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(57) Abrege/Abstract:

A turbine shroud apparatus for a gas turbine engine having a central axis includes: an arcuate shroud segment (24) comprising low-
ductility material and having a cross-sectional shape defined by opposed forward and aft walls, and opposed inner and outer walls,
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(57) Abrege(suite)/Abstract(continued):
the walls extending between opposed first and second end faces and collectively defining a shroud cavity; an annular stationary

structure (72) surrounding the shroud segment (24); and a load spreader (92) received In the shroud cavity of the shroud segment
(24) and mechanically coupled to the stationary structure (72). The load spreader (92) includes: a laterally-extending plate (96) with
opposed inner and outer faces; and a boss (102) which protrudes radially from the outer face and extends through a mounting
hole In the outer wall of one of the shroud segments (24). A fastener engages the boss (102) and the stationary structure (72), so
as to clamp the boss (102) against the stationary structure (72) in a radial direction.
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MOUNTING APPARATUS FOR LOW-DUCTILITY TURBINE SHROUD

ABSTRACT

A turbine shroud apparatus for a gas turbine engine having a central axis includes: an arcuate
shroud segment (24) comprising low-ductility material and having a cross-sectional shape
defined by opposed forward and aft walls, and opposed inner and outer walls, the walls
extending between opposed first and second end faces and collectively defining a shroud
cavity; an annular stationary structure (72) surrounding the shroud segment (24); and a load
spreader (92) received in the shroud cavity of the shroud segment (24) and mechanically
coupled to the stationary structure (72). The load spreader (92) includes: a laterally-extending
plate (96) with opposed inner and outer faces; and a boss (102) which protrudes radially from
the outer face and extends through a mounting hole in the outer wall of one of the shroud
segments (24). A fastener engages the boss (102) and the stationary structure (72), so as to

clamp the boss (102) against the stationary structure (72) in a radial direction.
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MOUNTING APPARATUS FOR LOW-DUCTILITY TURBINE SHROUD &~

BACKGROUND OF THE INVENTION

This invention relates generally to gas turbine engines, and more particularly to apparatus and
methods for mounting shrouds made of a low-ductility material in the turbine sections of

such engines.

A typical gas turbine engine includes a turbomachinery core having a high pressure
compressor, a combustor, and a high pressure turbine in serial flow relationship. The core is
operable in a known manner to generate a primary gas flow. The high pressure turbine (also
referred to as a gas generator turbine) includes one or more rotors which extract energy from
the primary gas tlow. Each rotor comprises an annular array of blades or buckets carried by a
rotating disk. The flowpath through the rotor is defined in part by a shroud, which is a
stationary structure which circumscribes the tips of the blades or buckets. These components

operate in an extremely high temperature environment.

It has been proposed to replace metallic shroud structures with materials having better high-
temperature capabilities, such as ceramic matrix composites (CMCs). These materials have
unique mechanical properties that must be considered during design and application of an
article such as a shroud segment. For example, CMC materials have relatively low tensile
ductility or low strain to failure when compared with metallic materials. Also, CMCs have a
coefticient of thermal expansion ("CTE") in the range of about 1.5-5 microinch/inch/degree
F., significantly different from commercial metal alloys used as supports for metallic
shrouds. Such metal alloys typically have a CTE in the range of about 7-10

microinch/inch/degree F.
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Conventional metallic shrouds are often mounted to the surrounding structure using hangers
or other hardware having complex machined features such as slots, hooks, or rails. CMC
shrouds are not generally amenable to the inclusion of such features, and are also sensitive to

concentrated loads imposed thereby.

Accordingly, there 1s a need for an apparatus for mounting low-ductility turbine components
to metallic supporting hardware while accommodating varied thermal characteristics and

without imposing excessive concentrated loads or thermal stresses thereupon.
BRIEF SUMMARY OF THE INVENTION

This need 1s addressed by the present invention, which provides a turbine shroud mounting
apparatus include a load spreader which secures a low-ductility turbine shroud segment to a

stationary supporting structure.

