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DESCRIPTION

[0001] This invention relates generally to rotor shaft assemblies, and more particularly, to a
method of assembling a rotor shaft assembly.

[0002] Generally, a wind turbine generator includes a rotor having multiple blades. The rotor is
sometimes mounted within a housing, or nacelle, that is positioned on top of a base, for
example a truss or tubular tower. At least some known utility grade wind turbines (i.e., wind
turbines designed to provide electrical power to a utility grid) can have rotor blades of 30
meters (m) (100 feet (ft)) or more in length and include a mechanical drive train. The drive
train extends from the blades to a generator positioned within the wind turbine. As wind
encounters the blades, the blades rotate, thus causing the mechanical drive train to rotate. By
rotating, the drive train transfers wind energy to the generator. To efficiently transfer wind
energy to the generator, the drive train should remain stationary, horizontally and vertically,
while rotating. A main bearing is positioned at a blade/drive train interface and defines a
location that allows the drive train to rotate while preventing the drive train from moving
horizontally and vertically.

[0003] During operation, wind loading at different areas of the blades may be different and
may cause the blades to bend. Because the blades are connected to the drive train, bending of
the blades may cause angular misalignment, or bending, of the drive train. Consequently,
known main bearings may generally be provided to accommodate angular misalignment of the
drive train.

[0004] Known main bearings generally include spherical roller bearings (SRBs) to
accommodate misalignment of the drive train. SRBs may provide an indeterminate force
balance and also may inherently provide radial and axial bearing clearances. These radial and
axial bearing clearances may not be well suited for dynamic loads imposed on drive trains, so
SRBs may not achieve a twenty year useful life.

[0005] For example WO 2006/099014 describes a pillow block system with tapered roller
bearings for supporting the rotating main shaft of a wind turbine.

[0006] Various aspects and embodiments of the present invention are defined by the
appended claims.

[0007] Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:

Figure 1 is a schematic illustration of an exemplary wind turbine generator,;

Figure 2 is a cut-away perspective view of various components housed in a nacelle of the
exemplary wind turbine configuration shown in Figure 1;
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Figure 3 is a cross-sectional view of an example of a self aligning bearing seat;

Figure 4 is a partial cross-sectional view of an exemplary embodiment of a self-aligning
bearing seat;

Figure 5 is a partial cross-sectional view of another alternative exemplary embodiment of a
self-aligning bearing seat;

Figure 6 is a partial cross-sectional view of another alternative exemplary embodiment of a
self-aligning bearing seat; and

Figure 7 is a partial cross-sectional view of yet another example of a self-aligning bearing seat.

[0008] Figure 1 is a schematic illustration of an exemplary wind turbine generator 10. In the
exemplary embodiment, wind turbine generator 10 is a horizontal axis wind turbine.
Alternatively, wind turbine 10 may be a vertical axis wind turbine. Wind turbine 10 has a tower
12 extending from a supporting surface 14, a nacelle 16 mounted on tower 12, and a rotor 18
coupled to nacelle 16. Rotor 18 has a rotatable hub 20 and a plurality of rotor blades 22
coupled to hub 20. In the exemplary embodiment, rotor 18 has three rotor blades 22. In an
alternative embodiment, rotor 18 may have more or less than three rotor blades 22. A
centerline 24 extends through nacelle 16 and hub 20. Each rotor blade 22 includes a tip 26. In
the exemplary embodiment, tower 12 is fabricated from tubular steel and has a cavity (not
shown in Figure 1) extending between supporting surface 14 and nacelle 16. In an alternate
embodiment, tower 12 is a lattice tower. The height of tower 12 is selected based upon factors
and conditions known in the art. Blades 22 are positioned about rotor hub 20 to facilitate
rotating rotor 18 to transfer kinetic energy from the wind into usable mechanical energy, and
subsequently, electrical energy.

[0009] Figure 2 is a cut away perspective view of various components housed in nacelle 16
atop tower 12 of wind turbine 10 shown in Figure 1. More specifically, nacelle 16 includes a
drive train 28. Drive train 28 includes a shaft 30 connected to hub 20. The shaft 30 is
supported at one shaft end via a main bearing 32 and at an opposite shaft end connected
rigidly to a gear box 34. In some configurations, gear box 34 utilizes a dual path geometry to
drive an enclosed high-speed shaft. In other configurations, shaft 30 is coupled directly to a
generator 36. The high-speed shaft (not shown in Figure 2) is used to drive generator 36
which is mounted on a main frame 38. Generator 36 may be of any suitable type, for example
and without limitation, a wound rotor induction generator or a direct drive permanent magnet
generator. Nacelle 16 also includes a yaw drive 40 and a yaw deck 42 that constitute a yaw
orientation system for wind turbine 10. A meteorological boom 44 provides information
regarding wind direction and/or wind speed.

[0010] Figure 3 is a cross-sectional view of an example of a self-aligning bearing seat 46. In
the exemplary embodiment, self-aligning bearing seat 46 is used in place of main bearing 32
and is positioned about and circumscribes shaft 30. More specifically, self-aligning bearing seat
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46 includes back bearing seal ring 48, front bearing seal ring 50, a transition piece 52, a
spacer 54, a back anti-friction insert 56, a front anti-friction insert 58, a back socket 60, a front
socket 62, a bearing housing 64, a retaining plate 66 and tensioning studs 68.

