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(54) GAS TURBINE ENGINE WITH SHAFT RETENTION SYSTEM

(57) A gas turbine engine (20) is provided that in-
cludes a compressor section (24), a combustor (26), a
turbine section (28), an engine shaft (34), a shaft reten-
tion system (54), and an axial centerline (32). The engine
shaft (34) is engaged with the compressor section (24)
and the turbine section (28). The engine shaft (34) has an
aft end (34A) and axially extends along the axial center-
line (32) of the engine (20). The shaft retention system
(54) includes a shaft nut (150) and a shaft retainer (154).

The shaft nut (150) is attached to the aft end (34A) of the
engine shaft (34). The shaft retainer (154) is mounted for
axial translation normal to the axial centerline (32). The
shaft retainer (154) is disposable in an engaged config-
uration wherein the shaft retainer (154) is coupled with
the shaft nut (150), and in a disengaged configuration
wherein the shaft retainer (154) is disengaged with the
shaft nut (150).

FIG. 10
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Description
BACKGROUND OF THE INVENTION
1. Technical Field

[0001] The present invention relates to gas turbine
engines in general, and to gas turbine engine shaft
retention systems in particular.

2. Background Information

[0002] The term "hot section removal" refers to the
process of taking apart and removing the hottest compo-
nents of a gas turbine engine, typically including the
combustion chamber, turbine blades, and associated
housing, for inspection, maintenance, or repair during
a "hot section inspection” procedure, where the parts are
carefully examined to determine if repair or replacement
is necessary. In some instancesitis possible to perform a
hot section removal while the engine is still mounted on
the aircraft. During the hot section removal, however,
physical damage to engine components can occur. It
would be very useful to have an engine configured to
facilitate hot section removal in a manner that decreases
the potential for engine component damage.

SUMMARY

[0003] Accordingto an aspectof the presentinvention,
a gas turbine engine is provided that includes a com-
pressor section, a combustor, a turbine section, an en-
gine shaft, a shaft retention system, and an axial center-
line. The engine shaft is engaged with the compressor
section and the turbine section. The engine shaft has an
aft end and axially extends along the axial centerline of
the engine. The shaft retention system includes a shaft
nutand a shaft retainer. The shaft nutis attached to the aft
end of the engine shaft. The shaft retainer is mounted for
axial translation normal to the axial centerline. The shaft
retainer is disposable in an engaged configuration
wherein the shaft retainer is coupled with the shaft nut,
and in a disengaged configuration wherein the shaft
retainer is disengaged with the shaft nut.

[0004] Optionally, and in accordance with the above,
the shaft retainer may include a first mechanical feature
and the shaft nut may include a second mechanical
feature. In the engaged configuration, the first mechan-
ical feature and the second mechanical feature may be
disposed in a mating configuration that axially secures
the engine shaft.

[0005] Optionally, and in accordance with any of the
above, the shaft retainer may include a post extending
outwardly from an engagement segment, and the first
mechanical feature may be disposed in the engagement
segment.

[0006] Optionally, and in accordance with any of the
above, the first mechanical feature may be a slot dis-
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posed in the engagement segment.

[0007] Optionally, and in accordance with any of the
above, the engagement segment (ES) may be curved at
aradius and may have an ES inner radial surface and the
slot may be disposed in the ES inner radial surface.
[0008] Optionally, and in accordance with any of the
above, the second mechanical feature may be a flange
that extends radially outward from an outer perimeter
surface of the shaft nut, and the flange may be configured
to be received within the slot.

[0009] Optionally, and in accordance with any of the
above, the shaft retention system may include a bearing
housing configured to support the shaft retainer.

[0010] Optionally, and in accordance with any of the
above, the bearing housing may include an end wall and
aside wall. The end wall and the side wall may collectively
define an interior cavity of the bearing housing.

[0011] Optionally, and in accordance with any of the
above, the side wall may have a first side wall segment
thatincludes an aperture configured to receive the post of
the shaft retainer.

[0012] Optionally, and in accordance with any of the
above, the shaft nut may be disposed within the interior
cavity of the bearing housing.

[0013] Optionally, and in accordance with any of the
above, the first side wall segment (FSWS) may have an
inner radial surface and a FSWS slot disposed in the
innerradial surface. The aperture may be aligned with the
FSWS slot.

[0014] Optionally, and in accordance with any of the
above, the FSWS slot may be configured to receive the
engagement segment of the shaft retainer.

[0015] Optionally, and in accordance with any of the
above, the shaft retainer may be normally biased in the
disengaged configuration.

[0016] Optionally, and in accordance with any of the
above, the shaft retention system may include a shaft
retainer spring that normally biases the shaft retainer in
the disengaged configuration.

[0017] Optionally, and in accordance with any of the
above, the shaft retainer spring may be a coil spring that
acts between the post of the shaft retainer and the first
side wall segment.

[0018] Optionally, and in accordance with any of the
above, the side wall may have a first side wall segment
thatincludes an aperture configured to receive the post of
the shaft retainer. The aperture may be configured to
allow axial translation of the post in a direction that is
perpendicular to the axial centerline.

