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BLADE TRACK ASSEMBLY, COMPONENTS, AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of U.S. Provisional Patent

Application 61/582,275, filed December 3 1, 201 1, and is incorporated herein by

reference.

GOVERNMENT RIGHTS

The present inventions were made with U.S. Government support under

contract number N00019-96-C-0176 awarded by the United States Navy. The

United States Government may have certain rights in the present inventions.

TECHNICAL FIELD

The present invention generally relates to turbomachinery components,

and more particularly, but not exclusively, to gas turbine engine blade tracks.

BACKGROUND

Providing blade track arrangements for turbomachinery components, such

as for gas turbine engines, remains an area of interest. Some existing systems

have various shortcomings relative to certain applications. Accordingly, there

remains a need for further contributions in this area of technology.



SUMMARY

One embodiment of the present invention is a unique blade track

assembly. Other embodiments include apparatuses, systems, devices,

hardware, methods, and combinations for coupling blade tracks within gas

turbine engines. 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

Fig. 1 depicts an embodiment of a gas turbine engine.

Fig. 2 depicts an embodiment of a blade track assembly.

Fig. 3 depicts an embodiment of a blade track assembly.

Fig. 4 depicts an embodiment of a blade track assembly.

Fig. 5 depicts an embodiment of a blade track.

Fig. 6 depicts an embodiment of a clip.

Fig. 7 depicts an embodiment of a blade track assembly.

Fig. 8 depicts an embodiment of a blade track assembly.

Fig. 9 depicts an embodiment of a blade track.



DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes 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 in 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.

With reference to Fig. 1, one embodiment of a gas turbine engine 50 is

shown. The gas turbine engine includes a compressor 52, combustor 54, and

turbine 56 which operate together to provide power. In one form the gas turbine

engine 50 is operable to provide power to an aircraft. As used herein, the term

"aircraft" includes, but is not limited to, helicopters, airplanes, unmanned space

vehicles, fixed wing vehicles, variable wing vehicles, rotary wing vehicles,

unmanned combat aerial vehicles, tailless aircraft, hover crafts, and other

airborne and/or extraterrestrial (spacecraft) vehicles. Further, the present

inventions are contemplated for utilization in other applications that may not be

coupled with an aircraft such as, for example, industrial applications, power

generation, pumping sets, naval propulsion, weapon systems, security systems,

perimeter defense/security systems, and the like known to one of ordinary skill in

the art.

The gas turbine engine 50 can take a variety of forms in different

embodiments. Though depicted as a single spool engine in the illustrated

embodiment, in other forms the gas turbine engine 50 can include any number of

other spools. The gas turbine engine 50 can be configured as an adaptive cycle

and/or variable cycle engine and furthermore can take the form of a turbofan,

turbojet, turboprop, or turboshaft engine. Other variations and/or combinations

are also contemplated herein.



The gas turbine engine 50 includes turbomachinery components such as

the compressor 52 and turbine 56 which each include rotating features such as

one or more rows of rotating blades. In some forms the turbomachinery

components can also include relatively stationary features such as a row of stator

vanes, which can either be fixed in place or of the variable kind. The

turbomachinery components can include other features as well. The rotating

blades of the turbomachinery components can have a blade track (discussed

further below) that is located radially outward of the rotating blades and which

can be used to form a flow path for working fluid through the turbomachinery

components. In one form the blade tracks provide a surface over which the

working fluid flows as the fluid reacts with the rotating blades.

Turning now to Figs. 2 and 3 , one embodiment of a blade track assembly

58 is disclosed. The blade track assembly 58 includes a blade track 60

extending between hangers 62 and 63. The blade track 60 includes a forward

end 64 and aft end 66 and which takes on the form of a generally annular shape

that in various embodiments can be either an integral construction or composed

of a variety of blade track segments that together form an annular shape. The

illustration in Fig. 2 depicts a circumferential portion of the blade track 60 which

can be taken to represent either a segment of the blade track 60 or a limited view

of an annular blade track 60. The forward end 64 and aft end 66 generally

extend circumferentially to form in whole or in part the annular shape of a

completed blade track. The forward end 64 and aft end 66 of the blade track 60

are depicted in the illustrated embodiment as being received within respective

openings of the forward hanger 62 and aft hanger 63. Either or both ends 64 and

66 can project axially from the blade track 60 along the circumferential length of

the blade track 60. Not all forms of the blade track 60, however, need include

ends 64 and 66 that project axially. Either or both the ends 64 and 66 can be

continuous along the length of the blade track 60, but in some embodiments the

blade track 60 can include any number of ends 64 and/or 66.

