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FLEXIBLE CERAMIC MATRIX COMPOSITE SEAL

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional
Patent Application Number 61/792,920, filed 15 March 2013, the disclosure of which

is now incorporated herein by reference.

Field of the Disclosure:

[0002] The present disclosure relates generally to ceramic matrix composite
seals, and more specifically to a ceramic matrix composite seal including a ceramic
matrix and a number of ceramic fiber fabrics embedded in the ceramic matrix to form

the ceramic matrix composite seal with a desired geometry.

BACKGROUND
[0003] Economical and environmental concerns, for example, improving
efficiency and reducing emissions, are driving an increasing demand for higher gas
turbine operating temperatures. The temperature capability of hot section
components in gas turbine engines is currently one limitation to improving efficiency
and emissions of many gas turbine engines. Improvements in cooling, materials,
and coatings may be able to achieve higher inlet temperatures. Therefore, interest
in high temperature materials, such as, for example, ceramic-based materials is
growing.
[0004] One hot section component includes a strip seal. Strip seals, also
called feather seals, may be used to eliminate leakage flow between two
components arranged adjacently to one another. This may be achieved by the two
components having groove recesses in edge faces that lie substantially opposite and
adjacent one another. The strip seal seals the gap between the two components by
being at least partially received into the groove recesses of the adjacently fitted
components to span the gap between the components. The grooved recesses of
fitted components often do not perfectly align due to, for example, manufacturing

tolerances or thermal expansion.
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SUMMARY
[0005] The present application discloses one or more of the features recited in
the appended claims and/or the following features which, alone or in any
combination, may comprise patentable subject matter.
[0006] A ceramic matrix composite seal may include a ceramic matrix, a first
fiber assembly, and a second fiber assembly. The first fiber assembly is embedded
in the ceramic matrix. The first fiber assembly includes a first top fabric and a
second top fabric. The second fiber assembly is embedded in the ceramic matrix.
The second fiber assembly includes a first bottom fabric and a second bottom fabric.
The second fiber assembly is spaced apart from and opposite the first fiber
assembly.
[0007] The second top fabric of the first fiber assembly is coupled to the first
bottom fabric of the second fiber assembly by the ceramic matrix. The first top fabric
and the second top fabric determine the shape of the first fiber assembly. The first
bottom fabric and the second bottom fabric determine the shape of the second fiber
assembly.
[0008] In some embodiments, the second fiber assembly is about flat. The
first fiber assembly includes a depression along a length of the first fiber assembly at
a center of the first fiber assembly. The depression extends toward the second fiber
assembly.
[0009] In some embodiments, the first fiber assembly includes a first
depression along a length of the first fiber assembly at a center of the first fiber
assembly, the first depression extending toward the second fiber assembly, and the
second fiber assembly includes a second depression along a length of the second
fiber assembly at a center of the second fiber assembly, and the second depression
extends toward the first fiber assembly.
[0010] In some embodiments, the first top fabric may include a first portion, a
second portion, and a third portion coupled between the first and the second
portions. The first and second portions of the first top fabric may lie in a first plane.
The third portion of the first top fabric may lie in a second plane spaced apart from,
parallel with, and below the first plane.
[0011] The second top fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and

second portions of the second top fabric may lie in the second plane. The third



WO 2014/150147 PCT/US2014/022387

-3-

portion of the second top fabric may lie in a third plane spaced apart from, parallel
with, and below the second plane.

[0012] The first bottom fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first, second,
and third portions of the first bottom fabric may lie in a fourth plane spaced apart
from, parallel with, and below the third plane.

[0013] The second bottom fabric may include a first portion, a second portion,
and a third portion coupled between the first and the second portions. The first,
second, and third portions of the second bottom fabric may lie in a fifth plane spaced
apart from, parallel with, and below the fourth plane.

[0014] In some embodiments, the first top fabric may include a first portion, a
second portion, and a third portion coupled between the first and the second
portions. The first and second portions of the first top fabric may lie in a first plane.
The third portion of the first top fabric may lie in a second plane spaced apart from,
parallel with, and below the first plane.

[0015] The second top fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and
second portions of the second top fabric may lie in the second plane. The third
portion of the second top fabric may lie in a third plane spaced apart from, parallel
with, and below the second plane.

[0016] The first bottom fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and the
second portions of the first bottom fabric may lie in a fourth plane spaced apart from,
parallel with, and below the third plane. The third portion of the first bottom fabric
may lie in a fifth plane spaced apart from, parallel with, and below the fourth plane.
[0017] The second bottom fabric may include a first portion, a second portion,
and a third portion coupled between the first and the second portions. The first and
second portions of the second bottom fabric may lie in the fifth plane. The third
portion of the second bottom fabric may lie in a sixth plane spaced apart from,
parallel with, and below the fifth plane. In some embodiments, the ceramic matrix
composite seal may include reinforcement structure extending through the third
portions of the first top fabric, second top fabric, first bottom fabric, and the second
bottom fabric in a direction about perpendicular to the first plane.
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[0018] In some embodiments, the first top fabric may include a first portion,
second portions, and a third portion coupled between the first and the second
portions. The first and second portions of the first top fabric may lie in a first plane.
The third portion of the first top fabric may lie in a second plane spaced apart from,
parallel with, and below the first plane.

