GAS TURBINE ENGINE AND FOIL BEARING SYSTEM

Field of the Invention

The present invention relates to gas turbine engines, and more particularly, to a

gas turbine engine foil bearing system.



Background

Faoil bearing systems in gas furbine engines remain an area of interest. Some
existing systems have various shoricomings, drawbacks, and disadvantages relative to
certain applications. Accordingly, there remains a need for further contributions in this

area of technology.



Summary

According to a first aspect of the present invention, there is provided a gas
turbine engine, comprising: a compressor; a turbine; a static structure; a foil bearing
system operative to transmit rotor loads from at least one of the compressor and the
turbine to the static structure, wherein the foil bearing system includes a foil bearing and
a self-aligning foil bearing mount coupled to the foil bearing, wherein the self-aligning
foil bearing mount is operative to align the foil bearing with an axis of rotation of the at
least one of the compressor and the turbine; a snubber operative to transmit rotor loads
from at least one of the compressor and the turbine to the static structure in parallel with
the foil bearing, wherein the self-aligning foil bearing mount includes at least two
components configured to align the foil bearing by sliding displacement between the at
least two components; wherein the foil bearing system is configured to prevent a
rotétion of the at least two components of the self-aligning foil bearing mount about the
axis of rotation of the rotor; and wherein the self-aligning foil bearing mount is a
spherical bearing, a first one of the at ieast two components of the bearing mount
includes a convex crown having a spherical shape and being circumferentially disposed
about the axis of rotation of the rotor and a second one of the at least two components
is a concave receiver surface having a spherical shape, wherein the concave receiver
surface receives the convex crown to permit the sliding displacement between the at
least two components, wherein the convex crown is configured to rotate about an axis

of rotation that is perpendicular to the axis of rotation of the rotor.

According to second aspect of the present invention, there is provided a gas
turbine engine, comprising: a rotor; a static structure; a foil bearing system operative to
transmit rotor loads from the rotor to the static structure, wherein the foil bearing system
inciudes: a foil bearing; and a self-aligning foil bearing mount operative to align the foil
bearing with an axis of rotation of the rotor, wherein the self-aligning foil bearing mount

has a static component and a movable component; and wherein the self-aligning foil



bearing mount is operable to self-align with the axis of rotation of the rotor by sliding
displacement of the movable component relative to the static component; wherein the
foil bearing system is configured to prevent a rotation of the movable component about
the axis of rotation of the rotor; and wherein the self-aligning foil bearing mount is a
spherical bearing, the movable component of the ‘bearing mount is a convex crown
having a spherical shape and the static component is a concave receiver surface having
a spherical shape, wherein the concave receiver surface receives the convex crown {o
permit the sliding displacement of the movable component relative to the static
component wherein the convex crown is configured to rotate about an axis of rotation
that is perpendicular to the axis of rotation of the rotor; wherein the movable component
is configured such that the rotation of the movable component is the rotation of the

entirety of the movable component.

According to a third aspect of the present invention, there is provided a foil
bearing system for a gas turbine engine, comprising: a foil bearing operative to fransmit
rotor loads from a rotor of the gas turbine engine to a static structure of the gas turbine
engine; and means for capturing and aligning the foil bearing with an axis of rotation of
the rotor wherein the means for capturing includes a mount with a convex crown
circumferentially disposed about the axis of rotation; wherein the convex crown is
configured to rotate about an axis of rotation that is perpendicular to the axis of rotation
of the rotor.

One embodiment of the present invention is a unique gas turbine engine.
Another embodiment is a unique gas turbine engine foil bearing system. Other
embodiments include apparatuses, systems, devices, hardware, methods, and
combinations for gas turbine engines and gas turbine engine bearing systems. Further
embodiments, forms, features, aspects, benefits, and advantages of the present

application shall become apparent from the description and figures provided herewith.
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Brief Description of the Drawings

The description herein makes reference to the accompanying drawings wherein

like reference numerals refer to like parts throughoul the several views, and wherein:

FiG. 1 schematically fllustrates a gas turbine engine in accordance with an

embodiment of the present invention.

