greater than 10:1 (ten to one).
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[0008] In a further embodiment of any of the foregoing embodiments, the internal
cavity has a cross-section taken perpendicular to a longitudinal direction of the cast body, the
cross-section having a maximum dimension width, W, such that a ratio of the corner radius
(R) to the maximum width D is at least 1:10 (one to ten).

[0009] In a further embodiment of any of the foregoing embodiments, the internal
corner is between a rib and an exterior wall of the cast body.

[0010] In a further embodiment of any of the foregoing embodiments, the cast
body is a nickel-based alloy.

[0011] A turbine engine according to an example of the present disclosure
includes optionally, a fan, a compressor section, a combustor in fluid communication with the
compressor section, and a turbine section in fluid communication with the combustor. The
turbine section includes airfoil cast component that has a cast body having a single crystal
microstructure and an internal corner bounding an internal cavity. The single crystal
microstructure defines a critical internal residual stress with respect to investment casting of
the cast body using a refractory metal core beyond which the single crystal microstructure
recrystallizes under a predetermined condition. The internal corner defines a corner radius
(R) that is greater than a critical corner radius below which an amount of internal residual
stress in the single crystal microstructure exceeds the critical internal residual stress. The
internal passage has a cross section less than about 20 mils.

[0012] A method of controlling recrystallization in a cast component according to
an example of the present disclosure includes limiting recrystallization in a cast body having
a single crystal microstructure by establishing an internal corner that bounds an internal
cavity in the cast body to have a corner radius (R) that is greater than a critical corner radius
with respect to investment casting of the cast body using a refractory metal core below which
an amount of internal residual stress in the single crystal microstructure exceeds a critical
internal residual stress from casting beyond which the single crystal microstructure
recrystallizes under a predetermined condition.

[0013] In a further embodiment of any of the foregoing embodiments, the internal
cavity is a micropassage.

[0014] In a further embodiment of any of the foregoing embodiments, the cast

body is an airfoil, and the micropassage is embedded within an exterior wall of the airfoil.
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[0015] A further embodiment of any of the foregoing embodiments includes
forming the internal cavity using a refractory metal core.

[0016] In a further embodiment of any of the foregoing embodiments, the
refractory metal core includes a portion having a cross section less than about 15 mils near

the corner radius.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The various features and advantages of the present disclosure will become
apparent to those skilled in the art from the following detailed description. The drawings that
accompany the detailed description can be briefly described as follows.
[0018] Figure 1 shows an example gas turbine engine.

[0019] Figure 2 shows an example airfoil used in the gas turbine engine of Figure

[0020] Figure 3 schematically shows a corner between a rib and a wall.

DETAILED DESCRIPTION

[0021] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternative
engines might include an augmentor section (not shown) among other systems or features.
The fan section 22 drives air along a bypass flowpath while the compressor section 24 drives
air along a core flowpath for compression and communication into the combustor section 26
then expansion through the turbine section 28. Although depicted as a turbofan gas turbine
engine in the disclosed non-limiting embodiment, 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 including three-spool architectures.

[0022] The engine 20 generally includes a first spool 30 and a second spool 32
mounted for rotation about an engine central 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.

[0023] The first spool 30 generally includes a first shaft 40 that interconnects a

fan 42, a first compressor 44 and a first turbine 46. The first shaft 40 is connected to the fan
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42 through a gear assembly of a fan drive gear system 48 to drive the fan 42 at a lower speed
than the first spool 30. The second spool 32 includes a second shaft 50 that interconnects a
second compressor 52 and second turbine 54. The first spool 30 runs at a relatively lower
pressure than the second spool 32. It is to be understood that “low pressure” and “high
pressure” or variations thereof as used herein are relative terms indicating that the high
pressure is greater than the low pressure. An annular combustor 56 is arranged between the
second compressor 52 and the second turbine 54. The first shaft 40 and the second shaft 50
are concentric and rotate via bearing systems 38 about the engine central axis A which is
collinear with their longitudinal axes.