[0019] The second top fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and third
portions of the second top fabric may lie in a third plane spaced apart from, parallel
with, and below the second plane. The second portion of the second top fabric may
lie in the second plane.

[0020] The first bottom fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and the
third portions of the first bottom fabric may lie in a fourth plane spaced apart from,
parallel with, and below the third plane. The second portion of the first bottom fabric
may lie in a fifth plane spaced apart from, parallel with, and below the fourth plane.
[0021] The second bottom fabric may include a first portion, a second portion,
and a third portion coupled between the first and the second portions. The first and
second portions of the second bottom fabric may lie in a sixth plane spaced apart
from, parallel with, and below the fifth plane. The third portion of the second bottom
fabric may lie in the fifth plane.

[0022] In some embodiments, the first top fabric may include a first portion, a
second portion, and a third portion coupled between the first and the second
portions. The first and third portions of the first top fabric may lie in a second plane.
The second portion of the first top fabric may lie in a first plane spaced apart from,
parallel with, and above the second plane.

[0023] The second top fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The first and third
portions of the second top fabric may lie in a third plane spaced apart from, parallel
with, and below the second plane. The second portion of the second top fabric may
lie in the second plane.

[0024] The first bottom fabric may include a first portion, a second portion, and
a third portion coupled between the first and the second portions. The second and
the third portions of the first bottom fabric may lie in a fourth plane spaced apart

from, parallel with, and below the third plane. The first portion of the first bottom
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fabric may lie in a fifth plane spaced apart from, parallel with, and below the fourth
plane.

[0025] The second bottom fabric may include a first portion, a second portion,
and a third portion coupled between the first and the second portions. The first and
second portions of the second bottom fabric may lie in a sixth plane spaced apart
from, parallel with, and below the fifth plane. The third portion of the second bottom
fabric may lie in the fifth plane.

[0026] In some embodiments, the first top fabric may be curved extending
downwardly toward the second top fabric in a concave shape. The second top fabric
may be about flat. The first bottom fabric may be about flat. The second bottom
fabric may be curved extending upwardly toward the first bottom fabric in a concave
shape.

[0027] In some embodiments, the first top fabric may be curved extending
downwardly toward the second top fabric in a concave shape. The second top fabric
may be curved extending downwardly toward the first bottom fabric in a concave
shape. The first bottom fabric may be curved extending upwardly toward the second
top fabric in a concave shape. The second bottom fabric may be curved extending
upwardly toward the first bottom fabric in a concave shape.

[0028] In some embodiments, the first and second top fabrics may have about
the same shape. The first and second bottom fabrics may have about the same
shape.

[0029] In some embodiments, the first top fabric may include a first portion,
second portions, and a third portion coupled between the first and the second
portions. The first and second portions of the first top fabric may be curved and
extend upwardly in a convex shape. The third portion of the first top fabric may be
curved and extend downwardly in a concave shape. The second top fabric may be
about flat. The first bottom fabric may be about flat. The second bottom fabric may
include a first portion, a second portion, and a third portion coupled between the first
and the second portions. The first and second portions of the second bottom fabric
may be curved and extend downwardly in a convex shape. The third portion of the
second bottom fabric may be curved and extend upwardly in a concave shape.
[0030] In some embodiments, the ceramic matrix composite seal may include
a reinforcement structure extending through the third portion of the first top fabric to

the third portion of the second bottom fabric.
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[0031] In some embodiments, a slot may be formed in a surface of the
ceramic matrix composite seal between the first and the second fiber assemblies.
The slot may extend along a length of the ceramic matrix composite seal.

[0032] These and other features of the present disclosure will become more

apparent from the following description of the illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] Fig. 1 is a front elevation view of an annular strip seal in accordance
with the present disclosure;
[0034] Fig. 2 is a front elevation view of a liner strip seal in accordance with
the present disclosure;
[0035] Fig. 3 is cross-sectional diagrammatic view of the strip seal of Figs. 1
or 2 taken along line 3-3;
[0036] Fig. 4 is a cross-sectional diagrammatic view of an exemplary sealing
application using the strip seal of Fig. 2;
[0037] Fig. 5 is a cross-sectional diagrammatic view of another embodiment of
a strip seal in accordance with the present disclosure showing that the strip seal
includes a number of ceramic fiber fabrics spaced apart from each other, the ceramic
fiber fabrics having a desired geometry to give the strip seal a desired geometry;
[0038] Fig. 6 is a cross-sectional diagrammatic view of the ceramic fiber
fabrics of Fig. 5 embedded in a ceramic matrix to form a top fabric assembly and a
bottom fabric assembly;
[0039] Fig. 7A is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure showing that the top fabric
assembly and the bottom fabric assembly may be coupled together with the ceramic
matrix to form slots between the top fabric assembly and the bottom fabric assembily;
[0040] Fig. 7B is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure showing that the top fabric
assembly and the bottom fabric assembly may be coupled together with the ceramic
matrix such that no slots are formed between the top fabric assembly and the bottom
fabric assembly;
[0041] Fig. 8 is a cross-sectional diagrammatic view of another embodiment of
a strip seal in accordance with the present disclosure with a first ceramic fiber fabric