[0011] Back bearing seal ring 48 includes a back inner seal ring 70 and a back outer seal ring
72. Back inner seal ring 70 is ring-shaped and has an L-shaped cross-sectional configuration
that includes a long leg 74 and a short leg 76. Long leg 74 includes a terminal surface 78 and
a bottom surface 80 oriented perpendicular to terminal surface 78. Short leg 76 includes a
terminal surface 82 and an end surface 84. Short leg terminal surface 82 is oriented parallel to
bottom surface 80. End surface 84 is oriented parallel to terminal surface 78 and perpendicular
to bottom surface 80 and short leg terminal surface 82. Back inner seal ring 70 has an inside
diameter defined by bottom surface 80, substantially identical to a diameter D of shaft 30, and
an outside diameter defined by short leg terminal surface 82. Bottom surface 80 is press-fit
against shaft 30 such that back inner seal ring 70 circumscribes shaft 30. It should be
understood that, during operation of wind turbine 10, back inner seal ring 70 rotates with shaft
30 and back outer seal ring 72 remains stationary.

[0012] Back outer seal ring 72 is ring-shaped and has an L-shaped cross-sectional
configuration including a long leg 86 and a short leg 88. Long leg 86 includes a terminal
surface 90 and a top surface 92 oriented perpendicular to terminal surface 90. Short leg 88
includes a bottom surface 94 and an end surface 96. Bottom surface 94 is oriented parallel to
top surface 92. Short leg end surface 96 is oriented parallel to long leg terminal surface 90 and
perpendicular to short leg bottom surface 94 and top surface 92. Back outer seal ring 72 has
an inside diameter defined by short leg bottom surface 94 and an outside diameter defined by
top surface 92.

[0013] Back outer seal ring 72 is positioned concentrically about back inner seal ring 70 and
press-fit inside a transition piece 52, such that long leg terminal surface 90 and terminal
surface 78 lie along the same line and are oriented perpendicular to shaft 30. Likewise, end
surface 84 and short leg end surface 96 lie along the same line and are oriented perpendicular
to shaft 30. Thus positioned, a radial gap 98 is defined between short leg bottom surface 94
and short leg terminal surface 82. A back bearing seal 100 is positioned in and about gap 98.
Back bearing seal 100 keeps lubricant (not shown in Figure 3) on the inside of gap 98 and
keeps contaminants to the outside of gap 98 while allowing rotation of back inner seal ring 70
with the shaft 30 against the stationary back outer seal ring 72. It should be understood that
bottom surface 80 and top surface 92 have substantially the same length. Because there is no
angular misalignment between back inner seal ring 70 and back outer seal ring 72, gap 98
may be very small. Consequently, in the example back bearing seal 100 is a controlled
clearance seal such as, but not limited to, labyrinth seals and bushings. However, in some
embodiments, back bearing seal 100 may be any kind of seal that enables self-aligning
bearing seat 46 to function as described herein.

[0014] It should be understood that back inner seal ring 70 and back outer seal ring 72 are
both manufactured from hardened steel and back bearing seal 100 is manufactured from
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rubber. Although the example describes rings 70 and 72 as manufactured from hardened
steel, and back bearing seal 100 as manufactured from rubber, in some embodiments, rings
70 and 72, and seal 100 may be manufactured from any material that enables self-aligning
bearing seat 46 to function as described herein.

[0015] Front bearing seal ring 50 includes a front inner seal ring 102 and a front outer seal
ring 104. Front inner seal ring 102 is ring-shaped and has an L-shaped cross-sectional
configuration that includes a long leg 106 and a short leg 108. Long leg 106 includes a terminal
surface 110 and a bottom surface 112 oriented perpendicular to terminal surface 110. Short leg
108 includes a terminal surface 114 and an end surface 116. Inner short leg terminal surface
114 is oriented parallel to inner long leg bottom surface 112. Short leg end surface 116 is
oriented parallel to inner long leg terminal surface 110, and perpendicular to inner long leg
bottom surface 112 and inner short leg terminal surface 114. Front inner seal ring 102 has an
inside diameter defined by inner long leg bottom surface 112, substantially identical to diameter
D of shaft 30, and an outside diameter defined by inner short leg terminal surface 114. Inner
long leg bottom surface 112 is press-fit against shaft 30 such that front inner seal ring 102
circumscribes shaft 30. It should be understood that, during operation of wind turbine 10, front
inner seal ring 102 rotates with shaft 30 and front outer seal ring 104 remains stationary.

[0016] Front outer seal ring 104 is ring-shaped and has an L-shaped cross-sectional
configuration that includes a long leg 118 and a short leg 120. Long leg 118 includes a terminal
surface 122 and a top surface 124 oriented perpendicular to terminal surface 122. Outer short
leg 120 includes a bottom surface 126 parallel to outer long leg top surface 124 and an end
surface 128 oriented parallel to outer long leg terminal surface 122 and perpendicular to outer
short leg bottom surface 126 and outer long leg top surface 124. Front outer seal ring 104 has
an inside diameter defined by outer short leg bottom surface 126 and an outside diameter
defined by outer long leg top surface 124.

