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(57) Abstract: A gas turbine engine ceramic matrix composite (CMC) component includes first and second outer layers of plies
(20,24), and an intermediate layer of plies (22) between the first and second outer layers of plies. The intermediate layer of plies is
offset relative to the first and second outer layers of plies. The offset forms a protrusion (30) on one side of the CMC component and
a recess (32) in an opposite side of the CMC component such that when two CMC components are assembled together, the protru-
sion of the one CMC component engages the recess of the other CMC component to form an edge seal between the CMC compon-
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EDGE SEAL FOR GAS TURBINE ENGINE
CERAMIC MATRIX COMPOSITE COMPONENT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional
Patent Application Number 61/768,450, filed 23 February 2013, the disclosure of
which is now expressly incorporated herein by reference.

TECHNICAL FIELD

[0002] The present application relates to edge seals for gas turbine engine
blades, vanes, airfoils, platforms, end walls, and shrouds, and more particularly, but
not exclusively, to edge seals of gas turbine engine components having a ceramic

matrix composition.

BACKGROUND

[0003] The sealing of edges of gas turbine engine components such as blades
and vanes, and the airfoils, platforms, end walls, and shrouds that make up such

components, remains an area of interest. Some existing systems and methods have
various shortcomings, drawbacks, and disadvantages relative to certain applications.
Accordingly, there remains a need for further contributions in this area of technology.

SUMMARY

[0004] The present disclosure may comprise one or more of the following
features and combinations thereof.

[0005] One embodiment of the present application is a unique edge seal
between ceramic matrix composite components, in which the edge seal is formed by
offsetting plies during layup that form an integral projection on one component and a
recess in the other component. lllustratively, a gas turbine engine ceramic matrix
composite (CMC) comprises component first and second outer layers of plies, and
an intermediate layer of plies between the first and second outer layers of plies.
lllustratively, the intermediate layer of plies may be offset relative to the first and
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second outer layers of plies. Further illustratively, the offset forms a protrusion on
one side of the CMC component and a recess in an opposite side of the CMC
component such that when two CMC components are assembled together, the
protrusion of the one CMC component engages the recess of the other CMC
component to form an edge seal between the CMC components.

[0006] In some illustrative embodiments, the protrusion is formed by the plies
of the intermediate layer of plies and the recess is formed by an opening
corresponding in length to the offset of the intermediate layer of plies and flanked by
the first and second outer layers of plies.

[0007] In some illustrative embodiments the protrusion is less in height than
the recess by at least the thickness of one ply in the intermediate layer of plies.
[0008] In some illustrative embodiments the intermediate layer of plies is
matrix infiltrated, and the protrusion of the intermediate layer of plies has less matrix
infiltration than other portions of the intermediate layer of plies.

[0009] In some illustrative embodiments the amount of offset is about the
same as the total thickness of the intermediate layer of plies.

[0010] According to another aspect of the present disclosure an illustrative
method may comprise laying up plies of fiber in an offsetting manner to form a
ceramic matrix composite (CMC) gas turbine engine component having an integral
projection at one end thereof and an integral recess in the other end thereof such
that, when one CMC gas turbine engine component is assembled to another CMC
gas turbine engine component, the integral recess in the one CMC component is
capable of receiving the integral projection of the other CMC gas turbine engine
component to form an edge seal between the one and the other CMC gas turbine
engine components.

[0011] In some illustrative embodiments the laying up of plies comprises
providing relatively less ply material in the integral projection so that the integral
projection is less in height than the height of the integral recess.

[0012] In some illustrative embodiments further comprises matrix infiltration
processing the laid up plies of material wherein the integral projection portion is less
infiltrated than the other portions of laid up plies of material.
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[0013] In some illustrative embodiments the laying up of plies comprises
laying up a bottom layer of plies, a middle layer of plies, and a top layer of plies,
where the middle layer of plies is offset relative to the bottom and top layers of plies
such that the integral projection is formed by the plies of the middle layer, and the
integral recess is formed by an opening corresponding in length to the offset of the
middle layer of plies and flanked by the inner and outer layers of plies.

[0014] In some illustrative embodiments the laying up of plies comprises
reducing the length of a portion of the plies in the middle layer relative to other plies
of the middle layer so that the integral projection is less in height than the height of
the integral recess.