FIG. 2 schematically ilustrates a foil bearing system in accordance with an

embodiment of the present invention.

FIG. 3 depicts a skewed relationship between an axis of rotation of a gas turbine

engine rotor and a centerline of a foil bearing.



Detailed Descripiion

For 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. 1t will nonetheless be understood that no
fimitation of the scope of the invention is intended by the illustration and description
of cerfain embodiments of the invention. in addition, any alierations and/or
maodifications of the illustrated and/or described embodiment{s) are contemplated as
being within the scape of the present invention. Further, any other applications of the
principles of the invention, as illustrated and/or described herein, as would normaily
occur to one skilled in the art to which the invention pertains, are contemplated as being

within the scope of the present invention.

Referring now to the drawings, and in particular, FIG. 1, a non-limiting example of
a gas turbine engine 10 in accordance with an embodiment of the present invention is
schematically depicted. In one form, gas turbine engine 10 is an axial fiow machine,
e.g., an air-vehicle power plant. In other embodiments, gas turbine engine 10 may be a
radial flow machine or a combination axial-radial flow machine. It will be understood
that the present invention is equally applicable o various gas turbine engine
configurations, for example, including turbojet engines, turbofan engines, turboprop
engines, and turboshaft engines having axial, centrifugal and/or axi-centrifugal

compressors and/or turbines.

in the illustrated embodiment, gas turbine engine 10 includes a compressor 12
having a plurality of blades and vanes 14, a diffuser 16, a combustor 18, a turbine 20

having a plurality of blades and vanes 22, and a shaft 24 coupling compressor 12 with



turbine 20. Combustor 18 is in fluid communication with compressor 12 and turbine 20.
Turbine 20 is drivingly coupted to compressor 12 via shaft 24. Turbine 20 is supported
radially by a foil bearing system 26. Although only a single spool is depicted, it will be
understood that the present invention is equally applicable to multi-spooi engines. The
number of stages of blades and vanes 14 of compressor 12, and the number of blades
and vanes 22 of turbine 20 may vary with the apgplication, e.g., the power output
requirements of a particular installation of gas turbine engine 10. In various
embodiments, gas turbine engine 10 may include one or more fans, additional

compressors and/or additional turbines.

During the operation of gas turbine engine 10, air is received at the inlet of
compressor 12. Blades and vanes 14 compress the air received at the inlet of
compressor 12. Diffuser 16 is positioned downstream of compressor 12. Diffuser 16
reduces the velocity of the pressurized air discharged from compressor 12. Affer having
been compressed and diffused, the air is discharged from diffuser 16 into combustor 18.
The pressurized air is then mixed with fuel and combusted in combustor 18. The hot
gases exiting combustor 18 are directed into turbine 20. Turbine 20 exiracts energy
from the hot gases to, among other things, generate mechanical shaft power to drive
compressor 12 via shaft 24. in one form, shaft 24 is coupled to compressor 12 and
turbine 20. In other embodiments, shaft 24 may be coupled to only one of compressor
12 and turbine 20, and may be integral with the other. In still other embodiments, shaft
24 may be integral with both compressor 12 and turbine 20. In one form, the hot gases
exiting turbine 20 are directed into a nozzle (not shown), and provide a thrust output for

gas turbine engine 10. In other embodiments, additional compressar and/or turbine
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stages in one or mose additional rotors upstream and/or downstream of compressor 12

and/or turbine 20 may be employed, e.g., in single or multi-spool gas turbine engines.