[0017] Front outer seal ring 104 is positioned concentrically about front inner seal ring 102
and press-fit inside a transition piece 52, such that outer long leg terminal surface 122 and
inner long leg terminal surface 110 lie along the same line and are oriented perpendicular to
shaft 30. Likewise, short leg end surface 116 and outer short leg end surface 128 lie along the
same line and are oriented perpendicular to shaft 30. Thus positioned, a radial gap 130,
substantially identical to radial gap 98, is defined between inner short leg terminal surface 114
and outer short leg bottom surface 126. A front bearing seal 132 is positioned in and about gap
130. Front bearing seal 132 keeps lubricant (not shown in Figure 3) on the inside of gap 130
and keeps contaminants to the outside of gap 130 while allowing rotation of front inner seal
ring 102 with the shaft 30 against the stationary front outer seal ring 104. It should be
understood that inner long leg bottom surface 112 and outer long leg top surface 124 have
substantially the same length. Because there is no angular misalignment between front inner
seal ring 102 and front outer seal ring 104, gap 130 may be very small. Consequently, in the
example front bearing seal 132 may be a controlled clearance seal, such as, but not limited to,
labyrinth seals and bushings. However, in some embodiments, front bearing seal 132 may be
any kind of seal that enables self-aligning bearing seat 46 to function as described herein. It
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should be understood that front inner seal ring 102 and front outer seal ring 104 are both
manufactured from hardened steel and that front bearing seal 132 is manufactured from
rubber. Although the example describes rings 102 and 104 as manufactured from hardened
steel, and front bearing seal 132 as being manufactured from rubber, in some embodiments,
rings 102 and 104, and seal 132 may be manufactured from any material that enables self-
aligning bearing seat 46 to function as described herein.

[0018] Back inner seal ring 70 and front inner seal ring 102 are positioned about shaft 30 so
that terminal surface 78 of back inner seal ring 70 faces toward inner long leg terminal surface
110 of front inner seal ring 102 to define a space 134 therebetween. A centerline 136 defines
the center of space 134 and is coincident with the centerline of self-aligning bearing seat 46.

[0019] Spacer 54 has a rectangular cross-sectional configuration and includes a spacer top
surface 138, a spacer left side surface 140, a spacer right side surface 142 and a spacer
bottom surface 144. Spacer left side surface 140 and spacer right side surface 142 are
separated by a distance W that defines a width of spacer 54. Spacer bottom surface 144 is
press-fit against shaft 30 such that spacer 54 extends radially away from shaft 30 and is
positioned intermediate back bearing seal ring 48 and front bearing seal ring 50 along and
symmetrically about centerline 136. In the example, spacer 54 is manufactured from hardened
metal. It should be appreciated that although the example describes spacer 54 as
manufactured from hardened metal, in some embodiments, spacer 54 may be made from any
material that enables self-aligning bearing seat 46 to function as described herein. It should be
understood that during operation of wind turbine 10, spacer 54 rotates with shaft 30. Transition
piece 52 includes a body 146 and a member 148. Body 146 includes a first body surface 150
and a second body surface 152. First body surface 150 includes a back end 154, a front end
156, a linear contour and member 148. Member 148 includes a square cross-sectional
configuration and defines a top member side 158, a left member side 160 and a right member
side 162. The distance between left member side 160 and right member side 162 defines
substantially the same width W as the distance between surfaces 140 and 142 of spacer 54.
Member 148 extends perpendicularly from surface 150 intermediate ends 154 and 156
symmetrically about centerline 136. It should be appreciated that although member 148 is
described as having a square cross-sectional configuration and extends perpendicularly from
surface 150, in some embodiments, member 148 may have any cross-sectional configuration
and may extend away from surface 150 at any angle that enables self-aligning bearing seat 46
to function as described herein. It should also be appreciated that although the example
describes transition piece 52 as including a single piece, in some embodiments, transition
piece 52 may include two semicircular segments, or pieces, or any number of segments that
enables self-aligning bearing seat 46 to function as described herein. It should be understood
that during operation of wind turbine 10, transition piece 52 is stationary.