According to one aspect of the invention, a turbine shroud apparatus for a gas turbine engine
having a central axis includes: an arcuate shroud segment comprising low-ductility material
and having a cross-sectional shape defined by opposed forward and aft walls, and opposed
inner and outer walls, the walls extending between opposed first and second end faces and
collectively defining a shroud cavity; an annular stationary structure surrounding the shroud
segment; and a load spreader received in the shroud cavity of the shroud segment and
mechanically coupled to the stationary structure. The load spreader includes: a laterally-
extending plate with opposed inner and outer faces; and a boss which protrudes radially from
the outer face and extends through a mounting hole in the outer wall of one of the shroud
segments. A fastener engages the boss and the stationary structure, so as to clamp the boss

against the stationary structure in a radial direction.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention may be best understood by reference to the following description taken in

conjunction with the accompanying drawing figures in which:
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FIG. 1 is a schematic cross-sectional view of a portion of a turbine section of a gas turbine
engine, incorporating a turbine shroud assembly and mounting apparatus constructed in

accordance with an aspect of the present invention;

FIG. 2 is an exploded perspective view of a turbine shroud constructed in accordance with an

aspect of the present invention, shown with several spline seals;

FIG. 3 is an enlarged view of a portion of FIG. 1;

FIG. 4 is a perspective view of a portion of the turbine shroud assembly of FIG. 1;
FIG. 5 is another perspective view of the turbine shroud assembly shown in FIG. 4;
FIG. 6 is a perspective view of a load spreader;

FIG. 7 is a top plan view of the load spreader of F1G. 6;

FIG. & is a front elevational view of the load spreader of FIG. 6;

FIG. 9 is a schematic cross-sectional view of a portion of a turbine section of a gas turbine
engine, incorporating an alternative turbine shroud assembly and mounting apparatus

constructed in accordance with an aspect of the present invention;
FIG. 10 1s a perspective view of a portion of the turbine shroud assembly of FIG. 9; and

FIG. 11 is an exploded perspective view of a load spreader.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein i1dentical reference numerals denote the same elements
throughout the various views, FIG. 1 depicts a portion of a gas generator turbine ("GGT"),
which is part of a gas turbine engine of a known type. The function of the GGT is to extract
energy from high-temperature, pressurized combustion gases from an upstream combustor

and to convert the energy to mechanical work, in a known manner. The GGT drives a
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compressor (not shown) located upstream of the combustor through a shaft so as to supply

pressurized air to the combustor.

In the illustrated example, the engine 1s a turboshaft engine and a work turbine would be
located downstream of the GGT and coupled to a shaft driving a gearbox, propeller, or other
external load. However, the principles described herein are equally applicable to turbojet and
turbofan engines, as well as turbine engines used for other vehicles or in stationary

applications.

The GGT includes a first stage nozzle which comprises a plurality of circumferentially
spaced airfoil-shaped hollow first stage vanes 12 that are circumscribed by arcuate,
segmented inner and outer bands 14 and 16. An annular flange 18 extends radially outward at
the aft end of the outer band 16. The first stage vanes 12 are contigured so as to optimally

direct the combustion gases to a downstream first stage rotor.

The first-stage rotor includes a disk 20 that rotates about a centerline axis "A" of the engine
and carries an array of airfoil-shaped first stage turbine blades 22. A shroud comprising a
plurality of arcuate shroud segments 24 1s arranged so as to closely surround the first stage

turbine blades 22 and thereby define the outer radial flowpath boundary for the hot gas

stream flowing through the first stage rotor.

A second stage nozzle 1s positioned downstream of the first stage rotor. It comprises a
plurality of circumferentially spaced airtoil-shaped hollow second stage vanes 26 that are
circumscribed by arcuate, segmented inner and outer bands 28 and 30. An annular flange 32

extends radially outward at the forward end of the outer band 30.

The second stage rotor includes a disk 34 that rotates about a centerline axis of the engine
and carries an array of airfoil-shaped second stage turbine blades 36. A shroud comprising a
plurahty of arcuate shroud segments 38 1s arranged so as to closely surround the second stage
turbine blades 36 and thereby define the outer radial flowpath boundary for the hot gas

stream flowing through the second stage rotor. The first and second stage rotors are
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mechanically coupled together and drive an upstream compressor of a known type (not

shown).