Foil bearing system 26 is operative to react and transmit rotor loads from a rotor
to another structure. In one form, foil bearing system 26 is operative {o react and
transmit loads from a rotor to a static engine structure. In other embodiments, foil
bearing system 26 is operative to react and transmit loads from one rotor to another
rotor. Rotor loads may include radial and thrust loads resulting from rotor weight and
inertial loading, as well as pressure/thrust loading end dynamic loading. In the
illustrated exampie, foil bearing system 26 reacts radial loads from turbine 20, whereas
another bearing system B supports compressor 12 and reacis radial and thrust loads.
in other embodiments, foil bearing system 26 may support compressor 12 in addition to
or in place of turbine 20. In one or more of various embodiments, foil bearing system 26
may react radial and/or thrust loads for aitlor part of any rotor system of a gas turbine

engine such as engine 10.

Referring now to FIG. 2, a non-limiting exampie of foil bearing system 26 in
accordance with an embodiment of the present invention is schematically depicted. Foil
bearing system 28 includes a foil bearing 28, a bearing housing 30, a seli-aligning foil
bearing mount 32 and two offset snubbers 34. In one form, foil bearing system 26 is
operative to transmit loads from a rotor 36 to a stalic engine structure 38, such as an
engine case structure or other rotor support structure. In one form, rotor 36 is a turbine
rotor. in other embodiments, rotor 36 may be a compressor rotor. In one form, shaft 24
is considered to be part of rotor 36, and in such embodiments, foil bearing system 26

may be positioned about shaft 24 to react rotor 36 loads via shaft 24. In other



embodiments, foil bearing system may be positioned to react ioads directly from
compressor 12 and/or turbine 20 directly. in one form, foil bearing system 26 is
positioned adjacent o turbine 20 in order to react turbine 20 loads and transmit the
loads to static engine structure 38. In other embodiments, foil bearing system 26 may
be positioned adjacent to compressor 12 or in other locations to react and transmit
loads from compressor 12 andfor other rotating components of enging 10. In still other
embodiments, foil bearing system 26 may react and transmit rotor loads from one rotor

to another rotor of a gas turbine engine.

Foil bearing 28 is a gas bearing. In one form, foll bearing 28 is & compliant foil
air bearing. In one form, foil bearing 28 includes a bump foil 40 and a plurality of
hydrodynamic foils, referred to herein as a top foils 42. In some embodiments, a
purality of bump foils 40 may be employed in foil bearing 28. In some embodiments,
only a single top foil 42 may be employed. In one form, top folls 42 are preloaded
against rotor 36, e.g., using a spring (not shown). In other embodiments, top foils 42
may not be preloaded, or may be preloaded by virtue of the shape of each top foil 42.
Other types of foil bearings may be used in other embodiments. Bump foil 40 and top

foiis 42 are disposed within housing 30.

Rotor 36 forms a journal employed by foil bearing 28, Rotation of engine rotor 36
generates a hydrodynamic air film between rotor 36 and top foil 42, The hydrodynamic
air film thickness and load bearing capacily increase with the rotational speed of rotor
36. During startup of engine 10, top foil 42 rubs against rofor 36 uniil the hydrodynamic
air film pressure is sufficient to overcome the supported rotor 36 loads and any preload.

Al normal operating speeds, the hydrodynamic air fitw separates rotor 36 and top foil



42, thereby preventing contact between rotor 36 and top foll 42 during normal engine
operation, The hydrodynamic air film supports engine rotor 36. Rotor 36 loads are
tfransmitted through the hydrodynamic air film to top foil 42. Top foil 42 is supported by
bump foil 40, which transmits the loads to housing 30, and alsc provides additional
compliance to foil bearing 28. The loads are transmitted from housing 30 o static

structure 38 via self-aligning foll bearing mount 32.