[0015] In some illustrative embodiments the method comprises matrix
infiltration processing the bottom, middle, and top layers of plies, wherein the integral
projection portion of the middle layer of plies is less infiltrated than other portions of
the middle layer of plies.

[0016] In some illustrative embodiments the laying up of plies of fiber to form
the integral projection comprises laying up fiber that has a matrix-impregnated
portion and a non-matrix-impregnated portion, wherein the non-matrix-impregnated
portion forms the integral projection.

[0017] In some illustrative embodiments the laying up of plies of fiber to form
the integral recess comprises laying up fiber that has a matrix-impregnated portion
and a non-matrix-impregnated portion, wherein the non-matrix-impregnated portion
projects into the recess.

[0018] In some illustrative embodiments the laying up of plies of fiber to form
the integral projection and integral recess comprises laying up fiber that has a
matrix-impregnated portion and a non-matrix-impregnated portion, wherein the non-
matrix-impregnated portion forms the integral projection at one of the CMC gas
turbine engine component and projects into the recess at the other end of the CMC
gas turbine engine component, so that when the one CMC gas turbine engine
component is assembled to the other CMC gas turbine engine component, the non-
matrix-impregnated portion of the integral projection and the non-matrix-impregnated
portion within the recess form a brush seal.
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[0019] According to another aspect of the present disclosure an illustrative
method may comprise providing a radially inner end wall and a radially outer end
wall, where each end wall has a groove therein; forming a ceramic matrix composite
(CMQ) airfoil by laying up a bottom layer of plies, a middle layer of plies, and a top
layer of plies, where the middle layer of plies is relatively longer in the radial direction
than the bottom and top layers of plies such that radially projecting tongues are
formed by the plies of the middle layer at radially inner and radially outer ends of the
CMC airfoil; and joining the CMC airfoil to the end walls by engaging the radially
projecting tongues at the radially inner and radially outer ends of the CMC airfoil with
the respective grooves in the radially inner and radially outer end walls.

[0020] In some illustrative embodiments one or more of the radially inner end
wall and the radially outer end wall comprise a ceramic matrix composite (CMC).
[0021] In some illustrative embodiments one or more of the radially inner end
wall and the radially outer end wall comprise metal.

[0022] According to another aspect of the present disclosure an illustrative
method may comprise drawing a ceramic fiber tow through a matrix bath containing
a slurry matrix composition to matrix-impregnate the ceramic fiber tow; periodically
removing the ceramic fiber tow from the matrix bath so that portions of the drawn
ceramic fiber tow are not matrix-impregnated; winding the ceramic fiber tow onto a
drum to form a circumferential ply of fiber material having an impregnated
circumferential portion and a non-impregnated circumferential portion; and axially
cutting the circumferential ply of fiber material to form a ply of fiber material having a
matrix-impregnated portion and a non-matrix-impregnated portion at one or both
ends of the matrix-impregnated portion.

[0023] In some illustrative embodiments the time period that the drawn
ceramic fiber tow is removed from the matrix bath corresponds to a percentage of
time it takes to wind a full hoop of ceramic fiber tow on to the drum.

[0024] In some illustrative embodiments the axial cut is made in the middle of
the non-impregnated circumferential portion to form a ply of fiber material having a
matrix-impregnated portion and circumferential length non-matrix-impregnated

portions at the opposite ends of the matrix-impregnated portion.
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[0025] These and other features of the present disclosure will become more
apparent from the following description of the illustrative embodiments. Other
embodiments include apparatuses, systems, devices, hardware, methods, and
combinations for sealing the edges of gas turbine engine components such as blade
platforms and shrouds, and turbine vane end walls. Further embodiments, forms,
features, aspects, benefits, and advantages of the present application shall become

apparent from the description and figures provided herewith.