geometry;
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[0042] Fig. 9 is a cross-sectional diagrammatic view of another embodiment of
a strip seal in accordance with the present disclosure with a second ceramic fiber
fabric geometry, the strip seal having fiber reinforcement;

[0043] Fig. 10 is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure with a third ceramic fiber
fabric geometry;

[0044] Fig. 11 is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure with a fourth ceramic fiber
fabric geometry;

[0045] Fig. 12 is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure with a fifth ceramic fiber
fabric geometry;

[0046] Fig. 13 is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure with a sixth ceramic fiber
fabric geometry; and

[0047] Fig. 14 is a cross-sectional diagrammatic view of another embodiment
of a strip seal in accordance with the present disclosure with seventh ceramic fiber
fabric geometry, the strip seal having fiber reinforcement.

DETAILED DESCRIPTION OF THE DRAWINGS
[0048] For the purposes of promoting an understanding of the principles of the
disclosure, reference will now be made to a number of illustrative embodiments
illustrated in the drawings and specific language will be used to describe the same.
[0049] A strip seal 10 in accordance with the present disclosure is shown, for
example, in Fig. 1. The strip seal 10 provides compliance to allow the strip seal 10
to be pre-loaded. Additionally, the strip seal 10 may be used in applications with a
broader range of groove or gap tolerances.
[0050] In some embodiments, the strip seal 10 has a constant cross section.
In some embodiments, the strip seal 10 has a varying cross section. In some
embodiments, the strip seal 10 includes features that allow a number strip seals 10
to be used within a single assembly. In some embodiments, for example, a number
of strip seals 10 are assembled end to end. In some embodiments, for example, a
number of strip seals 10 are stacked together to achieve a desired effect. In some

embodiments, the strip seal 10 is formed into a continuous hoop, as shown in Fig. 1,
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or a split hoop for sealing requirements on cylinders. In some embodiments, for
example, the strip seal 10 is formed into a substantially linear ribbon as shown in Fig.
2. In some embodiments, the strip seal 10 is formed into other polygonal shapes.
[0051] The strip seal 10 may be made from a number of different materials. In
some embodiments, the strip seal 10 is formed from at least one of carbon, silicon
carbide, alumina, aluminosilicate or other carbide, nitride, boride or glass fibers. In
some embodiments, the strip seal 10 includes a reinforcement structure 20. In some
embodiments, the reinforcement structure 20 is a laminate and includes multi-
directional reinforcements, for example, fabric, chopped fiber mat, or uni-directional
layers. In some embodiments, the reinforcement structure 20 is locally stitched,
woven, or otherwise reinforced to increase mechanical integrity. In some
embodiments, the reinforcement structure 20 is entirely stitched, woven, or otherwise
reinforced to maximize mechanical integrity.

[0052] The strip seal 10 includes a matrix material 12. The matrix material 12
may be, for example, silicon, silicon carbide, carbon, boron carbide, alumina,
aluminosilicate or any other desirable ceramic including combinations. In some
embodiments, the strip seal 10 is made of a combination of fibers and/or matrices as
required by the design to optimize performance and cost. In some embodiments, the
strip seal 10 includes a coating 14 for protection from the operational environment.

In some embodiments, the coating 14 is thin. In some embodiments, the strip seal
10 includes no coating 14. The strip seal 10 may be configured to adjust the level of
the preload applied to the strip seal 10, seal maximum deflection, seal dynamic
behavior, and seal stiffness.

[0053] The strip seal 10 is flexible and deforms plastically. The shape of the
strip seal 10 and the process used to form the strip seal 10 gives the strip seal 10
flexibility. The strip seal 10 may be formed to have one of a variety of cross-
sections. A first embodiment of the strip seal 10 has a first cross-section is shown in
Figs. 1-8.