[0019] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. For example, as-
pects and/or embodiments of the present invention may
include any one or more of the individual features or
elements disclosed above and/or below alone or in any
combination thereof. These features and elements as
well as the operation thereof will become more apparent
in light of the following description and the accompanying
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drawings. The following description and drawings are
intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a diagrammatic illustration of a gas turbine
engine that may utilize embodiments of the present
invention.

FIG. 2is adiagrammatic enlarged view of a portion of
the engine at the aft end of a low pressure shaft of a
gas turbine engine, illustrating an embodiment of the
present invention shaft retention system disposed in
a disengaged configuration.

FIG. 2Ais a diagrammatic view illustrating the spring
shaft received the central bore with a spline arrange-
ment example.

FIG. 3 is a forward view of a shaft retainer cap
embodiment.

FIG. 3A is a sectional view of the shaft retainer cap
embodiment shown in FIG. 3 along the sectional line
3A-3A shown in FIG. 3.

FIG. 4 is an aft view of a retainer piston embodiment.
FIG. 4A is a sectional view of the retainer piston
embodiment shown in FIG. 4 along the sectional line
4A-4A shown in FIG. 4.

FIG. 5 is a diagrammatic representation of a retainer
piston coupled with a shaft retainer cap.

FIG. 5A is a sectional view of the diagrammatic
representation of the retainer piston coupled with
the shaft retainer cap shown in FIG. 5 along the
sectional line 5A-5A shown in FIG. 5.

FIG. 6 is adiagrammatic enlarged view of a portion of
the engine at the aft end of a low pressure shaft of a
gas turbine engine, illustrating an embodiment of the
present invention shaft retention system disposed in
a disengaged configuration and including an actuat-
ing tool embodiment partially engaged.

FIG. 7 is the diagrammatic view shown in FIG. 6, now
with the present invention shaft retention system
disposed in an engaged configuration and the ac-
tuating tool embodiment fully engaged.

FIG. 8is adiagrammatic enlarged view of a portion of
the engine at the aft end of a low pressure shaft of a
gas turbine engine, illustrating an embodiment of the
present invention shaft retention system disposed in
a disengaged configuration and including an actuat-
ing tool embodiment partially engaged.

FIG. 9is the diagrammatic view shown in FIG. 8, now
with the present invention shaft retention system
disposed in an engaged configuration and the ac-
tuating tool embodiment fully engaged.

FIG. 10 is a diagrammatic enlarged view of a portion
ofthe engine atthe aftend of alow pressure shaftofa
gas turbine engine, illustrating an embodiment of the
present invention shaft retention system disposed in
an engaged configuration.
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FIG. 11is adiagrammatic side view of a shaftretainer
embodiment.

FIG. 11A is a diagrammatic sectional view of the
shaft retainer embodiment shown in FIG. 11 sec-
tioned along line 11A-11A.

FIG. 12 is a diagrammatic view of a shaft retainer
relative to a shaft nut.

FIG. 13 is a diagrammatic enlarged view of a portion
ofthe engine atthe aftend of alow pressure shaftofa
gas turbine engine, illustrating an embodiment of the
present invention shaft retention system disposed in
a disengaged configuration.

DETAILED DESCRIPTION

[0021] FIG. 1 diagrammatically illustrates a thermal
engine in the form of a gas turbine engine 20 thatincludes
an airinlet 22, a compressor section 24, a combustor 26,
a turbine section 28, and an exhaust outlet 30 disposed
on an axial centerline 32. The compressor section 24
includes a low pressure compressor (LPC 24A) and a
high pressure compressor (HPC 24B). In the engine 20
embodiment shown in FIG. 1, the HPC 24B includes a
centrifugal compressor stage 124 and an axial compres-
sor stage 224. The turbine section 28 includes a high
pressure turbine (HPT 28A) and a low pressure turbine
(LPT 28B). A low pressure shaft 34 connects the LPT 28B
to the LPC 24A. A high pressure shaft 36 connects the
HPT 28A to the HPC 24B. An output driveshaft 38 is
engaged with the low pressure shaft 34 and with a
reduction gear box (RGB 40). FIG. 1 diagrammatically
illustrates the engagement between the output shaft 38
and the low pressure shaft 34 in the form of a spline
arrangement; e.g., the low pressure shaft 34 is diagram-
matically shown received within the output driveshaft 38
with the spline arrangement therebetween. The present
invention is not limited to this shaft arrangement; e.g., a
geared arrangement may be utilized in addition to or in
place of the spline arrangement to alter the relative rota-
tional speeds of the low pressure shaft 34 and the output
shaft 38. The present invention is not limited to a spline
arrangement, a geared arrangement, or any particular
engagement configuration between the low pressure
shaft 34 and the output driveshaft 38. The RGB 40 is
engaged with a propulsion unit 42; e.g., via a propeller
shaft. In this example, the propulsion unit 42 includes a
propeller. The present invention is not limited to use with
propeller type propulsion units 42. In other embodiments,
the propulsion unit 42 may include rotors (e.g., a heli-
copter or a tilt rotor aircraft), or the like. The RGB 40
permits the propulsion unit 42 to be driven at a rotational
speed that is different (e.g., slower) than the rotational
speed of the LPT 28B / LPC 24A.

