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STRUCTURE AND METHOD FOR PROVIDING COMPLIANCE AND SEALING
BETWEEN CERAMIC AND METALLIC STRUCTURES

[0001}]

GOVERNMENT RIGHTS

10002] This invention was made with government support under N00019-04-C-0093

awarded by the United States Navy. The government has certain rights in the invention.

FIELD OF TECHNOLOGY

[0003]  The disclosure relates to gas turbine engines, specifically to the use of ccramic

matrix composites (CMC) therein.

BACKGROUND

[0004]  Improvements in manufacturing technology and materials are the keys to
increased performance and reduced costs for many articles. As an example, continuing and
often interrelated improvements in processes and materials have resulted in major increases
in the performance of aircraft gas turbine engines. One of the most demanding applications
for materials can be found in the components used in aircraft jet engines. By operating at
higher temperatures, the engine can be made more efficient in terms of lower specific fuel
consumption while emitting lower emissions. Thus, improvements in the high temperature
capabilities of materials designed for use in aircraft engines can result in improvements in the

operational capabilities of the engine.

[000S]  Non-traditional high temperature materials such as ceramic matrix composites as
structural components have been employed in gas turbine engines. For several decades,
composites, such as CMC, have been investigated for a wide range of applications. One
aspect of the mvestigation has been the means by which those composite materials can be

accommodated in a metallic structure, given the inherent limitations of the composite

1
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materials with regard to high local contact stresses, and the substantial difference between
composite and metallic structure thermal expansion coefticients. Carried out were
development, analysis, fabrication, and testing activitics for a range of composite materials
and applications of same, including carbon-carbon, CMC, and mixed composition ceramics
and ceramic composite matenials, and development and demonstration of multiple
methodologies that provided compliance and sealing between the composite and metallic

structurecs.

[0006] Such means would be in demand for the location and retention of, and scaling,
advanced high temperature composite structures such as CMC. With no limitation, those
means are believed to be usetul 1n turbine blade tracks, where they provide a compliant
interface between the composite structure and the metallic supporting structure and also
provide locating features to maintain the position of said structure and secure sealing cooling

air leakage between those components.

[0007] Some existing systems have various shortcomings, drawbacks, and disadvantages
relative to certain applications. Accordingly, there remains a need 1n industry for the means
which would allow for mitigating the high local stresses that can arise from contact between
composite and metal structures. In the present novel disclosure, 1t 18 achieved via a spring
arrangement resulting 1n load redistribution that leads to reduced local contact stresses, and

by which sealing around the CMC structure to control cooling air leakage 1s provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the claims are not limited to a specific illustration, an appreciation of the
various aspects i1s best gained through a discussion of various examples thereof. Referring
now to the drawings, exemplary illustrations are shown 1n detail. Although the drawings
represent the 1llustrations, the drawings are not necessarily to scale and certain features may
be cxaggcerated to better 1llustrate and cxplain an mnovative aspect of an example. Further,
the exemplary illustrations described herein are not intended to be exhaustive or otherwise
limiting or restricted to the precise form and configuration shown in the drawings and
disclosed m the following detailed description. Exemplary illustrations are described 1n

dectail by referring to the drawings as follows:
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[0009] FIG. 1 depicts a schematic view of a gas turbine engine for which the present

technical solution 1s preferably, but not exclusively, intended;

[0010] FIG. 2 shows one configuration of a blade track assembly;

[0011] FIG. 3 shows, 1n circumferential view, an exemplary CMC blade track assembly

to provide compliance and scaling between the CMC blade track and metallic structures; and
[0012] F1G. 4 shows a radial view of the FIG 3 assembly, taken along lin¢ 4-4 1n FIG. 3.

DETAILED DESCRIPTION

[0013] Ccramic matrix composites have an mherent advantage over metallic structurcs
with respect to their ability to be operated at high temperatures, typically in excess of
temperatures at which metallic structures can be operated, and to their significantly lower
density when compared with high temperature metallic alloys. For that reason, replacing
some metallic components 1n pure metallic structures with ceramic equivalents can be
beneficial. On the other hand, a contact between a composite component and a metallic
component of the structure can result in surface damage to both components, whether through
high contact stresses and/or via wear or fretting at the interfaces between the two materials,
caused by relattve movement arising from large ditferences in thermal expansion coetticients
between the two classes of materials. Presented below 1s the means through the use of which
a compliant structure 18 mstalled to prevent or reduce local high contact stresses, provide a
centering mechanism to maintain the desired position of the composite structure in the

assembly, and provide for controlled leakage of cooling air around said structures.

