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(57) Abrege(suite)/Abstract(continued):
to or formed Integrally with the bearing pad. The housing defines a working gas delivery system for providing a flow of pressurized

working gas to the thrust face of the bearing pad and a fluid damper cavity. The fluid damper cavity provides a dampening of the
axial vibration supported by the thrust face of the bearing pad along the axial direction.
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ABSTRACT

A bearing including a bearing pad and a housing 1s provided. The bearing pad has
a thrust face for supporting a vibration along an axial direction of the bearing. Additionally,
the housing 1s formed 1ntegrally using an additive manufacturing process and is attached
to or formed integrally with the bearing pad. The housing defines a working gas delivery
system for providing a flow of pressurized working gas to the thrust face of the bearing pad
and a fluid damper cavity. The fluid damper caVity provides a dampening of the axial

vibration supported by the thrust face of the bearing pad along the axial direction.
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THRUST BEARING

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to an air bearing, or more

particularly to a thrust air'bearing that may be used 1n a gas turbine engine.
BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes a fan and a core arranged in flow
communication with one another. Additionally, the core of the gas turbine engine generally
includes, in serial flow order, a compressor section, a combustion section, a turbine section,
and an exhaust section. In operation, air 1s provided from the fan to an inlet of the
compressor section where one or more axial compressors progressively compress the air
until 1t reaches the combustion section. Fuel 1s mixed with the compressed air and burned
within the combustion section to provide combustion gases. The combustion gases are
routed from the combustion section to the turbine section. The flow of combustion gasses
through the turbine section drives the turbine section and is then routed through the exhaust

section, e.g., to atmosphere.

[0003] Conventional gas turbine engines include rotor assemblies having shafts,
compressor impellers, turbines, couplings, sealing packs, and other elements required for
optimal operation under given operating conditions. These rotor assemblies have a mass
generating a constant static force due to gravity, and also generate a dynamic force due,
e.g., to imbalances 1n the rotor assembly during operation, accelerations, etc. In addition
to radial shaft forces, the rotating assembly also experiences axial forces generated from,
e.g., Internal pressures between the turbomachinery stages and the thrust of the gas turbine
engine. Such gas turbine engines include radial bearings and thrust bearings to sustain and

support these forces while permitting rotation of the rotor assembly.
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10004 ] At least some known rotary machines use gas bearings where non-o1l lubricated
bearings are desired. However, the inventors have observed that some gas bearings require
a substantial number of assembled components to provide the necessary functionality to
meet dynamic loading requirements. Such a high number of components introduce high
complexity, cost, and weight to the gas bearing, thereby limiting potential applications,
especially 1n aerospace gas turbine engines where weight reduction 1s paramount.
Moreover, the high number of components increases a size of the gas bearing without
providing additional functionality, thereby preventing the gas bearing from being utilized

‘within space limited locations throughout the gas turbine engines, such as aircraft engines.

[00035] Therefore, a gas bearing formed of less components would be useful. More
particularly, a gas bearing capable of etfectively handlin o static and dynamic forces during

operation while having a reduced size and weight would be particularly beneficial.
BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of

the invention.

10007] In one exemplary embodiment ot the present disclosure, a bearing defining an
axial direction 1s provided. The bearing includes a bearing pad having a thrust face for
supporting a vibration along the axial direction of the bearing. The bearing also includes a
'housing attached to or formed integrally with the bearing pad and defining a working gas
delivery system for providing a flow of pressurized working gas to the thrust face of the
bearing pad. The housing also defines a tluid damper cavity for providing a dampening of

the axial vibration supported by the thrust face of the bearing pad along the axial direction.

[0008] In another exemplary embodiment ot the present disclosure, a bearing for a gas
turbine engine is provided. The bearing defines an axial direction and includes a bearing
pad having a thrust face for supporting a vibration along the axial direction of the bearing.

The bearing also includes a housing attached to or formed integrally with the bearing pad.
2
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The housing defines a working gas delivery system for providing a flow of pressurized
working gas to the thrust face of the bearing pad. The housing also defines a fluid damper
cavity for providing a dampening of the axial vibration supported by the thrust face of the
bearing pad along the axial direction. The fluid damper cavity includes a first control
volume and a second control volume. The housing additionally includes a first semi-rigid
wall and a second semi-rigid wall, the first semi-rigid wall at least partially defining the
first control Vblume and the second semi-rigid wall at least partially defining the second

control volume.

[0009] These and other teatures, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

(0010] A full and enabling disclosure of the present invention, including the best mode
thereot, directed to one of ordinary skill in the art, 1s set forth in the specification, which

makes reference to the appended figures, in which:

[0011] FIG. 1 1s a schematic cross-sectional view of an exemplary gas turbine engine

according to various embodiments of the present subject matter.

[0012] FIG. 2 18 a perspective view of a bearing in accordance with an exemplary

embodiment of the present disclosure.

[0013] FIG. 3 1s a side view of the exemplary bearing of FIG. 2 supporting a rotary

component.

[0014] FIG. 4 is a side, cross-sectional view of the exemplary bearing of FIG. 2

supporting a rotary component.
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[0015] F1G. 5 1s a close-up, cross-sectional view of a section of the exemplary bearing

of FIG. 2.

10016] FIG. 6 1s a close-up, cross-sectional view of a section of the exemplary bearing

of FIG. 2, taken along Line 6-6 of FIG. 3.

10017] FIG. 7 1s a close-up, cross-sectional view of a section of a bearing in accordance

with another exemplary embodiment of the present disclosure.