[0022] The gas turbine engine 20 embodiment shown
inFIG. 1 alsoincludes an auxiliary gear box (AGB 44) that
is driven off of the high pressure shaft 36 by a tower shaft
46 coupled with an AGB drive shaft. The present inven-
tion does notrequire a gas turbine engine 20 coupled with
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an AGB 44.

[0023] The gas turbine engine 20 example shown in
FIG. 1 is a reverse-flow engine with its air inlet 22 dis-
posed at the opposite of the engine 20 from the propul-
sion unit 42. In terms of axial positioning along the axial
centerline 32, the engine components are disposed in the
following order from the forward end of the engine to the
aft end of the engine: the propulsion unit42, the RGB 40,
the exhaust outlet 30, the LPT 28B, the HPT 28A and
combustor 26, the HPC 24B, the LPC 24A, the airinlet 22,
and the AGB 44. The combustor 26 is disposed radially
outside of the HPT 28A.

[0024] Air enters the engine 20 through the air inlet 22,
passes through the LPC 24A and the HPC 24B, passes
into the combustor 26 where it is mixed with fuel and
combusted. Any non-combusted air and the gaseous
combustion byproducts (collectively referred to as "core
gas") are passed into the HPT 28A, and subsequently
into the LPT 28B before exiting the engine 20 via the
exhaust outlet 30. The core gas provides motive power to
the HPT 28A and the LPT 28B. The HPT 28A drives the
high pressure shaft 36 which in turn drives the HPC 24B;
e.g., including the axial compressor stage 224 and the
centrifugal compressor stage 124. The LPT 28B drives
the low pressure shaft 34 which in turn drives the output
drive shaft 38 and the propulsion unit 42. To facilitate the
description herein, the terms "downstream" and "up-
stream" may be used to refer to engine component
positioning relative to the direction of air / core gas
passing through the engine 20. For example, the com-
pressor section 24 is upstream of the combustor 26 and
the turbine section 28 is downstream of the combustor
26. The present invention is not limited to the particular
gas turbine engine 20 configuration diagrammatically
shown in FIG. 1.

[0025] FIG. 2 is a diagrammatic enlarged view of a
portion of an engine 20 embodiment at the aft end 34A of
the low pressure shaft 34. FIG. 1 includes a dashed box
(labeled "lI") to indicate the location of the engine 20
portion diagrammatically illustrated in FIG. 2. As can
be seen in FIG. 2, a bearing 48 may be disposed to
rotationally support the low pressure shaft 34. The bear-
ing 48 may include an inner race 48A, an outer race 48B,
and roller elements 48C. The inner race 48A is engaged
with the low pressure shaft 34 and the roller elements
48C are disposed between the innerand outerraces 48A,
48B. The present invention is not limited to this particular
bearing 48 arrangement. A shaft nut 50 is engaged with
the aft end 34A of the low pressure shaft 34 and the inner
race 48A of the bearing 48. A bearing housing 52 de-
scribed hereinafter is coupled (e.g., via mechanical fas-
teners) with the outer race 48B of the bearing 48.
[0026] Aspects of the presentinvention include a shaft
retention system 54 that may be used to retain the low
pressure shaft 34 to facilitate inspection and/or repair of
the engine 20, and/or engine 20 assembly, or the like.
[0027] FIG. 2 diagrammatically illustrates a shaft re-
tention system 54 embodiment that includes a shaft
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retainer cap 56, a retainer piston 58, and a bearing
housing 52. In some embodiments, the shaft retention
system 54 may include a piston spring 60. As will be
detailed herein, shaft retention system 54 embodiments
of the present invention employ the retainer piston 58 to
mechanically engage with the shaft retainer cap 56 to
retain the low pressure shaft 34 and prevent any appreci-
able axial travel of the low pressure shaft 34.

[0028] Referring to FIGS. 2, 3, and 3A, the shaft re-
tainer cap 56 includes an outer radial flange 62, a central
segment 64, and at least one lug 66. The outer radial
flange 62 extends radially outward from an outer radial
surface 64A of the central segment 64 and the at least
one lug 66 extends radially inward from an inner radial
surface 64B of the central segment 64. In the embodi-
ment diagrammatically shown in FIGS. 2, 3, and 3A, the
shaft retainer cap 56 includes a pair of lugs 66 disposed
one hundred eighty degrees (180°) apart from one an-
other. In some embodiments, the shaft retainer cap 56
may include more thantwo lugs 66. The presentinvention
is not limited to the configuration of the shaft retainer cap
56 example shown in FIGS. 2 and 3A.

[0029] In the shaft retention system 54 embodiment
diagrammatically shown in FIGS. 2, 3, and 3A, the shaft
retainer cap 56 is configured to be retained with the shaft
nut 50. FIG. 2 illustrates the outer radial flange 62 of the
shaft retainer cap 56 disposed within a bore 50A dis-
posed in the shaft nut 50. A retention ring 68 (e.g., a snap
ring - see FIG. 2) may be used to maintain the outer radial
flange 62 of the shaft retainer cap 56 within the shaft nut
bore 50A. In some embodiments, the outer radial flange
62 and the shaft nut bore 50A may include mating me-
chanical features (e.g., a tab and slot, or an asymmetric
shape, or the like - not shown) to prevent rotation of the
shaft retainer cap 56 relative to the shaft nut 50.