[0014] The compliant structure comprises an interface between a turbine blade track,
which 1s to be produced of CMC, and the metallic supporting component, with an additional
component, which provides for locating the blade track axially and which also accommodates
difterential thermal expansion between the composite and metallic components. The
compliant component 1s to be fabricated of a high temperature metallic alloy and to be
produced in a requisite configuration using standard metal forming processes with the use of

any applicable joining processes required to produce the final component.
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[0015] Presented m FIG. 1 18 a gas turbine engine 10, which the above-mentioned
compliant structure 18 preferably intended to be used for. However, 1t will be appreciated that
while the exemplary embodiments arc shown 1n the context of a gas turbine engine 10, that
the novel compliant structure and 1ts associated methodologies have applicability i other
industries. Accordingly, a gas turbine engine 10 18 discussed as one example of how the novel

disclosure and method may be applied 1n an industry.

[0016] The engine 10 genecrally comprises a fan 12, an intermediate pressure compressor
14 and a high pressurc compressor 16, a combustor 18, a high pressure turbine 20, an
intermediate pressure turbine 22, and a low pressure turbine 24. The high pressure
compressor 16 1s connected to a first rotor shaft 26 while the intermediate pressure
compressor 14 1s connected to a second rotor shaft 28 and the fan 12 1s connected to a third
rotor shaft 30. The shafts extend axially and arc parallel to a longitudinal center line axis 32.
Ambient air 34 enters the fan 12 and 1s directed across a fan rotor 36 in an annular duct 38,
which 1n part 1s circumscribed by fan case 40. The bypass airtflow 42 provides engine thrust
while the primary gas stream 43 1s directed to the combustor 18 and the high pressure turbine
20. It 1s 1n the turbines 20, 22, and 24 of the engine 10 that the compliant component

particularly comprising a novel blade track assembly 48 1s located.

[0017] Shown 1n FIG. 2 1s an example of an enlarged sectional view of a configuration
employing a metallic blade track assembly 44 over a blade 46. Positioned generally radially
outward of the tips of a turbine blade 46, a blade track assembly 44 provides a sealing surface
which, i conjunction with the tips of turbine blade 46 provides control (limitation) of
combustion gas leakage between the blade track assembly 44 and the tips of the turbine blade
46 (where a reduction of the gap results i improved turbine performance). The replacement
of the metallic blade track with the novel compliant blade track assembly 48 comprising a
CMC blade track and 1ts unique structure and method of assembly, will be further discussed

in detaail.

[0018] With reference to FIG. 3, the novel blade track assembly 48 1s depicted as a non-
rotating structure, and i1t may be shaped into a configuration approximating that shown in
FIG. 3, when viewed 1n the tangential direction, and 1 FIG. 4, when viewed from a radial

perspective. FIG.4 1s taken from the perspective of line 4-4 of FIG. 3.
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[0019] The compliant component blade track assembly 48 comprises a CMC component
such as a blade track 50 that 1s fixed within a u-shaped pocket 52 of a metallic hanger 54 by
mcans of a clip 56 and a wavy washer (such as a marcelled, serpentine-shaped spring) S8.
Free ends 57, 59 of the clip 56 arc preferably made curved to ease the installation of the CMC
blade track 50 into the clip 56. The CMC blade track 50 1s segmented circumferentially to
accommodate the differential thermal expansion characteristics between CMCs and metallic
component, such as the hanger 54 with the pocket 52. The wave washer 58 sccures axial
orientation of the track and 1s bonded to the clip 56 via brazing or other applicable joining
method to produce an integral structure within the metallic hanger 54. The c-shaped spring
clip 56 secures radial compliance of the blade track 50 within the metallic hanger 54.
Providing sealing via contacts 60, 62 at both top and bottom surfaces as shown, the clip 56
will ensure controlled leakage of cooling air required to ensure that acceptable temperatures
arc maintained for the metallic structures. The angled surfaces of the clip S6 will provide a
compliant structure between the composite blade track 50 and the pocket 52, into which the
track-clip-washer assembly 1s installed. The compliance 1s realized by virtue of the angled
surface 63 being 1n contact, at 60 and 62, with the inside walls 64 of the locating pocket 52,
thereby preventing direct contact between the blade track structure 50 and the inner u-shaped

geometry of the pocket 52 of the hanger 54.