In one form, self-aligning bearing mount 32 is a rigid structure. In other
embodiments, self-aligning bearing mount 32 may be configured to achieve a desired
compliance andfor accommodate varying degrees of thermal expansion. For example,
in some embodiments, self-aligning bearing mount 32 may have a cross-sectional
shape configured to function as a spring, and/or may incorporate one or more springs in
order to achieve the desired compliance and/or accommodate anticipated thermal
expansion. Self-aligning bearing mount 32 includes a crown 44 that extends radially
outward from bearing housing 30. Crown 44 includes a crown surface 46. In one form,
crown surface 46 is a load bearing surface. In one form, crown surface 46 is spherical.
Crown surface 46 may be an interrupied surface, e.g., such as embodiments wherein
the tip of crown 44 is cylindrical or another non-spherical shape. In other embodiments,
crown surface 46 may not be spherical, but may be any shape having spherical and/or
non-spherical portions that are suifed to the particular application. In one form, crown
44 is integral with housing 30. In other embodiments, crown 44 may be formed

separately and affixed to housing 30.

Self-aligning foil bearing mount 32 also includes a receiver 48 coupled to foil

bearing 28 via crown 44 and housing 30. Self-aligning foil bearing mount 32 is formed



of both crown 44 and receiver 48. Receiver 48 is disposed in slatic structure 38. Inone
form, receiver 48 is split to as to allow assembly with crown 44. [n one form, receiver 48
is installed info static structure 38, In a particular form, receiver 48 is secured in static
structure 38 by a threaded nut 38A. Other embodiments may employ other means of
securing receiver 48. In still other embodiments, receiver 48 may be partially or fully
integral with stafic structure 38. In some embodiments, receiver 48 ray be anti-rotated

by means not shown.

Receiver 48 includes a receiver surface 50 in sliding contact with one or more
portions of crown surface 46. In one form, receiver surface 50 is a load bearing surface.
In one form, receiver surface 50 is spherical. In other embodiments, receiver surface 50
may not be spherical, but may be any shape having spherical and/or non-spherical
portions that are suited to the particular application. Receiver surface 50 may be an
interrupted surface. Crown surface 46 and receiver surface 50 are operable to slide
reiative to each other. In the form of spherical surfaces, crowr surface 46 and receiver
surface 50 permit displacement in the form of rotation of crown 44 and housing 30 about
an axis that is perpendicular fo the rotation of rotor 36, The rotation results from crown
surface 46 sliding against receiver surface 50. In some embodiments, crown 44 andfor
bearing housing 30 may include anti-rotation features {not shown), e.g., such as one or
more pinsg or slots that engage respective mating slots or pins {not shown) in receiver 48
or static structure 38 to prevent the rotation of housing 30 about the axis of rotation of

rotor 36,

Crown 44 is a movable component of mount 32, whereas receiver 48 is a statlic

component of mount 32. In one form, mount 32 is a spherical bearing. Self-aligning foil
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bearing mount 32 is operative to align foil bearing 28 with the axis of rotor 36. In
particutar, self-aligning foil bearing mount 32 is operable to self-align by displacing
crown 44 relative to receiver 48, More particularly, crown 44 is operable o rolate in a
direction perpendicular 1o the axis of rotation of rotor 36 to self-align bearing 28. Inone
form, the rotation of the movable component (which, in the present non-limiting example
is crown 44) is rotation of the entirety of the movable cormponent, Le., as opposed to a
fiexible mount component that flexes to allow a rotation of part of the flexible mount
structure, Hence, the self-alignment of self-aligning foll bearing mount 32 is not

achieved by flexure of mount 32 or any of its components.

The operation of {oil bearing 28 is dependent upon maintaining the hydrodynamic
air film between rotor 36 and top foil 42 to prevent contact between rotor 36 and top foil
42 during normal engine 10 operation. In order to generate the hydrodynamic air film, it
is preferable that the axis of rotation of rotor 36 be aligned with the geomelric centerline
of bearing 28, e.g., so that the hydrodynamic loading on top foil 42 and the air film
thickness are generally uniform aiong the operating length of bearing 28, e.g., the left to

right direction in the depiction of FIG. 2.