In the illustrated embodiment the blade track 60 included a layered

construction but not all embodiments need include multiple layers. Not all



embodiments, however, need be layered. The blade track 60 of the illustrated

embodiment includes a backing 68 and an outer surface 70 which can be

coupled together in a variety of manners. In one form the blade track 60 includes

a ceramic material, such as a ceramic matrix composite. To set forth just a few

non-limiting examples, in the layered arrangement of illustrated embodiment the

outer surface 70 can be a ceramic matrix composite, and in another example the

backing 68 is a ceramic matrix composite and the reference numeral 70 indicates

a coating applied/affixed/etc to the ceramic matrix composite 68. References to

the numeral 68 as the backing and to numeral 70 as the ceramic matrix

composite will be understood as being made of convenience only and no

limitation is hereby intended regarding the precise form of either 68 or 70 unless

stated explicitly to the contrary.

Though the backing 68 and the outer surface 70 are shown having

generally the same shape, the shapes and/or thicknesses of either or both the

backing 68 and outer surface 70 can be different than that which is depicted.

The outer surface 70 is shown as extending along a portion of the backing 68,

but in some embodiments the outer surface 70 can extend along the entirety of

the backing 68. Other variations of the blade track 60 are contemplated herein.

The forward hanger 62 and aft hanger 63 are depicted in the illustrated

embodiment as having different configurations/geometries/attachments/etc, but

not all embodiments need be different. The forward hanger 62 and aft hanger 63

of the illustrated embodiment include different radial dimensions such that the

forward hanger 62 is relatively radially smaller than the aft hanger 63 such as

might be expected when the blade track assembly 58 is used within a turbine

section of the gas turbine engine 50. The forward hanger 62 and aft hanger 63

of the illustrated embodiment also include different mechanisms though which

they are secured within the gas turbine engine 50. The forward hanger 62

includes an opening 72 through which a relatively static structure (shown best in

Fig. 3) of the gas turbine engine 50 can be coupled. As used herein the term

"static" refers to any suitable component that is not configured to move in an

appreciable sense such as with the rotating shaft of the gas turbine engine.



Motions such as from thermal expansion/contraction or movement such as a

component under load can fall within the meaning of the term static. The

opening 72 is shown having a radially upper side, radially lower side, and a

backstop and can be referred to as a u-shape. In some applications the opening

72 can be used to slidingly couple with the relatively static structure of the gas

turbine engine 50. Furthermore, the opening 72 can be configured such that it

snap-fits to the relatively static structure. Other fastening techniques are

contemplated herein. Not all embodiments need include the same layout as the

opening 72 depicted in the illustrated embodiment. In some embodiments the

forward hanger 62 can incorporate an anti-movement feature that cooperates

with an anti-movement feature of the relatively static structure of the gas turbine

engine 50. For example, the hanger 62 can include a slot that mates with a pin

that extends from and/or is coupled with the relatively static structure of the gas

turbine engine 50. Other anti-movement features are contemplated herein.

The aft hanger 63 of the illustrated embodiment includes a protrusion 74

which is used to couple to the gas turbine engine 50 and secure the aft hanger

63 in place. The protrusion 74 can be a flange that is received within a

corresponding opening or against a corresponding surface of the gas turbine

engine 50. The protrusion 74 can extend circumferentially and radially as

depicted, but other variations are also contemplated. To set forth just one non-

limiting example, the protrusion 74 can extend axially. The protrusion 74 can be

any length and need not be continuous along the length of the aft hanger 63. In

some forms the aft hanger 63 can be secured to a relatively static portion of the

gas turbine engine 50 via one or more pins. For example, a pin can extend from

the relatively static structure of the gas turbine engine 50 and through an opening

of the protrusion 74 to discourage relative movement between the two. Other

forms of anti-movement features are contemplated herein.

Either or both the forward hanger 62 and aft hanger 63 can include

additional and/or alternative anti-movement features that are located at split lines

between adjacent segmented blade tracks 60. In some forms the anti-movement

features can be used to discourage relative movement of blade tracks 60.



Alternatively and/or additionally, the anti-movement features can be used to

assist in aligning or maintaining position of the blade tracks 60 relative to each

other and/or relative to the hangers 62 and 63. For example, in one non-limiting

embodiment either or both of the hangers 62 and 63 can include dimples that line

up between the split lines of the blade tracks 60. An edge of the blade track 60

can engage the dimple to, for example, circumferentially locate the blade track

60. In some forms the anti-movement features can be used to ensure a spacing

between neighboring blade tracks 60. In another non-limiting embodiment the

anti-movement feature can be a pin. Other variations are also contemplated

herein.