As seen 1n FIG. 2, each shroud segment 24 has a generally rectangular or "box"-shaped
hollow cross-sectional shape defined by opposed inner and outer walls 40 and 42, and
forward and aft walls 44 and 46. In the 1llustrated example radiused transitions are provided
between the walls, but sharp or square-edged transitions may be used as well. The shroud
segment 24 has a radially inner flowpath surface 48 (see FIG. 3) and a radially outer back
surface 50. The back surtace 50 may incorporate one or more protruding pads 52 which can

be used for alignment purposes. A mounting hole 54 passes through the outer wall 42. A

shroud cavity 56 is defined within the walls 40, 42, 44, and 46.

The shroud segments 24 are constructed from a ceramic matrix composite (CMC) material of
a known type. Generally, commercially available CMC materials include a ceramic type fiber
for example S1C, forms of which are coated with a compliant material such as Boron Nitride
(BN). The fibers are carried in a ceramic type matrix, one form of which is Silicon Carbide
(S1C). Typrcally, CMC type materials have a room temperature tensile ductility of no greater
than about 1%, herein used to define and mean a low tensile ductility material. Generally
CMC type matenals have a room temperature tensile ductility in the range of about 0.4 to
about 0.7%. This 1s compared with metals having a room temperature tensile ductility of at

least about 5%, for example 1n the range of about 5 to about 15%. The shroud segments 24

could also be construcied from other low-ductility, high-temperature-capable materials.

The flowpath surface 48 ot the shroud segment 24 may incorporate a layer of environmental
barrier coating ("EBC"), an abradable material, and/or a rub-tolerant material 58 of a known
type suitable for use with CMC materials. This layer is sometimes referred to as a "rub coat".
In the 1llustrated example, the layer 58 is about 0.51 mm (0.020 in.) to about 0.76 mm (0.030
in.) thick.

The shroud segments 24 include opposed end faces 60 (also commonly referred to as "slash"

faces). Each of the end faces 60 lies in a plane parallel to the centerline axis A of the engine,

5
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referred to as a "radial plane". They may also be oriented so that the plane 1s at an acute angle
to such a radial plane. When assembled and mounted to form an annular ring, end gaps are
present between the end faces 60 of adjacent shroud segments 24. Accordingly, an array of
seals 62 are provided at the end faces 60. Similar seals are generally known as "spline seals”
and take the form of thin strips of metal or other suitable material which are inserted in slots

in the end faces 60. The spline seals 62 span the gap.

Referring to FIGS. 3-5, the shroud segments 24 are mounted to a stationary engine structure
constructed from suitable metallic alloys, e.g. nickel- or cobalt-based "superalloys". In this
example the stationary structure 1s an annular turbine stator assembly 64 having (when
viewed in cross-section) an axial leg 66, a radial leg 68, and an arm 70 extending axially

forward and obliquely outward {from the junction of the axial and radial legs 66 and 68.

An annular aft spacer 72 abuts against the forward face of the radial leg 68. The aft spacer 72
may be continuous or segmented. As best seen in FIGS. 4 and 3, it includes an array of
generally axially-aligned, spaced-apart lands 74 which extend radially outward from a
generally cylindricai body 76. It includes a tflange 78 extending radially inward at its aft end.
This flange 78 defines an aft bearing surface 80 (see FIG. 3). An axial fastener hole passes
through each of the lands 74, and radial fastener holes pass through the body at the spaces
between the lands 74.

A forward spacer 82. which may be continuous or segmented, abuts the forward end of the
att spacer 72. The torward spacer 82 includes a hook protruding radially inward with radial

and axial legs 84 and 86, respectively. The hook defines a forward bearing surface 88.

As seen 1n FIG. 3, the turbine stator assembly 64, the flange 18 of the second stage nozzle,
the aft spacer 72, and the forward spacer 82 are all mechanically assembled together, for

example using the illustrated bolt and nut combination 90 or other suitable fasteners.

