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(57) Abstract: A shroud hanger assembly (30) or shroud assembly 1s provided for components which may be formed of materials

having differing coef

(32). The shroud (50) 1s detlected by an axial force acting between the

1cient thermal expansion. The assembly includes a multi- piece hanger (32) including a shroud (50) positioned
In a cavity between a first hanger portion (34) and a second hanger portion (36).
thermal expansion material which may have a differing coetficient the;

A shroud (50) may be formed of a low coetficient of

rmal expansion than the material defining the shroud hanger

hanger (32) and the shroud (50) which also forms a seal. The

seal compensates for differing rates of thermal growth between the shroud (50) and the hanger throughout the engine operating en -

velope.
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MULTI-PIECE SHROUD HANGER ASSEMBLY

TECHNICAL FIELD

[0003]  The present embodiments relate to a shroud hanger assembly for use in a gas
turbine engine. More specifically, present embodiments relate to, without limitation, a shroud

hanger assembly having a shroud which is biased at an aft end thereof.

BACKGROUND
[0004] A gas turbine engine includes a turbomachinery core having a high pressure
compressor, combustor, and high pressure turbine ("HPT") in serial flow relationship. The
core is operable in a known manner to generate a primary gas flow. The high pressure turbine
includes annular arrays ("rows") of stationary vanes or nozzles that direct the gases exiting
the combustor into rotating blades or buckets. Collectively one row of nozzles and one row of
blades make up a "stage". Typically two or more stages are used in serial flow relationship.

These components operate in an extremely high temperature environment, and must be

cooled by air flow to ensure adequate service life.

[0005] Due to operating temperatures within the primary flowpath of the gas turbine
engine, it is desirable to utilize materials with high coefficient of thermal expansion or are
high temperature capable. For example, to operate effectively in such strenuous temperature
and pressure conditions, composite materials have been suggested and, in particular for
example, ceramic matrix composite (CMC) materials. These high coefficient of thermal
expansion materials have higher temperature capability than metallic parts. The higher
operating temperatures within the engine result in higher engine efficiency if cooling air for
parts can be reduced. and these materials may be lighter weight than traditionally used

metals. CMC, for example, may require less cooling air. However, such CMC and other high
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caetticiont of thermal expansion matertals have mechanical propertics that must be
considered during the design and application of the CMC, CMO materials have relatively low
tensile ductiiity or low strain to failure when compared to metaliic materials. Also, CMC
raaterials have a cocthicient of thermal expansion which ditfers sigmlicantly from metal

alloys used as restraining supports or hangers for UM type materials,

| BUB6] One desirable use for high cocthicient of thermal expansion matenials is m 4
turbine shroud. However, varnious problems are known {0 exist with shroud hanger
assenibiics. For examplie, some assemblics utilize a one-piece hanger construction that is
detiected apart durning the mnsertion of the shroud mito a cavity of the shroud hanger. This
interference at assembly 18 required because of the difference in coetficciont of expansion of
the hanger and shroud. However, this mechanical deflection may cause bending or even
yielding of the hanger arms duning positioning of the shroud which 13 undesirable and may
cause premature deformation and leakage at high temperature. Therefore, it would be
desirable to have ap assembly which 18 more casily assembied and will not cause yielding of

the hanper.

Lutin As stated, the shroud hanger assembly must be properly sealed. Such sealing
issues develop due to thermal growth of parts of dilfering waterials. Such growth may resuit

in gaps between sealing surfaces and may be undesirable.

3068 it would be desirable to overcome these and other deficiencies o provide a shroud
hangeor assemibly which provides for scaling of the mnterfaces between parts of differing
materigl and mynmmizes the required detlection at assembly reguired to compensate for

differential thermal growth therebetween.

[ B(G9] The information mciuded in this Background section of the specification,
wcluding any references ¢ited herem and any description or discussion thereot, 18 mcluded
tor technical reference purposes only and is not to be regarded subject matter by which the
scope of the imvention 18 to be bound.