The openings 76 and 78 in the forward hanger 62 and aft hanger 63,

respectively, through which the blade track 60 is received can have different

shapes/sizes/geometries/etc, but some embodiments need not be different. For

example, the distance between the radially inner portion and radially outer

portion of the opening 76 can be different than the distance between the radially

inner portion and radially outer portion of the opening 78. The depth of each

opening 76 and 78 can likewise be different in some embodiments, but other

embodiments need not be different. The openings 76 and 78 of the illustrated

embodiment are generally u-shaped having a radially inner and outer portion

along with a backstop, but other embodiments can include different shapes. The

openings 76 and 78 are generally structured to slidingly receive the forward end

64 and aft end 66 of the blade track 60.

In one non-limiting embodiment of the blade track assembly 58, clips 80a

and 80b are used to couple the blade track 60 to the forward hanger 62 and aft

hanger 63, respectively. Although the illustrated embodiment depicts clips 80a

and 80b used in both, some embodiments may not include clips 80a and 80b in

either or both forward hanger 62 and aft hanger 63. In one form the clips 80a

and 80b are capable of flexing in response to a stress, for example when the

blade track 60 is coupled with the clips. For example, the clips can have

openings 82a and 82b that are sized smaller than a dimension of the blade track

60 such as its thickness. Such capability to flex can be used to provide a



compressive holding force to the blade track 60 when it is inserted through the

openings 82a and 82b.

The clips 80a and 80b of the illustrated embodiment include rounded

bodies 84a and 84b extending between ends 86a/86b and 88a/88b. The

rounded bodies 84a and 84b can be sized to fit within the openings 76 and 78

and in one form are sized to interact in an interference fit. The round bodies 84a

and 84b can be flexible such that a fit within the openings 76 and 78 create a

stress to secure the clips 80a and 80b. The ends 86a/86b and 88a/88b of the

illustrated embodiment are turned away from the openings 76 and 78, but other

forms are also contemplated herein.

The clips 80a and 80b in the illustrated embodiment extend along an arc

corresponding to the openings 76 and 78, and can be an integral annular shape,

or segmented, depending on the application. In some embodiments the clips

80a and 80b can correspond to the length of a segmented blade track 60, but

some embodiments can have different lengths. If segmented, the clips 80a and

80b can be placed within an opening 76 or 78 of a segmented blade track 60, or

can span a split line between two or more adjacent blade tracks 60.

Furthermore, in those embodiments having segmented clips 80a and 80b, not all

segments need have the same configuration and/or shape. Variations other than

those depicted or discussed are contemplated herein. Though the clips 80a and

80b are shown as having similar configurations, other embodiments of the blade

track assembly 58 may include clips having different configurations and sizes,

among other possible differences.

Turning now to Figs. 4 and 5 , the hangers 62 and 63 can optionally

include anti-movement features that are structured to interact with corresponding

anti-rotation features of the blade track 60 to discourage relative movement

between the two. In the illustrated embodiment the hangers 62 and 63 include

anti-movement features 90a and 90b in the form of posts that can be used to

interact with anti-movement features 92 and 94 (shown with respect to a blade

track 60 in Fig. 5) in the form of cutouts. Different configurations of anti-

movement features on either or both the hangers 62 and 63 and the blade track



60 are contemplated herein. It should be apparent from the illustration of Fig. 4

that a portion of the hanger 63 is not depicted so that a view of the anti-

movement feature 90b can be shown in better detail. One or more portions of

the anti-movement features 90a and 90b can take a form similar to that of the

anti-movement features 92 and 94. In the illustrated embodiment the anti-

movement features 90a and 90b are in the form of semi-circular posts that

include an extension 96 and a base 98. The semi-circular posts can conform in

shape to the semi-circular cutout of the blade track 60. The anti-movement

features 90a and 90b can be integral with then hangers 62 and 63, or can

alternatively be welded/brazed/attached to the hangers 62 and 63.

Other variations are contemplated herein for the configuration/shape/etc of

the anti-movement features of the blade track 60 and hangers 62 and 63.

Though one embodiment of a segmented blade track 60 is depicted as having

the anti-movement features 92 and 94 arranged at its corners, some

embodiments can include anti-movement features 92 and 94 located elsewhere.

Furthermore, the blade track 60 can have any number of anti-rotation features

other than the numbers shown in the illustrated embodiment. For example, some

embodiments can include anti-rotation features at one or more corners and

additional anti-rotation feature(s) located at a position intermediate the corners.