[0024] The core airflow is compressed by the first compressor 44 then the second
compressor 52, mixed and burned with fuel in the annular combustor 56, then expanded over
the second turbine 54 and first turbine 46. The first turbine 46 and the second turbine 54
rotationally drive, respectively, the first spool 30 and the second spool 32 in response to the
expansion.

[0025] The engine 20 is a high-bypass geared aircraft engine that has a bypass
ratio that is greater than about six (6), with an example embodiment being greater than ten
(10), the gear assembly of the fan drive gear system 48 is an epicyclic gear train, such as a
planetary gear system or other gear system, with a gear reduction ratio of greater than about
2.3:1 and the first turbine 46 has a pressure ratio that is greater than about five (5). The first
turbine 46 pressure ratio is pressure measured prior to inlet of first turbine 46 as related to the
pressure at the outlet of the first turbine 46 prior to an exhaust nozzle. The first turbine 46 has
a maximum rotor diameter and the fan 42 has a fan diameter such that a ratio of the
maximum rotor diameter divided by the fan diameter is less than 0.6. It should be understood,
however, that the above parameters are only exemplary.

[0026] A significant amount of thrust is provided by the bypass flow B due to the
high bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about 35,000 feet. The flight condition of
0.8 Mach and 35,000 ft, with the engine at its best fuel consumption - also known as “bucket
cruise Thrust Specific Fuel Consumption (“I'SFC’)” - is the industry standard parameter of
Ibm of fuel being burned divided by Ibf of thrust the engine produces at that minimum point.
“Low fan pressure ratio” is the pressure ratio across the fan blade alone, without a Fan Exit

Guide Vane (“FEGV”) system. The low fan pressure ratio as disclosed herein according to
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one non-limiting embodiment is less than about 1.45. “Low corrected fan tip speed” is the
actual fan tip speed in ft/sec divided by an industry standard temperature correction of [(Tram
°R) / (518.7 °R)]*". The “Low corrected fan tip speed” as disclosed herein according to one
non-limiting embodiment is less than about 1150 ft / second.

[0027] The turbine section 28 of the engine 20 includes a plurality of cast
components 60, such as rotatable blades or static vanes. The cast components 60 are made of
a superalloy material, such as a nickel- or cobalt-based alloy. The cast components 60 are
cast in an investment casting process to provide a single-crystal microstructure and to form a
relatively complex shape, with internal cooling passages. Upon cooling in the investment
casting process, internal residual stresses or strains can develop. In particular, relatively high
residual strains can develop when using a refractory metal core to form internal passages in
the components 60. As an example, ceramic cores are designed with internal porosity to be
“crushable” under the strains generated during the cooling and thus function to alleviate
strain on the cast component when the ceramic core crushes. Refractory metal cores,
however, are non-crushable and can therefore generate relatively high residual strain in cast
components. Refractory metals can include molybdenum, tantalum, niobium, tungsten, and
alloys thereof, further examples of which can be found in U.S. Patent No. 6,637,500 to Shah
et. al., incorporated herein by reference. The term “internal residual stress” will be used
herein, but it is to be understood that “internal residual strain” is equally applicable.

[0028] Locations of internal residual stresses from casting with a refractory metal
core can serve as nucleation sites for recrystallization of a superalloy material during
subsequent heat cycles. Misoriented recrystallized grains debit mechanical properties and can
serve as crack initiation sites. A potential solution to reduce recrystallization is to heat treat a
component to relieve residual internal stress. Heat treatment, although beneficial to reducing
recrystallization, can affect strength and other properties of a component, such as an airfoil,
as well as add cost. As will be explained in further detail below, the cast component 60
disclosed herein includes features for reducing as-cast internal residual stress in investment
casting processes that utilize a refractory metal core such that recrystallization is eliminated
or reduced and stress-relieving heat treatment is unnecessary.