[0030] The retainer piston 58 diagrammatically shown
in FIGS. 4 and 4A includes a primary flange 70, a sec-
ondary flange 72, and a spring shaft 74. The primary
flange 70 (PF) includes a PF forward surface 70A and a
PF aft surface 70B. The secondary flange (SF) 72 in-
cludes a SF forward surface 72A, a SF aft surface 72B,
and a SF outer radial surface 72C extending between the
SF forward and SF aft surfaces 72A, 72B. The forward
surface 70A of the primary flange 70 and the aft surface
72B of the secondary flange 72 are axially spaced apart
from one another, thereby forming an annular channel 76
therebetween. The spring shaft 74 extends axially out-
ward from the aft surface 70B of the primary flange 70to a
spring shaft distal end 74A. In some embodiments, at
leasta portion of the spring shaft 74 includes a portion ofa
spline arrangement 78 (e.g., see FIG. 2) for engagement
with the bearing housing 52 as will be detailed herein. In
some embodiments, the spring shaft 74 may include a
retainer channel 80 disposed adjacent the distal end 74A
of the spring shaft 74. The secondary flange 72 includes
at least as many slots 82 as the number of shaft retainer
cap lugs 66; e.g., if the shaft retainer cap 56 includes a
single lug 66, the secondary flange includes one or more
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slots 82. The slot(s) 82 extend radially inward from the
outer radial surface 72C of the secondary flange 72 and
are configured toreceive the lug(s) 66 of the shaft retainer
cap 56. In some embodiments, the retainer piston 58 may
include one or more rotational limit features 84 config-
ured to limit rotational movement between the retainer
piston 58 and the shaft retainer cap 56. A non-limiting
example of a rotational limit feature is a pin, a tab, or the
like that extends into the annular channel 76 between the
primary flange 70 and the secondary flange 72. FIG. 4
illustrates a pair of rotational limit features 84 in the form
of pins. The present invention is not limited to any parti-
cularrotational limit feature 84 configuration and does not
require the inclusion of rotational features 84.

[0031] Referring to FIG. 2, the bearing housing 52
includes a bearing enclosure portion 52A, a piston shaft
collar 52B, a pair of tool posts 52C, and is disposed about
an axial centerline 32. The bearing enclosure portion 52A
includes side walls that extend from a forward end to an
end plate 52D, collectively forming an interior cavity. The
end plate 52D has a forward axial surface 152 and an aft
axial surface 252. The piston shaft collar 52B extends
axially out from the aft axial surface 252 of the end plate
52D to a collar distal end surface 352. A central bore 86
extends through the piston shaft collar 52B and the end
plate 52D. A spring seat bore 88 extends axially inward a
distance from the collar distal end surface 352 and is
concentric with the central bore 86. In some embodi-
ments, the central bore 86 may include a portion of a
spline arrangement 78 (see FIGS. 2 and 2A) for engage-
ment with the spring shaft 74; e.g., the spline arrange-
ment 78 may be a male / female arrangement. For ex-
ample, the central bore 86 may include a slot 86A (see
FIG. 2A) configured to receive a rib 90 attached to the
spring shaft 74. The spline arrangement 78 is configured
to allow axial movement of the retainer piston 58 relative
to the bearing housing 52 and to prevent rotational move-
ment of the retainer piston 58 /spring shaft 74 relative to
the bearing housing 52. The present invention is not
limited to any particular spline arrangement; e.g., bearing
housing 52 / retainer piston 58 configurations that allow
relative axial movement and prevent relative rotational
movement may be used alternatively. The tool posts 52C
extend axially outward from the aft axial surface 252 of
the end plate 52D. The tool posts 52C are disposed on
opposite sides of the axial centerline 32, spaced apart
from the piston shaft collar 52B. Each tool post 52C
includes a tool aperture 92 configured to receive an
actuating tool 94 (see FIG. 6) configured to cause linear
translation of the retainer piston 58. The bearing housing
52 configuration having a pair of tool posts 52C is an
example of structure that may be included to facilitate
actuation of the retainer piston 58 and the presentinven-
tion is not limited thereto; e.g., a single tool post 52C may
be included, or more than two tool posts 52C may be
included, or a concentric body (not shown) may be uti-
lized in place of the tool posts 52C, or the like.