[0018] FIG. 8 1s a close-up, cross-sectional view of a section of a bearing 1n accordance

with yet another exemplary embodiment of the present disclosure.

[0019] FIG. 9 1s a perspective view of the section of the exemplary bearing of FIG. 8.

00201} FIG. 10 is cross-sectional view of the exemplary bearing of FIG. 8, taken along
Line 10-10 ot FIG. 8.

[0021] FIG. 11 is cross-sectional view of the exemplary bearing of FIG. 8, taken along
Line 11-11 of FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Reference will now be made 1n detail to present embodiments of the invention,
one or more examples of which are illustrated in the accompanying drawings. The detailed

description uses numerical and letter designations to refer to features in the drawings. Like

or similar designations in the drawings and description have been used to refer to like or
similar parts of the invention. As used herein, the terms “first”, “second”, and “third” may
be used interchangeably to distinguish one component from another and are not intended
to signify location or importance of the individual components. The terms “upstream” and
“downstream” refer to the relative direction with respect to fluid flow in a fluid pathway.
For example, “upstream” refers to the direction from which the fluid flows, and

“downstream” refers to the direction to which the fluid flows.
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[0023] Reterring now to the drawings, wherein 1dentical numerals indicate the same
elements throughout the figures, FIG. 1 1s a schematic cross-sectional view of a
turbomachine in accordance with an exemplary embodiment of the present disclosure.
More particularly, for the embodiment of FIG. 1, the turbomachine is configured as a gas
turbine engine, or rather as a high-bypass turbofan jet engine 12, referred to herein as
“turbofan engine 12.” As shown in FIG. 1, the turbofan engine 12 defines an axial direction
Al. (extending parallel to a longitudinal centerline 13 provided for reference), a radial
direction R1, and a circumferential direction (not shown) extending about the axial
direction Al. In general, the turbofan 10 includes a fan section 14 and a core turbine engine

16 disposed downstream from the fan section 14.

[0024] The exemplary core turbine engine 16 depicted generally includes a
substantially tubular outer casing 18 that defines an annular inlet 20. The outer casing 18
encases and the core turbine engine 16 includes, in serial flow relationship, a compressor
section including a booster or low pressure (LP) compressor 22 and a high pressure (HP)
compressor 24; a combustion section 26; a turbine section including a high pressure (HP)
turbine 28 and a low pressure (LP) turbine 30; and a jet exhaust nozzle section 32. A high
pressure (HP) shaft or spool 34 drivingly connects the HP turbine 28 to the HP compressor
24. A low pressure (LP) shatt or spool 36 drivingly connects the LP turbine 30 to the LP
compressor 22. Accordingly, the LP shaft 36 and HP shatt 34 are each rotary components,

rotating about the axial direction Al during operation of the turbofan engine 12.

[0025] In order to support such rotary components, the turbofan engine includes a
plurality of air bearings 100 attached to various structural components within the turbofan
engine 12. Specitically, for the embodiment depicted the bearings 100 facilitate rotation
of, e.g., the LP shaft 36 and HP shaft 34 and dampen vibrational energy imparted to
bearings 100 during operation of the turbofan engine 12. Although the bearings 100 are
described and illustrated as being located generally at forward and aft ends of the respective
LP shatt 36 and HP shatt 34, the bearings 100 may additionally, or alternatively, be located
at any desired location along the LP shaft 36 and HP shaft 34 including, but not limited to,

S
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central or mid-span regions of the shatts 34, 36, or other locations along shafts 34, 36 where
the use of conventional bearings 100 would present significant design challenges. The
exemplary bearings 100 may include radial support bearings for supporting static and
dynamic forces along the radial direction R1, as well as axial support bearings, or thrust
bearings, for supporting static and dynamic forces along the axial direction Al. Further,
the bearings 100 may be used in combination with conventional oil-lubricated bearings.
For example, in one embodiment, conventional oil-lubricated bearin gs may be located at
the ends of shafts 34, 36, and one or more bearings 100 may be located along central or

mid-span regions of shafts 34, 36.

[0026] Referring still to the embodiment of FIG. 1, the fan section 14 includes a
variable pitch fan 38 having a plurality of fan blades 40 coupled to a disk 42 in a spaced
apart manner. As depicted, the fan blades 40 extend outwardly from disk 42 generally along
the radial direction R. Each fan blade 40 1s rotatable relative to the disk 42 about a pitch
axis P by virtue of the fan blades 40 being operatively coupled to a suitable pitch change
mechanism 44 configured to collectively vary the pitch of the fan blades 40 in unison. The
fan blades 40, disk 42, and pitch change mechanism 44 are together rotatable about the
longitudinal axis 12 by LP shaft 36 across a power gear box 46. The power gear box 46
includes a plurality of gears for adjusting the rotational speed of the fan 38 relative to the
LP shaft 36 to a more efficient rotational fan speed. More particularly, the fan section
includes a fan shaft rotatable by the LP shaft 36 across the power gearbox 46. Accordingly,

the tan shatt may also be considered a rotary component, and is similarly supported by one

or more bearings.

[0027] Referring still to the exemplary embodiment of FIG. 1, the disk 42 is covered
by a rotatable front hub 48 aerodynamically contoured to promote an airflow through the
pluralify of fan blades 40. Additionally, the exemplary fan section 14 includes an annular
tfan casing or outer nacelle 50 that circumferentially surrounds the fan 38 and/or at least a
portion of the core turbine engine 16. The exemplary nacelle 50 is supported relative to the

core turbine engine 16 by a plurality of circumferentially-spaced outlet guide vanes 52.
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Moreover, a downstream section 54 of the nacelle 50 extends over an outer portion of the

core turbine engine 16 so as to define a bypass airtlow passage 56 therebetween.