[0029] Figure 2 illustrates one of the cast components 60. In this example, the cast
component 60 is a rotatable gas turbine engine turbine blade, although this disclosure is not

limited to blades and can be applied to vanes or other cast components for machinery. The
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cast component 60 includes an airfoil section 62, a root section 64 and a platform section 66.
At least the airfoil section 62 constitutes a cast body 68. In this example, the airfoil section
62, the root section 64 and the platform section 66 are cast as a unitary body.

[0030] The cast component 60 extends generally along a longitudinal axis L that,
when arranged in the engine 20, is perpendicular to the central engine axis A. The airfoil
section 62 generally extends between a leading edge LE and a trailing edge TE, a base 62a at
the platform section 66 and a tip end 62b.

[0031] As described above, the cast component 60 can be fabricated using
investment casting to provide a relatively complex geometry. In this regard, the cast
component 60 includes one or more internal cooling passages 70 (shown by cutaway in
Figure 2) that generally extend adjacent one or more ribs 72 within the airfoil section 62. In
this example, the rib 72 meets an adjacent wall 74 at an internal corner 76. The internal
cooling passages 70 are formed using a refractory metal core, as discussed above, in the
investment casting process.

[0032] Referring also to Figure 3, which shows a sectioned view through several
ribs 72 and the adjacent wall 74 along with the corner 76, the single crystal microstructure of
the cast body 68 defines a critical internal residual stress with respect to investment casting of
the cast body 68 using a refractory metal core beyond which the single crystal microstructure
recrystallizes under a predetermined condition. For example, the predetermined condition is
greater than 5% strain locally at the internal corner 76.

[0033] In this example, the internal corner 76 has a corner radius R (of curvature)
that is greater than a critical corner radius below which an amount of internal residual stress
in the single crystal microstructure exceeds the critical internal residual stress. Thus, the
internal corner 76 has the corner radius R that is large enough such that the internal residual
stress does not exceed the critical internal residual stress level and thus, recrystallization is
reduced or eliminated. By reducing or eliminating recrystallization through the design of such
internal corners 76 rather than using a subsequent heat treatment after casting, heat treatments
can be eliminated from the fabrication process, reducing cost. Additionally, unlike the heat
treatments, which can affect other properties of an airfoil, the approach of designing one or
more corner radii to be larger than a critical corner radii has little or no effect on other

properties of the cast component 60.
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[0034] As a further example, the rib 72 and wall 74 are joined with adjacent ribs
72 and walls 80 and 82. The rib 72 and walls 80/82 bound a passage 84. In this example, the
wall 80 carries an exterior surface, S, of the cast component, such as a suction side surface or
a pressure side surface. In a further example, the passage 84 is a micropassage, €.g., having a
cross section less than about 20 mils across. In yet a further example, the passage 84 is a
micropassage having a cross section that is less than about 15 mils across.

[0035] The use of the refractory metal core in the investment casting process
permits smaller and more complex structures to be formed, such as the micropasage.
However, smaller and more complex structures generally have smaller corner radii and,
coupled with the relatively high strains that can be generated with the use of a refractory
metal core, can contribute to high internal residual stresses that can lead to recrystallization.
The corner 76 of the passage 84 has the corner radius R that is greater than the critical corner
radius below which an amount of internal residual stress in the single crystal microstructure
exceeds the critical internal residual stress. Thus, even though the micropassage is relatively
small, the cormer radius is designed to be greater than the critical corner radii to avoid or
reduce internal residual stresses and, therefore, reduce or eliminate recrystallization.

[0036] In one example, the corner radius R is selected in correspondence with the
maximum width W of the cross-section of the passage 84. Tor instance, a ratio of the
maximum width W of the passage 84 to the corner radius R is no greater than 10:1 (ten to
one). Put another way, a ratio of the corner radius R to the maximum width W of the passage
84 is at least 1:10 (one to ten).

[0037] It is to be understood that the critical corner radius and the critical internal
residual stress from casting using a refractory metal core can vary somewhat with design and
composition of the superalloy material used. The examples herein serve as guidance for
selection and, given these examples, one of ordinary skill in the art will be able to determine
the critical internal residual stress, the critical corner radius and thus a corner radius R that
should be used in their particular design when investment casting using a refractory metal
core. For example, the critical internal residual stress can be determined by casting sample
parts, or even non-parts, subjecting the samples to the predetermined condition and then
conducting a microstructural evaluation using microscopy.