Referring now fo FIG. 3 in conjunction with FIGS. 1 and 2, an axis of rotation 52
of rotor 36 and a geometric centerine 54 of bearing 28 are depicted as being skewed
with respect to each other at an angle ®. The skewed axas result in a non-uniform
ioading on top foil 42 and & non-uniform hydrodynamic air film thickness along the
operating length of bearing 28, which reduces foil bearing 28 performance. ltis
preferable that the skew angle © be small or zero so as to promote g uniform

hydradynamic air film pressure along the operating length of bearing 28 to maximize the
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joad bearing capacity of foil bearing 28. Various factors may adversely effect the
angular relationship between receiver surface 50 and centerline 52. For example
engine 10 component tolerances may generate misalignment between the radial

positions of bearing B and foil bearing 28, resulting in a non-zero skew angie ©®.

Because crown surface 46 is permitted to slide against receiver surface 50, self-
aligning foil bearing mount 32 has only a limited ability {o react moment loading. The
ability of mount 32 to react a moment is based on the amount of friction between
surfaces 44 and 50. The amount of friction may be controlled by various means,
including controlling the tightness or looseness of the fit between surfaces 44 and 50, as
well as by selection of the materials and/or coatings used on crown 44 and receiver 48.
In one form, the amount of friction is controlied, by design, to allow the non-uniform
loading on top foils 42 that results from skew angle @ to be sufficient to overcome the
frictional load and impart rotation of crown 44 relative to receiver 48 {o reduce skew
angle ®©. In one form, the amount of reduction of skew angle @ is based primarily on
the compliance of foil bearing 28 and the friction between surfaces 44 and 50, and may
vary with the application. In some embodiments, loads transmitted from rotor 36 o
snubbers 34 due fo skew angle @ may be employed to impart rotation of crown 44
relative to receiver 48 to reduce skew angle ®. In various embodiments, self-aligning
foil bearing mount 32, €.9., crown 44 and receiver 48, may be dimensioned so as to
provide a desired operating clearance. In some embodiments, compliant springs may
be empioyed to provide a positive fit. In some embodiments, coatings may be
employed, e.g., on crown surface 46 and/or receiver surface 50, e.g., to reduce friction

and wear, depending on the needs of the particular application. One example of a
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suitable material for use as crown surface 46 and/or receiver surface 50 in some
embodiments is Graphalioy®, available from the Graphite Metallizing Corporation of

Yorikers, New York, USA.

Snubbers 34 are operalive to transmit rotor 36 icads to static structure 38, In
one form, snubbers 34 are configured to limit the deflection of bump foll 40, e.g., o
prevent or reduce damage to bump foit 40 during dynamic loading events. In one form,
snubbers 34 include openings or slots {not shown} to permit cooling air to pass through
snubbers 34 and bump foil 40. in other embodiments, cooling air may be provided to
snubbers 34 and/or bump foil 40 via one or more other schemes in addition to or in
ptace of openings or slots in snubbers 34, In still other embodiments, cooling air may
not be provided, In one form, snubbers 34 are operative to transmit rotor 36 loads to
static structure 38 in parallel with foil bearing 28, thereby sharing the rotor loads with foil
bearing 28. In one form, the rotor loads are radial foads. In other embodiments,
shubbers 34 may be structured transmit thrust loads In addition 1 or in place of radial
loads. In some embodiments, snubbers 34 may not be employed. In embodiments that
employ snubbers 34, snubbers 34 share the rotor 36 loads with foil bearing 28 under
fransient operating conditions. For example, when foil bearing 28 design loads are
exceeded, snubbers 34 rub against rotor 36 to react rotor 36 loads. Snubbers 34 may
be formed of metallic and/or composite materials. Although two snubbers 34 are
depicted in FIG. 2, it will be understood that in other embaodiments, any number of
snubbers 34 may be employed. In some embodiments, oniy a single snubber 34 may
be employed, e.g., at one end of bump foil 40 and/or top foil 42; or in between a split