[0020] In the example second body surface 152 includes a curved contour. More specifically,
surface 152 includes a curved contour defined by a radius, or a radial arc. It should be
appreciated that although the example describes the curved contour of surface 152 as a radial
arc, in some embodiments, the curved contour of surface 152 may have any radius or be
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defined as any type of curve, such as, but not limited to, elliptical or compound radius curve,
that enables self-aligning bearing seat 46 to function as described herein. Transition piece 52
is manufactured from hardened steel. It should be appreciated that although the example
describes transition piece 52 as manufactured from hardened steel, in some embodiments,
transition piece 52 may be manufactured from any material that enables self-aligning bearing
seat 46 to function as described herein. Transition piece 52 is positioned about back bearing
seal ring 48 and front bearing seal ring 50. More specifically, transition piece 52 is positioned
against outer long leg top surface 124 of front seal ring 50 and against top surface 92 of back
seal ring 48, such that member 148 is oriented symmetrically about centerline 136 and such
that surface 150 is axially aligned with shaft 30. Because spacer 54 and member 148 have
substantially the same width W and are both positioned symmetrically about centerline 136,
spacer left side surface 140 lies along the same line as left member side 160 and spacer right
side surface 142 lies along the same line as right member side 162. Thus positioned, back
bearing seal ring 48, front bearing seal ring 50, spacer 54 and transition piece 52 define a back
bearing cavity 164 and a front bearing cavity 166 that each extend around and circumscribe
shaft 30. More specifically, back bearing cavity 164 is defined by shaft 30, surface 150, surface
142, surface 162, surface 78 and surface 90. Front bearing cavity 166 is defined by shaft 30,
surface 140, surface 160, surface 110, surface 122 and surface 150. 223766 Back bearing
cavity 164 and front bearing cavity 166 may each accommodate at least one bearing (not
shown in Figure 3). Moreover, it should be understood that back bearing cavity 164 and front
bearing cavity 166 may each be sized to accommodate different types of bearings (not shown
in Figure 3). In the example, cavities 164 and 166 are sized to accommodate bearings that do
not provide radial or axial clearances and have an axial load capability. Such bearings are
known as preloaded bearings. In the exemplary embodiment, tapered roller bearings are used
because tapered roller bearings are capable of withstanding maximum loads. It should be
appreciated that although the example is described as using tapered roller bearings, in some
embodiments, any type of bearing may be used that enables self-aligning bearing seat 46 to
function as described herein. Other bearings that may be used include, but are not limited to,
ball bearings, cylindrical roller bearings and fluid fiim bearings. However, it should be
understood that SRBs are not to be used because SRBs engender radial and axial clearances.
These radial and axial clearances inhibit self-aligning bearing seat 46 from functioning as
described herein.

[0021] In the example, means (not shown in Figure 3) are provided that permit customizing
properties and performance of self-aligning bearing seat 46. More specifically, means are
provided that translate back bearing seal ring 48 and front bearing seal ring 50 axially, parallel
to shaft 30. Such means include, but are not limited to, threaded bolts and threaded nuts. To
increase the size of back bearing cavity 164, back bearing seal ring 48 is translated in a
direction away from self-aligning bearing seat 46. Conversely, to decrease the size of back
bearing cavity 164, back bearing seal ring 48 is translated in a direction towards self-aligning
bearing seat 46. Likewise, front bearing seal ring 50 is translated away from self-aligning
bearing seat 46 to enlarge front bearing cavity 166 and is translated towards self-aligning
bearing seat 46 to reduce front bearing cavity 166. It should be understood that in the
example, cavities 164 and 166 are substantially identical and are symmetrically oriented about
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centerline 136. It should be appreciated that although the example describes cavities 164 and
166 as substantially identical, in some embodiments, cavities 164 and 166 may not be
substantially identical or symmetrically oriented about centerline 136, and may be any size that
enables self-aligning bearing seat 46 to function as described herein. It should be understood
that in the exemplary embodiment, back bearing seal ring 48 and front bearing seal ring 50 are
translated independently of each other, and may be simultaneously translated in the same or
opposite directions, or one may be translated while the other is not. It should be appreciated
that rings 48 and 50 may be translated independently in any combination of translations that
enables self-aligning bearing seat 46 to function as described herein.

[0022] In the example, a back anti-friction insert 56 and a front anti-friction insert 58 are
positioned against surface 152. More specifically, back anti-friction insert 56 is positioned on a
side of surface 152 corresponding to back bearing cavity 164 and front anti-friction insert 58 is
positioned on another side of surface 152 corresponding to front bearing cavity 166. It should
be appreciated that although the example describes anti-friction inserts 56 and 58 as one
piece each in some embodiments anti-friction inserts 56 and 58 may each include two
semicircular segments, or pieces, or any number of segments that enables self-aligning
bearing seat 46 to function as described herein. In the example, anti-friction inserts 56 and 58
may be manufactured from any material that is compliant and has a very low coefficient of
friction with steel. Specifically, anti-friction inserts 56 and 58 may be made from plastics or
metals. Plastic materials include but are not limited to, thermoplastic, thermoset, elastomer, co-
polymer, fiber reinforced plastic and rubber. Metal materials include, but are not limited to,
babbit and bronze. In the example, anti-friction inserts 56 and 58 are not secured to surface
152. However, in other embodiments, anti-friction inserts 56 and 58 are secured to surface 152
using an adhesive, such as, but not limited to, glue. Surface 152 is lubricated in the example.
However, in some embodiments, surface 152 is not lubricated. It should be understood that a
rotor shaft 30 dynamic response may be tuned by selecting an appropriate anti-friction insert
material and by the actual geometry of self-aligning bearing seat 46, and that inserts 56 and 58
may insulate shaft 30 vibrations and reduce noise emitted by drive train 28.

[0023] Back socket 60 is ring-shaped and has a cross-sectional configuration defined by a first
side 168, a second side 170, a third side 172 and a fourth side 174. First side 168 and third
side 172 are parallel, have different lengths and are separated by a distance. Moreover, first
side 168 includes a first side first end 176 and a first side second end 178. Third side 172
includes a third side first end 180 and a third side second end 182. Second side 170 extends
between ends 178 and 180 and is perpendicular to first side 168 and third side 172. Fourth
side 174 is positioned opposite second side 170, has a curved contour and extends between
ends 176 and 182. More specifically, fourth side 174 is shaped to have a curved contour that
concentrically aligns with curved surface 152 of transition piece 52.