Other embodiments of the hangers 62 and 63 can likewise include any number of

anti-rotation features and can be situated in a variety of locations. Some forms of

segmented hangers 62 and 63 can be arranged such that neighboring hangers

combine to create an anti-rotation feature that can used to discourage relative

movement with a blade track 60. For example, the semi-circular embodiment of

the anti-rotation feature shown in the illustrated embodiment can be shared

between neighboring segmented hangers such that each contributes a part of the

semi-circular shape. Other variations and combinations are contemplated for the

anti-rotation features of both blade track 60 and hangers 62 and 63.

In the illustrated embodiment a clip 100 can be used to further discourage

relative movement and/or secure one or more of the blade track 60 and hangers

62 and 63. Some embodiments of the blade track assembly 58 may not include



the clip 100. In one form the clip 100 is flexible and can act as a spring to resist

relative motions. To set forth just one non-limiting example, the clip 100 can

include multiple flexible portions that resist motion in one or more directions.

Such multiple flexible portions can be separately made and working in

conjunction together, whether coupled or not, or can be an integral clip having

multiple separate portions. In the illustrated embodiment the clip 100 is located

around the anti-movement feature 90a and 90b and is located between multiple

surfaces of the hangers 62 and 63 and blade track 60. Specifically, the clip 100

is located in the illustrated embodiment between the base 98 and an edge of the

blade track 60 and is also located between the extension 96 and another edge of

the blade track 60.

Fig. 6 depicts a view of one embodiment of the clip 100. Though the clip

100 is shown as semi-circular in shape, other embodiments of the clip 100 can

have other shapes. In one form the clip includes multiple portions that can be

used collectively to discourage movement in multiple directions as will be

described below with regard to the illustrated embodiment. In general, the

multiple portions of the clip can be separate, or can be coupled together in an

assembly or as an integral clip. The clip 100 includes a portion having a raised

body that can act to discourage relative radial movement between the blade track

60 and the hanger 63, another portion located near a corner between the

extension 96 and the base 98, and another portion located between the

extension 96 and a surface of the blade track 60 that can discourage relative

circumferential and/or axial movement. The raised portion that discourages

relative radial movement can take on different forms in other embodiments. The

portion located between the extension 96 and the surface of the blade track 60

that discourages relative circumferential and/or axial movement can take on

other forms in different embodiments. The clip 100 is not limited to an orthogonal

corner between surfaces as depicted but can be used in other settings whether

or not a turn associated with the surfaces is at ninety degrees.

Turning now to Figs. 7 and 8, one form of the blade track assembly 58

includes a rib 102 that extends between the hangers 62 and 63. In one



embodiment the rib 102 is coupled or secured to one or both of the hangers 62

and 63. In one form the rib 102 is made of sheet metal, but other

constructions/materials/etc are also contemplated herein. The rib 102 can

partially extend between the hangers 62 and 63 in some embodiments. In the

illustrated embodiment the rib 102 includes a backplate 104 and sides 106, 108

that together form a u-shaped rib 102. The backplate 104 of the illustrated

embodiment includes a depression forming a u-shape, but other embodiments of

the backplate 104 can take on a variety of different forms.

The sides 106 and 108 can be used to engage one or more blade tracks

60 forming a seal to discourage a working fluid from flowing between blade

tracks 60. For example, in one non-limiting embodiment the rib 102 can straddle

a split line between segmented blade tracks 60 such that each side 106 and 108

engages different blade tracks 60. Fig. 8 shows a view of the rib 102 oriented to

straddle a split line between neighboring blade tracks 60, although only one

blade track is illustrated for ease of viewing. The sides 106 and 108 can have

ends that conform to the shape of the blade track 60, although in some

embodiments the ends of the sides 106 and 108 need not conform to the blade

track 60 at portions or along the entire dimension of the blade track 60.

Figs. 7 and 8 also illustrate yet further embodiments of the hangers 62 and

63. For example, hanger 62 in the illustrated embodiment depicts a scalloped

edge 109 in one portion of the hanger 62 that forms the opening 72. The

scalloped edge can be used to interact with corresponding features in a static

structure of the gas turbine engine 50 to place the hanger in position and/or

further secure it, among other possible reasons. The protrusion 74 of hanger 63

is also arranged as yet another embodiment that includes an axial extension.

In an embodiment depicted in Fig. 9 , a blade track 60 can be configured to

include a raised portion 110 that engages with the rib 102 (shown in Figs. 7 and

8). In one non-limiting form the raised portion 110 can engage one of the sides

106 and 108 substantially along the dimension of the blade track 60 to

discourage a working fluid from moving through a split line 112 between adjacent

blade tracks 60 and dispersing on the back side of the blade tracks 60. The



raised portion 110 can be any height difference as measured from a reference

point. For example, though an edge of the blade track 60 is shown as raised

relative to a middle portion of the blade track segment, some embodiments may

include a middle portion that is raised relative to an end portion of the blade. The

end portion can be, for example, stepped down from the middle portion of the

blade track segment 60. The raised portion 110 can include a stepped portion

that interacts with the rib 102 on its lateral side, or the apex of the raised portion

1 0 can interact directly with the rib 102. Other variations of a raised seal

arrangement are contemplated.