[0028]  During operation of the turbofan engine 12, a volume of air 58 enters the
turbotan 10 through an associated inlet 60 of the nacelle 50 and/or fan section 14. As the
volume of air 58 passes across the fan blades 40, a first portion of the air 58 as indicated
by arrows 62 1s directed or routed into the bypass airflow passage 56 and a second portion
of the air 58 as indicated by arrow 64 1s directed or routed into the core air flowpath 37, or
more specifically into the LP compressor 22. The ratio between the first portion of air 62
and the second portion of air 64 is commonly known as a bypass ratio. The pressure of the
second portion of air 64 is then increased as it is routed through the high pressure (HP)
compressor 24 and 1nto the combustion section 26, where 1t 1s mixed with fuel and burned

to provide combustion gases 66.

[0029] The combustion gases 66 are routed through the HP turbine 28 where a portion
of thermal and/or kinetic energy from the combustion gases 66 is extracted via sequential
stages of HP turbine stator vanes 68 that are coupled to the outer casing 18 and HP turbine
rotor blades 70 that are coupled to the HP shatt or spool 34, thus causing the HP shaft or
spool 34 to rotate, thereby supporting operation of the HP compressor 24. The combustion
gases 06 are then routed through the LP turbine 30 where a second portion of thermal and
kinetic energy 1s extracted from the combustion gases 66 via sequential stages of LP turbine
stator vanes 72 that are coupled to the outer casing 18 and LP turbine rotor blades 74 that
are coupled to the LP shaft or spool 36, thus causing the LP shaft or spool 36 to rotate,

thereby supporting operation of the LP compressor 22 and/or rotation of the fan 38.

10030] The combustion gases 06 are subsequently routed through the jet exhaust nozzle
section 32 of the core turbine engine 16 to provide propulsive thrust. Simultaneously, the
pressure of the first portion of air 62 is substantially increased as the first portion of air 62
18 routed through the bypass airflow passage 56 before it is exhausted from a fan nozzle

exhaust section 76 of the turbofan 10, also providing propulsive thrust. The HP turbine 28,
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the LP turbine 30, and the jet exhaust nozzle section 32 at least partially define a hot gas

path 78 for routing the combustion gases 66 through the core turbine engine 16.

[0031] [t should be appreciated, however, that the exemplary turbofan engine 12
depicted in FIG. 1 1s provided by way of example only, and that in other exemplary
embodiments,.the turbofan engine 12 may have any other suitable configuration. It should
also be appreciated, that in still other exemplary embodiments, aspects of the present
disclosure may be incorporated into any other suitable gas turbine engine. For example, in
other exemplary embodiments, aspects of the present disclosure may be incorporated into,
e.g., a turboprop engine, a turboshatt engine, or a turbojet engine. Further, in still other
embodiments, aspects of the present disclosure may be incorporated into any other suitable
turbomachine, including, without limitation, a power generation gas turbine engine, a

steam turbine, a centrifugal compressor, and/or a turbocharger.

[0032] Referring now to FIGS. 2 through 4, a bearing 100 in accordance with an
exemplary embodiment of the present disclosure 1s provided. Specifically, FIG. 2 provides
a perspective view of the exemplary bearing 100; FIG. 3 provides a side view of the
exemplary bearing 100 of FIG. 2 supporting a rotary component 110; and FIG. 4 provides
a side, cross-sectional view of the exemplary bearing 100 of FIG. 2 supporting the rotary

component 110.

[0033] As shown, the exemplary bearing 100 generally defines an axial direction A2,
a radial direction R2, and a circumferential direction C2. The bearing 100 generally
includes a housing 102 and a bearing pad 104, or rather, for the embodiment depicted, the
bearing 100 generally includes a plurality of sections 106, each section 106 including a
portion of the housing 102 and a bearing pad 104. For each section 106, the bearing pad
104 1ncludes a thrust face 108 or surface for supporting a vibration (also referred to as a
thrust load) along the axial direction A2 of the bearing 100. Accordingly, the bearing 100
may be referred to as a thrust bearing. The axial vibration may be generated by a rotary
component 110 of a gas turbine engine 1nto which the bearing 100 is installed. For example,

In certain exemplary embodiments, the axial vibration may be generated by one or more

3
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shafts, such as an LP shaft 36 or an HP shaft 34, of a gas turbine engine into which the
bearing 100 is installed (see FIG. 1). Referring particularly to FIGS. 3 and 4, the rotary
component 110 may include a thrust runner 112 extending outward generally along the

radial direction R2 tor interfacing with the bearing 100.

[0034] For the embodiment depicted, the bearing pads 104 of each of the plurality of
sections 106 are substantially identical and are substantially evenly spaced along the
circumferential direction C2. Further, as will be discussed in greater detail below, the
bearing pads 104 of each of the plurality of sections 106 are configured to receive a flow
of working gas (e.g., air, compressed air and combustion gases, or the like) during
operation to create separation with the rotary component 110 by creating a thin film of
workihg gas between the bearing pad 104 and rotary component 110. The bearing 100 may,
in such a manner, provide a low friction means for supporting such rotary component 110

(or rather the thrust runner 112 of the rotary component 110).