bump foll 40 and/or a split top foil 42. In various embodiments, one or more snubbers
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34 may be positioned opposite rotor 36 behind top foil 42, e.g., whereby transient rotor
38 loads are first ransmitted through top foil 42, and then from top foif 42 to snubber(s)
34, In one form, snubbers 34 are made from a carbon based materal, such as steel,
in other embodiments, a carbon-fiber composite may be employed, The material for
snubbers 34 may vary with the needs of the application, and in various embodiments
may be, for example, any suitable metallic, intermetallic and/or composite malerial. In
some embodiments, one or more coatings, e.g., such as ailcrona (AICrN) andfor other
coatings may be employed on snubbers 34, e.g., to reduce friction and wear, depending
on the needs of the particular application. In some embodiments, shubbers 34 may
include a portion made from, layered with and/or otherwise treated with a low friction
material, an example of which is Graphslioy®. in other embodiments, other materials
that meet the requirements of the particuiar application may be employed. Design
considerations include operating temperatures, friction characleristics, oxidation
resistance, heat transfer and dissipation capabilities, and mechanical and thermal
foading parameters. Other suitable materials include, for example, stainiess steel or
iron. Suitable materdals for rotor 36, {.e., the portions of rotor 36 that are rubbed by
snubbers 34, may include, for example, any suitable metaliic (e.g., nickel based alloys
and/or iron-based alloys), intermetallic and/or composite material. In some
embodiments, one or more coatings, e.g., such as aicrona (AIGIN) and/or other
coatings may be employed on rotor 36, e.g., fo reduce friction and wear, depending on
the needs of the particutar application. In some embodiments, rotor 38 may include &
portion made from, and/or may be layered with and/or otherwise treated with a low

friction material, an example of which is Graphalloy®. In some embodiments, the



materials for snubbers 34 and rotor 36 may be selected to have a similar coefficient of
thermal expansion. In one form, the use of snubbers 34 to share rotor 36 loads with foil
bearing 28 allows foil bearing 28 to be sized for a lower design load, while retaining the
capability to handle short duration transient peak loads. By being sized for a lower
design load than that which would be required absent the use of shubbers 34, foil

bearing 28 may be smaller and lighter than otherwise.

Embodiments of the present invention include a gas turbine engine, comprising:
a compressor; a turbine; a static structure; a foil bearing system operative to transmit
rotor loads from at least one of the compressor and the turbine to the static structure,
wherein the foil bearing system includes a foil bearing and a self-aligning foil bearing
mount coupled to the foil bearing, wherein the self-aligning foil bearing mount is
operative to align the foil bearing with an axis of rotation of the at least one of the
compressor and the turbine; and a snubber operative t¢ transmit rotor loads from at
least one of the compressor and the turbine to the static structure in parallel with the foil

bearing.

In a refinement, the self-aligning foil bearing mount includes a static component
and a movable component, and wherein the self-aligning foil bearing mount is operable

to self-align by displacing the movable component relative to the static component,

In another refinement, the movable component is operable to rotate relative to

the static component.

in yet another refinement, rotation of the movable component is rotation of the

entire movable companent.
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In still another refinement, the static component includes a first surface; wherein
the movable component includes a second surface in sliding contact with the first
surface; and wherein displacement of the movable component relative fo the static

component includes the second surface sliding against the first surface.

In vet still another refinement, self-alignment is not achieved by flexure of the

self-gligning foll bearing mount,
in a further refinement, the self-aligning foil bearing mount is a spherical bearing.

In a yet further refinement, the engine includes a shaft coupled {o at least one of
the compressor and the turbine, wherein rotor loads are transmitied from the shaft
through the foil bearing, and from the foil bearing to the static structure via the self-

aligning foil bearing mount.
In a still further refinement, the shaft couples the compressor to the turbine.

in a yet still further refinement, the engine includes a rotating journal and a
housing disposed opposite 1o the rotating journal, wherein the snubber is operative to

limit the proximity of the housing relative to the journal.