Any of the features of the embodiments described above can be combined

with each other top to create any number of various embodiments. For example

some forms of the blade track assembly 58 can include hangers 62 and 63

without dimples on split lines between blade tracks 60, but include the clip 100

and anti-movement features to secure the one or more hangers to a static

structure of the gas turbine engine 50. In another non-limiting example, a rib 102

can be used in some blade track assemblies 58 along with a clip 80a, anti-

movement feature 90b. In some embodiments the upstream side of the blade

track assembly 58 can include similar features as those on the downstream side

of the blade track assembly 58, but not all embodiments need do so. Numerous

other combinations and variations are also contemplated.

One aspect of the instant application provides an apparatus comprising a

gas turbine engine having a blade track that includes a main body and fore and

aft edges that extend axially and circumferentially, the blade track supported by a

gas turbine engine structure having a receiving portion into which the fore and aft

edges can be slindingly inserted.

A feature of the present application provides wherein the receiving portion

includes a radially inner member and a radially outer member for receiving into

the receiving portion, and wherein the gas turbine engine structure includes a

plurality of hangers having the receiving portion.

Another feature of the present application provides wherein the gas

turbine engine blade track includes a plurality of segmented blade tracks.



Yet another feature of the present application provides wherein at least

one of the circumferentially extending fore and aft edges extends a substantial

length of the blade track.

Still another feature of the present application provides wherein the gas

turbine engine structure includes a plurality of segmented hangers each having

the receiving portion.

Still yet another feature of the present application further includes a u-

shaped clip structured to grip the blade track and shaped to fit within the

receiving portion of the gas turbine engine structure.

A further feature of the present application provides wherein the gas

turbine engine structure is an intermediate structure having the receiving portion

for receiving one of the fore and aft circumferentially extending edges and a

second receiving portion for receiving a protrusion of a static structure of the gas

turbine engine.

Yet a further feature of the present application provides wherein the

receiving portion includes an radially inner and a radially outer member that

create a channel for receipt of the blade track, and the second receiving portion

includes a second radially inner and a second radially outer member that create

a second channel for receipt of the protrusion of the static structure.

Another aspect of the instant application provides an apparatus

comprising a pair of gas turbine engine blade track coupling members useful for

securing a blade track at an upstream end and a downstream end, each of the

pair of blade track coupling members having a u-shaped channels shaped to

receive respective ends of the blade track.

A feature of the present application further includes a gas turbine engine

having a turbine section in which is disposed the gas turbine engine blade track

coupling members, wherein the pair of gas turbine engine blade track coupling

members are not identical, and wherein one of the pair of gas turbine engine

blade track coupling members interacts with an anti-rotation member to

discourage movement of the gas turbine engine blade track coupling members.



Another feature of the present application provides wherein at least one of

the pair includes a blade track anti-rotation member structured to discourage

circumferential movement of the blade track, and wherein at least one of the pair

includes a coupling member anti-rotation member structured to discourage

circumferential movement of the at least one of the pair of blade track coupling

members relative to a static structure of a gas turbine engine.

Yet another feature of the present application provides wherein the gas

turbine engine blade track includes a plurality of blade tracks, wherein at least

some of the plurality of blade tracks include a cutout structured to engage the

anti-rotation member, and which further includes a spring clip located between

the anti-rotation member and at least one of the plurality of blade tracks.

Still yet another feature of the present application provides wherein a first

of the pair of a gas turbine engine blade track coupling members includes

another u-shaped channel, the another u-shaped channel offset from the u-

shaped channel and configured to receive a structure of a gas turbine engine

configured to locate the first of the pair within the engine.

A further feature of the present application provides wherein a first of the

pair of a gas turbine engine blade track coupling members includes an extension

structured to be slidingly engaged with a static structure of a gas turbine engine.

A still further feature of the present application further includes clip

inserted into one of the u-shaped channels and having an opening to receive one

of the upstream end and downstream end of the blade track, and wherein the

pair of coupling members include an alignment feature to circumferentially locate

a blade track.

Yet still a further feature of the present application provides wherein the

pair of gas turbine engine blade track coupling members includes a member

extending axially to couple the pair together.