BRIEF DESCRIPTION OF THE FIGURES

[0026] Features of the application will be better understood from the following
detailed description when considered in reference to the accompanying drawings, in
which:

[0027] FIG. 1 is a partial perspective view of a ceramic matrix composite
(CMC) blade platform of a gas turbine engine according to an embodiment;

[0028] FIG. 2 is an end elevational view of the CMC blade platform of FIG. 1
according to an embodiment;

[0029] FIG. 3 is a side elevational of the CMC blade platform of FIG. 2 taken
at elevation 3-3 of FIG. 2;

[0030] FIG. 4 is a cross sectional view of the CMC blade platform of FIG. 2
taken at cross section 4-4 of FIG. 2, and duplicated to show the interface between
circumferentially spaced platforms;

[0031] FIG. 5 is a cross sectional view of a CMC blade platform according to
another embodiment;

[0032] FIG. 6 is a cross sectional view of a CMC blade platform according to
another embodiment;

[0033] FIG. 7 is a cross sectional view of a CMC blade platform according to
another embodiment;

[0034] FIG. 8 is an end elevational view of a prepreg apparatus used in a
method of forming a prepreg according to an embodiment; and

[0035] FIG. 9 is a perspective view of a drum having dry and impregnated
portions of fiber wound thereon according to an embodiment.
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DETAILED DESCRIPTION OF REPRESENTATIVE EMBODIMENTS

[0036] While the present invention can take many different forms, for the
purpose of promoting an understanding of the principles of the invention, reference
will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that
no limitation of the scope of the invention is thereby intended. Any alterations and
further modifications of the described embodiments, and any further applications of
the principles of the invention as described herein, are contemplated as would
normally occur to one skilled in the art to which the invention relates.

[0037] FIG. 1 shows an edge seal 12 of a ceramic matrix composite (CMC)
blade platform 10 of a gas turbine engine according to an embodiment. One or more
airfoils (not shown) can be integrated into or mounted with respect to the platform 10,
as will be described in greater detail below. Although the edge seal 12 is described
herein in the context of a platform 10 of a blade, the edge seal 12 can be applied to
any gas turbine engine CMC component for which sealing between gas turbine
engine components is necessary or desired. In one form, for example, the edge seal
12 can be applied to seal the edges of the tip shrouds of circumferentially spaced
blades, or the end walls of circumferentially spaced vanes. In another form, the edge
seal 12 can be applied to seal the upper or lower end of an airfoil to a blade platform
or a vane end wall. As will be described in greater detail below, the edge seal 12 can
serve to reduce and control fluid flow between blade platforms, vane end walls,
shroud edges, and other gas turbine engine components.

[0038] In the FIG. 1 embodiment, the reference characters A, R, and C
represent the respective axial, radial, and circumferential directions or axes of the
CMC blade platform 10 and, more generally, the gas turbine engine of which it is a
part. For ease of description, the build-up of the platform 10 is described herein as
by way of a ply lay-up fabrication process, it being understood that other fabrication
processes may also be suitable. As shown in FIGS. 1 and 2, the illustrative platform
10 has a generally inverted U-shape when viewed in the circumferential direction C.
The platform 10 can include a building up of layers of pre-impregnated (also referred
to herein as “prepreg”) ceramic preforms or dry woven ceramic fabric, where the

preform or fabric is pre-impregnated with a polymer or resin, for example. As shown
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in the embodiment illustrated in FIGS. 1-4, the platform 10 has a bottom layer 20 of
plies 18, a middle layer 22 of plies 18, and a top layer 24 of plies 18. When laying up
the plies 18 that make up the platform 10, the middle layer 22 of plies 18 is offset
relative to the bottom and top layers 20, 24 of plies 18. The amount of offset can be
about the same as for example the total thickness of the middle layer 22 of plies 18.
[0039] As shown in FIGS. 3 and 4, the offset creates a protrusion 30 (that is,
tongue) on one side of the platform 10 and a recess 32 (that is, groove) on the other
side of the platform 10, along the edges of the platform 10 and in the circumferential
direction C of the gas turbine engine. The protrusion 30 is made of the plies 18 of the
middle layer 22, and the recess 32 is formed by an opening corresponding in
circumferential length to the offset of the middle layer 22 of plies 18 and flanked by
the inner and outer layers 20, 24 of plies 18. When the CMC blade platforms 10 are
assembled together, the protrusion 30 of the end of one platform 10 of one blade
engages the recess 32 of the end of the platform 10 of the circumferentially spaced
blade, that is, the next blade in the circumferential direction. The engagement
creates tortuous paths for fluid such as cooling air to leak through, and thereby
provide a sealing function between the circumferentially spaced platforms 10.