[0032] Still referring to FIG. 2, the shaft retention sys-
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tem 54 is shown with the spring shaft 74 of the retainer
piston 58 received within the central bore 86 of the
bearing housing 52. As detailed herein, the engagement
between the spring shaft 74 and the central bore 86 may
be such that relative movement between the spring shaft
74 and the central bore 86 is limited to axial movement of
the spring shaft 74 relative to the central bore 86. As
shown in FIG. 2, the shaft retention system 54 includes a
piston spring 60 acting between the spring seat bore 88
disposed in the piston shaft collar 52B and a mechanical
retainer 96 attached to the spring shaft 74. In the example
shown in FIG. 2, the mechanical retainer 96 is a washer
and a retainer clip (e.g., a snap ring) that is engaged with
the retainer channel 80 ( see FIG. 4A) disposed in the
spring shaft 74. The presentinvention is not limited to the
mechanical retainer 96 shown in FIG. 2; e.g., the me-
chanical retainer 96 may be a nut threaded onto the
spring shaft 74, or a pin or clip extending through the
spring shaft 74, or the like. The piston spring 60 acting
between the spring seat bore 88 and the mechanical
retainer 96 functions to bias the retainer piston 58 in a
disengaged configuration. As will be detailed herein, the
piston spring 60 may be compressed to permit the re-
tainer piston 58 into an engaged configuration. The term
"bias" is used to refer to the spring force (or "biasing
force") produced by a spring; e.g., the piston spring 60
that acts between the spring seat bore 88 and the me-
chanical retainer 96. The piston spring 60 (e.g., a helical
spring) has a spring rate that represents the amount of
force needed to compress the piston spring 60 a pre-
determined distance. Itis assumed, but not required, that
the spring rate is linear. Hence, the biasing force pro-
duced by the piston spring 60 is a function of the amount
that the piston spring 60 is compressed. In the disen-
gaged configuration, the piston spring 60 may be com-
pressed an amount that enables the piston spring 60 to
hold the primary flange 70 of the retainer piston 58 in
close proximity orin contact with a predetermined surface
such as the forward axial surface 152 of the bearing
housing end plate 52D. In this disengaged configuration,
the retainer piston 58 is spaced apart from the shaft
retainer cap 56 and will not engage with the shaft retainer
cap 56 during operation of the gas turbine engine 20. To
arrive at the engaged position, the retainer piston 58 is
axially translated forward to a position wherein the re-
tainer piston 58 can engage with the shaft retainer cap 56.
The forward axial translation of the retainer piston 58
causes the piston spring 60 to compress. Hence, the
piston spring 60 biases the retainer piston 58 in an aft
axial direction and resists forward axial translation of the
retainer piston 58.

[0033] FIGS. 5 and 5A diagrammatically illustrate a
pair of lugs 66 of a shaft retainer cap 56 disposed in
corresponding slots 82 disposed in a secondary flange
72 of a retainer piston 58. FIG. 5 also diagrammatically
illustrates the lugs 66 rotated counterclockwise. FIG. 5A
diagrammatically illustrates the lugs 66 extending into the
annular channel 76 of the retainer piston 58 disposed
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between the primary flange 70 and the secondary flange
72; e.g., in a configuration like that diagrammatically
shown by the lugs 66 rotated counterclockwise in FIG.
5. In this configuration (i.e., an engaged configuration),
the shaft retainer cap 56 and the retainer piston 58 are
coupled.

[0034] FIG. 6 illustrates a shaft retention system 54
embodiment like that diagrammatically shown in FIG. 2,
wherein the shaft retention system 54 is disposed in a
disengaged configuration. In the disengaged configura-
tion, the piston spring 60 biases the retainer piston 58 in
an aft direction maintaining the retainer piston 58 out of
engagement with the shaft retainer cap 56.

[0035] During an inspection, maintenance, or repair
procedure wherein it is desirable to remove the sections
of the engine 20 (e.g., a "hot section removal"), the gas
turbine engine 20 is not under power and the low pres-
sure shaft 34 is stationary. As will be detailed herein, the
low pressure shaft 34 may be manually rotated, but is not
rotated as a result of engine power.

[0036] According to aspects of the present invention,
the shaft retention system 54 may be used to axially
secure the low pressure shaft 34, and thereby facilitate
the desired inspection, maintenance, or repair proce-
dure.

[0037] FIG. 6 diagrammatically illustrates an actuating
tool 94 extending into the tool aperture 92 of a first tool
post 52C of the bearing housing 52. As shown in FIG. 6,
the actuating tool 94 is not engaged with the retainer
piston 58, and therefore has not caused axial translation
of the retainer piston 58 and/or compression of the piston
spring 60.

[0038] Insertion of the actuating tool 94 in a direction
perpendicular to the axial centerline 32 of the shaft re-
tention system 54 causes the actuating tool 94 to engage
the distal end 74A of the spring shaft 74 of the retainer
piston 58. The actuating tool 94 shown in FIG. 6 has an
angularly disposed cam surface 94A that linearly in-
creases the axial translation of the retainer piston 58.
Continued insertion will cause the slot(s) 82 disposed in
the secondary flange 72 of the retainer piston 58 tobe in a
position to receive the lug(s) 66 of the shaft retainer cap
56. The spline arrangement 78 between the central bore
86 of the bearing housing 52 and the spring shaft 74 of the
retainer piston 58 allows the retainer piston 58 to trans-
late axially without rotation. The low pressure shaft 34 of
the engine 20 can be rotated to align the slot(s) 82
disposed in the secondary flange 72 of the retainer piston
58 with the lug(s) 66 of the shaft retainer cap 56. Once the
slot(s) 82 and lug(s) 66 are aligned, the shaft retention
system 54 embodiment is disposed in the engaged con-
figuration and the actuating tool 94 can be fully inserted
between the tool posts 52C; e.g., see FIG. 7. Subse-
quently, the low pressure shaft 34 can be rotated so that
the lug(s) 66 is disposed within the annular channel 76
disposed between the primary flange 70 and the sec-
ondary flange 72 of the shaft retainer cap 56. In those
embodiments that include rotational limit features 84, the
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features 84 will limit the rotation of the low pressure shaft
34 relative to the retainer piston 58 and provide an
indication that the low pressure shaft 34 is retained. Once
the low pressure shaft 34 is retained, the inspection,
maintenance, or repair procedure can be initiated. Once
the inspection, maintenance, or repair procedure is com-
pleted, the low pressure shaft 34 can be rotated until the
lug(s) 66 is once again aligned with the slot 82. As the
actuating tool 94 is removed, the piston spring 60 will bias
the retainer piston 58 towards the disengaged position.
When the actuating tool 94 is completely removed, the
retainer piston 58 will be maintained in the disengaged
position by the piston spring 60.

