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BEARING ASSEMBLY SUPPORT AND ADJUSTMENT SYSTEM
Background

[0001] This application claims priority to U.S. Patent Application Serial No. 61/295,615, which
was filed January 15, 2010. The priority application is hereby incorporated by reference in its
entirety into the present application.

[0002] This disclosure relates in general to machinery, and in particular to bearing assemblies
for supporting rotating portions of such machinery.

[0003] Support devices for bearing assemblies conventionally include a horseshoe-shaped arc
spring that deflects under loading transferred from a shaft to the bearing assembly. These
conventional springs tend to provide controlled stiffness in the vertical direction and are typically
stiffer in the horizontal direction than is desirable. Furthermore, these conventional springs are
adjusted to compensate for the weight of the shaft using shims, which is time consuming.

[0004] Therefore, what is needed is an improved bearing assembly support and adjustment
system

Summary of the Invention

[0005] Embodiments of the disclosure may provide a bearing assembly support and adjustment
system. The system can include an annular support device having a support device outer
circumferential surface located about a first axis, and a support device inner circumferential
surface located about a second axis spaced apart from the first axis. The system can also include
an annular adjustment sleeve having an adjustment sleeve outer circumferential surface located
about a third axis and an adjustment sleeve inner circumferential surface located about a fourth
axis spaced apart from the third axis, wherein the annular adjustment sleeve is coupled to the
annular support device with the adjustment sleeve outer circumferential surface located
immediately adjacent the support device inner circumferential surface.

[0006] Embodiments of the disclosure may provide a shaft support and adjustment system. The
exemplary system may include a housing, a bearing coupled to the housing and defining a bore, a
shaft located in the bore, and a support and adjustment device located between the housing and
the bearing. The support and adjustment device may include an annular support device having a
plurality of spring portions, a support device outer circumferential surface located about a first axis
and engages the housing, and a support device inner circumferential surface located about a
second axis spaced apart from the first axis. The support and adjustment device may further
include an annular adjustment sleeve having an adjustment sleeve outer circumferential surface
located about a third axis and engages the support device inner circumferential surface, and an

adjustment sleeve inner circumferential surface that engages the bearing and is located about a
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fourth axis spaced apart from the third axis. In at least one embodiment, the annular support
device is operable to be rotated relative to the annular adjustment sleeve in order to move the
fourth axis along a line relative to a perimeter of the annular support device.

[0007] Embodiments of the disclosure may provide a method for supporting and adjusting a
shaft. The method can include providing an annular support device coupled to an annular
adjustment sleeve. The annular adjustment sleeve may define an adjustment sleeve bore
operable to receive a shaft, deflecting the annular support device with a load to determine an offset
of a shaft axis relative to a desired axis when a shaft is positioned in the adjustment sleeve bore,
and rotating the annular support device relative to the annular adjustment sleeve in order to move
an axis of the adjustment sleeve bore such that the offset of the shaft axis relative to the desired
axis is reduced when a shaft is positioned in the adjustment sleeve bore.

Brief Description of the Drawings

[0008] The present disclosure is best understood from the following detailed description when
read with the accompanying Figures. It is emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for clarity of discussion.

[0009] Figure 1 is a front view illustrating an embodiment of a support device, in accordance
with the disclosure.

[00010] Figure 2 is a partial cross-sectional side view illustrating an embodiment of the support
device of Figure 1 located in a bearing assembly and supporting a shaft.

[00011] Figure 3 is a partial front view illustrating an embodiment of the support device of Figure
1.

[00012] Figure 4 is a partial front view illustrating an embodiment of the support device of Figure
1.

[00013] Figure 5 is a partial front view illustrating an embodiment of the support device of Figure
1.

[00014] Figure 6 is a front view illustrating an embodiment of the support device Figure 1 that
includes spring portions that have been shaded to indicate potential load paths through the support
device.

[00015] Figure 7 is a front view illustrating an embodiment of an alternative construction of a
support device.

[00016] Figure 8 is a front view illustrating an embodiment of an alternative construction of a
support device.

[00017] Figure 9is a front view illustrating an embodiment of the support device of Figure 1 being

used in a bearing assembly and in a first position about a body axis.
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[00018] Figure 10 is a partial view illustrating an embodiment of a portion of the support device of
Figure 9.

[00019] Figure 11 is a front view illustrating an embodiment of the support device of Figure 1
being used in a bearing assembly and in a second position about a body axis.