SUMMARY

Lt A shroud hanger assembly or shroud assembly 1s provided for components which
may be formed of materials having ditfermg coefficient thermal expansion. The assembly

includes 2 multi-piece hanger including a shroud postiioned 1 a cavity between a {irst hanger
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portion and a second hanger portion. A shroud may be formed of a high coetficient of
thermal expansion material which may have a differing coefficient thermal expansion than
the material defining the shroud hanger. The shroud is deflected by a force acting between the
hanger and the shroud which also forms a seal. The seal compensates for ditfering rates of

thermal growth between the shroud and the hanger throughout the engine operating envelope.

[0011] According to some embodiments, a shroud assembly for dimensionally
incompatible components comprises an engine casing, a multi-piece shroud hanger assembly
formed of a first material, the shroud hanger having a forward hanger portion and a rearward
hanger portion, the shroud hanger connected to the engine casing, a shroud formed of a low
coefficient of thermal expansion second material different from the first material, the shroud
disposed between the forward hanger portion and the rearward hanger portion, at least one
cooling channel extending into the forward hanger portion of said shroud hanger assembly
for impingement cooling of the shroud, wherein at least one of the forward hanger portion
and the rearward hanger portion apply a radial interference force on the shroud, a biasing

force acting against one of an aft end and a forward end of said shroud.

[0012]  This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to 1dentify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter. All of the above outlined
features are to be understood as exemplary only and many more features and objectives of the
structures and methods may be gleaned from the disclosure herein. A more extensive

presentation of features, details, utilities, and advantages of the present invention is provided
in the following written description of various embodiments of the invention, illustrated in
the accompanying drawings, and defined in the appended claims. Therefore, no limiting
interpretation of the summary 1s to be understood without further reading of the entire

specification, claims and drawings included herewith.
BRIEF DESCRIPTION OF THE ILLUSTRATIONS

[0013] The above-mentioned and other features and advantages of these embodiments,
and the manner of attaining them, will become more apparent and the embodiments will be
better understood by reference to the following description taken in conjunction with the

accompanying drawings, wherein:

CA 2951431 2018-05-15
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[0014] F1G. 1 1s a side section view of an exemplary gas turbine engine;
[0015]  FIG. 2 is a circumferential section view of an exemplary shroud hanger assembly;
[0016]  FIG. 3 is a side section view of an embodiment of a shroud hanger assembly;

[0017] FIG. 4 is an alternate side section view of an embodiment of the shroud hanger
[0018]  assembly;

[0019] FIG. 5 1s a further alternate side section view of an embodiment of the shroud

hanger assembly;

[0020] FIG. 6 1s an isometric section sequencing assembly of the shroud hanger

assembly;

[0021] FIG. 7 1s an isometric section sequencing further assembly of the shroud hanger

assembly;

[0022] FI1G. 8 1s an 1sometric section sequencing further assembly of the shroud hanger

assembly; and,
[0023] FIG. 9 18 a further alternative embodiment of a shroud hanger assembly.

DETAILED DESCRIPTION

[0024] ﬁ 1S to be understood that the depicted embodiments are not limited in application
to the details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. The depicted embodiments are capable of other
embodiments and of being practiced or of being carried out in various ways. Each example is
provided by way of explanation, not limitation of the disclosed embodiments. In fact, it will
be apparent to those skilled in the art that various modifications and variations may be made
in the present embodiments without departing from the scope of the disclosure. For instance,
features illustrated or described as part of one embodiment may be used with another
embodiment to still yield further embodiments. Thus it is intended that the present disclosure

covers such modifications and variations as come within the scope of the appended claims

and their equivalents.

[0025]  Embodiments of a shroud hanger assembly are depicted in FIGS. 1-9. The shroud

hanger assembly includes a multi-piece hanger assembly which at least partially surrounds
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shroud and retains the shroud in a desired position. An axial force is applied to the shroud and
compensates for thermal growth ditferences between components at lcast 1 an axial
dircction. The biasing force may be provided by one or more springs. Additionally, the onc or

more springs may function to seal air leakage from the assembly due to such thermal growth.,

| 30261 Also, 1t 15 to be understood that the phraseclogy and terminology used herein 18

tor the purpose of description and should not be regarded as himiting. The use of "including,”
"coraprising,” or "having and vanations thereof herein 15 mocant to encompass the items
listed thereatter and cquivalents thereof as well as additional 1tems. Unless limited otherwise,

iR 1

the terms "connected,” "coupled,” and "mounted,” and variations thereof herein are used
broadly and enconmipass direct and indirect connections, couplings, and mountings. {n
addition, the terms "conmected” and "coupled” and vanations thereof are not restricted o

physical or mechanical connections or coupiings.