[0054] The strip seal 10 is formed using a number of layers to give the strip
seal 10 shape and flexibility. The strip seal 10 is formed from ceramic matrix
composite 70. The ceramic matrix composite 70 includes a ceramic matrix 72 and a
number of ceramic fiber fabrics 74 embedded in the ceramic matrix 72 as shown in
Figs. 7A and 7B. The number of ceramic fiber fabrics 74 may be embedded in the

ceramic matrix 72 by a variety of methods. For example, the ceramic fiber fabrics 74
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may be embedded in the ceramic matrix 72 by chemical vapor infiltration (CVI) or
polymer infiltration. Any number of ceramic fiber fabrics 74 may be embedded in the
ceramic matrix 72 in a given process.

[0055] In some embodiments, for example, all of the ceramic fiber fabrics 74
are embedded in the ceramic matrix 72 in one process. In some embodiments, the
ceramic fiber fabrics 74 are embedded in the ceramic matrix 72 one at a time.
Additional ceramic fiber fabrics 74 impart more flexibility into the strip seal 10 than
one ceramic fiber fabric 74 with an equivalent size of the additional ceramic fiber
fabrics 74.

[0056] The ceramic matrix 72 composite may be one or more of a variety of
materials. For example, the ceramic matrix 72 may be Silicon Carbide (SiC),
alumina, and/or Boron Carbide. Each of the ceramic fiber fabrics 74 may be at least
one of a number of different types of ceramic fiber fabrics. For example, the ceramic
fiber fabrics 74 may be chopped fiber, fiber tows, woven tows, or woven tows with
fiber reinforcement. The ceramic fiber fabrics 74 may be one or more of a variety of
materials. For example, the ceramic fiber fabrics 74 may be Hi-Nicalon, alumina,
aluminosilicate, and/or Carbon.

[0057] In the illustrative embodiment, the strip seal 10 includes four ceramic
fiber fabrics 74 as shown in Fig. 5. The ceramic fiber fabrics 74 are formed to have a
desired front shape as seen in a cross-sectional view as shown in Fig. 5. The
ceramic fiber fabrics 74 are also formed to have a desired top shape as seenin a
plan view as shown in Figs. 1 and 2. As disclosed in more detail below, the front
shape of ceramic fiber fabrics 74 may be formed to give the strip seal 10 a variable
amount of flexibility and to control the expansion direction of the strip seal 10.

[0058] The strip seal 10 includes a top fabric assembly 78 and a bottom fabric
assembly 80 as shown in Fig. 5. The top fabric assembly 78 includes a first top
fabric 82 and a second top fabric 84 spaced apart from the first top fabric 82. The
second top fabric 84 may be spaced apart from the first top fabric 82 by any distance
required to give the strip seal 10 a desired thickness and/or flexibility. In the
illustrative embodiment, a depression 90 is formed in the first and second top fabrics
82, 84. The depression 90 extends along the length of the strip seal 10.

[0059] The bottom fabric assembly 80 includes a first bottom fabric 92 and a
second bottom fabric 94 spaced apart from first bottom fabric 92. The second

bottom fabric 94 may be spaced apart from the first bottom fabric 92 by any distance
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required to give the strip seal 10 a desired thickness and/or flexibility. In the
illustrative embodiment, the first and second bottom fabrics 92, 94 are about flat.
[0060] In the illustrative embodiment, the strip seal 10 is better at compressive
loads applied vertically rather than horizontally because the bottom fabric assembly
80 is about flat. The fabric assemblies 78, 80 that have the ceramic fiber fabrics 74
that are about flat do not deform well when a load is parallel to the flat ceramic fiber
fabrics 74. As such, the strip seals 10 with the all non-flat ceramic fiber fabrics 74
perform better than the flat ceramic fiber fabrics 74 under either or both vertical and
horizontal loads.

[0061] The top fabric assembly 78 is embedded in the ceramic matrix 72 to
form the top ceramic matrix composite assembly 98. The bottom fabric assembly 80
is embedded in the ceramic matrix 72 to form the bottom ceramic matrix composite
assembly 100. In some embodiments, the top and bottom fabric assemblies 78, 80
are embedded into the ceramic matrix 72 in the same process. In some
embodiments, the top and bottom fabric assemblies 78, 80 are embedded into the
ceramic matrix 72 in different processes.

[0062] The ceramic matrix 72 is formed between and permeates the first top
fabric 82 and the second top fabric 84 to form the top ceramic matrix composite
assembly 98 as shown in Fig. 6. Likewise, the ceramic matrix 72 is formed between
and permeates the first bottom fabric 92 and the second bottom fabric 94 to form the
bottom ceramic matrix composite assembly 100 as shown in Fig. 6.

[0063] The top ceramic matrix composite assembly 98 is spaced apart from
the bottom ceramic matrix composite assembly 100 by a variable distance to give
the strip seal 10 a desired seal height 42 as shown in Fig. 6. The top and bottom
ceramic matrix composite assemblies 98, 100 are coupled together by the ceramic
matrix 72 to form the strip seal 10. In some embodiments, the strip seal 10 is formed
in one process.