[0035] More particularly, the exemplary bearihg pads 104 are configured to disperse
and/or diffuse the working gas to support and/or lubricate the rotary component 110 during
operation of the'bearing 100. For example, the exemplary bearing pad 104 depicted
includes a plurality of gas distribution holes 114 disposed across the bearing pad 104 to
provide an evenly distributed pressure field on the thrust face 108 for supporting and/or

lubricating the rotary component 110.

[0036] The plurality of gas distribution holes 114 may be configured having any
dimensions or arrangements (e.g., array, pattern or configuration) suitable to function as
described herein. For example, in some embodiments, the plurality ot gas distribution
holes 114 may generally have a diameter in the range of between about 2 mils (about 50
micrometers) and about 100 mils (about 2,540 micrometers) and, more specifically,
between about 5 mils (about 127 micrometers) and about 20 mils (about 508 micrometers).
Alternatively, or 1n addition, in some embodiments, each bearing pad 104 may have a
sutficiently high gas permeability to permit the working gas to generate sufficient pressure

on the thrust face 108 to provide the support and/or lubrication for the rotary component

9
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110. Alternatively still, each bearing pad 104 may define a recessed portion at a center of

the bearing pad 104 for delivering the working gas.

10037] Referring particularly to FIG. 4, and now also to FIG. 5, providing a close-up,
cross-sectional view of one section 106 of the exemplary bearing 100, an individual section
106 of the bearing 100 will be described in greater detail. As depicted, the housing 102
included within such section 106 is configured to provide the flow of working gas to the
thrust face 108 of the bearing pad 104. Specifically, the housing 102 defines a working gas
delivery system 116 for providing the tlow of pressurized working gas to the thrust face
108 of the bearing pad 104. The working gas delivery system 116 defined by the housing
102 generally includes an 1nlet gas port 118 tor receiving a tflow of pressurized gas and a
working gas delivery chamber 120. When the bearing 100 is installed in a gas turbine
engine, the inlet gas port 118 may be 1n airflow Communication with, e.g., one or more
locations of a‘compressor section 106 of the gas turbine engine. For example, when the
bearing 100 1s 1nstalled 1n the exemplary turbofan engine ot FIG. 1, the inlet gas port 118
may be in airflow communication with, e.g., an LP compressor 22, an area of the core air
tlowpath 37 located downstream of the LP compressor 22, an HP compressor 24 (such as
an aft stage of the HP compressor 24), or an area of the core air flowpath 37 located

downstream ot the HP compressor 24.

[0038] The working gas delivery chamber 120 1s 1n airflow communication with the
inlet gas port 118 and 1s located downstream of the inlet gas port 118. The working gas
delivery chamber 120 1s configured to provide the pressurized flow of working gas directly
to the bearing pad 104. For the embodiment depicted, the exemplary bearing pad 104
defines a labyrinth of channels 122 in airflow communication with the working gas
delivery chamber 120 via one or more connection channels 123. The channels 122 are
configured to disperse a flow of pressurized working gas from the working gas delivery
chamber 120 through the plurality ot gas distribution holes 114 defined by the bearing pad
104 (i.e., through the thrust face 108).

10
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[0039] Referring still to the section 106 of the bearing 100 depicted in FIGS. 4 and 3,
the housing 102 additionally includes a damper assembly 124 for dampening axial
vibration of the rotating assembly supported by the thrust face 108 of the bearing pad 104.
Specifically, the exemplary housing 102 depicted further defines a tfluid damper cavity 126
for providing a dampening of axial vibration of the rotating assembly supported by the
thrust face 108 of the bearing pad 104 along the axial direction A2. Referring particularly
to the exemplary embodiment of FIG. 5, the housing 102 of the exemplary bearing 100
generally includes a rigid column 128, a first semi-rigid wall 130, a second semi-rigid wall
132, and a body portion 134. The rigid column 128 1s attached to or formed integrally with
the. bearing pad 104. The first semi-rigid wall 130 is attached to or formed integrally with
the bearing pad 104 and extends to the body portion 134 of the housing 102. Additionally,
the second semi-rigid wall 132 extends between the rigid column 128 and the body portion

134 of the housing 102

[10040] Moreover, for the embodiment depicted the exemplary tluid damper cavity 126
defined by the housing 102 includes a first control volume 136, a second control volume
138, and a damper gap 140. The first control volume 136 is in restrictive flow
communication with the second control volume 138 through the damper gap 140.
Additionally, the first semi-rigid wall 130 and rigid column 128 together define at least in
part the first control volume 136 and the second semi-rigid wall 132 defines at least in part
the second control volume 138. The damper gap 140 1s defined between the rigid column

128 and a rigid body portion 134 ot the housing 102.

(0041] It should be appreciated, that as used herein, the terms “semi-rigid” and “rigid”
are relative terms. Accordingly, a portion of a component of the bearing 100 described as
semi-rigid may be configured to bend, flex, or give way prior to a portion of a component
of the bearing 100 described as rigid. For the embodiment depicted, the semi-rigid portions
of the various components are created by forming such portions with a Iesser thickness as

compared to the rigid portions of such components. Further, a component of the bearing

11
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100 described as “semi-rigid” herein refers to a component configured to bend, tlex, or

give way during normal operation of the bearing 100 while incurring little or no damage.