Yet another aspect of the instant application provides an apparatus

comprising a flexible gas turbine engine clip having an opening disposed

between a top end and a bottom end of a curvilinear clip body operable to flex

when an blade track is inserted through the opening, the engine clip extending in



an arc and structured to fit within a circumferentially extending slot of a gas

turbine engine static structure.

A feature of the present application provides wherein the engine clip is

constructed to withstand relatively elevated temperatures within a turbine section

of a gas turbine engine.

Another feature of the present application provides wherein the top end is

disposed in a top flared portion of the clip that is configured to turn away from the

opening.

Yet another feature of the present application provides wherein the top

flared portion engages the blade track when installed and a flexible nature of the

clip creates a compressive holding force with the blade track.

Still yet another feature of the present application further includes a gas

turbine engine having a plurality of the flexible gas turbine engine clips arranged

in the circumferentially extending slot around an annulus of turbine section of a

gas turbine engine.

Yet still another feature of the present application further includes a

plurality of segmented blade tracks having a coupling portion engaged with the

plurality of the flexible gas turbine engine clips.

A further feature of the present application provides wherein a top flared

portion of the gas turbine engine clip compressingly engages a surface of the

circumferentially extending slot of a gas turbine engine static structure.

Still yet another aspect of the instant application provides an apparatus

comprising a gas turbine engine blade track retention device in a form of an

arcuate corner spring having a material selected to operate in a gas turbine

engine environment and including a curvilinear shape with a first compressive

portion and a second compressive portion, the first compressive portion operable

to compress in a first direction and the second compression portion operable to

compress in a second direction, the gas turbine engine blade track retention

device operable to discourage movement of a blade track relative to a gas

turbine engine by operation of a compressive nature of the first compressive

portion and second compressive portion.



A feature of the present application provides wherein the arcuate corner

spring extends in a semi-circular shape and the blade track is a turbine blade

track.

Another feature of the present application provides wherein the second

compressive portion of the arcuate corner spring includes a rounded shape.

Yet another feature of the present application provides wherein the

rounded shape includes a first rounded portion and a second rounded portion,

the first rounded portion configured to engage a static structure of the gas turbine

engine and the second rounded portion configured to engage the blade track,

and wherein the material is selected to operate in a turbine section of the gas

turbine engine.

Still yet another feature of the present application further includes a gas

turbine engine having a blade track, the blade track including a portion operable

to engage with a static structure of the gas turbine engine, the arcuate corner

spring disposed between the static structure and the blade track.

A further feature of the present application provides wherein the arcuate

corner spring discourages air flow between the components by providing sealing

contacts on both the static structure and the blade track.

A still further feature of the present application provides wherein arcuate

corner spring provides two sealing contacts on both the static structure and the

blade track.

A further aspect of the instant application provides an apparatus

comprising a gas turbine engine blade track segment circumferentially extending

between a first arc end and a second arc end and having a radially inner side

and a radially outer side, the radially outer side having a raised seal portion

disposed near the first arc end of the blade track segment and structured to

engage a sealing member to discourage passage of a working fluid between the

inner side and the outer side.

A feature of the present application provides wherein the raised seal

portion extends to the first arc end of the blade track segment.



Another feature of the present application provides wherein the raised seal

portion includes a face having a surface operable to engage the sealing member.

Still another feature of the present application provides wherein the gas

turbine engine blade track segment includes another raised seal portion the

second arc end of the blade track segment.

Yet still another feature of the present application provides wherein the

raised seal portion and the another raised seal portion are mirror opposites.

A further feature of the present application includes a gas turbine engine

having a plurality of the gas turbine engine blade track segments around a

turbine section of the gas turbine engine.

A still further feature of the present application provides wherein a split line

between neighboring blade track segments is sealed with a member that

engages raised seal portions on each of the blade track segments.

Still a further aspect of the instant application provides an apparatus

comprising a gas turbine engine having a blade track that includes a plurality of

segmented track members at least some of which have a seal surface formed in

a surface of the segmented track members opposite from a flow path side of the

segmented track members, a first and second coupling component structured to

support at least two of the segmented track members, and a seal forming

member extending from the first and second coupling components and

configured to engage the seal surface of the segmented track members.

A feature of the present application provides wherein the first coupling

component includes a plurality of segmented first coupling components.

Another feature of the present application provides wherein the seal

forming member extends between the first and second coupling components.

Still another feature of the present application provides wherein the seal

forming member is sheet metal, and wherein at least one of the first and second

coupling components includes an alignment feature useful to circumferentially

position a segmented track member.

Yet still another feature of the present application provides wherein each

of the plurality of segmented track members includes a seal surface.



