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Method of Casting Parts Using Heat Reservoir, Gating Used by Such Method, and
Casting Made Thereby

Cross Reference to Related Applications

[0001] This application is a non-provisional application claiming the 35 USC
§119(e) benefit of U.S. Provisional Patent Application No. 61/708,565 filed on October

1,2012.

Technical Field

[0002] The present disclosure generally relates to relates to casting of parts and, more
particularly, relates to a method, mold and casting with improved heat transfer through

the use of sacrificial material.

Background

[0003] Cast parts have many industrial applications. For example, many aerospace
components such as those used in gas turbine engines are formed using a mold, which is
filled with molten metal. The mold is formed in the desired shape of the part, such that
when the molten metal cools and hardens, and the mold is removed, the part of desired
shape is formed. Typically, casting is used as the predominant method of forming parts
when the desired shape is complex or particularly difficult to form by other methods.
[0004] While effective, often cast parts have areas of small thermal mass (such
as relatively thin sections) and areas of large thermal mass (such as relatively thick
sections). As a result, such cast parts may experience tearing during the cooling process

because of the large temperature differentials that may be present between the areas of
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small and large thermal mass. This necessarily results in scrapping of the casting, lost

productivity and lost profitability. A better process is therefore needed.

Summary of the Disclosure

[0005] In accordance with one aspect of the disclosure, a method of casting a
work product is disclosed. The method comprises producing a casting having a work
product and a sacrificial appendage extending from, and suspended over, the work
product, and controllably cooling the work product using the sacrificial appendage.
[0006] In another refinement, the method further includes removing the
sacrificial appendage from the work product after the work product is cooled.

[0007] In another refinement, the work product includes an area of small thermal
mass and an area of large thermal mass, and the method further includes positioning the
sacrificial appendage between the area of small thermal mass and the area of large
thermal mass.

[0008] In another refinement, the area of small thermal mass is a midspan of a
combustor panel, and the area of large thermal mass is a stud of the combustor panel,
and the method includes cantilevering the appendage over the midspan.

[0009] In another refinement, the method further comprises creating a mold that
includes a cavity in the shape of the work product and a cavity in the shape of the
sacrificial appendage, and pouring molten metal into the mold cavities.

[0010] In another refinement, the method further includes forming the mold

from a ceramic.
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[0011] In accordance with a further aspect of the disclosure, the method further
includes forming a pattern in the shape of the casting, coating the pattern with an
investment material, and removing the pattern from the investment material.

[0012] In a refinement, the method further includes forming the pattern of wax.
[0013] In accordance with another aspect of the disclosure, a mold is disclosed
which may comprise a work product mold defining a small thermal mass cavity and a
large thermal mass cavity, and a sacrificial material mold defining an appendage cavity,
the appendage cavity being positioned over the work product cavity between the small

thermal mass cavity and the large thermal mass cavity.

[0014] In a refinement, the sacrificial mold further includes a gating cavity.
[0015] In another refinement, the mold is ceramic.
[0016] In another refinement, the work product is a combustor panel for a gas

turbine engine.

[0017] In a further refinement, the small thermal mass cavity forms a midspan of
the combustor panel, and the large thermal mass cavity forms a stud of the combustor
panel.

[0018] In accordance with another aspect of the disclosure, a casting having an
area of large thermal mass and an area of small thermal mass, and the casting is formed
by a method comprising forming a mold having a work product cavity and a sacrificial
cavity, the sacrificial cavity extending over the work product cavity between the area of
small thermal mass and the area of large thermal mass, filling the mold with molten
metal, and controllably cooling the molten in the work product cavity using the molten

metal in the sacrificial cavity.
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[0019] In a refinement, the casting is a combustor panel of a gas turbine engine.
[0020] In a further refinement, the area of small thermal mass is a midspan of

the combustor panel, and the area of large thermal mass is a stud of the combustor
panel.

[0021] In a further refinement, the method of forming the casting further
includes removing the sacrificial material from the work product once the molten metal
is cooled.

[0022] In a refinement, the sacrificial material includes an appendage that
cantilevers over the work product.

[0023] In a further refinement, the sacrificial material further includes gating,
and the method further includes removing the gating from the work product.