10042] Notably, the fluid damper cavity 126 is a sealed fluid damper cavity (i.e.,
defines a fixed volume at constant temperatures and pressures) and during operation 1is
completely filled with an incompressible tluid, such as an incompressible o1l or other
incompressible liquid. Accordingly, when an axial vibration 1s exerted on the bearing pad
104 along the axial direction A2, the bearing pad 104 may absorb such force by moving
inward towards the housing 102. In response, the first semi-rigid wall 130 of the housing
102 may deform in such a manner that a volume of the first control volume 136 of the fluid
damper cavity 126 decreases by a certain amount (“deltaV™). The decrease in volume of
the first control volume 136, deltaV, forces an amount of incompressible fluid through the
damper gap 140 and into the second control volume 138. The second semi-rigid wall 132
of the housing 102 may simultaneously deform in such a manner that a volume of the
second control volume 138 of the fluid damper cavity 126 increases in the same amount
that the first control volume 136 decreases (i.e., deltaV), such that the second control

volume 138 receives all of the transterred incompressible fluid.

[0043] Notably, the damper gap 140 defines a relatively small clearance, such that the
damper gap 140 may resist vibratory movement of the bearing pad 104 along the axial
direction A2. Such a configuration provides the viscous energy dissipation, and therefore
dampening. Accordingly, a size of the damper gap 140 may be designed for the anticipated
amount of dampening required. Further, 1n the absence of the thrust force exerted on the
bearing pad 104, the incompressible fluid transterred to the second control volume 138
may reverse in flow direction, and flow back through the damper gap 140 to the first control

volume 136.

(0044]  As 1s also depicted 1n the exemplary embodiment of FIG. 5, the housing 102
further comprises a third, outer semi-rigid wall 142 extending between the body portion
134 of the housing 102 and the bearing pad 104. The working gas delivery chamber 120 is
defined at least in part by the outer semi-rigid wall 142, and for the embodiment depicted

12
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1s further defined by the first semi-rigid wall 130 and the body portion 134 of the housing
102. Further, the working gas delivery chamber 120 1s concentric with at least a portion of
the fluid damper cavity 126. More specifically, for the embodiment depicted, the working
gas delivery chamber 120 1s concentric with the first control volume 136 of the fluid

damper cavity 126.

[0045]  Notably, for the embodiment depicted, the outer semi-rigid wall 142 is attached
to or formed integrally with the bearing pad 104. In addition to providing the dampening
forces described above, the various semi-rigid walls may also act to support the bearing
pad 104 and resist an axial vibration acting on the bearing pad 104. For example, during
operation, the various semi-rigid walls may act as springs for supporting the bearing pad

104 and limiting axial detlections of the rotating assembly.

[0046]  Reference will now be made brietly to FIG. 6, providing a cross-sectional view
of a section 106 of the exemplary bearing 100 identified by Line 6-6 in FIG. 5. As shown,
for the embodiment depicted the fluid damper cavity 126 and working gas delivery system
116, or rather the working gas delivery chamber 120 of the working gas delivery system
116, are generally annular in shape. More particularly, as 1s shown, the column 128 defines
a generally circular shape and at least a portion of the fluid damper cavity 126 extend
substantially three hundred and sixty degrees (360°) around the column 128. Further, the
working gas delivery chamber 120 extends substantially three hundred and sixty degrees
(360°) around the column 128. More particularly, for the embodiment depicted, the fluid
- damper cavity 126 extends completely around the column 128 defining an annular shape
and the working gas delivery chamber 120 extends completely around the fluid damper

cavity 126 and the column 128, also defining an annular shape.

(0047] Reterring now back generally to FIGS. 2 through 6, it should be appreciated
that for the embodiment depicted, each section 106 ot the housing 102 of the bearing 100

1s formed 1ntegrally using an additive manufacturing process. Further, for the embodiment
depicted, each section 106 bearing 100, including a portion of the housing 102 and a

respective bearing pad 104 is formed integrally using an additive manufacturing process.

13
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Moreover, for the embodiment depicted, all sections 106 of the bearing 100 are formed

integrally using an additive manufacturing process.

[0043] As used herein, the term “additive manufacturing process” refers to any rapid
prototyping, rapid manufacturing, or 3D printing process, such as selective laser sintering
(SLS), direct metal laser sintering (DMLS), electron beam melting (EBM), diffusion
bonding, or selective heat sintering (SHS). It should be appreciated, however, that in other
embodiments one or more of the sections 106 ot the bearing 100, including a bearing pad
104 and a respective portion of the housing 102, may be formed integrally using an additive
manufacturing process and joined to separately formed, adjacent sections 106 of the

bearing 100 in any other suitable manner, such as through bolts, welding, or any other

suitable mechanical tastening device or means.

[0049] Reterring now to FIG. 7, a close-up, cross-sectional view of one section 106 of
an exemplary bearing 100 in accordance with another exemplary embodiment of the
present disclosure 1s provided. The exemplary bearing 100 depicted 1in FIG. 7 may be
configured in substantially the same manner as the exemplary bearing described above with
reference to FIGS. 2 through 6, and therefore the same or similar numbers may refer to the
same or similar part. Additionally, the viewpoint depicted 1in FIG. 7 of the exemplary

bearing 100 may be the same viewpoint of the exemplary bearing 100 provided in FIG. 5.

[0050] For example, as is depicted, the exemplary bearing of FIG. 7 generally includes
a housing 102 attached to or formed integrally with a bearing pad 104. The bearing pad
104 defines a thrust face 108 for supporting vibrations along an axial direction A2 of a
rotary component 110. For example, the housing 102 includes a damper assembly 124 for
dampening axial vibration of the rotating assembly supported by the thrust face 108 of the
bearing pad 104. Specifically, the exemplary housing 102 depicted further defines a fluid
damper cavity 126 for providing a dampening of axial vibration of the rotating assembly

supported by the thrust face 108 of the bearing pad 104 along the axial direction AZ.
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[0051] Referring particularly to the exemplary embodiment of FIG. 7, the housing 102
of the exemplary bearing 100 generally includes a rigid column 128, a first semi-rigid wall
130, a second semi-rigid wall 132, and a body portion 134. The rigid column 128 is attached
to or formed integrally with the bearing pad 104. The first semi-rigid wall 130 1s attached
to or formed integrally with the body portion 134 of the housing 102 and extends along a
serpentine path to the column 128 to define a “U-shape” or loop. Additionally, the second
semi-rigid wall 132 is similarly attached to or formed integrally with the body portion 134
of the housing 102 and extends along a serpentine path to the column 128, also defining a

“U -shape” or loop.