[00020] Figure 12 is a partial view illustrating an embodiment of a portion of the support device of
Figure 11.

[00021] Figure 13 is an front view illustrating an embodiment of the support device of Figure 1
being used in a bearing assembly and in a third, intermediate, position about a body axis.

[00022] Figure 14 is a partial view illustrating an embodiment of a portion of the support device of
Figure 13.

[00023] Figure 15 is a cross-sectional side view illustrating an embodiment of an annular body of
the support device of Figure 1.

[00024] Figure 16a is a perspective view illustrating an embodiment of an annular support device.
[00025] Figure 16b is a schematic view illustrating an embodiment of the annular support device
of Figure 16a.

[00026] Figure 17a is a perspective view illustrating an embodiment of an annular adjustment
sleeve used with the annular support device of Figures 16a and 16b.

[00027] Figure 17b is a schematic view illustrating an embodiment of the annular adjustment
sleeve of Figure 16a.

[00028] Figure 18 is a perspective view illustrating an embodiment of an clamp member used
with the annular support device of Figures 16a and 16b and the annular adjustment sleeve of
Figures 17a and 17b.

[00029] Figure 19a is a flow chart illustrating an embodiment of a method for supporting and
adjusting a shaft.

[00030] Figure 19b is a perspective view illustrating an embodiment of the annular adjustment
sleeve of Figures 17a and 17b and the clamp member of Figure 18 coupled to the annular support
device of Figures 16a and 16b.

[00031] Figure 19¢ is a partial cross-sectional view illustrating an embodiment of the annular
support device, the annular adjustment sleeve, and the clamp member of Figure 19b coupled to a
housing and a bearing.

[00032] Figure 19d is a schematic view illustrating an embodiment of the annular support device
of Figures 16a and 16b and the annular adjustment sleeve of Figures 17a and 17b in a first

orientation.



WO 2011/088004 PCT/US2011/020746

[00033] Figure 19e is a schematic view illustrating an embodiment of the annular support device
and the annular adjustment sleeve of Figure 19d rotated in equal amounts and opposite directions
and into a second orientation.

[00034] Figure 19f is a schematic view illustrating an embodiment of the annular support device
and the annular adjustment sleeve of Figure 19d rotated in equal amounts and opposite directions
and into a third orientation.

[00035] Figure 19g is a schematic view illustrating an embodiment of the annular support device
and the annular adjustment sleeve of Figure 19d rotated in equal amounts and opposite directions
and into a fourth orientation.

[00036] Figure 19h is a partial perspective view illustrating an embodiment of the annular
adjustment sleeve of Figures 17a and 17b and the clamp member of Figure 18 coupled to the
annular support device of Figures 16a and 16b with a support device index slot aligned with an
adjustment sleeve index slot.

[00037] Figure 19i is a partial cross-sectional view illustrating an embodiment of the annular
support device, the annular adjustment sleeve, and the clamp member of Figure 19b coupled to a
housing, a bearing, and a shaft.

Detailed Description

[00038] It is to be understood that the following disclosure describes several exemplary
embodiments for implementing different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and configurations are described below to
simplify the present disclosure, however, these exemplary embodiments are provided merely as
examples and are not intended to limit the scope of the invention. Additionally, the present
disclosure may repeat reference numerals and/or letters in the various exemplary embodiments
and across the Figures provided herein. This repetition is for the purpose of simplicity and clarity
and does not in itself dictate a relationship between the various exemplary embodiments and/or
configurations discussed in the various Figures. Moreover, the formation of a first feature over or
on a second feature in the description that follows may include embodiments in which the first and
second features are formed in direct contact, and may also include embodiments in which
additional features may be formed interposing the first and second features, such that the first and
second features may not be in direct contact. Finally, the exemplary embodiments presented
below may be combined in any combination of ways, i.e., any element from one exemplary
embodiment may be used in any other exemplary embodiment, without departing from the scope
of the disclosure.

[00039] Additionally, certain terms are used throughout the following description and claims to

refer to particular components. As one skilled in the art will appreciate, various entities may refer to
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the same component by different names, and as such, the naming convention for the elements
described herein is not intended to limit the scope of the invention, unless otherwise specifically
defined herein. Further, the naming convention used herein is not intended to distinguish between
components that differ in name but not function. Further, in the following discussion and in the
claims, the terms "including" and "comprising" are used in an open-ended fashion, and thus should
be interpreted to mean "including, but not limited to." All numerical values in this disclosure may
be exact or approximate values unless otherwise specifically stated. Accordingly, various
embodiments of the disclosure may deviate from the numbers, values, and ranges disclosed
herein without departing from the intended scope.