[0024] In example, the radius defining the contour of curved surface 152 is substantially
similar to the radius defining the curved contour of fourth side 174. It should be understood
that curved surface 152 and fourth side 174 define an interface between back socket 60 and
transition piece 52. In the example, the interface includes a gap 57 defined between curved
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surface 152 and fourth side 174. Gap 57 may have any width that enables self-aligning bearing
seat 46 to function as described herein. Back anti-friction insert 56 is positioned in gap 57 and
is secured to surface 174 using an adhesive, such as, but not limited to, glue. However, in
some embodiments, anti-friction insert 56 is not secured to surface 174. Surface 174 is not
lubricated in the example. However,in some embodiments, surface 174 is lubricated. Back
socket 60 also includes a plurality of uniformly spaced radially positioned openings 184 that
each extend axially through back socket sides 168 and 172.

[0025] Front socket 62 is ring-shaped and has a cross-sectional configuration defined by a
first side 186, a second side 188, a third side 190 and a fourth side 192. First side 186 and
third side 190 are parallel, have different lengths and are separated by a distance. Moreover,
first side 186 includes a first side first end 194 and a first side second end 196. Third side 190
includes a third side first end 198 and a third side second end 200. Second side 188 extends
between ends 194 and 198 and is perpendicular to first side 186 and third side 190. Fourth
side 192 is positioned opposite second side 188, has a curved contour and extends between
ends 196 and 200. More specifically, fourth side 192 is shaped to have a curved contour that
concentrically aligns with curved surface 152 of transition piece 52.

[0026] In the example, the radius defining the contour of curved surface 152 is substantially
similar to the radius defining the curved contour of fourth side 192. It should be understood
that curved surface 152 and fourth side 192 define an interface between front socket 62 and
transition piece 52. In the example, the interface includes a gap 59 defined between curved
surface 152 and fourth side 192. Gap 59 may have any width that enables self-aligning bearing
seat 46 to function as described herein. Front anti-friction insert 58 is positioned in gap 59 and
is secured to surface 192 using an adhesive, such as, but not limited to, glue. However, in
other embodiments, anti-friction insert 58 is not secured to surface 192. Surface 192 is not
lubricated in the example. However, in some embodiments, surface 192 is lubricated. Front
socket 62 also includes a plurality of uniformly spaced radially positioned openings 202 that
each extend axially through socket sides 186 and 190. It should be appreciated that shaping
fourth side 174 and fourth side 192 to have a curved contour that concentrically aligns with
curved surface 152 facilitates optimizing the load/wear of anti-friction inserts 56 and 58.

[0027] Although the example describes the interface between surfaces 152 and 174 as
including gap 57, in other embodiments, the interface does not include gap 57. Instead, the
interface is defined by surface 152 in direct contact with fourth surface 174. Moreover, it should
be appreciated that the interface between surfaces 152 and 174 may take any form that
enables self-aligning bearing seat 46 to function as described herein. Likewise, although the
example describes the interface between surfaces 152 and 192 as including gap 59, in some
embodiments, the interface does not include gap 59. Instead, the interface is defined by
surface 152 in direct contact with fourth surface 192. Moreover, it should be appreciated that
the interface between surfaces 152 and 192 may take any form that enables self-aligning
bearing seat 46 to function as described herein Back socket 60 and front socket 62 are
positioned against back anti-friction insert 56 and front anti-friction insert 58, respectively. More
specifically, fourth side 174 of back socket 60 is positioned against back anti-friction insert 56
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and fourth side 192 of front socket 62 is positioned against front anti-friction insert 58. Back
socket 60 is positioned against insert 56 such that first side 168 aligns with back end 154 of
transition piece 52 and extends in a direction perpendicular to shaft 30. Front socket 62 is
positioned against front anti-friction insert 58 such that first side 186 aligns with front end 156
of transition piece 52 and extends in a direction perpendicular to shaft 30. Back socket 60 and
front socket 62 are manufactured from hardened steel. It should be appreciated that although
the exemplary embodiment describes back socket 60 and front socket 62 as manufactured
from hardened steel, in other embodiments, back socket 60 and front socket 62 may be
manufactured from any material that enables self-aligning bearing seat 46 to function as
described herein. It should be appreciated that although the example describes each of
sockets 60 and 62 as a single piece, in some embodiments, sockets 60 and 62 may each
include two semicircular segments, or pieces, or any number of segments that enables self-
aligning bearing seat 46 to function as described herein.

[0028] Third side 172 of back socket 60 and third side 190 of front socket 62 are positioned
parallel to each other and are symmetrically positioned about centerline 136 to define a socket
gap 204 that aligns with a gap 205 defined between back and front anti-friction inserts 56 and
58.