(BG273 As used herein, the terms "axial” or "axially” refer to a dimension along a
longitudmal axis of an engme. The term "forward” used 1o conjunction with "axial” or
"axially"” refeors to moving m a dircction toward the engine mlet, or a component being
relatively closer to the engine inlet as compared 1o another component. The terr "att” uysed mn
comjunction with "axial” or "axsally” refers to moving 1o a direction toward the engine nozzle,

or a cornponent bemng relatively closer to the engine nozzle as compared to another

Component.
| 60281 As used herein, the terms "radial” or "radially” refer to a dimension extending

between a center longitudinal axis of the engine and an outer engine circumierence. The use
of the terms "proximal” or "proxumaliy,” cither by themselves or i conjunction with the
terms "radial” or "radially,” refers 1o moving m g dircction toward the center longitudinal
axis, of a component being relatively closer to the center longitudinal axis as compared to
another componcent. The use of the terms "distal” or "distally,” cither by themselves or in
conjunction with the terms "radial” or "rachally,” refers 10 moving in a direction toward the
ouicr cnging circumicrence, oF a component being relatively closer to the outer cngine
circumierence as compared to another component.

109

| 35291 As used herein, the terms "lateral” or "laterally” retfer to a dimension that 1s

perpendicular to both the axial and radial dimensions.

LN
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U301 All directional references {¢.¢., radial, axial, proximal, distal, upper, lower,
upward, downward, left, right, lateral, front, back, top, bottom, above, below, vertical,
horizontal, clockwise, counterclockwise ) are only used for identification purposes to aid the
reader’s understanding of the present invention, and do not ¢reate hmutations, particulariy as
to the position, orientation, or use of the imvention. Connection references {e.g., attached,
coupled, connected, and jomed) are to be construed broadly and may 1nclude wtermediate
members between a collection ot elements and relative movement between elements unless

otherwise indicated. As such, connection references do not necessarily mnfer that two

clements are directly connected and 1 {ixed relation to each other. The exemplary drawings

are tor purposes of tlustration only and the dimensions, positions, order and relative sizes

refiected w the drawings attached hereto may vary.

LUIR2E Referring now to FIG. 1, a schematic side section view of a gas turbine engine 10
18 shown. The tunction of the turbine 18 to extract energy from high pressure and teraperature
combustion gases and convert the energy mto mechanical energy tor work. The turbine 10
has an engine mlet end 12 wherein air enters the core or propulsor 13 which 18 defined
cenerally by a compressor 14, a combustor 16 and a mudti-stage high pressure turbine 20 all
iocated along an engine axis 26, Collectively, the propuisor 13 provides power during
operation. The gas turbine 10 may be used tor aviahion, power generation, mduastrial, manne

or the like.

{BU3 2] In operation, awr enters through the air mict end 12 of the cngine 10 and moves
through at least one stage of compression where the air pressure 18 mereased and directed to
the combustor 16, The compressed air 1s mixed with fuel and burned providing the hot
combustion gas which exits the combustor 16 toward the mgh pressure turbine 20. At the
high pressure turbineg 26, encrgy 15 extracted from the hot combustion gas causing rotation of
turbine blades which 1o turn cause rotation of the shatt 24. The shaft 24 passes toward the
front of the engine (o continue rotation of the one or more compressor stages 14, a turbofan
18 or inlet fan blades, depending on the turbine design. The turbotfan 18 18 connected by the
shaft 28 0 a low pressure turbine 21 and creates thrust for the turbine engine 10, The low
pressure turbine 21 may also be utilized to extract turther encrgy and power addifional

COMPIressoy stages.
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(30331 Present embodiments are at least directed to a shroud hanger assembly 30 which is

shown generically. The shroud hanger asserably 30 may be uhilized to dehine a flow path
adjaccnt to rotating parts such as turbine blades 26, 21 or blades within a compressor 14, The
shroud hanger assembly 30 1s shown schematically 1 the schematic FI1G. 1 view, The
assembly 3} may be disposed at a radially outward end of the turbine 24, 21 blades or the
compressor 14 blades. As the blades of the turbine or compressor rotate, a shroud 50 (FIG. 2)

in the assembly provides a flowpath boundary.