[00040] Referring now to the drawings in detail, wherein like numbers are used to indicate like
elements throughout, there is shown in Figures 1-15 a support device 10 for a bearing assembly 1,
the bearing assembly 1 including a housing 2 and bearing 3. The housing 2 has an inner
circumferential surface 2a at least partially defining a central bore 4 and a centerline Ly, extending
through the bore 4, and the bearing 3 has a bore 5 for receiving a shaft S rotatable about an axis
As and an outer circumferential surface 3a. The support device 10 includes a generally annular
body 12 disposable within the housing bore 4 and having a central axis Ag, inner and outer
circumferential surfaces 14, 16 extending about the axis Ag, and opposing radial or “side” surfaces
15A, 15B. The inner circumferential surface 14 defines a central bore 18 configured to receive the
bearing 3 such that the support device 10 retains the bearing 3 positioned within the housing bore
4. Further, at least one first integral spring portion 20 extends generally between the inner and
outer surfaces 14, 16 and has a first stiffness value K;. Additionally, at least one second integral
spring portion 22 is spaced circumferentially about the body axis Ag from the at least one first
spring 20, each second spring 22 also extending generally between the inner and outer surfaces
14, 16 and having a second stiffness value K,. The second stiffness value K; can be substantially
greater than the first stiffness value K, such that each first spring 20 has a substantially greater
spring constant than each second spring 22.

[00041] Each one of the first and second springs 20, 22 includes a first end 20a, 22a generally
contactable with the bearing outer surface 3a and a second end 20b, 22b generally contactable
with the housing inner surface 2a. In at least one embodiment, each spring 20, 22 is a “cantilever”
spring that includes a generally arcuate cantilever portion 21, 23, respectively, extending generally
circumferentially with respect to the body axis Ag. Each spring cantilever portion 21, 23 is
deflectable or bendable with respect to the body axis Ag in generally radial directions R, Ro, as
indicated in Figures 3 and 4. Further, each cantilever portion 21, 23 has a radial thickness tgry, tro,

the radial thickness tg, of each second spring cantilever portion 23 being substantially greater than
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the radial thickness tg; of each first spring cantilever portion 21, thus providing the greater stiffness
of the second springs 22.

[00042] With the above structure, the body 12 is adjustably angularly positionable about the body
axis Ag to adjust a position of the shaft axis Ag with respect to the housing centerline Ly when the
shaft S and bearing 3 are disposed within the support device 10, specifically the bore 18. In at
least one embodiment, the housing inner circumferential surface 2a may extend at least partially
eccentrically about the housing centerline L, such that the housing bore 4 is generally eccentric
(i.e., about the centerline L) and the shaft S has a load F that exerts a net force on the bearing 3
generally along a radial line of force or “load line” Lg. Such a shaft load F includes the weight of
the shaft S and of any components carried thereon (e.g., impellers, a separator, etc.), and may
include horizontal or vertically-upward directed loading generated dynamically during turbomachine
operation (e.g., exerted by a volute). The support device body 12 is angularly displaceable in
opposing directions C4, C, about the central axis Ag to position the first and second springs 20, 22
with respect to the shaft S such that the load F deflects at least oneof the first and second springs
20, 22 by a radial “deflection” distance D, in order to position the shaft axis As generally collinearly
with the housing centerline L.

[00043] In other words, the support body 12 may be angularly adjusted within the housing bore 4
until either the first spring(s) 20 or the second spring(s) 22 carry a greater portion of the load F
than the other springs 22, 20, as necessary for the resultant deflection caused by the load F to
‘center” the shaft S within the housing 2. More specifically, the shaft S displaces a greater
distance ds with respect to the housing 2 (e.g., downward vertically, laterally sideways, etc.) when
the first spring(s) 20 are more proximal than the second spring(s) 22 to the load line Lg, as
discussed further below. By being adjustable to accommodate different loading conditions, the
support device 10 of the present invention may provide a “standard design” whereby the single
support device 10 may be used in a variety of different applications, products, etc., and is capable
of accommodating variations due to manufacturing tolerances in any particular application (e.g., a
specific compressor model).