[0040] In the illustrative embodiment, the number of plies 18 in the bottom and
top layers 20, 24 is shown to be three, and the number of plies 18 in the middle layer
22 is shown to be two. The platform 10 is not limited to such configuration and other
embodiments are contemplated. In one form, the number of plies 18 in each layer
20, 22, 24 can be different among the three layers 20, 22, 24. In another form, the
number of plies 18 in each layer 20, 22, 24 can be the same among the three layers
20, 22, 24. The present application also is not limited to plies 18 having the same
thickness, or the same length in the circumferential direction, among the three layers
20, 22, 24, as shown in FIG. 4. Different length plies and/or different thickness plies
are also contemplated. In one form, for example, the middle layer 22 of plies 18 can
be shorter in length and greater in thickness than the bottom and top layers 20, 24 of
plies 18. Further, the number of plies 18 per layer, and the number of layers per
platform 10, need not be limited to that shown in the embodiment of FIGS. 1-4. As
will be appreciated, the number of plies and the number of layers can be selected
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based on the particular application of the CMC blade platform 10 and the gas turbine
engine.

[0041] In the embodiment of FIGS. 1-4, the protrusions 30 and recesses 32
are formed in the blade platform 10 by way of a building up process, that is, a laying
up of prepreg ceramic plies in an offset manner. In an alternative embodiment, the
protrusions 30 and recesses 32 can be machined into the blade platform 10, or other
gas turbine engine component, at an intermediate or final processing step. In a
further alternative embodiment, the protrusions 30 and recesses 32 can be formed
by a combination of offsetting of layers and machining at an intermediate or final
step.

[0042] As noted, one or more airfoils can be integrated into the CMC blade
platform 10. In one form, for example, an airfoil can be formed by one or more of the
same plies 18 that form the CMC blade platform 10 in the lay up fabrication process.
Similarly, airfoil(s) can be integrated into the CMC blade shroud or, in the case of a
turbine vane, airfoil(s) can be integrated into the CMC vane end wall or end walls, as
the case may be.

[0043] In an embodiment, a turbine vane can be made up of a CMC airfoil
portion and end walls disposed at the radially inner and radially outer ends of the
airfoil portion, and edge seals between the airfoil portion and end walls. The airfoil
can be fabricated separately from the end walls. The separately fabricated airfoil can
then be joined to the end walls, for example, by interlocking or other suitable means.
In one form, the end walls can comprise a ceramic matrix composite (CMC). In
another form, the end walls can comprise metal. The edge seal can be provided to
reduce the leakage at the interface between the airfoil and the end walls at its
opposite ends. The edge seal can employ a similar offset type construction as that of
the edge seal 12 of the blade platform 10 described with respect to the FIG. 1
embodiment. Thus, for example, a groove can be machined in the CMC or metal end
walls, and the CMC airfoil can be fabricated to have a corresponding protrusion at its
radially inner and radially outer ends. The grooves of the end walls receive the
respective protrusions of the airfoil, which serves to create a tortuous leakage path
for fluid to leak through, and thereby reduce leakage. In one form, the protrusions of
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the CMC airfoil can be fabricated by laying down middle plies that are greater in
length in the radial direction (the airfoil span direction) than the inner and outer plies.
[0044] FIG. 5 shows another embodiment of a CMC blade platform 40. In the
FIG. 5 embodiment, the edge seal includes a protrusion 30 and a recess 32, where
the protrusion 30 is made slightly thinner than the recess 32 by, for example,
removing a ply 18 from the protrusion 30. This can be done, for example, by
reducing the length in the circumferential direction of one of the plies in the middle
layer 22, for example ply 44, relative to the other plies 18 in the middle layer 22. As
shown in FIG. 5, the protrusion 30 has a height, a, that is less than that of the recess
32, which has a height, b. Owing to the relatively smaller height protrusion 30, the
edge seal of the FIG. 5 embodiment makes assembly of the blade platforms 40
easier, and reduces local bending stresses.