[0039] FIGS. 8 and 9 illustrate another non-limiting
example that utilizes the same retainer piston 58, shaft
retainer cap 56, and piston spring 60 arrangement shown
in FIGS. 6 and 7. In this embodiment, the bearing housing
52 doesnotinclude atool post 52C and does not utilize an
actuating tool 94 like that diagrammatically shown in
FIGS. 6 and 7. In place thereof, this embodiment utilizes
a pushrod 98 and an actuator 100. The pushrod 98 is
axially aligned and in contact with the retainer piston 58.
The actuator 100 is configured to axially translate the
pushrod 98 to actuate the shaft retention system 54 from
the disengaged configuration to the engaged configura-
tion.

[0040] FIGS. 10 and 10A illustrate another shaft reten-
tion system 54 embodiment. FIG. 10illustrates the aftend
34A of the low pressure shaft 34, a bearing 48, and the
shaft retention system 54. The bearing 48 is disposed to
rotationally support the low pressure shaft 34. The bear-
ing48includes aninnerrace 48A, an outer race 48B, and
roller elements 48C. A shaft nut 150 (detailed herein) is
engaged withinnerrace 48A of the bearing 48 and the low
pressure shaft 34 to axially secure the bearing 48 relative
to the low pressure shaft 34.

[0041] The shaft retention system 54 embodiment
shown in FIG. 10 includes a bearing housing 452, the
shaft nut 150, a shaft retainer 154, and a shaft retainer
spring 156. The bearing housing 452 includes an end wall
158 and a side wall 160. The side wall 160 extends axially
outward from the end wall 158 and together the end wall
158 and the side wall 160 define an interior cavity 162 of
the bearing housing 452. When assembled (as shown in
FIGS. 10 and 13), the aft end 34A of the low pressure
shaft 34 and the shaft nut 150 are disposed within the
interior cavity 162. The distal end of the side wall 160 is
engaged with the outer race 48B of the bearing 48. To
facilitate the description herein, the bearing housing side
wall 160 is described as having a first side wall segment
160A and a second side wall segment 160B. The first side
wall segment 160A and the second side wall segment
160B are disposed opposite one another; e.g., diame-
trically opposite. The first side wall segment 160A in-
cludes an aperture 164 extending through the first side
wall segment 160A. The aperture 164 is configured to
receive a portion of the shaft retainer 154; e.g., the post
174. In some embodiments (e.g., as shown in FIGS. 10
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and 13), the first side wall segment 160A may include a
slot 166 disposed in an inner radial surface 168 of the first
side wall segment 160A. As can be seenin FIGS. 10 and
13, the aperture 164 is aligned with the slot 166.

[0042] In the shaft retention system 54 embodiment
shown in FIG. 10, the shaft nut 150 is configured for
mechanical engagement with the low pressure shaft
34 (e.g., athreaded engagement) and is also configured
for engagement with shaft retainer 154. As can be seenin
FIG. 10, the shaft nut 150 may include a flange 170 that
extends radially outward from the perimeter of the shaft
nut 150; e.g., in a direction that is perpendicular to the
axial centerline 32 of the shaft nut 150. In some embodi-
ments, the post 174 or the engagement segment 172 of
the shaft retainer 154 may include an axisymmetric fea-
ture (e.g., a key - not shown) that mates with a feature
(e.g., a slot - not shown) disposed in the first side wall
segment 160A to preventrotation of the shaft retainer 154
relative to the first side wall segment 160A.

[0043] ReferringtoFIGS. 11 and 11A, the shaftretainer
154 includes an engagement segment 172 and a post
174 that extends outwardly from the engagement seg-
ment 172. In the embodiment shown in FIG. 11, the
engagement segment 172 extends along a circular path
(e.g., disposed at a radius) and has a generally rectan-
gular cross-sectional geometry;i.e., in the Y-Z plane; see
FIG. 11A. The circularity of the engagement segment 172
is chosen to enable the engagement segment 172 to
mate with the flange 170 that extends outwardly from the
shaft nut 150; e.g., see FIG. 12. A slot 176 is disposed in
the inner radial surface 178 (see FIG. 11A) of the en-
gagement segment 172. The slot 176 is configured to
receive the flange 170 that extends outwardly from the
shaft nut 150.