Embodiments of the present invention include a gas turbine engine, comprising:
a rotor; a static structure; a foil bearing system operative to transmit rotor loads from the
rotor to the static structure, wherein the foil bearing system includes: & foil bearing; and
a self-aligning foll bearing mount operative to align the foil bearing with an axis of
rotation of the rotor, wherein the self-aligning foil bearing mount has a static component

and & movable component; and wherein the seif-aligning foil bearing mount is operable
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to self-align with the axis of rotation of the rotor by sliding displacement of the movable

component relative to the static component.
in a refinement, the self-aligning foil bearing mount is a spherical bearing.

In another refinement, the engine further includes a snubber operative to transmit

rotor loads from the rotor to the static structure in paratliel with the foil bearing.

In yet another refinement, the engine also includes a bearing housing for housing

the foil bearing, wherein the snubber is positioned within the bearing housing.

In stilt another refinement, the snubber is positioned adjacent to the bearing

housing.
In yet still another refinement, the snubber is formed of 2 composite material.
In a further refinement, the foll bearing is a compliant foil radial air bearing.

Embodiments of the present invention include a {oil bearing system for a gas
turbine engine, comprising: a foil bearing operative to transmit rotor loads from a rotor of
the gas turbine engine {o a static structure of the gas turbine engine; and means for

aligning the foil bearing with an axis of rotation of the rotor.

In a refinement, the foil bearing system further includes means for sharing the

rotor loads with the foil bearing.
in another refinement, the means for aligning includes a spherical bearing.

While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood

that the invention is not to be limited 1o the disclosed embodiment(s), but on the



contrary, is intended to cover various modifications and equivalent arrangements
inctuded within the spirit and scope of the appended claims, which scope is to be
accorded the broadest interpretation so as {o encompass all such modifications and
eguivalent structures as permitied under the law. Furthermore it should be understood
that while the use of the word preferable, praferably, or preferred in the description
above indicates that feature so described may be more desirable, it nonetheless may
not be necegsary and any embodiment lacking the same may be contemplaled as
within the scope of the invention, that scope being defined by the claims that follow. In
reading the claims il is intended that when words such as "a,” "an,” "atl least one” and
“at least a portion” are used, there is no infention to limit the claim to only one item
untess specifically stated to the contrary in the claim. Further, when the language “al
loast a portion” and/or “a portion” is used the ftem may include a portion and/or the

entire item unless specifically stated to the contrary.
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Ciaims:

1. A gas turbine engine, comprising:

a compressor;

a turbine;

a static structure;

a foil bearing system operative to transmit rotor loads from at least one of the
compressor and the turbine to the static structure, wherein the foil bearing system includes a foil
bearing and a self-aligning foil bearing mount coupled to the foil bearing, wherein the self-
aligning foil bearing mount is operative to align the foil bearing with an axis of rotation of the at
least one of the compressor and the furbine;

a snubber operative to transmit rotor ioads from at least one of the compressor and the
turbine to the static structure in parallel with the foii bearing,

wherein the self-aligning foil bearing mount includes at least two components configured
to align the foll bearing by sliding displacement between the at least two components;

wherein the foil bearing system is configured to prevent a rotation of the at least two
components of the self-aligning foil bearing mount about the axis of rotation of the rotor; and

wherein the self-aligning foil bearing mount is a spherical bearing, a first one of the at
least two components of the bearing mount includes a convex crown having a spherical shape
and being circumferentially disposed about the axis of rotation of the rotor and a second one of
the at least two components is a concave receiver surface having a spherical shape, wherein
the concave receiver surface receives the convex crown to permit the sliding displacement
between the at least two components, wherein the convex crown is configured o rotate about
an axis of rotation that is perpendicular to the axis of rotation of the rotor.,

2. The gas turbine engine of claim 1, wherein the self-aligning foil bearing mount includes a
static component and a movable component, and wherein the self-aligning foil bearing mount is

operable 1o self-align by displacing the movable component relative to the static component.