[0029] Bearing housing 64 is ring-shaped and has an L-shaped cross-sectional configuration
including a housing first leg 206 and a housing second leg 208. Housing first leg 206 includes a
housing inside surface 210 and a housing terminal surface 212 oriented perpendicular to
housing inside surface 210. Housing second leg 208 includes a housing side surface 214 that
extends away from and perpendicular to housing inside surface 210. Housing second leg 208
also includes a housing second terminal surface 216 oriented perpendicular to housing side
surface 214. Housing second leg 208 includes a plurality of uniformly spaced radially
positioned threaded openings 218 that each extend axially through housing side surface 214
into leg 208. Bearing housing 64 is positioned concentrically about and against back socket 60
and front socket 62. More specifically, housing inside surface 210 is positioned against second
side 170 of back socket 60 and against second side 188 of front socket 62. Moreover, housing
side surface 214 is positioned against first side 168 of back socket 60. It should be understood
that bearing housing 64 is positioned so that openings 218 align with corresponding openings
184. Thus positioned, bearing housing 64 encases back socket 60, front socket 62, back anti-
friction insert 56, front anti-friction insert 58, transition piece 52, back bearing seal ring 48, front
bearing seal ring 50 and shaft 30.

[0030] Retaining plate 66 is ring-shaped and includes a body 220 having a rectangular cross-
seclional configuration and a retaining plate arm 222 extending radially from body 220. More
specifically, body 220 includes a first body side 224, a second body side 226, a third body side
228 and a boss 230. First body side 224 has a first end 232 and a second end 234. Second
body side 226 extends perpendicularly from first end 232 and third body side 228 extends
perpendicularly from second end 234. Thus, second side 226 is parallel to third body side 228.

[0031] Second body side 226 extends a distance to a second body side end 236. Boss 230
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extends perpendicularly from second body side end 236 towards third body side 228 a
distance to boss end 238. Body 220 includes radially positioned openings 244 that extend
axially from third body side 228 to second body side 226. Retaining plate arm 222 has a
rectangular cross-sectional configuration and shares a common side with body 220. More
specifically, third body side 228 extends beyond body 220 and also constitutes one side of
retaining plate arm 222. First arm side 240 extends perpendicularly, or radially, from boss end
238 to an arm terminus 242. It should be appreciated that third body side 228 also extends to
arm terminus 242, that third body side 228 and first arm side 240 are parallel and that arm
terminus 242 is perpendicular to both third body side 238 and first arm side 240.

[0032] Retaining plate 66 is positioned concentrically about shaft 30 and against front socket
62 and bearing housing 64. More specifically, second body side 226 is positioned against first
side 186 of front socket 62 and boss 230 is positioned against housing inside surface 210,
such that a retaining plate gap 246 is defined between first arm side 240 and housing terminal
surface 212. It should be understood that retaining plate gap 246 is approximately the same
width as socket gap 204. However, it should be appreciated that retaining plate gap 246 may
have any width that enables self-aligning bearing seat 46 to function as described herein.
Retaining plate 66 is positioned against front socket 62 such that openings 244 align with
corresponding openings 202, 184 and 218 of front socket 62, back socket 60 and bearing
housing 64, respectively. Upon aligning openings 218 and 244, a tensioning stud 68 is inserted
through openings 244, 202 and 184 into openings 218 to mechanically couple bearing housing
64, retaining plate 66, back socket 60 and front socket 62 together. Tensioning stud 68 is a
threaded bolt. It should be understood that any kind of alignment feature (not shown in Figure
3) may be provided to accommodate the alignment of openings 244, 202 and 184 against
openings 218.

[0033] Thus assembled and coupled, a back gap 248 is defined between housing second
terminal surface 216 and top surface 92. Likewise, a front gap 250 is defined between first
body side 224 and second top surface 124. It should be understood that a seal 252 is
positioned in back gap 248 and front gap 250. It should be appreciated that gaps 248 and 250
accommodate the angular misalignment between back outer seal ring 72 and housing 64 and
between front outer seal ring 104 and retaining plate 66, respectively. In the exemplary
embodiment, seal 252 is a positive contact seal, such as, but not limited to, lip seals and boots.
However, in other embodiments, seal 252 may be any kind of seal that enables self-aligning
bearing seat 46 to function as described herein.

[0034] It should be understood that seal 252 is manufactured from rubber. Although the
example describes seal 252 as being manufactured from rubber, in some embodiments, seal
252 may be manufactured from any material that enables self-aligning bearing seat 46 to
function as described herein. If a lubricant is used on surfaces 152, 174 or 192, seals 252 keep
the lubricant (not shown in Figure 3) on the inside of gaps 248 and 250, respectively, and keep
contaminants to the outside of gaps 248 and 250, respectively.

[0035] During operation, bending of rotor blades 22 and horizontal and vertical translations in
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flexible supports of gearbox 34 may cause angular misalignment of shaft 30. More specifically,
shaft 30 may experience a rotation centered about an intersection point 137 of centerlines 136
and 24 resulting in an angular displacement of shaft 30 at self-aligning bearing seat 46. Thus,
shaft 30 may be angularly displaced at self-aligning bearing seat 46 horizontally, vertically, or
both horizontally and vertically. Self-aligning bearing seat 46 accommodates these angular
displacements, while maintaining rotation of shaft 30.