[0024] In yet a further refinement, the method may further comprise sizing the
sacrificial material cavity so as to equilibrate the thermal mass between the area of small
thermal mass and the area of large thermal mass.

[0025] These and other aspects and features of the present disclosure will be
better understood upon reading the following detailed description when taken in

conjunction with the accompanying drawings.

Brief Description of the Drawings

[0026] FIG. 1 is a perspective view of an exemplary work product produced

according to the present disclosure;
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[0027] FIG. 2 is a perspective view of an exemplary mold used to make the work
product of FIG. 1 in accordance with the disclosure;

[0028] FIG. 3 is a perspective view of the exemplary casting used to make the work
product of FIG. 1, but with sacrificial casted material still attached;

[0029] FIG. 4 is a sectional view of the mold of FIG. 2, taken along line 4-4 in FIG. 3;
and

[0030] FIG. 5 is a flow chart depicting a sample sequence of steps which may be

practiced according to the present disclosure.

Detailed Description

[0031] Referring now to the drawings, and with specific reference to FIG. 1 an
exemplary casting that may be made in accordance with the present disclosure is
referred to as reference numeral 20. More specifically, the casting 20 depicted is a
combustor panel for use in a gas turbine engine, but it is to be understood that the
teachings of the present disclosure can be used with equal efficiency in forming many
other intricate shapes, including, but not limited to, many other aerospace and gas
turbine engine components.

[0032] As shown, the casting 20 may include a midspan 22 flanked by lateral
sections 24. A plurality of studs 26 may extend from each lateral section 24. One of
ordinary skill in the art will recognize the casting 20 as a combustor panel used in
forming an annular liner for a gas turbine engine combustor when arranged in a
circumferential fashion with other combustor panels. The studs 26 can then be used to

attach an annular combustor shell (not shown) thereto in uniformly spaced fashion.
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Again, however, the teachings of the present disclosure can be used to form any number
of other intricately designed parts, particularly aerospace parts.

[0033] Such parts may be made by an investment casting technique, where a
pattern of the desired shape is formed of a dissolvable, meltable or otherwise
destructible material such as wax. That wax pattern is then coated, sprayed or otherwise
covered with an investment material such as ceramic. Once the investment material is
hardened, the wax pattern can be melted to form a hollow mold in the shape of the
desired part. Molten material is then poured into the mold to form the part.

[0034] While effective, with parts of certain shapes, the molten metal can cool at
different rates in different locations in the part. For example, areas which are relatively
thin or otherwise have small thermal mass may cool more quickly than thick areas, or
which otherwise have large thermal mass, thus resulting in hot tears in the metal. When
this happens, the part has to be scrapped, resulting in lost productivity and profits.
[0035] It is in this regard that the present disclosure greatly improves over the
prior art. It does so by, among other things, employing sacrificial material in the mold
to equilibrate the thermal mass across the part and thus controllably cool the part
without hot tears.

[0036] Referring now to FIG. 2, a mold 30 from which the casting can be made
is depicted. As shown therein, the mold includes a midspan cavity 32 for forming the
midspan 22, flanked by lateral section cavities 34 for forming lateral sections 24. In
addition, each lateral section 34 includes stud cavities 36 for forming the plurality of
studs 26. However, it will also be noted that the mold 30 includes a number of other

cavities forming sacrificial portions 40 used only to facilitate the molding process.
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[0037] As shown best in FIG. 3, these sacrificial portions 40 include gating 42
and appendage 44. The gating 42 provides passages for communicating the molten
metal to the midspan cavity 32, lateral section cavities 34, and stud cavities 36. Once
the molten metal cools, the gating 42 is removed as by cutting, grinding, machining or
the like.

[0038] Similarly, the appendage 44 is a sacrificial material 40 and does not
ultimately form a usable portion of the finished work product 45. Rather, by
cantilevering the appendage over the midspan cavity 32 in close proximity thereto, when
the appendage 44 is poured and filled with molten metal along with the midspan cavity
32, lateral section cavities 34 and stud cavities 36, a more uniform thermal mass is
created across the mold 30, thereby allowing for a more controllable and uniform
temperature gradient across the mold 30 and casting 20. As the casting 20 is more
uniformly cooled, the likelihood of hot tears in the metal is greatly abated relative to the
prior art. Once cooled and hardened, the appendage 42 is removed along with the
gating, to form the work product 20 of FIG. 1.