LLIREY Referring now to FIG. 2, circumferential cross-section of an cxemplary hanger
assembly 30 is depicted. In the depicted view, the sechion is taken m the circumierential
direction through the middic of the hanger 32. The hanger 32 may be formed of two or more
portions. The hanger 32 inchudes a first hanger portion 34 and a sccond hanger portion 30
{F1(s. 33 The hanger 32 may be sphit 1n a circumierential direction, be split i an axial
direction, or some combination thereof. According to some embodiments, a bolt 70 15 utihized
to retain a shroud 58, battle 32 as well as the retainer 72. The bolt 70 may be formed of a
Waspaloy metallic matenal, for example. However, this 1s a non-limiting embodiment and
merely one exemplary tvpe of bolt matenial which may be utilized. The tirst hanger portion
34 of the hanger assembly 37 mcludes a tab 38, The tab 3¥ 15 used to engage the cngine
casing 31 (FIG. 3) so that the asserobly 1s retaimed in 4 fixed posttion. Depending from the tab
38 15 a leg 39 further defining hanger portion 34, A web 42 15 shown extending from the leg
39 of the birst hanger portion 34 1 an aft divection. The web 42 may exiend n an axual
duwection or at an angie o the axial direction. Further, the web 42 extends circumferentialtly
through the scgment. The web 42 may also extend imearly, curvilinearly or combinagtions
thereot. The web 42 defings a cetling for a cavity 46 (FIG. 3) formed within the hanger 32

wherein the shroud 50 1s disposed.

({3035] At circumterential ends of the hanger 32 are end walls 51, The web 42 extends

circumierentially between the end walls or slash faces 51 ot the hanger first portion 34,

o

{BR36] the slash face walls 51 may turther include siots for sphine scals extending from
the first hanger portion 34 to the second hanger portion 36 and may extend about the
ocometry of the structure so as to substantially scal between the adjacent slash faces of

adjacent hanger assembly 30
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G037} Beneath the web 42, the shroud 50 18 shown. The shroud 50 15 a generally closed

pass. The bolt 70 extends through the web 42 and g projection 68 extending partially mto the
aperture 55 s0 as to locate the shroud 50 m a circumierential dwrection relative to the hanger
32. A retainer 72 18 positioned beneath the upper surtace ot the shroud 50 and captures the
shroud 1n a radial direction from wmoving downwardly. While a closed top shroud may be
utilized as depicted, this 1s not limiting and other emboduments are within the scope ot the

instant disclosure as shown turther herein.

| BO38] The second hanger portion 36 (FIG. 3) coraprises a hanger arm R0 and a
projection 82 which cngage the shroud 3O so that the shroud 50 1s captured radially between
the arm 80 and the retamcer 72, Alternatively, however, the arms 80 and projections 82 may

extend from the torward hanger portion 34 mn other embodiments,

(B39 The retamer 72 may have legs 73 extending circumicrentially beneath shroud 50,
The retamner 72 and arms 80 may be aligned i the radial direction as shown or may be offset

from one another. The retainer 72 18 fastencd in the asscmbly 30 with bolt 72,

| (48] Positioned within the shroud 50 15 a battie 32, The baftle 52 receives cooling air
{rom the first hanger portion 34 by way of one or more cooling apertures or channels 33
{F1(G. 4. According to some enibodiments, the batftle 52 mayv extend o end walls 51 such
that an upper plate ot the battle 32 engages the end walls S1 and retamner 72, This defines an
upper boundary of the batfie. The mntenor of the battle 52 defines a flow volume wheremn
coolng air flow 18 dispersed through a lower surface 53 50 that air cools the shroud 39
positioned within the hanger 32. The battle 52 extends circumiterentially through the hanger
cavity 46 and within an opening through the shroud 30 to provide impingerent cooling to the

inner surface ot the shroud 30.