10052] Moreover, for the embodiment depicted the exemplary fluid damper cavity 126
defined by the housing 102 includes a first control volume 136, a second control volume
138, and a damper gap 140. The first control volume 136 1s in restrictive flow
communication with the second control volume 138 through the damper gap 140. The
dampei‘ gap 140 1s defined between the outer edges of the column 128 and the body portion
134 of the housing 102. Additionally, the first semi-rigid wall 130 substantially completely
defines the first control volume 136 and the second semi-rigid wall 132 substantially
completely defines the second control volume 138. The damper gap 140 1s detined between
the rigid column 128 and a rigid body portion 134 of the housing 102. In such a manner,
the first and second semi-rigid walls 130, 132 may allow for a desired amount of flexibility

for the first control volume 136 and second control volume 138.

[0053] Similar to the embodiment described above, the fluid damper cavity 126 1s a
sealed fluid damper cavity (i.e., defines a fixed volume at constant temperatures and
pressures) and during operation is completely filled with an incompressible fluid, such as
an incompressible o1l or other incompressible liquid. Accordingly, when an axial vibration
1s exerted on the bearing pad 104 along the axial direction A2, the bearing pad 104 may
absorb such force by moving inward towards the housing 102. In response, the first semi-
rigid wall 130 of the housing 102 may deform in such a manner that a volume of the first

control volume 136 of the fluid damper cavity 126 decreases by a certain amount
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(“deltaV”). The decrease in volume of the first control volume 136, deltaV, forces an
amount of incompressible fluid through the damper gap 140 and into the second control
volume 138. The second semi-rigid wall 132 of the housing 102 may simultaneously
deform in such a manner that a volume of the second control volume 138 of the tluid
damper cavity 126 increases in the same amount that the first control volume 136 decreases

(i.e., deltaV), such that the second control volume 138 receives all of the transferred

incompressible tluid.

[0054] Additionally, the damper gap 140 may operate 1n substantially the same manner
as exemplary damper gap 140 described above with reference to the embodiment of FIGS.

2 through 6, to resist vibratory movement of the bearing pad 104 along the axial direction

A2.

[0055] Moreover, the housing 102 defines a working gas delivery system 116 for
providing a flow of pressurized working gas to the thrust face 108 of the bearing pad 104.
The working gas delivery system 116 defined by the housing 102 generally includes an
inlet gas port 118 for receiving a flow of pressurized gas, a working gas delivery chamber
120, a plurality of connection channels 144, and a central connection column 146. The
workiﬁg gas delivery chamber 120 is 1n airflow communication with the inlet gas port 118
and 1s located downstream of the 1nlet gas port 118. For the embodiment depicted, the
working gas delivery chamber 120 i1s an annular chamber. Further, the housing 102
additionally includes a third, semirigid wall 142 also extending from the body portion 134
of the housing 102 and a serpentine manner to the column 128. The third semi-rigid wall
142 1s generally concentric with the first semi-rigid wall 130, and together with the first

semi-rigid wall 130, substantially completely defines the working gas delivery chamber

120.

10056] The working gas delivery chamber 120 1s configured to provide the pressurized
flow of working gas to the plurality of connection channels 144, which 1n turn provide the
pressurized flow of working gas to the central connection column 146, which in turn

provides the pressurized flow of working gas to the bearing pad 104. For the embodiment
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depicted, the connection channels 144 include a plurality of circumferentially spaced
connection channels 144 defined in the column 128 of the bearing 100 and extending from
the working gas delivery chamber 120 to the ceﬁtral connection column 146. Additionally,
the exemplary bearing pad 104 defines a labyrinth of channels 122 1n airtlow

communication with the working gas delivery chamber 120 via the plurality ot connection

channels 144 and central column 146. The channels 122 are configured to disperse a tlow
of pressurized working gas from the working gas delivery chamber 120 through the
plurality of gas distribution holes 114 defined by the bearing pad 104 (i.e., through the
thrust face 108).

[0057] Referring now to FIG. 8, a close-up, cross-sectional view of one section 106 of
a bearing 100 in accordance with yet another exemplary embodiment of the present
disclosure is provided. The exemplary bearing 100 depicted 1n FIG. 8 may be configured
in substantially the same manner as the exemplary bearing described above with reference
to FIGS. 2 through 6, and therefore the same or similar numbers may refer to the same or
similaf part. Additionally, the viewpoint depicted in FIG. 8 of the exemplary bearing 100

may be the same viewpoint of the exemplary bearing 100 provided in FIG. 5.

[005&] For example, as 1s depicted, the exemplary bearing of FIG. 8 generally includes
a housing 102 attached to or formed integrally with a bearing pad 104. The bearing pad
104 defines a thrust face 108 for supporting vibrations along an axial direction A2 of a

rotary component 110. For example, the housing 102 includes a damper assembly 124 for

dampening axial vibration of the rotating assembly supported by the thrust face 108 of the
bearing pad 104. Specifically, the exemplary housing 102 depicted further defines a fluid
damper cavity 126 for providing a dampening of axial vibration of the rotating assembly

supported by the thrust face 108 of the bearing pad 104 along the axial direction A2.