[0039] The relative dimensions of each section of the casting 20 are also of
importance in equilibrating the thermal mass across the casting and tailoring the proper
cooling rate of the molten metal. More specifically, in the exemplary casting 20, the
midspan 22 is configured as a wall that extends the casting length L as shown in FIG.
1. The midspan 22 has a thickness Ty The Ty may be measured from a front side 50 to
a back side 52 of the midspan 22. In an embodiment, the thickness Ty of the midspan

22 may be generally even across the midspan 22.
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[0040] As best seen in the exemplary embodiment illustrated in FIG. 3, the wall-
like midspan 22 is bordered on each side by the casting lateral sections 24. The plurality
of studs 26 extend upwardly from each casting lateral section 24. Each stud 26 has a
thickness Ts. In this embodiment, Ts may be greater than the Ty For the purposes of
this disclosure, Ts may be measured from a distal end 54 (distal to the lateral section 24)
of the stud 26 to a proximal end 56 (adjacent the flanking section 24)

[0041] The dimensions and positions of the sacrificial material 40 relative to the
work product 45 is also important. More specifically, as indicated above, the sacrificial
material 40 may include gating 42 and appendage 44. The gating 42 may also include a
lattice portion 60. In one embodiment, the lattice portion 60 may be adjacent to one or
more sides of the casting 20. In the embodiment illustrated in FIG. 1, the lattice portion
60 is present on three sides of the casting 20. The gating 42 and appendage 44 are
eventually removed from the initial casting of FIG. 3 to create the casting 20 seen in
FIG. 1.

[0042] The appendage 44 may extend from, and cantilever over, the lattice
portion 60. More specifically, the appendage 44 may extend over the midspan 22. In
other embodiments, the appendage 44 may be separate from the lattice portion 60 but
may be disposed to extend over the midspan 22. The appendage 44 is configured such
that it does not substantially extend over the lateral sections 24. In one embodiment, the
appendage 44 may extend over the midspan 22, but not over the lateral sections 24. The
appendage 44 has a thickness Ty.

[0043] The appendage 44 and the midspan 22 may define a gap 64 disposed

therebetween as shown in FIG. 4. In one embodiment, the gap 64 may extend
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substantially along the length L¢ of the midspan 22 and along the width W4 of the
appendage 44. In one embodiment, the gap 64 height Hg may be in the range of about 3
millimeters to about 56 millimeters. In another embodiment, Hg may be in the range of
about 13 millimeters to about 46 millimeters. Other ranges are also contemplated for the
gap 64 height Hg, and the gap 64 height Hg is not limited to the specific ranges disclosed
above. In an embodiment, Ts may be about the sum of Ty and T, and W,. In one
embodiment, the casting 20 may be made of steel, aluminum or the like.

[0044] The dimensions and relative positions of the parts of the mold 30
generally mirror the shape, and relative dimensions of the desired casting. For example,
as shown in FIG. 2, the mold 30 may have a midspan cavity 32 that extends the length
Ly of the desired midspan 22. Moreover, the mold midspan cavity 32 has a thickness
Tyy. The Ty may be measured from a front side 80 of the midspan cavity 32 to a back
side 82 of the midspan cavity 32.

[0045] In this exemplary embodiment, the wall-like mold midspan cavity 32 is
bordered on each side by lateral section cavities 34. A plurality of mold stud cavities 36
extend upward from each mold lateral section cavity 34. Each mold stud cavity 36 may
have thickness Tys. In this embodiment, Tys may be greater than the Ty, Each of
these stud cavities 36, in this exemplary embodiment, may be configured as a stud
shape. Tor the purposes of this disclosure, Tys may be measured from a distal end 86
(distal to the mold lateral section 34) of the mold stud cavity 36 to a proximal end 88 of
the mold stud cavity 36.

[0046] The mold 30 may also include cavities, an appendage cavity 102 and

gating cavity 104. Similar to the discussion regarding the casting gating 42, the mold
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gating cavity 104 may also include a mold lattice cavity 106. In one embodiment, the
mold lattice cavity 106 may be adjacent to one or more sides of the mold midspan cavity
32. In the embodiment illustrated in FIG. 2, the mold lattice cavity 106 is present on
three sides of the mold midspan cavity 32.

