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CERAMIC MATRIX COMPOSITE
COMPONENT AND PROCESS OF
PRODUCING A CERAMIC MATRIX
COMPOSITE COMPONENT

FIELD OF THE INVENTION

[0001] The present invention relates generally to gas tur-
bines for power generation and more specifically to methods
of forming ceramic matrix composite components for hot
gas path turbine components for gas turbines.

BACKGROUND OF THE INVENTION

[0002] As with turbine blades and vanes formed from
more conventional superalloy materials, CMC blades and
vanes are primarily equipped with cavities and cooling voids
to reduce weight, reduce centrifugal load, and reduce oper-
ating temperatures of the components. These features are
typically formed in CMC components using a combination
of removable and expendable tooling. Internal cooling chan-
nels are advantageous for cooling the both metal and CMC
hot-gas path hardware as they reduce cooling flow require-
ments and thermal gradients/stress.

[0003] Silicon carbide (SiC)-based ceramic matrix com-
posite (CMC) materials have been proposed as materials for
certain components of gas turbine engines, such as the
turbine blades, vanes, nozzles, and buckets. Various methods
are known for fabricating SiC-based components, including
Silicomp, melt infiltration (MI), chemical vapor infiltration
(CVI), polymer inflation pyrolysis (PIP), and oxide/oxide
processes. Though these fabrication techniques significantly
differ from each other, each involves the use of hand lay-up
and tooling or dies to produce a near-net-shape part through
a process that includes the application of heat at various
processing stages.

[0004] Current fabrication methods for forming internal
passages or cavities in CMC components use materials that
need to be “melted” out or removed from the internal
passage during the burn-out cycle. Forming CMC compo-
nents with a cavity includes a number of steps, including
using pre-forms. First, a plurality of ceramic plies, some of
which can include reinforcing material or are pre-impreg-
nated with matrix, are laid up on a mandrel or mold in a
pre-determined pattern to provide desired final or near-net-
shape and desired mechanical properties of components.
The mandrel is generally selected from materials such as tin,
vinyl, or other meltable materials. The laid-up plies may be
pre-impregnated (pre-preg) with matrix material, such as
SiC or impregnated with matrix after lay-up of the plies.
Prior to densification of the CMC pre-form, the mandrel is
removed through a burn-out cycle. In the burn-out cycle, the
CMC pre-form is inverted and the mandrel forming mate-
rials, such as tin, vinyl, or other meltable materials, are
melted out through the open tip of the pre-form CMC
leaving an open tip area.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In an embodiment, a process of producing a
ceramic matrix composite component. The process includes
positioning a plurality of ceramic matrix composite plies on
top of one another and forming a cavity therein. At least a
portion of the cavity includes a terminal diameter suffi-
ciently small to permit infiltration of a densifying material.
The plurality of ceramic matrix composite plies are densified
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to form a densified body. The densifying results in the
portion of the cavity including the terminal diameter being
filled with densifying material and the cavity is present in the
densified body.

[0006] In another embodiment, a ceramic matrix compos-
ite component. The ceramic matrix composite includes a
plurality of ceramic matrix composite plies forming a den-
sified body. The plurality of ceramic matrix plies form a
cavity within the densified body. A portion of the cavity
includes a terminal diameter having an infiltrated densifying
material.

[0007] Other features and advantages of the present inven-
tion will be apparent from the following more detailed
description, taken in conjunction with the accompanying
drawings which illustrate, by way of example, the principles
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a ceramic matrix
composite (CMC) component of the present disclosure.
[0009] FIG. 2 is a sectional view taken in direction 2-2 of
FIG. 1, according to the present disclosure.

[0010] FIG. 3 is a sectional view taken in direction 3-3 of
FIG. 1, according to the present disclosure.

[0011] FIG. 4 shows a prospective view of a component,
according to the present disclosure.

[0012] FIG. 5 schematically shows a prospective view of
a process for forming a CMC component, according to the
present disclosure.

[0013] Wherever possible, the same reference numbers
will be used throughout the drawings to represent the same
parts.