[00044] Having described the basic elements and function above, these and other components of
the support device 10 and bearing assembly 1 of the present invention are described in greater
detail below.

[00045] Referring particularly to Figure 2, the support device 10 may be used with a bearing
assembly 1 that includes a squeeze film damper bearing 3. As such bearings are known and the
specific bearing structure is not the subject of the present invention, the details of the preferred
squeeze film bearing 3 are beyond the scope of the present disclosure. However, it must be noted

that the support device 10 may be used with any type of bearing, such as for example, journal
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bearings, ball bearings, needle bearings, roller bearings, etc., of any appropriate size or
configuration, as long as the support device 10 is capable of generally functioning as described
herein. Further, although the housing 2 can be formed with an eccentric bore 4, the housing 2 may
have a substantially circular bore, and may be formed in any appropriate manner that is capable of
receiving the support device 10 and enabling the support device 10 to function as generally
described herein. Additionally, the bearing assembly 1 can have an annular clearance space 9
between the bearing outside diameter DB and the housing inside diameter Dy which is at least
partially filled with a damping fluid (e.g., oil), as best shown in Figure 2. The clearance space 9
has a radial width w¢ sized to provide a “squeeze film” damping action between the bearing 3 and
the housing 2, which may be particularly beneficial as the preferred slotted openings (described
below) of the support device 10 are typically too large/wide to generate squeeze film damping, as
discussed below.

[00046] Referring now to Figures 3-5, each of the first and second springs 20, 22 can include an
inner support portion 24, 25, respectively, contactable with the bearing 3 and an outer base portion
26, 27, respectively, contactable with the housing 2. A central, elongated portion 28, 29 extends
between each support portion 24, 25 and the associated base portions 26, 27, and provides the
spring cantilever portion 21, 23, as discussed above. Each support portion 24, 25 is formed of a
generally rectangular, inner section of the body 12 and has a surface 24a, 25a contactable with the
bearing outer surface 3a. Further, each base portion 26, 27 is formed of a generally rectangular,
outer section of the annular body 12 and has a surface 26a, 27a contactable with the housing inner
surface 2a. Furthermore, the central or “cantilever” portion 28, 29 of each spring 20, 22 is formed
of a generally arcuate, central section of the body 12 that extends generally circumferential about
the body axis Ag. Each cantilever portion 28, 29 has a first end 28a, 29a integrally connected or
formed with the associated support portion 24, 25 and a second end 28b, 29b integrally connected
or formed with the associated base portion 26, 27. As discussed above, the cantilever portions 28,
29 are each deflectable about the connected base portion 26, 27, such that the support portion 24,
25 is generally displaceable in a radial direction with respect to the body axis Ag in opposing
directions R, Ro. In other words, each cantilever portion 28, 29 is bendable about a stationary
base portion 26, 27 to move the cantilever “free” end 28a, 29a in the nature of a cantilever beam,
to thereby displace the connected support portion 24, 25, and thus the bearing 3 and shaft S, as
indicated in Figures 3, 4 and 9-14.

[00047] Furthermore, the support body 12 may also include at least two first spring portions 20
arranged such that the base portions 26 of the two springs 20 are integrally connected to form a
first spring assembly 30. The cantilever portions 28 of the two connected first springs 20 can

extend from the associated base portion 26 in opposing angular directions about the central axis
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Ag, such that each spring assembly 30 is generally T-shaped. In at least one embodiment, the
support device 10 can include two first spring assemblies 30 spaced apart circumferentially about
the body axis Ag by about one hundred eighty degrees (180°). Similarly, the support body 12 may
also include at least two second springs 22 with integrally connected base portions 27 and
cantilever portions 29 extending in opposing angular directions, which form a generally T-shaped
second spring assembly 32. As with the first spring assemblies 30, the support device 10 may
also include at least two second spring assemblies 32, the two second spring assemblies 32 being
spaced apart circumferentially about the body axis Ag by about one hundred eighty degrees (180°),
each second spring assembly 32 being generally spaced about ninety degrees (90°) apart from
each one of the two first spring assemblies 30. Thus, the support device 10 can include two each
of the first and second spring assemblies 30, 32 arranged so as to alternate circumferentially about
the body axis Ag.