3. The gas turbine engine of claim 2, wherein the movable component is operable to rotate
relative to the static component.

4. The gas turbine engine of claim 3, wherein rotation of the movaple component is rotation of
the entirety of the movable component. ' T
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5. The gas turbine engine of claim 2, wherein the static component includes a first surface;
wherein the movable component includes a second surface in sliding contact with the first
surface; and wherein displacement of the movable component relative to the static component
includes the second surface sliding against the first surface.

6. The gas turbine engine of claim 2, wherein seli-alignment is not achieved by flexure of the
self-aligning foll bearing mount.

7. The gas turbine engine of claim 1, further comprising a shaft coupled to at least one of the
compressor and the turbine, wherein rotor loads are transmitted from the shatft through the foil

bearing, and from the foil bearing to the static structure via the self-alighing foil bearing mount.
8. The gas turbine engine of claim 7, wherein the shaft couples the compressor to the turbine.

9. The gas turbine engine of claim 1, further comprising a rotating journat and a housing
disposed opposite to the rotating journal, and wherein the snubber is operative to limit the
proximity of the housing relative to the journal.

10. A gas turbine engine, comprising:

a rotor;

a static structure;

a foit bearing system operative to transmit rotor loads from the rotor to the static
structure, wherein the foil bearing system includes:
a foil bearing; and

a self-aligning foil bearing mount operative to align the foil bearing with an axis of
rotation of the rotor, wherein the self-aligning foll bearing mount has a static component and a
movable component; and wherein the self-aligning foil bearing mount is operable to self-align
with the axis of rotation of the rotor by sliding displacement of the movable component relative
fo the static component; '

wherein the foil bearing system is configured to prevent a rotation of the movable
component about the axis of rotation of the rotor; and

wherein the self-aligning foil bearing mount is a spherical bearing, the movable
compeonent of the bearing mount is a convex crown having a sphetrical shape and the static

component is a concave receiver surface having a spherical shape, wherein the concave
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receiver surface receives the convex crown to permit the sliding displacement of the movable
component refative to the static component wherein the convex crown is configured to rotate
about an axis of rotation that is perpendicular to the axis of rotation of the rotor;

wherein the movable component is configured such that the rotation of the movable
component is the rotation of the entirety of the movable component.

11. The gas turbine engine of claim 10, further comprising a snubber aperative to transmit rotor
loads from the rotor to the static structure in paralle! with the foil bearing.

12. The gas turbine engine of claim 11, further comprising a bearing housing for housing the foll
bearing, wherein the snubber is positioned within the bearing housing.

13. The gas turbine engine of claim 12, wherein the snubber is positioned adjacent to the

- bearing housing.
14. The gas turbine engine of claim 12, wherein the snubber is formed of a composite material.

15. The gas turbine engine of claim 10, wherein the foil bearing is a compliant foil radial air
bearing.

18. A foil bearing system for a gas turbine engine, comprising:

a foil bearing operative to transmit rotor loads from a rotor of the gas turbine engine to a
static structure of the gas furbine engine; and

means for capturing and aligning the foll bearing with an axis of rotation of the rotor
wherein the means for capturing inciudes a mount with a convex crown circumferentially
disposed about the axis of rotation;

wherein the convex crown is configured to rotate about an axis of rotation that is
perpendicular to the axis of rotation of the rotor.

17. The foil bearing system of claim 16, further comprising means for sharing the rotor loads
with the foil bearing.

18. The foil bearing system of claim 16, wherein the means for aligning includes a spherical
bearing.
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19. The gas turbine engine of claim 1, wherein the foil bearing is positioned directly adjacent the

foil bearing mount; and
the snubber is positioned behind a top foil such that rotor loads are fist transmitied

through the top foil and then to the snubber.

20. The gas turbine engine of claim 10, wherein the foil bearing is positioned directly adjacent

the foil bearing mount; and
a snubber is positioned behind a top foil such that rotor loads are first transmitted

through the top foil and then to the snubber.
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