[0044] As detailed herein, the shaft retainer 154 and
the flange 170 extending radially outward from the shaft
nut 150 form a mating male and female couple wherein
the female half is disposed within the engagement seg-
ment 172 of the shaft retainer 154. The presentinvention
is not limited to this particular configuration. For example,
a mating male and female couple may include a female
half disposed in the perimeter of the shaft nut 150 and the
male half disposed with the engagement segment 172 of
the shaft retainer 154.

[0045] Referring to FIGS. 10 and 13, when the shaft
retention system 54 is in assembled form, the post 174 of
the shaft retainer 154 extends through the aperture 164
disposed in the first side wall segment 160A. The shaft
retainer spring 156 (e.g., a coil spring) acts between an
exterior surface of the first side wall segment 160A and a
washer 180 which is maintained on the post 174 by a
retainer clip orring. The shaftretainer 154 is disposable in
an engaged configuration wherein the shaft retainer 154
is engaged with the flange 170 extending outward from
the shaft nut 150 (see FIG. 10) and in a disengaged
configuration wherein the shaft retainer 154 is not en-
gaged with the flange 170 extending outward from the
shaft nut 150 (see FIG. 13).
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[0046] In the normal disengaged configuration (e.g.,
see FIG. 10A), the engagement segment 172 of the shaft
retainer 154 may be received within the slot 166 disposed
in the inner radial surface 168 of the first side wall seg-
ment 160A. In this configuration, the low pressure shaft
34 is not axially retained. To axially secure the low pres-
sure shaft 34, the shaft retainer 154 is translated from the
normal disengaged configuration to the engaged config-
uration by linearly translating the post 174 of the shaft
retainer 154 radially inward. The linear translation of the
shaft retainer 154 may be accomplished by a tool (e.g., a
push rod) that is inserted through the engine casing and
into engagement with the post 174 of the shaft retainer
154. The linear translation of the post 174 causes the
shaftretainer spring 156 to compress and resist the linear
translation. Continued linear translation of the post 174
will cause the engagement segment 172 of the shaft
retainer 154 to be disposed in close proximity to or in
contact with the shaft nut 150. The proximity of the en-
gagement segment 172 to the shaft nut 150 is such that
the flange 170 extending outward from the shaft nut 150
is received within the slot 176 disposed in the inner radial
surface 178 of the engagement segment 172. Once the
flange 170 of the shaft nut 150 is received within the slot
176 of the engagement segment 172, the shaft retainer
154 is disposed in the engaged configuration and the low
pressure shaft 34 is axially secured. To shift the shaft
retainer 154 from the engaged configuration back to the
normal disengaged configuration, the tool is removed
from the post 174 of the shaft retainer 154. Once the tool
is removed, the shaft retainer spring 156 will expand and
cause the shaft retainer 154 to translate outwardly back
to the disengaged configuration.

[0047] While the principles of the invention have been
described above in connection with specific apparatuses
and methods, it is to be clearly understood that this
description is made only by way of example and not as
limitation on the scope of the invention. Specific details
are given in the above description to provide a thorough
understanding of the embodiments. However, itis under-
stood that the embodiments may be practiced without
these specific details.

[0048] It is noted that the embodiments may be de-
scribed as a process which is depicted is a flowchart, a
flow diagram, a block diagram, etc. Although any one of
these structures may describe the operations as a se-
quential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order of
the operations may be rearranged. A process may cor-
respond to a method, a function, a procedure, a subrou-
tine, a subprogram, etc.

[0049] The singular forms "a," "an," and "the" refer to
one or more than one, unless the context clearly dictates
otherwise. For example, the term "comprising a speci-
men" includes single or plural specimens and is consid-
ered equivalent to the phrase "comprising at least one
specimen.” The term "or" refers to a single element of
stated alternative elements or a combination of two or
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more elements unless the context clearly indicates other-
wise. As used herein, "comprises" means "includes."
Thus, "comprising A or B," means "including A or B, or
A and B," without excluding additional elements.
[0050] Itis noted that various connections are set forth
between elements in the present description and draw-
ings (the contents of which are included in this invention
by way of reference). It is noted that these connections
are general and, unless specified otherwise, may be
direct orindirect and that this specification is not intended
to be limiting in this respect. Any reference to attached,
fixed, connected or the like may include permanent,
removable, temporary, partial, full and/or any other pos-
sible attachment option.

[0051] No element, component, or method step in the
presentinvention is intended to be dedicated to the public
regardless of whether the element, component, or meth-
od step is explicitly recited in the claims. As used herein,
the terms "comprise", "comprising", or any other variation
thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus that
comprises a list of elements does not include only those
elements but may include other elements not expressly
listed or inherent to such process, method, article, or
apparatus.