[0064] In some embodiments, the seal slots 48 are formed in the ceramic
matrix 72 between the top and bottom ceramic matrix composite assemblies 98, 100
as shown in Fig. 7A. In some embodiments, no slots are formed in the ceramic
matrix 72 and the space between the top and bottom ceramic matrix assemblies 98,
100 is entirely filled by the ceramic matrix 72 as shown in Fig. 7B.
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[0065] In some embodiments, the strip seal 10 is coated with a coating 14.
The coating 14 may be applied to any one or more surfaces of the strip seal 10. The
coating 14 may have any desirable thickness.

[0066] Each ceramic fiber fabric 74 may be formed into a desired shape. The
ceramic fiber fabrics 74 include a number of portions having different shapes and
positions to give the strip seal 10 a desired shape. Referring to Fig. 8, the first top
fabric 82 includes a first portion 110, a second portion 114, and a third portion 112
coupled between the first and second portions 110, 114. In the illustrative
embodiment, the first and second portions 110, 114 lie in a first plane. The third
portion 112 lies in a second plane spaced apart from, parallel with, and below the
first plane.

[0067] The second top fabric 84 includes a first portion 116, a second portion
120, and a third portion 118 coupled between the first and second portions 116, 120.
In the illustrative embodiment, the first and second portions 116, 120 lie in the
second plane. The third portion 118 lies in a third plane spaced apart from, parallel
with, and below the second plane.

[0068] The first bottom fabric 92 includes a first portion 122, a second portion
126, and a third portion 128 coupled between the first and second portions 122, 126.
In the illustrative embodiment, the first, second, and third portions 122, 126, 124 lie
in a fourth plane spaced apart from, parallel with, and below the third plane.

[0069] The second bottom fabric 94 includes a first portion 128, a second
portion 132, and a third portion 130 coupled between the first and second portions
128, 132. In the illustrative embodiment, the first, second, and third portions 128,
132, 130 lie in a fifth plane spaced apart from, parallel with, and below the fourth
plane.

[0070] Referring to Figs. 3 and 4, the strip seal 10 includes an upper surface
30, a lower surface 32 spaced apart from and opposite the upper surface 30, a first
side wall 34, and a second side wall 36 spaced apart from and opposite the first side
wall 34. The upper surface 30 is spaced apart from the lower surface 32 by a seal
height 42. When the strip seal 10 is uncompressed, the seal height 42 is equal to a
seal thickness 44.

[0071] The upper surface 30 includes a depression 90 such that the upper
surface 30 forms a valley 54. In the illustrative embodiment, the upper surface 30

includes obtuse angles that form the valley 54. In some embodiments, the upper
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surface 30 includes right or acute angles that form the valley 54. In some
embodiments, the upper surface 30 is curved to form the valley 54.

[0072] The first and second side walls 34, 36 are each formed to define a seal
slot 48 extending the length of the strip seal 10. The seal slots 48 allow the strip seal
10 to deform. The seal slots 48 allow the top fabric assembly 78 and the bottom
fabric assembly 80 to depress toward each other, compressing the size of the strip
seal 10. As the strip seal 10 compresses, the strip seal 10 stores potential energy.
As such, when the strip seal 10 is no longer compressed, the strip seal 10 expands
towards its uncompressed shape.

[0073] The seal slots 48 may be any desired shape. In the illustrative
embodiment, the seal slots 48 are C shaped. In some embodiments, the seal slots
48 are U shaped. In some embodiments, the seal slot 48 included in the first side
wall 34 has a different shape than the seal slot 48 included in the second side wall
36. The seal slots 48 have a seal-slot height 50 as shown in Fig. 3. The seal-slot
height may be a variety of magnitudes. In the illustrative embodiment, the seal-slot
height 50 is about 0.015 inches when the strip seal 10 is uncompressed.

[0074] The strip seal 10 is formed to have a desired cross-section such that
the strip seal 10 may be assembled with a number of components 16 having mating
cross-sections. The components 16 may be one or more of a variety of components
16. In the illustrative embodiment, the components 16 are gas turbine engine
components 16 configured to be exposed to high temperatures. In the illustrative
embodiment, the strip seal 10 is shown assembled with a first component 16A and a
second component 16B. In some embodiments, the strip seal 10 is assembled with
additional components.

[0075] As shown in Fig. 4, the component 16A, 16B have component slots 18,
24, respectively, configured to receive a portion of the strip seal 10. In the illustrative
embodiment, a first component 16A includes first component slot 18 configured to
receive a first portion 22 of strip seal 10 and a second component 16B includes the
second component slot 24 configured to receive a second portion 26 of strip seal 10.
In some embodiments, the component slots 18, 24 extend through the components
16A, 16B. In some embodiments, the component slots 18, 24 extends partially
through the components 16A, 16B.