[00048] Furthermore, the support portion 24 of each first spring 20 may be integrally formed with
the support portion 25 of an adjacent second spring 22, and vice-versa, although the adjacent
support portions 24, 25 may alternatively be separated by providing an appropriate slot or opening
therebetween (not shown). In at least one embodiment, the support body 12 may further include a
plurality of generally arcuate, inner connector portions 34 each extending between the two first
spring support portions 24 of each first spring assembly 30. Additionally, one or more other
arcuate inner connector portions 36 may each extend between the two second spring support
portions 25 of each second spring assembly 32. As such, with the integrally formed adjacent
support portions 24 and 25 and the integral connector portions 34, 36, the body inner surface 14
can be substantially continuous about the body axis Ag, such that the load F transferred from the
bearing 3 to the support device 10 is distributed across a relatively large area, thereby reducing
localized stresses. However, as shown in Figure 7, the support body 12 may be formed such that
a generally arcuate recess 35 extends radially outward from the body inner surface 14 and
between the two support portions 24 of each first spring assembly 30, and another generally
arcuate recess 37 extends radially outward from the body inner surface 14 and between the two
support portions 25 of each second spring assembly 32. In such an alternative design, the overall
weight of the support device 10 is reduced, but stresses may be concentrated at the first and
second support portions 24, 25, which may be partially alleviated by providing extensions 39 to
increase the support portion contact area.

[00049] Furthermore, the support body 12 may further have a plurality of generally arcuate, outer
connector portions 38 each extending between one first spring base portion 26 and the base
portion 27 of the adjacent second spring 22, and vice versa. Such outer connector portions 38

enable the body outer surface 16 to be substantially continuous and distribute the load F from the
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support device 10 to the housing 2 across a relatively large contact area, thereby minimizing stress
concentration. However, as shown in Figure 8, the support device 10 may also be formed with a
plurality of generally arcuate recesses 42, which each extend radially inward from the body outer
surface 16 and circumferentially between pairs of adjacent first and second spring base portions
26, 27. As with the inner recesses 35 and 37, the outer recesses 42 reduce weight, but may
increase stress concentration, such that the spring base portions 26, 27 may be provided with
extensions 43 to increase the base portion contact area. Further, the inner and outer recesses 35,
37 and 42 may be formed by any appropriate method, such as milling or otherwise machining
between the integral support portions 24, 25 and/or base portions 26, 27, or by casting or
otherwise forming the support body 12 with inwardly-projecting support portions 24, 25 and/or
outwardly-projecting base portions 26, 27.

[00050] Referring now to Figures 1 and 3-5, the integral cantilever springs 20 and 22 may be
formed by providing a plurality of slotted openings in the support body 12. More specifically, the
support body 12 can include at least one, and possibly four, first arcuate slotted openings 50 and
at least one, and possibly four, second arcuate slotted opening 52. Each of the first and second
slotted openings 50, 52 may extend axially between the radial surfaces 15A, 15B and have a
central radius Ry, Ry, respectively, about the body axis Ag. Further, the second opening radius R,
may be greater than the first opening radius R; and each second opening 52 is spaced radially
outward from one of the first openings 50, such that the cantilever portion 28 of one first spring 20
is at least partially defined between each proximal pair of first and second openings 50, 52. In at
least one embodiment, the four first slotted openings 50 may be arranged in two pairs, with each
pair of openings 50 being defined by two facing circumferential surfaces 51a, 51b that form a
single, relatively long continuous slot 53, but may alternatively be provided by two separate
openings 50 (not shown).

[00051] Furthermore, the body 12 may also include at least one, and possibly four, third arcuate
slotted openings 54 and at least one, and possibly four, fourth arcuate slotted openings 56. Each
slotted opening 54, 56 can extend axially between the body radial surfaces 15A, 15B, and has a
central radius Rs, Ry about the body axis Ag. The fourth opening radius Ry is greater than the third
opening radius Rs, and the fourth opening 56 is spaced radially outward from the third opening 54
such that the cantilever portion 29 of one second spring 22 is at least partially defined between the
third and fourth openings 54, 56. In at least one embodiment, the four third slotted openings 54
may be arranged in two pairs, with each pair of openings 54 being defined by two facing
circumferential surfaces 55a, 55b that form a single, relatively long continuous slot 57, but may
alternatively be provided as completely separate openings 54, 56 (not shown).