DETAILED DESCRIPTION OF THE
INVENTION

[0014] Embodiments of the present disclosure, for
example, in comparison to concepts failing to include one or
more of the features disclosed herein, enable near-wall
cooling which reduces the thru-wall thermal gradient as well
as more efficiently cooling the hot-gas-path hardware, and
more efficient cooling that has the ability to reduce the
cooling demand and flow-rate of the part. Embodiments of
the present disclosure also permit lower cooling flow, for
high turbine performance. In addition, the components of the
present disclosure have a lower thermal gradient, resulting
in lower stress, longer life and lower life cycle costs, as well
as a greater flexibility in design. The method, according to
the present disclosure, has decreased complexity with low
cost and does not require expensive and time consuming
leaching of cooling channels. Further, the method, according
to the present disclosure, does not have the risk of residual
sacrificial material remaining in cooling channels after pro-
cessing.

[0015] When introducing elements of various embodi-
ments of the present invention, the articles “a,” “an,” “the,”
and “said” are intended to mean that there are one or more
of the elements. The terms “comprising,” “including,” and
“having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements.
[0016] Systems used to generate power include, but are
not limited to, gas turbines, steam turbines, and other turbine
assemblies, such as land based aero-derivatives, used for
power generation. In certain applications, the power gen-
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eration systems, including the turbomachinery therein (e.g.,
turbines, compressors, and pumps) and other machinery,
may include components that are exposed to heavy wear
conditions. For example, certain power generation system
components, such as blades, buckets, casings, rotor wheels,
shafts, shrouds, nozzles, and so forth, may operate in high
heat and high revolution environments. These components
are manufactured using ceramic matrix composites and
these components may also include cooling passages. The
present disclosure provides a method to form ceramic matrix
composite (CMC) components including cooling passages.
An exemplary embodiment of the disclosure is shown in
FIGS. 1-3 as a turbine blade, but the present disclosure is not
limited to the illustrated structure.

[0017] FIG. 1 is a perspective view of a component 10,
such as, but not limited to, a turbine blade or turbine vane.
Although FIG. 1 shows a turbine blade, other suitable
components, according to the present disclosure, include,
but are not limited to, a liner, a blade, a shroud, a nozzle, a
combustor, a nozzle end wall, a blade platform or other hot
gas path component. Component 10 is preferably formed of
a ceramic matrix composite (CMC) material. Material for
component 10 includes, but is not limited to, an oxide based
CMC, such as, but not limited to, alumina, mullite, boron
nitride, boron carbide, sialons (silicon, aluminum, oxygen,
and nitrogen), intermetallics, and combinations thereof. A
suitable example of material for component 10 includes, but
is not limited to, AN-720 (oxide-oxide based), which is
available from COI Ceramics, Inc., San Diego, Calif., or a
hybrid oxide CMC material. Suitable examples of materials
used to make components 10, include, but are not limited to,
SiC fibers impregnated with a SiC and carbon matrix with
various binders. Component 10 includes an airfoil 22 against
which the flow of hot exhaust gas is directed. The airfoil 22
extends from tip 30 to dovetail 24. Component 10 is
mounted to a turbine disk (not shown) by the dovetail 24
which extends downwardly from airfoil 22 and engages a
slot on the turbine disk. A platform 26 extends laterally
outwardly from the area where airfoil 22 is joined to dovetail
24. Component 10 includes at least one plenum 50, as shown
in FIG. 2, extending along the interior of airfoil 22. During
operation of a power generation system, a flow of cooling air
is directed through plenum 50 to reduce the temperature of
airfoil 22.

[0018] FIG. 2 is a sectional view of component 10 taken
in direction 2-2 of FIG. 1 showing internal cavities 70 of
formed component 10. A plurality of ceramic matrix com-
posite plies 60 (only a few have been shown for clarity)
surround and form internal cavities 70. As shown in FIG. 2,
ceramic matrix composite plies 60 include cavities 70
formed into and extending between ceramic matrix com-
posite plies 60. Also visible in FIG. 2, the cavities formed in
the component include a tapered geometry. The tapered
geometry includes a larger diameter at one end of the
ceramic matrix composite ply and a smaller diameter at the
opposite end of the ceramic matrix composite ply 60.
[0019] FIG. 3 is a sectional view of component 10 taken
in direction 3-3 of FIG. 1 showing ceramic matrix composite
ply 60 having cavities 70 formed therein. Cavities 70 extend
through ceramic matrix composite plies 60 and form open-
ings sufficient to permit flow of fluid therethrough.