10020] The metallic blade track assembly 44 1n a gas turbine 10 can be replaced by the
novel blade track assembly 48. The metallic hanger 54 1s a part of the engine turbine section
and expands or contracts radially and axially as a function of the metallic structure local
temperatures. The novel blade track 50 has a forward end 51, a stepped portion 53, and a
rearward end 55. The rearward end 55 1s substantially parallel to a center line 66 and the
forward end 51 1s co-aligned with the centerline 66. The u-shaped pocket 52 has sufficient
depth to accommodate a portion of the rearward end S§, the clip 56 and the washer 58. In
positioning the ends 55-55° of the CMC component, the latter 1s forced into the clips 56-56°
engaging the washers 58-58° sufticiently enough to cause the washers to impinge upon the

pockets 52-52° of the hangers 54-54°.

[0021] The CMC blade track 50 1s carried radially by the metallic hanger 54 and 1s
centered within the metallic hanger 54 via wave washers 58 that may be positioned on either

end, forward or rearward, of the CMC blade track 50. Thus, the blade track S0 has a self-



centering feature by virtue of the biasing forces that are generated by the wave washers 58
and the spring clip S6. The same configuration is applicable to the forward end 51 of the
CMC blade track 50. The blade track 50 is therefore centered between the two locating
pockets, 1.¢., the forward pocket 52’ and a rearward pocket 52 by virtue of the spring clips
56-56° and wave washers 58-58° that are located in each pocket 52-52', respectively.
Deflection of the wavy spring 58 will also accommodate the differential thermal expansion
between the CMC blade track 50 and the metallic hanger 54. The clips 56-56 provide an air
or fluid seal at the contacts 60-60’ and 62-62’ to minimize leakage of cooling air across the
assembly 48. It will be appreciated that an exemplary blade 50 is shown in FIG. 3. Other

blades having conical or cylindrical blade tips can alternatively be used with the CMC blade

track assembly 48.

[0022]  The compliant structure 48 disclosed herein provides radial and axial location of
the CMC blade track 50, both locating the track radially and axia]ly by centering same
between the internal walls of the metallic hanger 54. The local contact loads/stresses in the
CMC structure are reduced to an acceptable level via the compliant nature of the clip in both
the radial and axial directions. The clip structure extending circumferentially around the
assembly also provides sealing of the blade track to the metallic support structure in both the
outward and inward radial directions and in the axial direction to minimize leakage of cooling

air and to thus provide improved efficiency of the turbine.

[0023] It will be appreciated that the aforementioned method and devices may be
modified to have some components and steps removed, or may have additional components
and steps added, all of which are deemed to be within the scope of the present disclosure.
Even though the present disclosure has been described in detail with reference to specific
embodiments, it will be appreciated that the various modifications and changes can be made
to these embodiments without departing from the scope of the present disclosure as set forth
in the claims. The specification and the drawings are to be regarded as illustrative instead of

merely restrictive.
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What 1s claimed is:

1. A gas turbine engine structure comprising:

a ceramic matrix composite (CMC) component;

a metallic supporting component; and

an interface component provided between the CMC component and the metallic
supporting component, the interface component comprising a clip, the clip of the interface
component having opposing angled surfaces receiving the CMC component therebetween and
positioning the CMC component in a radial direction relative to the metallic supporting
component, the clip being positioned relative to the metallic supporting component with a
washer while curved ends of the clip extend from the metallic supporting component for
rece1ving the CMC component into the clip, and the curved ends of the clip contact the CMC

component external to the metallic supporting component.

2. The gas turbine engine structure as claimed in claim 1, wherein the CMC component

includes a blade track, and
wherein the CMC component is segmented circumferentially to accommodate the

differential thermal expansion characteristics between the CMC component and the metallic

component.