[00052] Further, each pair of third and fourth openings 54, 56 may be spaced circumferentially
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from each pair of first and second openings 50, 52, such that the four pairs of openings 50/52 and
54/56 alternate circumferentially about the body axis Ag. Furthermore, each first radius 50 can be
greater than each third radius 54, or alternatively each fourth radius 56 can be greater than each
second radius 52, such that the second spring cantilever portion 29 has a radial thickness tg, that
is substantially greater than a radial thickness tg; of the first spring cantilever portion 28, as
discussed above. As such, each second spring 22 has greater stiffness, and thus deflects a lesser
distance for a given load F, as compared with each first spring 20, as described above and in
further detail below.

[00053] Additionally, each fourth opening radius R, may be generally equal to each second
opening radius R, and the second and fourth openings 52, 56 can be both generally defined by a
single pair of facing circumferential surfaces 58a, 58b. In other words, each second and fourth
openings 52, 56 may be provided by a single, relatively long slot 60, although the two openings 52,
56 may be formed as separate openings (not shown). In an exemplary embodiment, each slot 60
(and thus the surfaces 58a, 58b defining the slot 60) has a central, radially inward off-set section
62 connecting the associated second and fourth openings 52, 56 and forming a generally "U-
shaped" hinge 64 between adjacent first and second springs 20, 22. Each hinge 62 is configured
to enable relative circumferential movement of the adjacent pairs of springs 20, 22, thereby
facilitating generally radial movement of each spring cantilever portion 21 or 23. Furthermore, the
body 12 may also include a generally radial slotted opening 66 extending from the body inner
surface 14 to each slot offset section 62, such that each adjacent pair of springs 20, 22 is
unconnected, as shown in Figures 3-5. As such, the radial slots 66 may each further increase the
capability of relative movement between adjacent springs 20, 22. However, the body 12 may
alternatively be provided with semi-circular openings or “scallops” each disposed generally central
in a separate one of the preferred outer slots 60, to function essentially as a hinge, or the slots 60
may be formed without any hinge or scallops (neither shown).

[00054] Referring particularly to Figure 5, each one of the first, second, third and fourth slotted
openings 50, 52, 54 and 56 may be formed with a radial width wg, of at least five thousandths of an
inch (0.005”), or of at least ten thousandths of an inch (0.010”), to provide sufficient clearance for
the springs 20, 22 to deflect without “bottoming out”. However, with slot radial widths wgr of such
magnitude, the ability of the support device 10 to provide damping is negligible, particularly in
comparison to the damping action provided in the annular clearance space 9 between the bearing
3 and housing 2, as discussed above. As such, each slotted opening 50, 52, 54 and 56 may be
formed with a radial width wg of at least twenty thousandths of an inch (0.020”) and even thirty
thousandths of an inch (0.030") or greater. With smaller size bearings 3, the support device 10

may have slotted openings 50, 52, 54 and 56 formed by a wire EDM process, or any other
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precision cutting process, and when used with larger diameter bearings 3, the openings 50, 52, 54,
56 may be formed by another process, such as milling. Further, the slotted openings 50, 52, 54
and 56 may be formed so as to include enlarged end portions 59, as shown in Figures 3-5, which
both serve to provide an opening for feeding EDM wire during fabrication and to reduce stress
concentration.  Additionally, the support device 10 may further comprise a polymeric or rubber
material (not depicted) disposed within at least one of the slotted openings 50, 52, 54 or 56 so as
to provide damping of the device 10.

[00055] Referring to Figures 1, 2 and 15, the annular body 12 may be “horizontally split” or
formed of upper and lower semi-circular ring halves 17, 19 assembled together to form the overall
body 12, as indicated in Figure 1, so as to facilitate installment of the support device 10 within the
bearing assembly 1. As best shown in Figure 15, each ring half 17, 19 has two opposing ends
17a, 17b and 19a, 19b, respectively, disposable against a corresponding end of the other ring half
19, 17 to form abutting ring end pairs 17a/19a and 17b/19b. In at least one embodiment, one end
of each pair 17a/19a and 17b/19b has a lug 70 with a through hole 71 and the other end of each
pair 17a/19a and 17b/19b has a pocket 72 configured to receive the lug 70 and having aligned
holes 73. The support device 10 may further have two pins 74 each disposable within one of the
sets of aligned holes 71 and 73 so as to retain each lug 70 within each pocket 72, thereby
releasably connecting the two ring halves 17, 19. However, the support body 12 may alternatively
be formed as a single, integral circular ring, two “vertically split” semi-circular ring halves, three or
more separate arcuate segments assembled together to form the body 12, etc. (none shown).
[00056] In an exemplary embodiment, the support body 12 may have an inside diameter D, sized
lesser than the bearing outside diameter Dg and an outside diameter Dy sized greater than the
housing bore inside diameter Dy, as indicated in Figure 2. As such, the support inner surface 14
and bearing outer surface 3a can engage with a friction fit, and the support outer surface 16 and
housing inner surface 2a can also engage with a friction fit. With such engagement of support
device surfaces 14, 16 and bearing and housing surfaces 3a, 2a, fretting of the support device 10
is minimized, and possibly eliminated. However, the support device 10 may be engaged with the
bearing 3 and/or housing 2 by any appropriate means, such as via threaded fasteners, keys, etc.
Additionally, the support device body 12 may be fixable within the housing 2 by appropriate means,
for example by doweling, so as to retain the angular position of the support device 10 about the
housing centerline Cy,.