[0076] The component slots 18, 24 have a component-slot height 56. In some

embodiments, the component-slot height 56 is about equal to the seal height 42. In
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some embodiments, the component-slot height 56 is less than the seal height 42,
such that the strip seal 10 is compressed and/or pre-loaded when assembled in the
component slots 18, 24. The strip seal 10 is inserted into the component slots 18, 24
and couples to the component 16A to 16B. The component 16A may additionally be
coupled to the component 16B by one or more fasteners, for example, a bolt or
screw.

[0077] When the component-siot height 56 is less than the seal height 42, the
seal slots 48 compress and the seal-slot height 50 is reduced. Preload in the strip
seal 10 reduces and/or eliminates movement and wear of the strip seal 10. The strip
seal 10 is flexible and deforms plastically when compressed. In the illustrative
embodiment, the seal slots 48 are sized such that when the strip seal 10 is
compressed, the top fabric assembly and the bottom fabric assembly 78, 80 deform
plastically and contact each other. The strip seal 10 is thus designed to have infinite
life in terms of compression cycles because the top fabric assembly and the bottom
fabric assembly 78, 80 block each other from deflecting past their plastic deformation
limits.

[0078] The strip seal 10 and the component slots 18, 24 are sized such that
the strip seal 10 contacts the components 16 to create a seal between the strip seal
10 and the components 16 as well as a seal between the components 16A and 16B.
In some embodiments, the components 16 are exposed to high temperatures. The
high temperatures cause the components 16 to expand. As the components 16
expand, the component slots 18, 24 expand. The strip seal 10 may not expand
proportionally with the component slots 18, 24. As such, when the component slots
18, 24 expand, the strip seal 10 may loose contact with the components 16 and may
partially or entirely loose its sealing ability.

[0079] Sizing the component-slot height 56 smaller than the seal height 42
can overcome the loss of contact when the components 16 and the strip seal 10 are
exposed to high temperatures. The strip seal 10 is preloaded and/or forced into the
smaller component-slot height 56. When the components 16 are cool, the
compression of the strip seal 10 by the components 16 results in contact between
the strip seal 10 and the components 16 to produce an acceptable seal. As the
components 16 are heated and the component slots 18, 24 expand, the components
16 apply less force to the strip seal 10. The strip seal 10 expands towards its pre-

compression seal height 42 as less force is applied to the strip seal 10. The strip
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seal 10 remains in contact with the components 16 because the strip seal 10
expands as the component slots 18, 24 expand. As such, the strip seal 10 maintains
an acceptable seal as the components 16 and the strip seal 10 are heated. When
the components 16 and the strip seal 10 cool, the component slots 18, 24 contract
and compress the strip seal 10. The strip seal 10 is designed to experience a
predetermined number of cycles of expanding and contracting without failing.

[0080] The component slots 18, 24 may extend into the components 16 by a
variety of depths. In some embodiments, the component slots 18, 24 extend into the
components 16 such that the side walls 34, 36 are proximate or contacting the
components 16 as shown in component 16B of Fig. 4. In some embodiments, the
component slots 18, 24 extend into the components 16 such that the side walls 34,
36 are spaced apart from the components 16 as shown in 16A of Fig. 4.

[0081] Figs. 8-14 are cross-sectional views of embodiments of the strip seal
10. Each Fig. 8-14 show an embodiment of the strip seal 10 having different desired
geometries to give the strip seal 10 a desired geometry and flexibility and to assert
pressure in a desired direction. Figs. 8-14 show only the ceramic fiber fabrics 74 of
the strip seal 10. In some embodiments, the ceramic fiber fabrics 74 in Figs. 8-14
may be embedded in the ceramic matrix 72 such that a slot is formed in either or
both sides of the strip seal 10 between the top and bottom ceramic matrix composite
assemblies 98, 100. Fig. 8 is a cross-sectional view the strip seal 10 of Figs. 1-7B.
Figs. 9 and 14 show embodiments of the strip seal 10 that include the reinforcement
structure 20.

[0082] Examples
[0083] 1: SiC/SiC Ceramic Matrix Composite Seal
[0084] A Hi-Nicalon ceramic fiber fabric is constructed at 30% fiber volume

using an angle interlock 3D architecture. The ceramic fiber fabric is woven to the
geometry in Fig. 8 and processed with a chemical vapor infiltration (CVI) Silicon
Carbide (SiC) matrix to leave about a 0.015 inch gap between the top ceramic matrix
composite assembly 98 and the bottom ceramic matrix composite assembly 100.
[0085] The seal is designed to be preloaded by about 0.002 to 0.005 inches
allowing about 0.010 inches for movement during operation. The seal is designed so
that the stresses at max deflection will tolerate 10'° cycles. The seal is used to join a
set of 36 high-pressure turbine seal segments in a commercial aircraft turbine

engine.
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[0086] 2: Oxide/Oxide Ceramic Matrix Composite Seal
[0087] An alumina fiber ceramic fiber fabric is constructed from a laminate

with aluminosilicate fiber reinforcement in the center as shown in Fig. 12. The
ceramic fiber fabric is rigidized using an alumina matrix. The seal is designed to be
preloaded by about 0.010 to 0.015 inches, allowing about 0.015 inches for
movement during operation. The seal is designed so that the stresses at max
deflection will tolerate 10 cycles with only 20% softening through the life. The seal
is used to join adjacent sections of exhaust for a commercial aircraft turbine engine
[0088] 3: C/SiC Ceramic Matrix Composite Seal