[0052] While various inventive aspects, concepts and
features (84) of the inventions may be described and
illustrated herein as embodied in combination in the
exemplary embodiments, these various aspects, con-
cepts, and features may be used in many alternative
embodiments, either individually or in various combina-
tions and sub-combinations thereof. Unless expressly
excluded herein all such combinations and sub-combi-
nations are intended to be within the scope of the present
application. Still further, while various alternative embo-
diments as to the various aspects, concepts, and fea-
tures of the inventions--such as alternative materials,
structures, configurations, methods, devices, and com-
ponents, and so on--may be described herein, such
descriptions are not intended to be a complete or ex-
haustive list of available alternative embodiments,
whether presently known or later developed. Those
skilled in the art may readily adopt one or more of the
inventive aspects, concepts, or features into additional
embodiments and uses within the scope of the present
application even if such embodiments are not expressly
disclosed herein. For example, in the exemplary embodi-
ments described above within the Detailed Description
portion of the present specification, elements may be
described as individual units and shown as independent
of one another to facilitate the description. In alternative
embodiments, such elements may be configured as
combined elements. It is further noted that various meth-
od or process steps for embodiments of the present
invention are described herein. The description may
present method and/or process steps as a particular
sequence. However, to the extent that the method or
process does not rely on the particular order of steps
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set forth herein, the method or process should not be
limited to the particular sequence of steps described. As
one of ordinary skill in the art would appreciate, other
sequences of steps may be possible. Therefore, the
particular order of the steps set forth in the description
should not be construed as a limitation.

Claims

1. A gas turbine engine (20) having an axial centerline
(32), comprising:

a compressor section (24);

a combustor (26);

a turbine section (28);

an engine shaft (34) engaged with the compres-
sor section (24) and the turbine section (28), the
engine shaft (34) having an aft end (34A),
wherein the engine shaft (34) axially extends
along the axial centerline (32) of the engine (20);
and

a shaft retention system (54) that includes:

a shaft nut (150) attached to the aft end
(34A) of the engine shaft (34); and

a shaft retainer (154) mounted for axial
translation normal to the axial centerline
(32),

wherein the shaft retainer (154) is disposa-
ble in an engaged configuration wherein the
shaft retainer (154) is coupled with the shaft
nut (150), and in a disengaged configura-
tion wherein the shaft retainer (154) is dis-
engaged with the shaft nut (150).

2. The gas turbine engine (20) of claim 1, wherein the
shaft retainer (154) includes a first mechanical fea-
ture (176) and the shaft nut (150) includes a second
mechanical feature (170) and in the engaged con-
figuration the first mechanical feature (172) and the
second mechanical feature (170) are disposed in a
mating configuration that axially secures the engine
shaft (34).

3. The gas turbine engine (20) of claim 2, wherein the
shaft retainer (154) includes a post (174) extending
outwardly from an engagement segment (172), and
the first mechanical feature (176) is disposed in the
engagement segment (172).

4. The gas turbine engine (20) of claim 3, wherein the
firstmechanical feature (176)is a slot disposedin the
engagement segment (172).

5. The gas turbine engine (20) of claim 4, wherein the
engagement segment, ES, (172) is curved at a ra-
dius and has an ES innerradial surface (178) and the
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slot (176) is disposed in the ES inner radial surface
(178).

The gas turbine engine (20) of claim 4 or 5, wherein
the second mechanical feature (170) is a flange that
extends radially outward from an outer perimeter
surface of the shaft nut (150), and the flange (170)
is configured to be received within the slot (176).

The gas turbine engine (20) of any preceding claim,
wherein the shaft retention system (54) includes a
bearing housing (452) configured to support the
shaft retainer (154).

The gas turbine engine (20) of claim 7, wherein the
bearing housing (452) includes an end wall (158) and
a side wall (160), wherein the end wall (158) and the
side wall (160) collectively define an interior cavity
(162) of the bearing housing (452).

The gas turbine engine (20) of claim 8, when depen-
denton claim 3, wherein the side wall (160) has a first
side wall segment (160A) that includes an aperture
(164) configured to receive the post (174) of the shaft
retainer (154).

The gas turbine engine (20) of claim 9, wherein the
aperture (164) is configured to allow axial translation
ofthe post (174) in a direction thatis perpendicular to
the axial centerline (32).

The gas turbine engine (20) of claim 9 or 10, wherein
the first side wall segment, FSWS, (160A) has an
inner radial surface (168) and a FSWS slot (166)
disposed in the inner radial surface (168), and
wherein the aperture (164) is aligned with the FSWS
slot (166), and wherein, optionally, the FSWS slot
(166) is configured to receive the engagement seg-
ment (172) of the shaft retainer (154).

The gas turbine engine (20) of any of claims 8 to 11,
wherein the shaft nut (150) is disposed within the
interior cavity (162) of the bearing housing (452).

The gas turbine engine (20) of any preceding claim,
wherein the shaft retainer (154) is normally biased in
the disengaged configuration.

The gas turbine engine (20) of any preceding claim,
wherein the shaft retention system (54) includes a
shaft retainer spring (156) that normally biases the
shaft retainer (154) in the disengaged configuration.

The gas turbine engine (20) of claim 14, when de-
pendenton claim 3, wherein the shaft retainer spring
(156) is a coil spring that acts between the post (174)
of the shaft retainer (154) and the first side wall
segment (160A).
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