[0020] The arrangement of ceramic matrix composite
plies 60 and the cavities 70 are schematic and have been
enlarged for illustration purposes. The size and geometry of
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the ceramic matrix composite plies and voids are not limited
to those shown in FIGS. 1-3. In addition, although the
cavities 70 are shown to be internal to component 10, in
another embodiment, cavities 70 are open to and fluidly
communicate with plenum 50, other cavities 70, external to
the component 10, or combinations thereof.

[0021] FIG. 4 shows a prospective view of a component
10, according to the present disclosure, wherein the cavities
70 are present within the component 10. As shown in FIG.
4, the component 10 includes densified matrix material 402
that forms a cap or blockage in the cavity 70. Cavity 70
includes a tapered geometry that includes a portion within
the component 10 that is hollow and permits flow of fluid
and a portion of densified matrix material 402 that prevents
or substantially prevents flow of fluid.

[0022] FIG. 5 schematically shows a process of forming a
CMC component 10, according to the present disclosure,
having internal cavities 70 therein (see also, FIG. 4). As
shown in FIG. 5, component 10 is formed using a lay-up
technique. Process 500 includes providing a ceramic matrix
composite ply 60 (step 501). The ceramic matrix composite
ply 60 may be a single ply or a plurality of plies, such as a
series of plies formed into a laminate stack. An example of
material for plies 60 includes, but is not limited to, pre-preg
composite plies including, for example, woven carbon fiber,
binder material and coated SiC fibers. Other suitable mate-
rials for plies 60 include oxides containing alumina, zirco-
nia, titania, magnesium, silica, mullite, and/or spinel; car-
bides containing silicon, boron, and/or titanium; nitrides
containing silicon, and boron. Other known fibers suitable
for use in the plies 60 include Nextel, Nicalon, hi-Nicalon,
Tyranno, and Sylramic fibers. After providing ceramic
matrix composite ply 60, a void 502 is formed in ceramic
matrix composite ply 60 (step 503). The void 502 is formed
using any suitable technique for forming openings in CMC
materials. The geometry of the void includes any suitable
geometry including a rounded, curved, elliptical, rectilinear
or other suitable geometry for receiving a cooling flow. In
one embodiment, the void 502 is a rectilinear slot. Suitable
void forming techniques include, laser drilling, electrical
discharge machining, cutting or machining the ceramic
matrix composite material of the ceramic matrix composite
ply 60. In one embodiment, the void 502 is formed in a
continuous sheet, as shown in FIG. 5. In another embodi-
ment, void 502 is formed by forming openings discontinu-
ously in plies 60, wherein the plies 60, each having portions
cut or otherwise removed along their edges, are fit together
to form a void 502. The voids 502 in each of the ceramic
matrix composite plies 60 is arranged such that a terminal
diameter 510 is provided in one of the dimensions of the
formed cavity. The terminal diameter 510 is a diameter in
which matrix material is permitted to flow during densifi-
cation and solidity to form a cap or blockage for cavity 70.
Although the term “terminal diameter” is utilized, it is
understood that the diameter of the cross-section is a hydrau-
lic diameter, based upon the specific geometry of the cross-
section, wherein hydraulic diameter is a function of the
wetted perimeter and cross sectional area.