The shroud segments 24 are mechanically secured to the aft spacers 72 by an array of load

spreaders 92 and bolts 94.
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The construction of the load spreaders 92 1s shown 1n more detail in FIGS. 6, 7, and 8. Each
load spreader 92 includes one or more plates 96, each having opposed inner and outer faces
98 and 100, with a generally cylindrical boss 102 extending radially outward from the outer
face 100. A fastener hole 104 with integrally-formed threads passes through the boss 102.
The plates 96 are interconnected by spring arms 106 which comprise thin, sheet-like
clements. The spring arms 106 arc downward from the plates 96 (e.g. in a radially inward
direction relative to the engine centerline A). The entire load spreader 92 may be constructed
as an integral component. The total radial height "H1" from the spring arm 106 to the outer
face 100 of the plate 96 is selected to be approximately equal to the radial height "H2" of the
shroud cavity 56 (see FIG. 2). In the 1llustrated example, one load spreader 92 is provided for
three shroud segments 24, and so the load spreader 92 includes three plates 96. The load
spreaders 92 may be manufactured with a greater or fewer number of plates 96 to suit a

particular application.

Referring to FIGS. 3 and 4, each shroud segment 24 1s assembled to the aft spacer 72 by
inserting a load spreader 92 into the interior of the shroud segment 24. The spring arms 106
are slightly compressed in the radial direction to allow insertion in to the shroud cavity 56.
When the load spreader 92 is 1n position, the spring arms 106 expand and urge the plate 96 in
a radially outboard direction, so as to hold the boss 102 in position within the mounting hole
54 in the shroud segment 24. The force exerted by the spring arms 106 has a small

magnitude, on the order of a few pounds, and is provided solely to facilitate assembly. Bolts
94 (or other suitable fasteners) are then inserted through the aft spacer 72 and threaded into
the fastener hole 104 of the load spreader 92. This configuration provides a substantially

increased bearing surface as compared to using individual bolts passing directly through the

shroud segments 12.

When the bolts 94 are torqued during assembly they draw the bosses 102 radially outward
until the bosses 102 contact the aft spacer 72. This causes elastic bending of the laterally-
extending portions of the plates 96, which in turn exert a radially-outward clamping preload

against the shroud segment 24. The exact degree of preload in the radial direction depends

7
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not only on the effective spring constant of the plates 96, but also the relative dimensions of
the load spreader 92 and the shroud segment 24, specifically on the radial height "H3" (see
FIG. 8) of the boss 102 above the outer surface 100 as compared to the thickness "H4" (see
FIG. 2) of the outer wall 42. If the height H3 is less than the thickness of the outer wall 42,
there will be a radial clamping preload on the shroud segment 12, as described above.
Alternatively, if the height H3 1s greater than the thickness H4, the load spreader 92 will
allow some static radial clearance, with little to no preload in the radial direction. In this
sense its function will be similar to a conventional turbine shroud "hanger". It should be
noted that the dimensions H3 and H4 are nominal dimensions and that their required values
to achieve a particular radial clamping load or clearance will vary depending upon the

presence of various grooves, slots, counterbores, etc. in the assembled components.

It desired, the shroud segment 24 may be restrained in the axial and lateral directions, by
selection of the relative position and dimensional clearance of the bosses 102 relative to the

mounting holes 54 in the outer walls 42 of the shroud segments 24

In the 1llustrated example, the material, sizing, and shapes of the forward and aft bearing
surfaces 80 and 88 are selected so as to present substantially rigid stops against axial
movement of the shroud segments 24 beyond predetermined limits, and may provide a
predetermined compressive axial clamping load to the shroud segments 24 in a fore-and-aft
direction. This structure is optional and if desired, all axial positioning of the shroud

segments 24may be accomplished by the interaction between the load spreaders 92 and the

shroud segments 24, as described in the preceding paragraph.

Appropriate means are provided for preventing air leakage from the combustion flowpath to

the space outboard of the shroud segments 24. For example, an annular spring seal 108 or
"W" seal ot a known type may be provided between the flange 18 of the first stage outer band
16 and the shroud segments 24 (see FIG. 3). The aft end of the shroud segments bear against

a sealing rail 110 of the second stage vanes 26. Other means to prevent leakage and provide

sealing could be provided.
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FIGS. 9 and 10 illustrate an alternative turbine shroud structure constructed according to
another aspect of the present invention. The shroud structure is part of a high pressure turbine
("HPT") which includes a nozzle 212 and a set of rotating turbine blades 222, generally
similar in construction to the GGT described above, but having only a single stage. The HPT

is typical of the configuration used in turbofan engines.