[0089] An AS4 carbon fiber ceramic fiber fabric is constructed at 38% fiber
volume using an angle interlock 3D architecture. The ceramic fiber fabric is woven
to the geometry in Fig. 14 and processed with a chemical vapor infiltration (CVI)
Silicon Carbide (SiC)/Boron Carbide matrix to leave about a 0.075 inch gap between
the top and bottom ceramic matrix composite assemblies.

[0090] The seal is designed to be preloaded by about 0.010 to 0.015 inches
vertically, thereby applying horizontal pressure to create additional sealing surfaces.
The seal is designed so that the stresses at max deflection will tolerate 10° cycles.
The seal is used to seal the outlet of a combustor in a short life turbine engine.
[0091] While the disclosure has been illustrated and described in detail in the
foregoing drawings and description, the same is to be considered as exemplary and
not restrictive in character, it being understood that only illustrative embodiments
thereof have been shown and described and that all changes and modifications that
come within the spirit of the disclosure are desired to be protected.



WO 2014/150147 PCT/US2014/022387

-16 -

What is claimed is:

1. A ceramic matrix composite seal comprising:

a ceramic matrix,

a first fiber assembly embedded in the ceramic matrix, the first fiber
assembly including a first top fabric and a second top fabric, and

a second fiber assembly embedded in the ceramic matrix, the second
fiber assembly including a first bottom fabric and a second bottom fabric, the second
fiber assembly spaced apart from and opposite the first fiber assembly,

wherein the second top fabric of the first fiber assembly is coupled to
the first bottom fabric of the second fiber assembly by the ceramic matrix, the first
top fabric and the second top fabric determine the shape of the first fiber assembly,
and the first bottom fabric and the second bottom fabric determine the shape of the
second fiber assembly.

2. The ceramic matrix composite seal of claim 1, wherein the
second fiber assembly is about flat and the first fiber assembly includes a depression
along a length of the first fiber assembly at a center of the first fiber assembly, and
the depression extends toward the second fiber assembly.

3. The ceramic matrix composite seal of claim 1, wherein the first
fiber assembly includes a first depression along a length of the first fiber assembly at
a center of the first fiber assembly, the first depression extending toward the second
fiber assembly, and the second fiber assembly includes a second depression along a
length of the second fiber assembly at a center of the second fiber assembly, and
the second depression extends toward the first fiber assembly.

4. The ceramic matrix composite seal of claim 1, wherein the first
top fabric includes a first portion, a second portion, and a third portion coupled
between the first and the second portions, the first and second portions of the first
top fabric lie in a first plane, the third portion of the first top fabric lies in a second
plane spaced apart from, parallel with, and below the first plane,

the second top fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and second
portions of the second top fabric lie in the second plane, the third portion of the
second top fabric lies in a third plane spaced apart from, parallel with, and below the
second plane,
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the first bottom fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first, second, and
third portions of the first bottom fabric lie in a fourth plane spaced apart from, parallel
with, and below the third plane, and

the second bottom fabric includes a first portion, a second portion, and
a third portion coupled between the first and the second portions, the first, second,
and third portions of the second bottom fabric lie in a fifth plane spaced apart from,
parallel with, and below the fourth plane.

5. The ceramic matrix composite seal of claim 1, wherein the first
top fabric includes a first portion, a second portion, and a third portion coupled
between the first and the second portions, the first and second portions of the first
top fabric lie in a first plane, the third portion of the first top fabric lies in a second
plane spaced apart from, parallel with, and below the first plane,

the second top fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and second
portions of the second top fabric lie in the second plane, the third portion of the
second top fabric lies in a third plane spaced apart from, parallel with, and below the
second plane,

the first bottom fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and the
second portions of the first bottom fabric lie in a fourth plane spaced apart from,
parallel with, and below the third plane, the third portion of the first bottom fabric lies
in a fifth plane spaced apart from, parallel with, and below the fourth plane, and

the second bottom fabric includes a first portion, a second portion, and
a third portion coupled between the first and the second portions, the first and
second portions of the second bottom fabric lie in the fifth plane, and the third portion
of the second bottom fabric lies in a sixth plane spaced apart from, parallel with, and
below the fifth plane.