[00057] Referring to Figure 2, prior to use, the bearing assembly 1 with the support device 10 of
the present invention may be assembled generally in the following manner. The bearing 3 is
mounted within the central bore 18 of the support device 10, and the support device 10 is mounted

within the housing bore 4. Initially, the support body 12 is not fixed within the housing 2, so as to
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enable angular adjustment thereof, as discussed below. Further, the bearing assembly 1 is then
mounted about the shaft S such that the shaft S extends through the bearing bore 5, either by
directly assembling the bearing assembly 1 upon the shaft S or by mounting the bearing assembly
1 within a turbomachine casing 8 (Figure 2) and then inserting the shaft S through the bearing bore
5.

[00058] In either case, the support device 10 may be adjusted to accommodate the specific shaft
loading conditions, as follows. When the magnitude of the load force F is relatively lesser and/or
the eccentricity of the housing bore 4 is relatively greater, the support body 12 may be positioned
about the housing centerline Ly or shaft axis As, for example at a “first” angular position 84, such
that one of the two first spring assemblies 30 is generally centered upon the load line L, as shown
in Figures 9 and 10. It must be noted that, as discussed herein, the designation of any particular
angular position 8, as “first”, “second”, efc. is solely for convenience of discussion only, and the
support device 10 may be assembled in the bearing assembly 1 at any particular first or initial
position, and may be displaced or rotated therefrom as necessary to “center” the shaft S. In the
first position described above and shown in Figures 9 and 10, a given load F will cause the
greatest amount of deflection Dyax of the support device 10, which may permit the shaft S to
displace by a distance dg; sufficient to position the shaft axis As generally collinear with the
housing centerline Ly. When the load force magnitude is relatively greater and/or the eccentricity
of the housing bore 4 is relatively lesser, the support body 12 may be adjusted about the housing
centerline Ly/shaft axis As, for example rotated in a direction C, to a second angular position 8,
such that one of the two second spring assemblies 32 is generally centered upon the load line L,
as shown in Figures 11 and 12. In this arrangement, a particular load F will cause the least
amount of deflection Dy of the support device 10, but nonetheless enables the shaft S to displace
a sufficient distance ds, to position the shaft axis As generally collinearly with the housing
centerline Ly.

[00059] Furthermore, the support body 12 may be positioned at any other angular location about
the housing centerline L, or shaft axis As, for example rotated in an opposing direction C, to an
angular position 83, to provide a support device deflection D, between the limits Dy and Dyax
depending on the magnitude of the load F, the specific orientation of the load line L, and/or the
housing eccentricity. For example, the support device 10 may be positioned such that the load line
L. extends generally equidistant between one first spring assembly 30 and an adjacent second
spring assembly 32, as depicted in Figures 13 and 14, such that the load F is generally shared by
at least part of the two spring assemblies 30, 32. In any case, the amount of support member
deflection D,, and thus shaft displacement ds,, is relatively greater when one or more first springs

20 support a greater portion of the load F and relatively lesser when one or more second springs
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22 support a greater portion of the load F. Further, although the load F is depicted in Figures 9-14
as acting along a generally vertical line L, the actual net load F on the shaft 2 may act along a line
L, that is substantially horizontal, vertically-upward, or at any angle between horizontal and vertical
(none depicted). In any case, once the support device 10 has been adjusted to a desired angular
position 6,, the support body 12 can be retained at a fixed position within the bearing housing 2 by
means of one or more dowels.