The turbine blades 222 are surrounded by a ring of low-ductility (e.g. CMC) shroud segments
224. The shroud segments 224 are similar in construction to the shroud segments 24
described above and include inner, outer, forward, and aft walls, 240, 242, 244, and 246,
respectively, as well as a flowpath surface 248 and a back surface 250. A shroud cavity 256 1s
defined inside the walls. Mounting holes 254 are formed through the outer walls 242. The
end faces may include slots 261 for spline seals of the type described above. The shroud

segments 224 are mounted to a stationary structure, which in this example is part of a turbine

case 236, by bolts 294 and load spreaders 292 (the bolts 294 are not shown 1n FIG. 10).

The construction of the load spreaders 292 is shown in more detail in FIG. 11. Each load
spreader 292 includes a plate 296, each having opposed inner and outer faces 298 and 300.
The plate has a central portion 302 with two laterally-extending arms 304. A radially-aligned
bore 306 with an inwardly-extending flange 308 is provided in the middle of the central
portion 302. The distal end of each arm 304 includes a flat pad 310 which protrudes above
the outer face 300. A generally tubular insert 312 1s swaged or otherwise secured to the bore
306 and includes a threaded fastener hole 314. Depending on the construction and
dimensions of the load spreader 292, it may be possible to form the threaded fastener hole
314 directly in the structure without the use of the insert 312. In the illustrated example, one
load spreader 292 1s provided for one shroud segment 224, The load spreaders 292 may be

manufactured with a greater or fewer number of plates 296 to suit a particular application.

A generally tubular spacer 316 with an annular flange 318 1s received in a shallow
counterbore 320 in the central portion 320. Functionally, the spacer 316 corresponds to and

constitutes a boss as described above. The separate spacer 316 permits insertion of the load
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spreaders 292 into the shroud cavities 256. Depending on the particular application, the radial

height of the shroud cavity may be sufficient to allow a load spreader without a separate

spacer.

Referring back to FIGS. 9 and 10, each shroud segment 224 is assembled to the turbine case
236 by nserting a load spreader 292 into the interior of the shroud segment 224, after the
spacers (or bosses) 316 are inserted into the mounting holes 254. Optionally, the load
spreader 292 may be provided with a spring element as described above to hold the spacers

316 1n position within the mounting holes 254 during assembly.

When the bolts 294 are torqued during assembly they draw the load spreaders 292 radially
outward until the spacers 316 contact the turbine case 236. This causes elastic bending of the
arms 304, which 1n turn exert a radially-outward clamping prelead against the shroud
segment 224. The presence of the pads 310 provide a consistent contact area and insure that
the eftective spring constant of the arms 304 remains predictable. As with the load spreaders
92 described above, the exact degree of preload in the radial direction depends not only on
the etfective spring constant of the arms 304, but also the relative dimensions of the load
spreader 292 and the shroud segment 224, specifically on the radial height "H5" of the spacer
316 above the surface of the pads 310 as compared to the thickness "H6" of the outer wall
242 (see FIG. 9). If the height HS is less than the thickness H6 of the outer wall 242, there

will be a radial clamping preload on the shroud segment 224, as described above.
Alternatively, 1f the height HS5 is greater than the thickness H6, the load spreader 292 will
allow some static radial clearance, with little to no preload in the radial direction. In this
sense 1ts function will be similar to a conventional turbine shroud "hanger". It should be
noted that the dimensions H5 and H6 are described in a nominal configuration, and that their

required values to achieve a particular radial clamping load or clearance will vary depending

upon the presence of various grooves, slots, counterbores, etc. in the assembled components.

[n this particular example, the case 236 includes a flange 342 which projects radially inward

and bears against the aft wall 246 of the shroud segment 224. The flange 342 carries an

10
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annular "W" seal 344 which reduces leakage between the aft wall 246 and the flange 342. A
leaf seal 346 or other circumferential seal of a conventional type is mounted forward of the
shroud segment 224 and bears against the forward wall 244. It is noted that FIG. 9 illustrates
only one particular mounting configuration, and that the sealing principles and apparatus

described herein may be used with any type of shroud segment mounting structure.