6. The ceramic matrix composite seal of claim 5 further including
reinforcement structure extending through the third portions of the first top fabric,
second top fabric, first bottom fabric, and the second bottom fabric in a direction
about perpendicular to the first plane.
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7. The ceramic matrix composite seal of claim 1, wherein the first
top fabric includes a first portion, a second portion, and a third portion coupled
between the first and the second portions, the first and second portions of the first
top fabric lie in a first plane, the third portion of the first top fabric lies in a second
plane spaced apart from, parallel with, and below the first plane,

the second top fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and third
portions of the second top fabric lie in a third plane spaced apart from, parallel with,
and below the second plane, the second portion of the second top fabric lies in the
second plane,

the first bottom fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and the third
portions of the first bottom fabric lie in a fourth plane spaced apart from, parallel with,
and below the third plane, the second portion of the first bottom fabric lies in a fifth
plane spaced apart from, parallel with, and below the fourth plane, and

the second bottom fabric includes a first portion, a second portion, and
a third portion coupled between the first and the second portions, the first and
second portions of the second bottom fabric lie in a sixth plane spaced apart from,
parallel with, and below the fifth plane, and the third portion of the second bottom
fabric lies in the fifth plane.

8. The ceramic matrix composite seal of claim 1, wherein the first
top fabric includes a first portion, a second portion, and a third portion coupled
between the first and the second portions, the first and third portions of the first top
fabric lie in a second plane, the second portion of the first top fabric lies in a first
plane spaced apart from, parallel with, and above the second plane,

the second top fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the first and third
portions of the second top fabric lie in a third plane spaced apart from, parallel with,
and below the second plane, the second portion of the second top fabric lies in the
second plane,

the first bottom fabric includes a first portion, a second portion, and a
third portion coupled between the first and the second portions, the second and the
third portions of the first bottom fabric lie in a fourth plane spaced apart from, parallel
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with, and below the third plane, the first portion of the first bottom fabric lies in a fifth
plane spaced apart from, parallel with, and below the fourth plane, and

the second bottom fabric includes a first portion, a second portion, and
a third portion coupled between the first and the second portions, the first and
second portions of the second bottom fabric lie in a sixth plane spaced apart from,
parallel with, and below the fifth plane, and the third portion of the second bottom
fabric lies in the fifth plane.

9. The ceramic matrix composite seal of claim 1, wherein the first
top fabric is curved extending downwardly toward the second top fabric in a concave
shape,

the second top fabric is about flat,

the first bottom fabric is about flat, and

the second bottom fabric is curved extending upwardly toward the first
bottom fabric in a concave shape.

10.  The ceramic matrix composite seal of claim 1, wherein the first
top fabric is curved extending downwardly toward the second top fabric in a concave
shape,

the second top fabric is curved extending downwardly toward the first
bottom fabric in a concave shape,

the first bottom fabric is curved extending upwardly toward the second
top fabric in a concave shape,

the second bottom fabric is curved extending upwardly toward the first
bottom fabric in a concave shape.

11.  The ceramic matrix composite seal of claim 10, wherein the first
and second top fabrics have about the same shape and the first and second bottom
fabrics have about the same shape.

12.  The ceramic matrix composite seal of claim 1, wherein the first
top fabric includes a first portion, a second portions, and a third portion coupled
between the first and the second portions, the first and second portions of the first
top fabric are curved and extend upwardly in a convex shape, the third portion of the
first top fabric is curved and extends downwardly in a concave shape,

the second top fabric is about flat,

the first bottom fabric is about flat, and
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the second bottom fabric includes a first portion, a second portion, and
a third portion coupled between the first and the second portions, the first and
second portions of the second bottom fabric are curved and extend downwardly in a
convex shape, and the third portion of the second bottom fabric is curved and
extends upwardly in a concave shape.

13.  The ceramic matrix composite seal of claim 12 further including
reinforcement structure extending through the third portion of the first top fabric to
the third portion of the second bottom fabric.

14.  The ceramic matrix composite seal of the claim 13, wherein a
slot is formed in a surface of the ceramic matrix composite seal between the first and
the second fiber assembilies, the slot extending along a length of the ceramic matrix
composite seal.

15. A ceramic matrix composite seal comprising:

a ceramic matrix,

a first fiber assembly embedded in the ceramic matrix, the first fiber
assembly including a first top fabric and a second top fabric,

a second fiber assembly embedded in the ceramic matrix, the second
fiber assembly including a first bottom fabric and a second bottom fabric, the second
fiber assembly spaced apart from and opposite the first fiber assembly, and

means for providing a spring-like effect in response to locating the
ceramic matrix composite seal in a slot formed between two components to cause
the ceramic matrix composite seal to remain in contact with the two components
while the components expand, contract, and vibrate,

wherein the second top fabric of the first fiber assembly is coupled to
the first bottom fabric of the second fiber assembly by the ceramic matrix, the first
top fabric and the second top fabric determine the shape of the first fiber assembly,
and the first bottom fabric and the second bottom fabric determine the shape of the
second fiber assembly.
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