60411 Reterring now to FIG. 3, a side section view of a shroud hanger assembly 30 is

=1

depicted. An engine case 31, such as a high pressure turbine case, 1s depicted near the top of
the figure and the banger 30 18 connected to the case 31 by way of tabs 38, 40. The tabs 38,
464 are depicted wheremn g forward portion 34 of 2 hanger 32 18 conncecied to the engine case
31 and a secound portien 36 of the hanger 32 18 also connected to the engine case 31,
However, the tabs 3%, 40 may both extend from one portion of the hanger 32 for example, as

well, Both first and second hanger portions 34, 36 extend circumierentially to define a
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complete revolution by one or more segments. The tabs 38, 40 may be aligned 1n the axial
direction or may offset radially between the forward and aft end tabs 38, 40. Additionally, the
tabs may be at angles to the axial dimension or may extend axially as shown. According to
the instant embodiment, the first hanger portion 34 includes the tab 38 for connecting to the
engine case 31. The second hanger portion 36 includes the second tab 40 for connecting to
the engine case 31. Both of these connections may be provided by sliding the portions 34, 36
in an axial direction into the engine case 31, for example by pressfitting therein. Other forms
of connection to the engine case 31 however, may be utilized. The first hanger portion 34
includes the tab 38 and a leg 39 depending from the tab 38.

[0042] The first and second hanger portions 34, 36 defining hanger 32 may be formed of
various materials such as low ductility, low coetficient of thermal expansion material, one
non-limiting example may be ceramic matrix composite. According to other embodiments,
the components of the shroud 50 may be formed of a low ductility, low coefficient of thermal
expansion material. The material may have the same coeflicient as the hanger 32 or may
differ. Further, the materials of the hanger 32 and shroud 50 may ditter. For example, the
hanger 32 may be metallic, wherein the coefficient of thermal expansion is relatively higher

than the material of the shroud 50 having a lower coetficient.

[0043]  Extending from the leg 39 toward the second hanger portion 36 is the web 42. The
web 42 extends 1n a generally linear fashion from a forward end to an aft end at a taper or
angle and also extends circumterentially with the assembly 30. In alternative embodiments,
the web 42 may be curvilinear or may be formed of various linear segments which may be
turned at angles relative to one another in moving from the forward end at the leg 39 to the
aft end near the second portion 36. At an aft end of the web 42 is a web tab 43. The web tab
43 is received by second hanger portion 36. The tab 43 turns from the angled web 42 to an

axial direction so that as the first hanger portion 34 moves in an axial direction to position the

tab 38. The web tab 43 also engages the second hanger portion 36 within a web tab receiving

groove 41.

[0044] The second hanger portion 36 receives the first hanger portion 34 1n an axial direction
and is captured by the first hanger portion 34 in the engine case 31. The second hanger portion 36
is sandwiched between the first hanger portion 34 and the engine casing 31. In this
embodiment, the second hanger portion 36 functions as a spring leg to provide an axial force
on a shroud 50 disposed within a cavity 46 of the hanger 32. The second hanger portion 36 1s

cantilevered to provide a biasing force acting against the shroud. The second hanger portion 36

CA 2951431 2018-05-15
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includes a tab 40 which 1s positioned within a receiving groove of the Cﬁg,iﬂt;-‘ case 31.

veb tab 43 of the first hanger portion 34. The sccond hc:.ngpd portion 36 cxiends m a
circumierential direchion debinung a segment having a circumiterential length, The second
hanger portion 36 may further comprise various forms extending below the web tab receiving
oroove 41. In the mstant embodiment, a lower portion ot the second hanger portion 3618
cenerally U-shaped. The U-shaped lower end or lower portion 34 engages the shroud 50

providing a biasing force on the shroud 50,

| BO45] in the exemplary embodiment, the {irst hanger portion 34 13 geverally the main
body of the hanger 32 and the sccond hanger portion 36 is generally a spring body acting in
combination with the first hanger portion 34. However, alternative ermbodiments may be
provided wherein the second hanger portion 36 1s of a larger size and mass so that the first

hanger portion 34 18 a smaller spring leg acting agamnst the shroud 50 1n an axaal direction.