The mounting apparatus and configurations described above provide for secure mounting of
CMC or other low-ductility turbine shroud components. The load spreader functions to
distribute the load required to positively locate the shroud segments over an area in a way to
reduce the overall maximum stress in the shroud segments. The geometry is flexible enough
to accommodate part tolerances and stack up tolerances and supply enough load to positively
restrain the shroud segments without over-constraining them. While the apparatus described
above 1s shown in the context of a radial constraint, it is possible to use this concept to

constrain the shrouaq in other directions as well.

The foregoing has described a turbine shroud mounting apparatus for a gas turbine engine.
While specitic embodiments of the present invention have been described, it will be apparent
to those skilled 1n the art that various modifications thereto can be made without departing
from the spirit and scope of the invention. Accordingly, the foregoing description of the
preferred embodiment of the invention and the best mode for practicing the invention are

provided for the purpose of illustration only and not for the purpose of limitation.

11



CA 02762609 2011-12-22

239490
WHAT IS CLAIMED IS:

1. A turbine shroud apparatus for a gas turbine engine having a central axis,
comprising:

an arcuate shroud segment (24) comprising low-ductility material and having a
cross-sectional shape defined by opposed forward and att walls, and opposed inner and outer
walls, the walls extending between opposed first and second end faces and collectively
defining a shroud cavity;

an annular stationary structure (72) surrounding the shroud segment (24); and

a load spreader (92) received in the shroud cavity of the shroud segment (24) and
mechanically coupled to the stationary structure (72), the load spreader (92) including:

a laterally-extending plate (96) with opposed inner and outer faces; and
a boss (102) which protrudes radially from the outer face and extends
through a mounting hole in the outer wall of one of the shroud segments (24); and

a fastener engaging the boss (102) and the stationary structure (72), so as to clamp

the boss (102) against the stationary structure (72) in a radial direction.

2. The apparatus of claim 1 wherein the load spreader (92) includes a plurality

of interconnected plates.

3. The apparatus of claim 1 wherein the load spreader (92) includes at least one

spring arm (104) which urges the plate (96) towards the outer wall of the shroud segment (24).

4, The apparatus of claim 1 wherein the load spreader (92) includes arms

extending laterally outwardly from a central portion.

5. The apparatus of claim 4 wherein each arm includes a pad (310) which

protrudes radially outward at a distal end thereof.

6. The apparatus of claim 1 wherein the load spreader (92) includes an insert

(312) defining a threaded fastener hole.

12
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7. The apparatus of claim 1 wherein the boss (102) of the load spreader (92) 1s
defined by a separate, generally tubular spacer (316).

8. The apparatus of claim 1 wherein the dimensions of the shroud segment
(24) and the load spreader (92) are selected such that when the boss (102) 1s clamped against
the stationary structure (72), the plate (96) 1s deflected clastically so as to apply a

predetermined preload against the outer wall.

9. The apparatus of claim 1 wherein the dimensions of the shroud segment
(24) and the load spreader (92) are selected such that when the boss (102) is clamped against

the stationary structure (72), there 1s a predetermined radial clearance between the plate (96)

and the outer wall.

10.  The apparatus of claim 1 wherein the stationary structure (72) includes
substantially rigid annular forward and aft bearing surfaces which bear against the forward
and aft walls, respectively, of the shroud segment (24), so as to restrain the shroud segment

(24) from axial movement relative to the stationary structure (72).

11.  The apparatus of claim 1 wherein the stationary structure (72) comprises:

an annular turbine stator:;

an annular aft spacer (72) including a flange extending radially inward at its aft
end, which defines an axially-facing aft bearing surface; and

a forward spacer (82) including a hook protruding radially inward which defines

an axially-facing forward bearing surface.

12.  The apparatus of claim 1 wherein the shroud segment (24) comprises a

ceramic matrix composite material.

13.  The apparatus of claim 1 wherein the end faces of the shroud segment (24)

include slots adapted to receive one or more spline seals therein.

13
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