[0047] In an embodiment, the mold appendage cavity 102 may extend from the
mold lattice cavity 106 at joint 108. More specifically, the appendage cavity 102 may
extend over the mold midspan cavity 32. In other embodiments, the mold appendage
cavity 102 may be separate from the mold lattice cavity 106 but may be disposed to
extend over the mold midspan cavity 32. In one embodiment, the mold appendage
cavity 102 may extend substantially the length Ly of the mold midspan cavity 32. The
mold appendage cavity 102 may be configured such that it does not substantially extend
over the mold lateral cavities 34. In one embodiment, the mold appendage cavity 102
may extend over the mold midspan cavity 32 but not over the mold lateral cavities 34.
The mold appendage cavity 102 has a thickness Tya. In an embodiment, Tya may be
about the sum of T, and T},. In one embodiment, the mold 30 may be made of ceramic
or the like.

[0048] FIG. 4 illustrates a cross-section of the mold 30 of FIG. 2 before a pattern
200 is removed (in the wax embodiment mentioned above, melted out of) from the mold
30. The method may further include removing the pattern 200 from the mold 30 and in
doing so leaving the mold cavities 32, 34 and 36. In one embodiment, the pattern 200
may be made of wax, or the like. The mold 30 and enclosed pattern 200 may be heated

to melt the wax. The melted wax may then be drained out of the mold 30. Once the
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pattern 200 is removed from the mold 30, the mold 30 defines the cavities 32, 34 and 36
and is ready for receipt of molten metal therein.

[0049] In operation, the present disclosure sets forth a method for producing the
casting 20. This is best depicted in flow chart format in FIG 5. The method may begin
by creating a pattern 200 as indicated in step 300. As indicated above, this may be by
using wax or some other easily destructible material. That pattern 200 can then be
covered by an investment material as shown in step 302. The wax can then be melted
and removed from the hardened investment material to form the hollow mold 30 as
shown in step 304.

[0050] The method may further include prime coating the wax pattern in a fine
refractory material, with that fine refractory material then being coated with the
investment material to create the mold 30. The mold 30 may then be allowed to harden.
The investment material may be ceramic particles, or another appropriate material
known in the art for use in creating an investment mold.

[0051] Once created, the mold 30 includes the midspan cavity 32, flanking
section cavities 34, and stud cavities 36, as well as the gating cavity 104 and appendage
cavity 102. After the wax pattern is melted and removed, the method may further
include pouring molten metal into the mold 30 as shown in step 306. The molten metal
is then allowed to cool in the mold 30 to form the casting 20 as shown in step 308.
[0052] During cooling of the molten metal/casting 20, large temperature
differences between the casting sections, particularly between the midspan 22 and studs
26 are avoided. This is as a direct result of providing the appendage 44 over the

midspan 22 in close proximity to both the midspan 22 and the studs 26. In the absence
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of the appendage 44 being provided adjacent to the midspan 22, large temperature
differences therebetween may promote tearing between the areas of relatively small
thermal mass, such as the midspan 22, and areas of relatively large thermal mass, such
as the studs 26, during cooling of the casting 20. As stated above, such tearing often
results in the casting 20 being scrapped. However, the placement of the appendage 44
substantially over the midspan 22, the thickness T4 of the appendage 44, and the close
proximity of the appendage 44 to the midspan 22 slows the cooling of the midspan 22
such that the midspan 22 and the appendage 44 cool at approximately the same rate as
the studs 26, thus minimizing the tearing of the casting 20. Stated differently, the large
thermal mass of the appendage 44 reduces the temperature differential between the
midspan 22 and studs 26, and in doing so reduces the likelihood of hot tearing. This is
represented in the flow chart as step 310.

[0053] Referring again to FIG. 5, the method may further include removing the
mold 30 from the cooled metal casting 20 as shown by step 312. In one embodiment,
the mold 30 may be removed from the casting 20 by chipping off the mold 30 from the
cooled casting 20. In other embodiments, the mold 30 may be removed by hammering,
media blasting, vibrating, water jetting, chemically dissolving, or the like.