[0023] After the voids 502 are formed in ceramic matrix
composite plies 60, ceramic matrix composite plies 504,
506, and 508 are positioned with respect to one another
wherein the voids in the respective ceramic matrix compos-
ite plies 60 are aligned to define a cavity 70 having a
geometry that results in a terminal diameter along at least a
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portion of the cavity (step 505). The stacking of the aligned
voids 502 forms the cavity 70. The alignment is such that the
voids 502 have a geometry that corresponds to the adjacent
ceramic matrix composite ply and align to permit an altera-
tion of the diameter of the void to vary to include a terminal
diameter 510 at some point within the cavity 70. As shown
in FIG. 5, the terminal diameter 510 is along cavity 70 at a
point at a distance 515 from the bottom of the stack 512 with
respect to the direction of gravity. The present disclosure is
not limited to the number of ceramic matrix composite plies
60 shown in FIG. 5. The number of ceramic matrix com-
posite plies 60 varies based upon the desired size and
configuration of the component 10 and is not particularly
limited. Although not shown in FIG. 5, in one embodiment,
the cavity 70 is formed in a stack 512 of a plurality of
ceramic matrix composite plies 60. Formation of the cavity
70 may be by forming techniques such as, but not limited to,
laser drilling, electrical discharge machining, cutting or
machining

[0024] The terminal diameter 510 of the cavity is defined
as the diameter in the cavity that has a dimension sufficiently
small that the matrix material is moved according to capil-
lary forces into the cavity 70 and solidifies to provide a cap
or blockage. In one embodiment, the terminal diameter 510
is a hydraulic diameter of less than about 80 thousandths
(0.080 inches). In one embodiment, the cavity ranges from
about 5 thousandths (0.005 inches) to about 80 thousandths
(0.080 inches), from about 20 thousandths (0.020 inches) to
about 75 thousandths (0.075 inches) or from about 30
thousandths (0.030 inches) to about 70 thousandths (0.070
inches).

[0025] The cavity 70 is formed in a stack 512 with ceramic
matrix composite plies surrounding the cavity (step 507).
The stack 512 is placed in an autoclave and an autoclave
cycle is completed (step 509). The stack 512 is subject to
typical autoclave pressures and temperature cycles used in
the industry for ceramic composite materials. Autoclaving
pulls out any volatiles remaining in the plies and autoclave
conditions can be varied depending on the ply material.
After autoclaving, a burn-out process is performed to
remove any remaining mandrel material or additional bind-
ers in the stack 512. The burn-out process is generally
conducted at a temperature of approximately 426-648° C.
(approximately 800-1200° F.).

[0026] After burn-out, the pre-form component is placed
in a vacuum furnace for densification (step 511). Densifi-
cation is performed using any known densification technique
including, but not limited to, Silicomp, melt infiltration
(MI), chemical vapor infiltration (CVI), polymer inflation
pyrolysis (PIP), and oxide/oxide processes. Densification
can be conducted in a vacuum furnace having an established
atmosphere at temperatures above 1200° C. to allow silicon
or other infiltrant materials to melt-infiltrate into the pre-
form component. As shown in FIG. 5, one suitable method
of densification is melt infiltration wherein molten matrix
material 513 is drawn into stack 512 and permitted to
solidify. The stack includes a terminal diameter 510 for
cavity 70 such that the matrix material is permitted to
infiltrate and solidify to form a cap or blockage of densified
matrix material 402. However, the internal hollow portion
517 of the cavity 70 remains open and hollow after densi-
fication, sufficient to permit flow of cooling fluid. After
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densification, densified stack 512 or densified body includes
internal cavities 70, as shown in FIG. 4, and forms at least
a portion of component 10.

[0027] In one embodiment, internal hollow portion 517 of
cavities 70 are sufficiently large and open in component 10
such that coolant or other fluid can be directed therethrough
to provide cooling to component 10. However, the densified
matrix material 402 formed at the ceramic matrix composite
ply 60 having the terminal diameter 510 forms a blockage
that substantially prevents flow of coolant or other fluids.
The cavities 70, as manufactured according, for example, to
the process shown in FIG. 5, are closed and internal to the
component 10. In one embodiment, openings are machined
or otherwise formed into the component to provide inlets
and/or outlets to the cavities to permit flow therethrough.
The cavities 70 for cooling may be fed and/or exhausted to
and/or from the plenum 50, other cavities 70 or external to
the component, by machining or otherwise forming open-
ings, such as feed holes and hot-gas path dump holes, into
the component 10.