[0045] FIG. 6 shows another embodiment of a CMC blade platform 50. During
the infiltration process of the platform 50, the protrusion 30 portion of the platform 50
is infiltrated less than the remaining portions of the platform 50. The infiltration
process can comprise any suitable process or combination of processes, for
example, a chemical vapor infiltration process, a slurry infiltration process, and/or a
melt infiltration process. In the FIG. 6 embodiment, the portion with less matrix
infiltration is indicated by the reference character F. Less infiltration can result in less
matrix material, which, in turn, can result in the protrusion 30 being less stiff, that is,
more compliant. Owing to the more compliant protrusion 30, the edge seal of the
FIG. 6 embodiment makes assembly of the blade platforms 50 easier, and reduces
local bending stresses. As will be appreciated, in still a further embodiment, a CMC
blade platform can combine the features of the embodiments of FIGS. 5 and 6, to
form a protrusion having reduced thickness and less infiltration.

[0046] FIG. 7 shows another embodiment of a CMC blade platform 60. Here,
the edge seal serves as a brush seal between circumferentially spaced CMC blade
platforms 60. The edge seal comprises fiber 68 that projects from the plies 18 of the
layers 20, 22, 24 in both circumferential directions, that is, from both ends of the
platform 60. The edge seal includes a protrusion 30 and a recess 32. The protrusion
30 (shown encircled in FIG. 7) is made of fiber 68 projecting from the plies 18 of the

middle layer 22. The recess 32 is formed by a relatively shorter length middle layer
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22 of plies 18 flanked by relatively longer inner and outer layers 20, 24 of plies 18.
Within the recess 32 is fiber 68 projecting from the plies 18 of the middle layer 22. It
will be appreciated that the recess 32 could alternatively, or additionally, be formed
by offsetting the plies 18 of the middle layer 22 relative to the plies 18 of the radially
inner and outer layers 20, 24, by a process described herein for example. When the
CMC blade platforms 60 are assembled together, the fiber tow protrusion 30 of the
end of one platform 60 of one blade is received in the recess 32 of the end of the
platform 60 of the circumferentially spaced blade 60. The fiber 68 of the protrusion
30 and the fiber 68 within the recess 32 form a ceramic brush seal that serves to
reduce and control fluid flow between edges of the circumferentially spaced CMC
blade platforms 60.

[0047] Turning now to FIGS. 8 and 9, a method of fabricating a preform with
fibers at opposite ends according to an embodiment will now be described. FIG. 8
shows a prepreg apparatus 100 including a spool 104, a matrix bath 106, a bath
roller 110, an intermediate roller 114, and a take-up drum 120. The bath roller 110
can be selectively lowered into and raised from the matrix bath 106 by a not-shown
raise-and-lower mechanism, as indicated by the arrow A in FIG. 8. FIG. 9 shows the
take-up drum 120 having dry and impregnated fiber 122 wound thereon according to
the present embodiment.

[0048] During the impregnation process, dry fiber 122, or tow, is drawn from
the spool 104, about the bath roller 110 in the matrix bath 106, and over the
intermediate roller 114. The matrix bath 106 holds a slurry containing ceramic matrix
material (precursor). The fiber 122 is drawn through the matrix bath 106, where it
undergoes slurry impregnation, before being wound on to the take-up drum 120. Any
suitable drawing mechanism can be used to draw the fiber 122 about the roller 110,
through the matrix bath 106, about the intermediate roller 114, and onto the take-up
drum 120.

[0049] To create dry fiber ends, that is fiber ends that are not impregnated, the
raise-and-lower mechanism periodically raises the roller 110 upward to remove the
fiber 122 (or tow) from the matrix bath 106, so that the fiber 122 periodically skips the
slurry impregnation process. In one form, the time period that the fiber 122 is

removed from the matrix bath 106 can correspond to a percentage of the time to
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wind a full hoop of fiber 122 on to the take-up drum 120. Thus, for example, if the
desired dry fiber length is to be 5% of the ply length at opposite ends of the ply, then
the fiber 122 can be taken out of the slurry impregnation 10% of the time it takes to
wind a full loop of fiber 122 on to the take-up drum 120. In this way, 10% of the
wound fiber 122 along the circumference of the drum 120 is not impregnated with
slurry. FIG. 9 shows the dry fiber 122, marked by dashed lines on the drum 120 and
the reference character D, and the impregnated fiber 122, marked by the solid lines
on the drum 120 and the reference character W. An axial cut can be made in the
middle of the 10% circumferential length region D, resulting in a unidirectional ply of
fiber material having a 5% circumferential length of dry fiber at each end of the ply.
These types of plies can be used as the plies 18 in the layers 20, 22, 24 of the
composite lay-up of, for example, the FIG. 7 blade platform 60 having the brush type
edge seal.