[0054] As discussed earlier, casting 20, once removed from the mold 30,
includes the sacrificial material 40 attached thereto in the form of the gating 42 and the
appendage 44. The method of the present disclosure may further include removing the
sacrificial material 40 from the casting 20 as shown by a step 314. Removal of the
gating 42 and appendage 44 from the casting 20 may be done by sawing, laser cutting,

hammering, or the like, and results in a casting 20 such as that in FIG. 1. In other



WO 2014/055151 PCT/US2013/051301

13-

embodiments, the mold 30 and sacrificial material 40 may be removed at approximately
the same time by sawing, laser cutting, hammering, or the like.

Industrial Applicability

[0055] From the foregoing, it can be seen that the present disclosure sets forth a
casting method, mold and casting with many industrial applications. For example, in
the manufacture of gas turbine engines, parts of very intricate shapes are needed. As
those shapes employ portions of varying thicknesses and sizes, when the metal forming
the casting cools, the present disclosure sets forth specifically shaped and positioned
sacrificial materials to enable the entire casting to cool more uniformly and in a
controlled manner. In so doing, tears in the molten metal are avoided, usable castings
are created, and scrapped castings are minimized.

[0056] While the foregoing has been given with reference to combustor panels
for gas turbine engines, it is to be understood that the teachings herein can be employed
in forming many other gas turbine engine components, other aerospace components, and

any other casting of complex shape regardless of its ultimate industrial application.
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Claims

What is claimed is:

1. A method of casting a work product, comprising:
producing a casting having the work product and a sacrificial
appendage extending from, and suspended over, the work product; and
controllably cooling the work product using the sacrificial

appendage.

2. The method of claim 1, wherein the method further includes removing the
sacrificial appendage from the work product after the work product is

cooled.

3. The method of claim 1, wherein the work product includes an area of
small thermal mass and an area of large thermal mass, and wherein the
method further includes positioning the sacrificial appendage between the

area of small thermal mass and the area of large thermal mass.

4. The method of claim 3, wherein the area of small thermal mass is a
midspan of a combustor panel, the area of the large thermal mass is a stud
of the combustor panel, and the method includes cantilevering the

appendage over the midspan.

-14-
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The method of claim 1, further comprising:
creating a mold that includes a cavity in the shape of the work
product and a cavity in the shape of the sacrificial appendage; and

pouring molten metal into the mold cavities.

The method of claim 6, further including forming the mold from a ceramic.

The method of claim 9, further including forming a pattern in the shape of
the casting, coating the pattern with an investment material, and removing

the pattern from the investment material.

The method of claim 7, further including forming the pattern of wax.

A mold, comprising:

a work product mold defining a small thermal mass cavity and a
large thermal mass cavity; and

a sacrificial material mold defining an appendage cavity, the
appendage cavity being positioned over the work product cavity between

the small thermal mass cavity and the large thermal mass cavity.

The mold of claim 9, wherein the sacrificial mold further includes

a gating cavity.
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The mold of claim 9, wherein the mold is a ceramic.

The mold of claim 9, wherein the work product is a combustor

panel for a gas turbine engine.

The mold of claim 12, wherein the small thermal mass cavity
forms a midspan of the combustor panel, and the large thermal mass

cavity forms a stud of the combustor panel.

A casting having an area of small thermal mass and an area of
large thermal mass, the casting being formed by a method comprising:

forming a mold having a work product cavity and a sacrificial
material cavity, the sacrificial material cavity extending over the work
product cavity between the area of small thermal mass and the area of
large thermal mass;

filling the mold with molten metal; and

controllably cooling the molten metal in the work product cavity

using the molten metal in the sacrificial material cavity.

The casting of claim 14, wherein the casting is a combustor panel

of a gas turbine engine.
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The casting of claim 15, wherein the area of small thermal mass is
a midspan of the combustor panel, and the area of large thermal mass is a

stud of the combustor panel.

The casting of claim 15, wherein the method of forming the
casting further includes removing the sacrificial material from the work

product once the molten metal has cooled.

The casting of claim 17, wherein the sacrificial material includes

an appendage that cantilevers over the work product.

The casting of claim 18, wherein the sacrificial material further
includes gating, and the method further includes removing the gating from

the work product.

The casting of claim 14, wherein the method further includes
sizing the sacrificial material cavity so as to equilibrate the thermal mass
between the area of small thermal mass and the area of large thermal

mass.
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