[0059] Referring particularly to the exemplary embodiment of FIG. 8, the housing 102
of the exemplary bearing 100 generally includes a body portion 134, a first, inner wall 148,
and a second, outer wall 150. The inner wall 148 1s attached to or formed integrally with

the bearing pad 104, and extends to the body portion 134 of the housing 102. Further, the
17
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inner wall 148 includes a rigid portion 152 and a semirigid portion 154. The rigid portion
152 1s attached to or formed integrally with the bearing pad 104 proximate a center 160 of
the bearing pad 104 (the center 160 of the bearing pad 104 defined as a center along an
axial direction A2 and a circumferential direction C2 (see FIGS. 10 and 11)), and extends
away from the bearing pad 104 generally along a radial direction R2. The rigid portion 152
of the inner wall 148 defines a column 162. The semirigid portion 154 of the inner wall

148 extends from the column 162 to the body portion 134 of the housing 102.

(0060] Additionally, the outer wall 150 1s attached to or formed integrally with the
bearing pad 104 at a location spaced from the center 160 of the bearing pad 104, and
proximate an outer periphery 164 ot the bearing pad 104. The outer wall 150 extends to the
body portion 134 of the housing 102 and additionally includes a semirigid portion 158 and
a rigid portion 156. For the embodiment depicted, the semirigid portion 158 is attached to
or formed integrally with the bearing pad 104 proximate the outer periphery 164 of the
bearing pad 104 and extends towards the column 162 formed by the inner wall 148. The
semirigid portion 158 of the outer wall 150 transitions to the rigid portion 156 and extends
away from the column 162 formed by the inner wall 148 to the body portion 134 of the
housing 102. '

[0061] Moreover, for the embodiment depicted the exemplary fluid damper cavity 126
defined by the housing 102 includes a first control volume 136, a second control volume
138, and a damper gap 140. The first control volume 136 1s in restrictive flow
communication with the second control volume 138 through the damper gap 140. The
damper gap 140 1s defined between the inner wall 148 and the outer wall 150. More
particularly, the damper gap 140 is defined between the rigid portion 152 of the inner wall
148 and the outer wall 150. Additionally, the first control volume 136 is defined by the
semirigid portion 158 of the outer wall 150, the bearing pad 104, and a section of the rigid
portion 152 ot the inner wall 148. Further, the second control volume 138 is defined by the
rigid portion 156 of the outer wall 150, the semirigid portion 154 of the inner wall 148, and

a section of the rigid portion 152 of the inner wall 148.
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[0062] The first control volume 136 and second control volume 138 each define an
annular shape with respect to the column 162. Further, the fluid damper cavity 126 is a
sealed fluid damper cavity (i.e., defines a fixed volume at constant temperatures and
pressures) and during operation is completely filled with an incompressible fluid, such as
an incompressible oil or other incompressible liquid. The first and second control volumes
136, 138 and damper gap 140 may operate in substantially the same manner as the first and
second control volumes 136, 138 and damper gap 140 of the exemplary embodiments

described above with respect to, e.g., FIG. 2 through 6 and/or FIG. 7.

[0063] Moreover, the housing 102 defines a working gas delivery system 116 for
providing a tlow of pressurized working gas to the thrust face 108 of the bearing pad 104.
The working gas delivery system 116 defined by the housing 102 generally includes an
inlet gas port 118 for receiving a tlow of pressurized gas, a working gas delivery extension

166, a gas distribution ring 168, and a plurality of individual gas delivery channels 170.

[0064] Referring now also to FIG. 9, providing a perspective, cross-sectional view of
a section 106 of the exemplary bearing 100 of FIG. 8, the inlet gas port 118 1is, for the
embodiment depicted, defined on a back tace 172 of the housing 102 of the bearing 100.
The back tace 172 of the housing 102 of the bearing 100 is positioned opposite of the thrust
face 108 defined by the bearing pad 104 along the axial direction A2. Additionally, the
working gas delivery extension 166 extends from the inlet gas port 118 to the gas

distribution ring 168.

[00635] Reference now will also be made to FIGS. 10 and 11. FIG. 10 provides a cross-

sectional view of the section 106 of the exemplary bearing 100 of FIG. 8, taken along Line
10-10 ot FIG. 8, and FIG. 11 provides a cross-sectional view of the section 106 of the
exemplary bearing 100 of FIG. 8, taken along Line 11-11 of FIG. 8.

[00606] As shown in FIG. 10, the exemplary gas distribution ring 168 of the working
gas delivery system 116 1s a circular ring defined by the body portion 134 of the housing

102. As stated, the working ‘gas delivery extension 166 connects the gas port 118 to the gas
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distribution ring 168. The gas distribution ring 168 1s, in turn, in airtlow communication
with a labyrinth of channels 122 defined in the bearing pad 104 by the plurality of
individual gas delivery channels 170 (see FIG. 11). The plurality of individual gas delivery
channels 170 extend from a first end 174 (see FIGS. 8, 10) connected to the gas distribution
ring 168 to a second end 176 (see FIGS. 8, 11) connected to the channels 122 defined of
the bearing pad 104. For the embodiment depicted, each of the plurality of individual gas
delivery channels 170 are pbsitioned on the outer wall 150 of the housing 102. More
particularly, for the embodiment depicted, the each of the plurality of individual gas
delivery channels 170 are positioned on an outer surface 178 (1.e., a surface opposite the
tluid damper cavity 126, FIG. 10) of the outer wall 150. Furthermore, as may be seen more
clearly in FIGS. 10 and 11, each of the plurality bf individual gas delivery channels 170
are spaced substantially evenly around the column 162 formed by the inner wall 148 of the
housing 102. More particularly, the exemplary section 106 of the bearing 100 depicted in
FIGS. 8 through 11 defines a local circumferential direction C3 extending about the column
162 formed by the inner wall 148 of the housing 102 (FIG. 10). For the embodiment
depicted, each of the plurality of individual gas delivery channels 170 are spaced

substantially evenly along the local circumferential direction C3.