"0'-

Additionally, while a two-piece hanger 32 1s provided, 1t 18 within the scope of present

embodiments that hangers may be utilized with two or more pieces to define the hanger.

| ((46] Engaging the lower portion 34 and extending toward the shroud 30 18 a conformal
seal 47. The seal 47 provides a spring force accommodating ditferential thermal growth, or
rowth at different rates, between the shroud 50 and the hanger 32, The scal 47 18 seated
within the lower portion 54 but varous cngagement features may be utilized. The seal 47
curvilincar and cxtends between the mside curvature of the lower portion 34 and an afi
surtace of the shroud 30. The contormal seal 47 prechudes awr leakage frovn around the top of
the shroud 30 and between the shroud 50 and the second hanger portion 36, which would
raove downwardly between the parts. The conformal seal 47 may be a "W seal, however
other shapes and designs may be utilized. The seal 47 may have angled peaks and vaileys a
opposed to the curved peaks and valleys depicted, tor example. Additionally, the seal 47
provides a biasing force on the shroud 50 1 the axial divection. The biasing force 15 not
imuted to the aft end of the shroud 50 but may be moved to the forward end as well, The seal

47 may be formed of vartous materials mcluding, but not limited to, Waspaloy material,

{3047 Within the cavity 46 of the hanger 32 1s the shroud 50. The shroud 50 is depicted
as a closed top shroud but alternatively, raay be an open top type shroud. The shroud 50 may

be formed of a low ductility, low coetticient ot thermal expansion material. {Une example

10
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may be a ceramic matrix composite. However, other composties and low ductility or low
coctticient of thermal expansion materials may be utthized. According to one crabodirnent
and as previously described, the material ot the hanger 32 may be a differing cocfficient of
thermal expansion such that the shroud 50 and the hanger 32 have diltering rates of
expansion at given temperatures. Accordingly, the spring force provided by the lower portion
54 ol the second hanger portion 36 and the spring 47 maimmtains a tight clampimg force on the

shroud 50.

(G045 Dsposed within the shroud 50 13 a bafflc 52. The baftle 52 receives air flow
through the hanger 32 and provides a control volurne for dispersion of air along the mside
surtace of the shroud 50, Une or more of the shroud surfaces may be cooled by the battie 52.
However, i 1s desirable that the lower surface 53 at least be cooled. The battle 52 may be

ultiized but alternatively 18 not a necessity according to mstant embodiments.

{3049} Referring now to FIG. 4, a section view 18 provided at a different circumiferential
iocation of the assernbly 30 than FIG. 3. According to the 1nstant erabodivoent, 8 section 18
taken through a circumferential location of the assembly 38, In this view, the section cut 15

taken through a bolt 70 which may be utihzed to connect the hanger 32 to the balile 52.

LS The tfirst hanger portion 34 mcludes one or more cooling apertures or paths 33
which extends from the forward end of the hanger assembly 32 into the hanger and 18 1 flow
cornmunication with the baffle 52. The baftie 52 wmay be brazed to a seal or directly {o a
retainer 72, The bolt 70 extends through g projection 08 and aliows connection between the
hanger 32 and the retamer 72, The retamer 72 exiends 1o g circumierential direction beneath
an upper wall or surface 3¢ of the shroud 53, The retainer 72 provides g radial support for the
shroud 50 mhibiting the shroud moving radially downward during operation of the cngine.
According to alternate embodiments, the projection 6K may be located at alternate positions

than the central circurnicrential position,

{BU5T ] Referring now fo FIG. 5, a further section view 1s taken at a third circumiferential
ocation of the hanger asserably 30, In this view, extending trom the second hanger portion
36 18 an aft interterence arm 80, The arm 80 exiends from the second hanger portion 36 1m 4
forward direction and has a projection 82, The arm 80 and projection 82 engage an upper

surface of the shroud 30 to provide an interference force thereon. The projection §2 provides
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radial engagement with the shroud 50 {0 aid 1 retaining the shroud 50 n it8 position and

LLERY2 Referring now to FIGS, 6-8, a plurality of 1sometric views are shown seguencing
the assembly of the exemplary hanger assembly 30, Retferring mnitially to FIG. 6, the side
section view shows the second hanger portion 30 18 shown positioned with tab 40 located in
the casing 31, In the depicted view, the plurality of arms 80 are shown extending from the
second hanger portion 36 toward the location where the fivst hanger portion 34 {uot shown) 15

to be positioned.