[0028] In another embodiment, the cavities 70 may be
formed such that the entire or a substantial portion of the
cavity 70 includes a terminal diameter 510, wherein the flow
of the molten matrix material 513 is facilitated or enhanced,
providing a quicker and/or more uniform distribution of
matrix material during densification.

[0029] In one embodiment, the fibers of plurality of a
ceramic matrix composite ply at an end of the cavity form
a greater than 10 degree angle to a center axis of the cavity.
[0030] While the invention has been described with ref-
erence to one or more embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims.

What is claimed is:

1. A process of producing a ceramic matrix composite
component, the process comprising:

positioning a plurality of ceramic matrix composite plies
on top of one another and forming a cavity therein, at
least a portion of the cavity including a terminal
diameter sufficiently small to permit infiltration of a
densifying material; and

densifying the plurality of ceramic matrix composite plies
to form a densified body, the densitying resulting in the
portion of the cavity including the terminal diameter
being filled with densifying material;

wherein the cavity is present in the densified body.

2. The process of claim 1, wherein the cavity is entirely
enclosed within the densified body.

3. The process of claim 1, wherein the cavity includes a
tapered geometry.

4. The process of claim 3, wherein the tapered geometry
includes a void geometry difference between at least a
portion of the plurality of ceramic matrix composite plies.
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5. The process of claim 1, wherein the ceramic matrix
composite plies are pre-impregnated ceramic matrix com-
posite plies.

6. The process of claim 1, wherein the forming of the
cavity is by a method selected from the group consisting of
laser drilling, electrical discharge machining, cutting and
machining

7. The process of claim 1, wherein positioning the plu-
rality of ceramic matrix composite plies on top of one
another and forming the cavity therein includes forming a
void in each of the plurality of ceramic matrix composite
plies and aligning the voids in the respective ceramic matrix
composite plies to at least partially define the cavity in the
component, the aligning including aligning the plurality of
ceramic matrix composite plies.

8. The process of claim 1, wherein the densifying includes
melt infiltration or chemical vapor deposition.

9. The process of claim 1, wherein the fibers of plurality
of a ceramic matrix composite ply at an end of the cavity
form a greater than 10 degree angle to a center axis of the
cavity.

10. The process of claim 1, wherein the densifying
material is silicon.

11. The process of claim 1, wherein the terminal diameter
is less than a diameter in which silicon is drawn in via
capillary forces.

12. The process of claim 1, wherein the hot gas path
turbine component is selected from the group consisting of
a liner, a blade, a shroud, a nozzle, a combustor, a nozzle end
wall, and a blade platform.
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13. A ceramic matrix composite component, comprising:

a plurality of ceramic matrix composite plies forming a
densified body, the plurality of ceramic matrix plies
forming a cavity within the densified body;

wherein a portion of the cavity includes a terminal diam-

eter having an infiltrated densifying material.

14. The ceramic matrix composite component of claim 8,
wherein the cavity is entirely enclosed within the densified
body.

15. The ceramic matrix composite component of claim 8,
wherein the cavity includes a tapered geometry.

16. The ceramic matrix composite component of claim
14, wherein the tapered geometry includes a void geometry
difference between at least a portion of the plurality of
ceramic matrix composite plies.

17. The ceramic matrix composite component of claim 8,
wherein the rectilinear boundary is a boundary selected from
the group consisting of a laser drilled boundary, an electrical
discharge machined boundary, a cut boundary and a
machined boundary.

18. The ceramic matrix composite component of claim 8,
wherein the hot gas path turbine component is selected from
the group consisting of a liner, a blade, a shroud, a nozzle,
a combustor, a nozzle end wall, and a blade platform.

19. The ceramic matrix composite component of claim 8,
wherein the fibers of plurality of a ceramic matrix composite
ply at an end of the cavity form a greater than 10 degree
angle to a center axis of the cavity.

20. The ceramic matrix composite component of claim 8,
wherein the terminal diameter is less than a diameter in
which silicon is drawn in via capillary forces.
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