[0038] Although a combination of features is shown in the illustrated examples,

not all of them need to be combined to realize the benefits of various embodiments of this
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disclosure. In other words, a system designed according to an embodiment of this disclosure
will not necessarily include all of the features shown in any one of the Figures or all of the
portions schematically shown in the Figures. Moreover, selected features of one example
embodiment may be combined with selected features of other example embodiments.

[0039] The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to those skilled
in the art that do not necessarily depart from the essence of this disclosure. The scope of legal

protection given to this disclosure can only be determined by studying the following claims.
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CLAIMS
What is claimed is:
1. A cast component comprising:

a cast body having a single crystal microstructure and an internal corner bounding an
internal cavity, the single crystal microstructure defining a critical internal residual stress
with respect to investment casting of the cast body using a refractory metal core beyond
which the single crystal microstructure recrystallizes under a predetermined condition, the
internal corner defining a corner radius (R) that is greater than a critical corner radius below
which an amount of internal residual stress in the single crystal microstructure exceeds the
critical internal residual stress, and wherein the internal cavity includes a cross section less

than about 20 mils near the corner radius.

2. The cast component as recited in claim 1, wherein the internal cavity is a

micropassage with cross section less than about 15 mils.

3. The cast component as recited in claim 2, wherein the micropassage is embedded

within an exterior wall of the cast body.

4, The cast component as recited in claim 3, wherein the cast body is an airfoil, and the

exterior wall is a suction side wall or a pressure side wall of the airfoil.

5. The cast component as recited in claim 2, wherein the micropassage has a cross-
section taken perpendicular to a longitudinal direction of the cast body, the cross-section
having a maximum dimension width, W, such that a ratio of the maximum width D to the

corner radius R is no greater than 10:1 (ten to one).

6. The cast component as recited in claim 2, wherein the internal cavity has a cross-
section taken perpendicular to a longitudinal direction of the cast body, the cross-section
having a maximum dimension width, W, such that a ratio of the corner radius (R) to the

maximum width D is at least 1:10 (one to ten).
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7. The cast component as recited in claim 1, wherein the internal corner is between a rib

and an exterior wall of the cast body.

8. The cast component as recited in claim 1, wherein the cast body is a nickel-based

alloy.
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0. A turbine engine comprising:

optionally, a fan;

a compressor section;

a combustor in fluid communication with the compressor section; and

a turbine section in fluid communication with the combustor, the turbine section
including airfoil cast component having a cast body having a single crystal microstructure
and an internal corner bounding an internal cavity, the single crystal microstructure defining a
critical internal residual stress with respect to investment casting of the cast body using a
refractory metal core beyond which the single crystal microstructure recrystallizes under a
predetermined condition, the internal corner defining a corner radius (R) that is greater than a
critical corner radius below which an amount of internal residual stress in the single crystal
microstructure exceeds the critical internal residual stress, and wherein the internal passage

has a cross section less than about 20 mils.
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10. A method of controlling recrystallization in a cast component, the method comprising:

limiting recrystallization in a cast body having a single crystal microstructure by
establishing an internal corner that bounds an internal cavity in the cast body to have a corner
radius (R) that is greater than a critical corner radius with respect to investment casting of the
cast body using a refractory metal core below which an amount of internal residual stress in
the single crystal microstructure exceeds a critical internal residual stress from casting

beyond which the single crystal microstructure recrystallizes under a predetermined

condition.
11. The method as recited in claim 10, wherein the internal cavity is a micropassage.
12. The method as recited in claim 11, wherein the cast body is an airfoil, and the

micropassage is embedded within an exterior wall of the airfoil.

13. The method as recited in claim 10, including forming the internal cavity using a

refractory metal core.

14. The method as recited in claim 10, wherein the refractory metal core includes a

portion having a cross section less than about 15 mils near the corner radius.
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