(0067] A bearing formed according to one or more embodiments of the present
disclosure may allow for formation of the bearing using a minimal amount of parts or
components. Specifically, by forming the bearing using an additive manufacturing process,
the bearing may be formed with integral working gas delivery systems and fluid damper
cavities having the desired intricate configurations to provide the desired damping ability

and support capability in a relatively compact bearing.

[0068] While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.

20



CA 02958060 2017-02-16

285391-2

WHAT IS CLAIMED IS:

1. = A bearing defining an axial direction comprising:
a bearing pad having a thrust face for supporting a vibration along the axial
direction of the bearing; and
a housing attached to or formed integrally with the bearing pad and defining
a working gas delivery system for providing a flow of pressurized
working gas to the thrust face ot the bearing pad; and
a fluid damper cavity for providing a dampening of the axial vibration

supported by the thrust face of the bearing pad along the axial direction.

2. The bearing of claim 1, wherein the fluid damper cavity defined by the
housing 1ncludes a first control volume, a second control volume, and a damper gap, and
wherein the first control volume 1s in restrictive flow communication with the second

control volume through the damper gap.

3. The bearing of claim 2, wherein the housing comprises a first semi-rigid
wall and a second semi-rigid wall, wherein the first control volume is defined at least in
part by the first semi-rigid wall, and wherein the second control volume is defined at least

in part by the second semi-rigid wall.

1. The bearing of claim 1, wherein the fluid damper cavity defined by the

housing 1s a sealed cavity.

3. The bearing of claim 1, wherein the working gas delivery system defined
by the housing comprises an inlet gas port for receiving a flow of pressurized gas and a

working gas delivery chamber.

6. The bearing of claim 5, wherein the housing comprises a semi-rigid wall,
and wherein the working gas delivery chamber is defined at least in part by the semi-rigid

wall.
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7. The bearing of claim 6, wherein the semi-rigid wall 1s attached to or

formed integrally with the bearing pad for supporting the bearing pad.

3. The bearing of claim 6, wherein the working gas delivery chamber 1s

concentric with at least a portion of the tluid damper cavity.

9.  The bearing of claim 1, wherein the housing comprises a column attached
to or formed integrally with the bearing pad, and wherein at least a portion of the fluid

damper cavity extends substantially 360 degrees around the column.

10.  The bearing of claim 1, wherein the working gas delivery system defined
by the housing comprises a working gas delivery chamber, wherein the housing comprises
a column attached to or formed integrally with the bearing pad, and wherein at least a
portion of the working gas delivery chamber extends substantially 360 degrees around the

column.

11. A bearing for a gas turbine engine, the bearing defining an axial direction
and comprising:
a bearing pad having a thrust face for supporting a vibration along the axial
direction of the bearing; and ‘
a housing attached to or formed integrally with the bearing pad, the housing
defining
. a working gas delivery system for providing a flow of pressurized
working gas to the thrust face of the bearing pad; and
a tluid damper cavity for providing a dampening of the axial vibration
supported by the thrust face of the bearing pad along the axial direction, the fluid damper
cavity including a first control volume and a second control volume, the housing
comprising a first semi-rigid wall and a second semi-rigid wall, the first semi-rigid wall at
least partially defining the first control volume and the second semi-rigid wall at least

partially detining the second control volume.

22



CA 02958060 2017-02-16

285391-2

12.  The bearing of claim 11, wherein the housing is formed integrally using

an additive manufacturing process.

13.  The bearing of claim 11, wherein the housing is formed integrally with

the bearing pad using an additive manufacturing process.

14.  The bearing of claim 11, wherein the fluid damper cavity defined by the
housing further includes a damper gap, and wherein the first control volume 1s in restrictive

flow communication with the second control volume through the damper gap.

15.  The bearing of claim 11, wherein the fluid damper cavity defined by the

housing 1s a sealed cavity.

16.  The bearing of claim 11, wherein the working gas delivery system
defined by the housing comprises an inlet gas port for receiving a flow of pressurized gas

and a working gas delivery chamber.

17.  The bearing of claim 16, wherein the housing further comprises an outer
semi-rigid wall, and wherein the working gas delivery chamber 1s defined at least in part

by the outer semi-rigid wall.

18.  The bearing of claim 17, wherein the outer semi-rigid wall is attached to

or formed integrally with the bearing pad for supporting the bearing pad.

19.  The bearing of claim 16, wherein the working gas delivery chamber is

concentric with at least a portion of the fluid damper cavity.

20.  The bearing ot claim 11, wherein the working gas delivery system
detined by the housing comprises a working gas delivery chamber, wherein the housing

comprises a column attached to or tormed 1ntegrally with the bearing pad, wherein at least
a portion of the tluid damper cavity extends substantially 360 degrees around the column,
and wherein at least a portion of the working gas delivery chamber extends substantially

360 degrees around the column.
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