3. The gas turbine engine structure as claimed in claim 1, wherein the clip extends
circumferentially around the CMC component and the opposing angled surfaces of the clip
create a seal between the CMC component and an inner surface of the metallic supporting

component.

4. The gas turbine engine structure as claimed in claim 1, wherein the clip minimizes local

contact stresses between the CMC component and the metallic supporting component.

J. The gas turbine engine structure as claimed in claim 1, wherein the metallic supporting

component includes a hanger.

CA 2900687 2018-11-16



6. The gas turbine engine structure as claimed in claim 1, wherein the metallic supporting

component comprises a pocket, the clip being positioned within the pocket.

7. The gas turbine engine structure as claimed in claim 1, wherein the washer is positioned

adjacent the clip, the washer aiding in axially orientating the CMC component.

8. The gas turbine engine structure as claimed in claim 1, wherein the washer comprises a

serpentine-shaped spring between the CMC component and the metallic supporting component.

9. The gas turbine engine structure as claimed in claim 1, wherein the CMC component
includes:

a first end substantially aligned with a centerline of the engine structure,

a stepped portion angled relative to the first end, and

a second end angled relative to the stepped portion and substantially parallel with the

centerline.

10. A compliant structure for a machine comprising:

a ceramic matrix composite (CMC) component;

a metallic supporting component; and

an interface component provided between the (CMC) component and the metallic
supporting component,

wherein the interface component comprises a clip member with opposing angled
surfaces receiving the CMC component therebetween and centering the CMC component
relative to the metallic supporting component, the clip member being operable to reduce stress
of the CMC component, and the clip member being positioned relative to the metallic
supporting component with a washer while curved ends of the clip member extend from the
metallic supporting component for receiving the CMC component into the clip member, and

wherein the CMC component includes a first end substantially aligned with a centerline

of the machine, a stepped portion angled relative to the first end, and a second end angled

relative to the stepped portion and substantially parallel with the centerline.
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11.  The compliant structure as claimed in claim 10, wherein the CMC component is a blade

track.

12, The compliant structure as claimed in claim 10, wherein the metallic supporting

component includes a u-shaped hanger that receives a portion of the CMC component.

13.  The compliant structure as claimed in claim 12, wherein the washer is located adjacent
an end of the CMC component, the clip member and the washer being operable to maintain the

CMC component offset from the metallic supporting component.

14.  The compliant structure as claimed in claim 10, wherein the washer comprises a
marcelled spring, between the CMC component and the metallic supporting component, that

provides axial orientation of the CMC component.

15.  The compliant structure as claimed in claim 10, wherein the clip member extends
around the CMC component, the clip creates a seal between the CMC component and the

metallic supporting component.

16. A method of positioning a ceramic matrix composite (CMC) component relative to a
metallic supporting component, the method comprising the steps of:

providing the CMC component;

providing the metallic supporting component;

providing an interface component with opposing angled surfaces for a compliant
accommodation of the CMC component relative to the metallic support component;

attaching the interface component to the metallic supporting component, the interface
component being positioned relative to the metallic supporting component with a washer while
curved ends of the interface component extend from the metallic supporting component for

receiving the CMC component into the interface component, and the curved ends of the
interface component contact the CMC component external to the metallic supporting

component; and

CA 2900687 2018-11-16



inserting the CMC component into the opposing angled surfaces of the interface

component.

7. The method as claimed in claim 16, wherein the step of attaching the interface
component comprises inserting the washer into the pocket of the metallic supporting

component.

18.  The method as claimed in claim 16, wherein the interface component includes a clip,

and the step of attaching the interface component comprises inserting the clip into the pocket of

the metallic supporting component.

19.  The method as claimed in claim 16, wherein the step of inserting the CMC component
into the opposing angled surfaces of the interface component comprises creating a seal between

the CMC component and the inner surfaces of the metallic supporting component.

20.  The method as claimed in claim 16, wherein the interface component includes a clip,
and the step of inserting the CMC component into the interface component includes forcing the
CMC component into the clip having the opposing angled surfaces, the clip engaging the
washer sUfﬁciently to cause the washer to impinge upon the pocket of the metallic supporting

component.

10
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