[0050] In the embodiment of FIGS. 8-9, the cut of the wound fiber 122 is made
in the middle of the non-impregnated portion D. The fabrication method need not be
limited to a middle cut, and other embodiments are contemplated. In one form, for
example, the wound fiber 122 can be cut at the location between the non-
impregnated portion D and the impregnated portion W of the fibers 122, resulting in a
ply of fiber material having a 10% circumferential length of dry fiber at one end of the
ply, and little or no dry fiber at the other end of the ply. Still other percent
circumferential length cuts can be made, as would occur to those skilled in the art.
Although the ply described with respect to FIGS. 8-9 comprises a unidirectional
reinforcement, it will be appreciated that other types of reinforcement may be
suitable, for example, a woven fabric reinforcement.

[0051] Any theory, mechanism of operation, proof, or finding stated herein is
meant to further enhance understanding of embodiment of the present invention and
is not intended to make the present invention in any way dependent upon such
theory, mechanism of operation, proof, or finding. In reading the claims, it is

intended that when words such as “a,” “an,” “at least one,” or “at least one portion”
are used there is no intention to limit the claim to only one item unless specifically

stated to the contrary in the claim. Further, when the language “at least a portion”
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and/or “a portion” is used the item can include a portion and/or the entire item unless
specifically stated to the contrary.

[0052] While embodiments of the invention have been illustrated and
described in detail in the drawings and foregoing description, the same is to be
considered as illustrative and not restrictive in character, it being understood that
only the selected embodiments have been shown and described and that all
changes, modifications and equivalents that come within the spirit of the invention as
defined herein of by any of the following claims are desired to be protected. It should
also be understood that while the use of words such as preferable, preferably,
preferred or more preferred utilized in the description above indicate that the feature
so described may be more desirable, it nonetheless may not be necessary and
embodiments lacking the same may be contemplated as within the scope of the
invention, the scope being defined by the claims that follow.
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WHAT IS CLAIMED IS:

1. A gas turbine engine ceramic matrix composite (CMC)

component comprising:
first and second outer layers of plies, and an intermediate layer
of plies between the first and second outer layers of plies;

the intermediate layer of plies being offset relative to the first and
second outer layers of plies;

wherein the offset forms a protrusion on one side of the CMC
component and a recess in an opposite side of the CMC component such that when
two CMC components are assembled together, the protrusion of the one CMC
component engages the recess of the other CMC component to form an edge seal
between the CMC components.

2. The gas turbine engine CMC component of claim 1 in which the
protrusion is formed by the plies of the intermediate layer of plies and the recess is
formed by an opening corresponding in length to the offset of the intermediate layer
of plies and flanked by the first and second outer layers of plies.

3. The gas turbine engine CMC component of claim 1 in which the
protrusion is less in height than the recess by at least the thickness of one ply in the
intermediate layer of plies.

4. The gas turbine engine CMC component of claim 1 in which the
intermediate layer of plies is matrix infiltrated, and the protrusion of the intermediate
layer of plies has less matrix infiltration than other portions of the intermediate layer
of plies.

5. The gas turbine engine CMC component of claim 1 in which the
amount of offset is about the same as the total thickness of the intermediate layer of
plies.

6. A method comprising

laying up plies of fiber in an offsetting manner to form a ceramic matrix
composite (CMC) gas turbine engine component having an integral projection at one
end thereof and an integral recess in the other end thereof such that, when one CMC
gas turbine engine component is assembled to another CMC gas turbine engine
component, the integral recess in the one CMC component is capable of receiving



WO 2014/130147 PCT/US2013/075372

-14-

the integral projection of the other CMC gas turbine engine component to form an
edge seal between the one and the other CMC gas turbine engine components.