[0036] It should be understood that front bearing seal ring 50, back bearing seal ring 48 and
transition piece 52 constitute a first assembly. Likewise, front socket 62, back socket 60,
bearing housing 64, retaining plate 66 and tensioning studs 68 constitute a second assembly. It
should be appreciated that angular misalignments are primarily accommodated by allowing
angular movement of the first assembly inside the second assembly. Thus, moment loads due
to the angular displacement are not reacted as moments in the second assembly. Rather, the
moment loads are transformed to a force pair reaction between supports of shaft 30 at the
main bearing 32 and at the gearbox 34. Angular movement of transition piece 52 inside the
anti-friction inserts 56 and 58 accommodates or compensates for the angular displacement of
shaft 30. As the angular displacement of shaft 30 decreases, the transition piece 52 returns to
its original position. It should be understood that as the surface 152 of transition piece 52
repeatedly slides against anti-friction inserts 56 and 58, the insert material surface
deteriorates.

[0037] The secondary way of accommodating angular displacements is by compressing the
compliant and elastic anti-friction inserts 56 and 58. Thus, loads due to the angular
displacement are transferred and dissipated. Compressing anti-friction inserts 56 and 58 also
decreases a space between surface 152 and surfaces 174 and 192, thus accommodating or
compensating for angular displacement of shaft 30. As the angular displacement of shaft 30
decreases, the compressed anti-friction inserts 56 and 58 expand to their original position. It
should be understood that as anti-friction inserts 56 and 58 are repeatedly compressed and
expanded the insert material deteriorates.

[0038] Consequently, as the anti-friction insert material deteriorates, tensioning studs 68 are
turned to translate front socket 62 towards back socket 60. As back socket 60 and front socket
62 translate towards each other, back and front inserts 56 and 58, respectively, also translate
towards each other. Translating inserts 56 and 58 towards each other increases the useful life
of the inserts. It should be understood that the insert material maintains compliant contact with
surfaces 152, 192 and 174 and wears out evenly due to symmetry.

[0039] The information shown in Figure 4 is the same information shown in Figure 3, as
described in more detail below. As such, components illustrated in Figure 4 that are identical to
components illustrated in Figure 3, are identified using the same reference numerals used in
Figure 3.

[0040] Figure 4 is a partial cross-sectional view of an exemplary embodiment of self-aligning
bearing seat 46. This alternative exemplary embodiment is similar to that shown in Figure 3.
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However, second body surface 152 of transition piece 52 does not include a curved contour.
Instead, second body surface 152 includes a first linear surface 254 and a second linear
surface 256, each sloping away from an apex 258 positioned intermediate back end 154 and
front end 156. First linear surface 254 slopes down from apex 258 to back end 154, and
second linear surface 256 slopes down from apex 258 to front end 156. Second body surface
152 includes two sloping surfaces instead of a single curved contour to facilitate reducing
manufacturing costs. By changing the contour of second body surface 152 a space 260
between back socket 60 and first linear surface 254 increases. Likewise, a space 262 between
front socket 62 and second linear surface 256 increases. Anti-friction inserts 56 and 58 do not
require bonding to any surfaces, are self-centering and may be injection molded to allow for
conformance. It should be understood that during the angular misalignment, anti-friction inserts
56 and 58 rotate angularly together with the first assembly and slide against back socket 60
and front socket 62. This embodiment also facilitates replacing inserts 56 and 58.

[0041] The information shown in Figure 5 is the same information shown in Figure 3, as
described in more detail below. As such, components illustrated in Figure 5 that are identical to
components illustrated in Figure 3, are identified using the same reference numerals used in
Figure 3.

[0042] Figure 5 is a partial cross-sectional view of another example of self-aligning bearing
seat 46. This alternative example is similar to that shown in Figure 3. However, transition piece
52 is divided into two halves and is combined with back bearing seal ring 48 and front bearing
seal ring 50. More specifically, the back half of transition piece 52 is combined with back outer
seal ring 72 and the front half is combined with front outer seal ring 104. Transition piece 52
does not include member 148. This example does not include spacer 54. Thus, in this
alternative example, a single bearing cavity 264 is provided. More specifically, shaft 30, first
body surface 150, inner long leg terminal surface 110, outer long leg terminal surface 122, first
terminal surface 90 and terminal surface 78 define bearing cavity 264. It should be understood
that bearing cavity 264 is oriented symmetrically about centerline 136 and circumscribes shaft
30. Bearing cavity 264 may accommodate at least one bearing (not shown in Figure 5).

[0043] The information shown in Figure 6 is the same information shown in Figures 4 and 5,
as described in more detail below. As such, components illustrated in Figure 6 that are
identical to components illustrated in Figures 4 and 5, are identified using the same reference
numerals used in Figures 4 and 5.

[0044] Figure 6 is a partial cross-sectional view of another exemplary embodiment of self-
aligning bearing seat 46. This alternative embodiment is similar to those shown in Figures 4
and 5. More specifically, self-aligning bearing seat 46 includes the modified contour of second
body surface 152 including sloping surfaces 254 and 256, and related increases in spaces 260
and 262. Moreover, transition piece 52 is divided into two halves and is combined with back
bearing seal ring 48 and front bearing seal ring 50. More specifically, the back half of transition
piece 52 is combined with back outer seal ring 72 and the front half is combined with front
outer seal ring 104.
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[0045] Transition piece 52 does not include member 148. This alternative exemplary
embodiment does not include spacer 54, so a single bearing cavity 264 is provided
circumscribing shaft 30. Anti-friction inserts 56 and 58 do not require bonding to any surfaces,
are self-centering and may be injection molded to allow for conformance. This embodiment
also facilitates replacing inserts 56 and 58.