{3053 Retferrning now to FIG. 7, the first hanger portion 34 1s shown moving 1o position
with the second hanger portion 36. The shroud 50 1s connected to tirst hanger portion 34 by
the bolt 70, The shroud 30 is bolted into position and retained by the retainer 72 with the
baltie 32 connected to the retainer 72 and disposed within the opening of the shroud 53¢, The

first hanoor portion 34 15 angled 1nto position to web tab 43 nto tab recoiving groove 41.
a2 &

{354} Referming now to FIG. K, the first hanger portion 34 18 shown moved upwardly
against the engine casing 31 at the forward end and moved into position adjacent a recerving
oroove 41 at the sccond hanger portion 36, From this position, the first hanger portion 34 and
shroud 50 may be moved 1o an alt axyal direction inio cngagement which compresses the

contformal seal 47,

{BBSS] Referring now to FIG. 9, an alternate erabodimaent of hanger assembly 13018

engine casing has first and sccond tabs 138, 140 and a radial groove 180 cxtends m a
circumierential direction and receives the second hanger portion 136, In this embodiment, the
second hanger portion 136 18 captured between the engine casing 131 and the first hanger
portion 134 as with the previous embodiment. However, the direchion of clampingis i a
radial direction as opposed to an axial direction of the previous embodiments. The second
hanger portion 136 mncludes a leg 148 depending downwardly and which engages an aft end
ot the shroud embodiment 150, The slash faces of the hanger 132 and/or shroud 1530 may

include slots for spime seals.
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imvention to the precise steps and/or forms disclosed, and obviously many moditications and
variations are possible n hight of the above teaching. It 15 intended that the scope of the

mvention and all equuivalents be defined by the claims appended hergto.

13
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WHAT IS CLAIMED IS:

1. A shroud hanger assembly, comprising:

an engine casing;

a multi-piece hanger assembly formed of a first material, said shroud hanger
assembly having a forward hanger portion and a rearward hanger portion, said shroud
hanger assembly connected to said engine casing;

a shroud formed of a low coetticient of thermal expansion second material
different from said first material, said shroud disposed between said forward hanger
portion and said rearward hanger portion,;

at least one cooling channel extending into said forward hanger portion of said
shroud hanger assembly for impingement cooling of said shroud;

wherein at least one of said forward hanger portion and said rearward hanger
portion apply a radial interference force on said shroud;

a biasing force acting against one of an aft end and a forward end of said

shroud.

2. The shroud hanger assembly of Claim 1 further comprising at least one

sealing spring causing said biasing force.

3. The shroud hanger assembly of Claim 2 wherein said sealing spring is
curvilinear.
4, The shroud hanger assembly ot Claim 3, said at least one sealing

spring acting on said rearward hanger portion.

5. The shroud hanger assembly of Claim 4, said at least one sealing

spring disposed between said shroud and said rearward hanger portion.

6. The shroud hanger assembly of Claim 1, said forward hanger portion

being larger in radial height than said rearward hanger portion.

7. The shroud hanger assembly of Claim 6, said forward hanger portion

having a tab for engagement with said engine casing.

14
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8. The shroud hanger assembly of Claim 7, said rearward hanger portion

having a first tab for engaging said engine casing.

0. The shroud hanger assembly of Claim 8, said rearward hanger portion

1s sandwiched between said forward hanger portion and said engine casing.

10.  The shroud hanger assembly of Claim 9, said rearward hanger portion

having a receiving slot for receiving a second tab from said forward hanger portion.

11.  The shroud hanger assembly of Claim 10, said forward hanger portion

movable into said receiving slot in an axial direction.

12.  The shroud hanger assembly of Claim 10, said forward hanger portion

movable into said receiving slot in a radial direction.

13. The shroud hanger assembly of Claim 10, said rearward hanger portion

being cantilevered to provide the biasing force acting against said shroud.

14.  The shroud hanger assembly of Claim 1 further comprising an arm
extending axially from said rearward hanger portion and engaging an upper surface of

said shroud.

15.  The shroud hanger assembly of Claim 1, said multi-piece hanger

assembly being press fit with said engine casing.

16.  The shroud hanger assembly of Claim 1, said multi-piece hanger

assembly being bolted together at least in part.

17.  The shroud hanger assembly of Claim 1, one of said forward hanger
portion and said rearward hanger portion is sandwiched between the other of said

torward hanger portion and said rearward hanger portion and the engine casing.

18.  The shroud hanger assembly of Claim 17, the other of said forward
hanger portion and said rearward hanger portion being captured in one of an axial

direction and a radial direction.

15
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