A further feature of the present application provides wherein each of the

plurality of segmented track members includes a plurality of seal surfaces.

A still further feature of the present application further include a plurality of

seal forming members useful at the split line between two segmented track

members, wherein lateral edges of the seal forming members engage a

circumferential edges of the seal surfaces.

While the invention has 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 preferred

embodiments have been shown and described and that all changes and

modifications that come within the spirit of the inventions are desired to be

protected. It should 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. 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. When the language "at least a portion" and/or "a portion" is used the item

can include a portion and/or the entire item unless specifically stated to the

contrary.



CLAIMS

WHAT IS CLAIMED IS:

1. An apparatus comprising:

a gas turbine engine having a blade track that includes a main body and

fore and aft edges that extend axially and circumferentially, the blade track

supported by a gas turbine engine structure having a receiving portion into which

the fore and aft edges can be slindingly inserted.

2 . The apparatus of claim 1, wherein the receiving portion includes a radially

inner member and a radially outer member for receiving into the receiving

portion, and wherein the gas turbine engine structure includes a plurality of

hangers having the receiving portion.

3. The apparatus of claim 2, wherein the gas turbine engine blade track

includes a plurality of segmented blade tracks.

4 . The apparatus of claim 1, wherein at least one of the circumferentially

extending fore and aft edges extends a substantial length of the blade track.

5 . The apparatus of claim 3, wherein the gas turbine engine structure

includes a plurality of segmented hangers each having the receiving portion.

6 . The apparatus of claim 1, which further includes a u-shaped clip

structured to grip the blade track and shaped to fit within the receiving portion of

the gas turbine engine structure.



7. The apparatus of claim 1, wherein the gas turbine engine structure is an

intermediate structure having the receiving portion for receiving one of the fore

and aft circumferentially extending edges and a second receiving portion for

receiving a protrusion of a static structure of the gas turbine engine.

8. The apparatus of claim 7 , wherein the receiving portion includes an

radially inner and a radially outer member that create a channel for receipt of the

blade track, and the second receiving portion includes a second radially inner

and a second radially outer member that create a second channel for receipt of

the protrusion of the static structure.

9 . An apparatus comprising:

a pair of gas turbine engine blade track coupling members useful for

securing a blade track at an upstream end and a downstream end, each of the

pair of blade track coupling members having a u-shaped channels shaped to

receive respective ends of the blade track.

0. The apparatus of claim 9 , which further includes a gas turbine engine

having a turbine section in which is disposed the gas turbine engine blade track

coupling members, wherein the pair of gas turbine engine blade track coupling

members are not identical, and wherein one of the pair of gas turbine engine

blade track coupling members interacts with an anti-rotation member to

discourage movement of the gas turbine engine blade track coupling members.

. The apparatus of claim 9, wherein at least one of the pair includes a blade

track anti-rotation member structured to discourage circumferential movement of

the blade track, and wherein at least one of the pair includes a coupling member

anti-rotation member structured to discourage circumferential movement of the at

least one of the pair of blade track coupling members relative to a static structure

of a gas turbine engine.



12. The apparatus of claim 11, wherein the gas turbine engine blade track

includes a plurality of blade tracks, wherein at least some of the plurality of blade

tracks include a cutout structured to engage the anti-rotation member, and which

further includes a spring clip located between the anti-rotation member and at

least one of the plurality of blade tracks.

13. The apparatus of claim 9, wherein a first of the pair of a gas turbine engine

blade track coupling members includes another u-shaped channel, the another u-

shaped channel offset from the u-shaped channel and configured to receive a

structure of a gas turbine engine configured to locate the first of the pair within

the engine.

14. The apparatus of claim 9 , wherein a first of the pair of a gas turbine engine

blade track coupling members includes an extension structured to be slidingly

engaged with a static structure of a gas turbine engine.

15. The apparatus of claim 9 , which further includes clip inserted into one of

the u-shaped channels and having an opening to receive one of the upstream

end and downstream end of the blade track, and wherein the pair of coupling

members include an alignment feature to circumferentially locate a blade track.

16. The apparatus of claim 15 , wherein the pair of gas turbine engine blade

track coupling members includes a member extending axially to couple the pair

together.

17. An apparatus comprising:

a flexible gas turbine engine clip having an opening disposed between a

top end and a bottom end of a curvilinear clip body operable to flex when an



blade track is inserted through the opening, the engine clip extending in an arc

and structured to fit within a circumferentially extending slot of a gas turbine

engine static structure.

18. The apparatus of claim 17, wherein the engine clip is constructed to

withstand relatively elevated temperatures within a turbine section of a gas

turbine engine.