7. The method of claim 6 in which the laying up of plies comprises
providing relatively less ply material in the integral projection so that the integral
projection is less in height than the height of the integral recess.

8. The method of claim 6 comprising matrix infiltration processing
the laid up plies of material wherein the integral projection portion is less infiltrated
than the other portions of laid up plies of material.

9. The method of claim 6 in which the laying up of plies comprises
laying up a bottom layer of plies, a middle layer of plies, and a top layer of plies,
where the middle layer of plies is offset relative to the bottom and top layers of plies
such that the integral projection is formed by the plies of the middle layer, and the
integral recess is formed by an opening corresponding in length to the offset of the
middle layer of plies and flanked by the inner and outer layers of plies.

10.  The method of claim 9 in which the laying up of plies comprises
reducing the length of a portion of the plies in the middle layer relative to other plies
of the middle layer so that the integral projection is less in height than the height of
the integral recess.

11.  The method of claim 9 comprising matrix infiltration processing
the bottom, middle, and top layers of plies, wherein the integral projection portion of
the middle layer of plies is less infiltrated than other portions of the middle layer of
plies.

12.  The method of claim 6 in which the laying up of plies of fiber to
form the integral projection comprises laying up fiber that has a matrix-impregnated
portion and a non-matrix-impregnated portion, wherein the non-matrix-impregnated

portion forms the integral projection.

13.  The method of claim 6 in which the laying up of plies of fiber to
form the integral recess comprises laying up fiber that has a matrix-impregnated
portion and a non-matrix-impregnated portion, wherein the non-matrix-impregnated

portion projects into the recess.
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14.  The method of claim 6 in which the laying up of plies of fiber to
form the integral projection and integral recess comprises laying up fiber that has a
matrix-impregnated portion and a non-matrix-impregnated portion, wherein the non-
matrix-impregnated portion forms the integral projection at one of the CMC gas
turbine engine component and projects into the recess at the other end of the CMC
gas turbine engine component, so that when the one CMC gas turbine engine
component is assembled to the other CMC gas turbine engine component, the non-
matrix-impregnated portion of the integral projection and the non-matrix-impregnated
portion within the recess form a brush seal.

15. A method comprising

providing a radially inner end wall and a radially outer end wall,
where each end wall has a groove therein;

forming a ceramic matrix composite (CMC) airfoil by laying up a
bottom layer of plies, a middle layer of plies, and a top layer of plies, where the
middle layer of plies is relatively longer in the radial direction than the bottom and top
layers of plies such that radially projecting tongues are formed by the plies of the
middle layer at radially inner and radially outer ends of the CMC airfoil; and

joining the CMC airfoil to the end walls by engaging the radially
projecting tongues at the radially inner and radially outer ends of the CMC airfoil with
the respective grooves in the radially inner and radially outer end walls.

16.  The method of claim 15 in which one or more of the radially
inner end wall and the radially outer end wall comprise a ceramic matrix composite
(CMC).

17.  The method of claim 15 in which one or more of the radially
inner end wall and the radially outer end wall comprise metal.

18. A method comprising

drawing a ceramic fiber tow through a matrix bath containing a slurry
matrix composition to matrix-impregnate the ceramic fiber tow;

periodically removing the ceramic fiber tow from the matrix bath so that

portions of the drawn ceramic fiber tow are not matrix-impregnated;
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winding the ceramic fiber tow onto a drum to form a circumferential ply
of fiber material having an impregnated circumferential portion and a non-
impregnated circumferential portion; and

axially cutting the circumferential ply of fiber material to form a ply of
fiber material having a matrix-impregnated portion and a non-matrix-impregnated
portion at one or both ends of the matrix-impregnated portion.

19.  The method of claim 18 in which the time period that the drawn
ceramic fiber tow is removed from the matrix bath corresponds to a percentage of
time it takes to wind a full hoop of ceramic fiber tow on to the drum.

20.  The method of claim 18 in which the axial cut is made in the
middle of the non-impregnated circumferential portion to form a ply of fiber material
having a matrix-impregnated portion and circumferential length non-matrix-

impregnated portions at the opposite ends of the matrix-impregnated portion.
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