[0046] The information shown in Figure 7 is the same information shown in Figure 3, as
described in more detail below. As such, components illustrated in Figure 7 that are identical to
components illustrated in Figure 3, are identified using the same reference numerals used in
Figure 3.

[0047] Figure 7 is a cross-sectional view of another exemplary embodiment of self-aligning
bearing seat 46. This alternative embodiment is similar to that shown in Figure 3. However,
self-aligning bearing seat 46 does not include transition piece 52. Instead, self-aligning bearing
seat 46 includes single bearing cavity 264 that accommodates at least one bearing (not shown
in Figure 7) whose outside diameter is tapered to directly contact, or interface, with back anti-
friction insert 56 and front anti-friction insert 58. Anti-friction inserts 56 and 58 do not require
bonding to any surfaces, are self-centering and may be injection molded to allow for
conformance. This embodiment also facilitates replacing inserts 56 and 58.

[0048] In this embodiment, back outer seal ring 72 and front outer seal ring 104 include arms
266 and 268, respectively, extending therefrom. More specifically arm 266 extends
perpendicularly away from short leg terminal surface 90 and arm 268 extends perpendicularly
away from outer long leg terminal surface 122. Arms 266 and 268 axially align and couple back
outer seal ring 72 and front outer seal ring 104, respectively, with an outer ring of a bearing
(not shown in Figure 7).

[0049] In each embodiment the above-described self-aligning bearing seat facilitates
increasing the useful life of main bearings. More specifically, in each embodiment, the self-
aligning bearing seat mitigates moments associated with shaft misalignment and transfers
forces to an interface between first assembly and second assembly. As a result, turbine
operation facilitates minimizing damage to the main bearing.

[0050] Accordingly, turbine performance and component useful life are each enhanced in a
cost effective and reliable manner.

[0051] Exemplary embodiments of self-aligning bearing seats are described above in detail.
The self-aligning bearing seats are not limited to use with the specific turbine embodiments
described herein, but rather, the self-aligning bearing seats can be utilized independently and
separately from other self-aligning bearing seat components described herein. Moreover, the
invention is not limited to the embodiments of the self-aligning bearing seats described above
in detail. Rather, other variations of self-aligning bearing seat embodiments may be utilized
within the scope of the claims.
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[0052] While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention can be practiced with modification within
the scope of the claims.
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Patentkrav

1. Apparat til at akkommodere fejlindstilling af en rotoraksel (30), hvilket apparat

omfatter:

5 et selvindstillingslejeszede (46) omfattende en fgrste anordning og en

anden anordning;

hvilken fgrste anordning omfatter et overgangsstykke (52), et
afstandsstykke (54), en forreste lejetaetningsring (50), og en bageste
lejetaetningsring (48), hvor overgangsstykket (52) inkluderer et legeme

10 (146) og et element (148), legemet (146) inkluderer en fgrste legemeflade
(150) og en anden legemeflade (152), den anden legemeflade (152)
inkluderer en fgrste lineeer flade (254) og en anden linezer flade (256), der
hver skréner vaek fra et toppunkt (258) positioneret mellemliggende en
bagende (154) og en forende (156) af den fgrste legemeflade (150);

15 hvilken anden anordning omfatter en forreste fatning (62), en bageste
fatning (60), et hus (64), en fastholdelsesplade (66), og mindst en
justeringsmekanisme konfigureret til at justere et fatningsmellemrum (204)
defineret mellem den forreste fatning og den bageste fatning; og

en antifriktionsindsats (56) positioneret ved et interface defineret mellem
20 den fgrste anordning og den anden anordning, hvor
selvindstillingslejesaedet (46) er positioneret til i alt vaesentligt at omgive
akslen (30), saledes at nar akslen (30) oplever fejlindstilling
akkommoderer antifriktionsindsatsen (56) fejlindstilling af akslen (30).

25 2. Apparat ifglge krav 1, hvor den fgrste anordning yderligere inkluderer mindst et
lejehulrum (264).

3. Apparat ifglge krav 2, hvor det mindst ene lejehulrum (264) inkluderer mindst
et forbelastet leje (32).
30
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2

4. Apparat ifglge krav 2 eller krav 3, hvor den forreste lejetaetningsring (50) og
den bageste lejetaetningsring (100) er bevaegelige til at justere det mindst ene
lejehulrum (264).

5 5. Apparat ifglge et hvilket som helst af de foregdende krav, yderligere
omfattende mindst en justeringsmekanisme konfigureret til at justere et
fatningsmellemrum (57) defineret mellem den forreste fatning (62) og den
bageste fatning (60).

10 6. Apparat ifglge krav 5, hvor den mindst ene justeringsmekanisme kobler den
forreste fatning (62) til den bageste fatning (60).

7. Apparat ifglge et hvilket som helst af de foregéende krav, hvor
overgangsstykket (52) anguleert roterer inden i den forreste fatning (62) og inden
15 i den bageste fatning (60).
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FIG. 4
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FIG. 6



46—~
136
62 60
66\7\' NN N
NN
68—V OO T I T I LTI
e
N 7z77)\) T 56
7
122 90
104 —~_| 7
48
il 15
/ | 3

FIG.7

DK/EP 1967731 T3



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