19. The apparatus of claim 17, wherein the top end is disposed in a top flared

portion of the clip that is configured to turn away from the opening.

20. The apparatus of claim 19, wherein the top flared portion engages the

blade track when installed and a flexible nature of the clip creates a compressive

holding force with the blade track.

2 1. The apparatus of claim 17, which further includes a gas turbine engine

having a plurality of the flexible gas turbine engine clips arranged in the

circumferentially extending slot around an annulus of turbine section of a gas

turbine engine.

22. The apparatus of claim 2 1, which further includes a plurality of segmented

blade tracks having a coupling portion engaged with the plurality of the flexible

gas turbine engine clips.

23. The apparatus of claim 22, wherein a top flared portion of the gas turbine

engine clip compressingly engages a surface of the circumferentially extending

slot of a gas turbine engine static structure.

An apparatus comprising



a gas turbine engine blade track retention device in a form of an arcuate

corner spring having a material selected to operate in a gas turbine engine

environment and including a curvilinear shape with a first compressive portion

and a second compressive portion, the first compressive portion operable to

compress in a first direction and the second compression portion operable to

compress in a second direction, the gas turbine engine blade track retention

device operable to discourage movement of a blade track relative to a gas

turbine engine by operation of a compressive nature of the first compressive

portion and second compressive portion.

25. The apparatus of claim 24, wherein the arcuate corner spring extends in a

semi-circular shape and the blade track is a turbine blade track.

26. The apparatus of claim 24, wherein the second compressive portion of the

arcuate corner spring includes a rounded shape.

27. The apparatus of claim 26, wherein the rounded shape includes a first

rounded portion and a second rounded portion, the first rounded portion

configured to engage a static structure of the gas turbine engine and the second

rounded portion configured to engage the blade track, and wherein the material

is selected to operate in a turbine section of the gas turbine engine.

28. The apparatus of claim 24, which further includes a gas turbine engine

having a blade track, the blade track including a portion operable to engage with

a static structure of the gas turbine engine, the arcuate corner spring disposed

between the static structure and the blade track.



29. The apparatus of claim 28, wherein the arcuate corner spring discourages

air flow between the components by providing sealing contacts on both the static

structure and the blade track.

30. The apparatus of claim 29, wherein arcuate corner spring provides two

sealing contacts on both the static structure and the blade track.

3 1. An apparatus comprising:

a gas turbine engine blade track segment circumferentially extending

between a first arc end and a second arc end and having a radially inner side

and a radially outer side, the radially outer side having a raised seal portion

disposed near the first arc end of the blade track segment and structured to

engage a sealing member to discourage passage of a working fluid between the

inner side and the outer side.

32. The apparatus of claim 3 , wherein the raised seal portion extends to the

first arc end of the blade track segment.

33. The apparatus of claim 32, wherein the raised seal portion includes a face

having a surface operable to engage the sealing member.

34. The apparatus of claim 33, wherein the gas turbine engine blade track

segment includes another raised seal portion the second arc end of the blade

track segment.

35. The apparatus of claim 34, wherein the raised seal portion and the

another raised seal portion are mirror opposites.



36. The apparatus of claim 3 1, which includes a gas turbine engine having a

plurality of the gas turbine engine blade track segments around a turbine section

of the gas turbine engine.

37. The apparatus of claim 36, wherein a split line between neighboring blade

track segments is sealed with a member that engages raised seal portions on

each of the blade track segments.

38. An apparatus comprising:

a gas turbine engine having a blade track that includes a plurality of

segmented track members at least some of which have a seal surface formed in

a surface of the segmented track members opposite from a flow path side of the

segmented track members;

a first and second coupling component structured to support at least two

of the segmented track members; and

a seal forming member extending from the first and second coupling

components and configured to engage the seal surface of the segmented track

members.

39. The apparatus of claim 38, wherein the first coupling component includes

a plurality of segmented first coupling components.

40. The apparatus of claim 38, wherein the seal forming member extends

between the first and second coupling components.

4 . The apparatus of claim 40, wherein the seal forming member is sheet

metal, and wherein at least one of the first and second coupling components

includes an alignment feature useful to circumferentially position a segmented

track member.



42. The apparatus of claim 38, wherein each of the plurality of segmented

track members includes a seal surface.

43. The apparatus of claim 42, wherein each of the plurality of segmented

track members includes a plurality of seal surfaces.

44. The apparatus of claim 43, which further include a plurality of seal forming

members useful at the split line between two segmented track members, wherein

lateral edges of the seal forming members engage a circumferential edges of the

seal surfaces.












	abstract
	description
	claims
	drawings