[00060] A system will now be described that may be utilized to support and adjust the position of
a bearing assembly supporting a shaft. The system has a first annular body having an ‘eccentric
bore’ defined therein and a second annular body having an ‘eccentric bore’ defined therein. The
first annular body is mounted in the eccentric bore of the second annular body so that the first and
second annular bodies are rotatable relative to one another. The first and second annular bodies
may then be rotated relative to one another to adjust the position of the bearing assembly and, in
turn, the centerline of the shaft that is positioned in the bearing assembly. The system may prove
advantageous in correcting the position of the shaft which may be deflected from a desired
centerline due to the weight of the shaft, allowing the centerline of a shaft to be moved to be co-
linear with the desired centerline. The system may be mounted directly on a shaft. However, as
shown in the embodiments disclosed herein, the system may be disposed around a bearing that
supports a shaft, so that the bearing rides in the eccentric bore of the first body. In one
embodiment, the first body is a sleeve and the second body is a spring. The eccentricities of the
two bores can be selected so that relative rotation of the two bodies through the same angular
rotation in opposite directions results in movement of the axis of the eccentric bore of the first body
in a straight line relative to the perimeter of the second body. Since the axis of the eccentric bore
of the first body and the shaft extending therethrough are co-linear, the position of the shaft can
thus be adjusted along a straight line.

[00061] Referring now to Figures 16a and 16b, an exemplary annular support device 100 is
llustrated. In an embodiment, the annular support device 100 may include some or all of the
features of the support device 10, described above with reference to Figures 1-15. The annular
support device 100 can include an annular body 102 (which may be the annular body 12,
described above) having a support device outer circumferential surface 104 (which may be the
outer circumferential surface 16, described above), a support device inner circumferential surface
106 (which may be the inner circumferential surface 14, described above) that is located on the
annular body 102 opposite the support device outer circumferential surface 104, and a pair of
opposing side surfaces 108 and 110 (which may be the opposing radial or “side” surfaces 15A and
15B, described above) that extend between the support device outer circumferential surface 104

and the support device inner circumferential surface 106. As illustrated in the schematic view of
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the annular support device 100 in Figure 16b, the support device outer circumferential surface 104
can be located about a first axis 104a such that points on the support device outer circumferential
surface 104 are generally located a distance 104b from the first axis 104a, and the support device
inner circumferential surface 106 can be located about a second axis 106a such that points on the
support device inner circumferential surface 106 are generally located a distance 106b from the
second axis 106a. The second axis 106a can spaced apart from the first axis 104a by a distance
111 (the distances 104b, 106b and 111 have been greatly exaggerated in the schematic view of
Figure 16b for purposes of discussion and illustration). The support device inner circumferential
surface 106 defines a support device bore 112 (which may be the central bore 18, described
above) that shares the second axis 106a with the support device inner circumferential surface 106.
A clamp channel 113 is defined by the annular body 102 and extends into the annular body 102
from a substantially central location on the support device outer circumferential surface 104. A
plurality of first spring portions 114 (which may be the first integral spring portions 20, described
above) are each located generally between the support device outer circumferential surface 104
and the support device inner circumferential surface 106. A plurality of second spring portions 116
(which may be the second integral spring portions 22, described above) are each located generally
between the support device outer circumferential surface 104 and the support device inner
circumferential surface 106. A plurality of support device index slots 118 are defined by the
annular body 102 and located adjacent the support device inner circumferential surface 106 and
the side surface 110. While only a few similar features shared by the annular support device 100
and the support device 10 have been pointed out for clarity, as previously stated, the annular
support device 100 may include some or all of the features of the support device 10 as they are
described above with reference to Figures 1-15.

[00062] Referring now to Figures 17a and 17b, an exemplary annular adjustment sleeve 200 is
illustrated. The annular adjustment sleeve 200 may include an annular body 202 having an
adjustment sleeve outer circumferential surface 204, an adjustment sleeve inner circumferential
surface 206 that is located opposite the annular body 202 from the adjustment sleeve outer
circumferential surface 204, and a pair of opposing side surfaces 208 and 210 that extend between
the adjustment sleeve outer circumferential surface 204 and the adjustment sleeve inner
circumferential surface 206. As illustrated in the schematic view of the annular adjustment sleeve
200 in Figure 17b, the adjustment sleeve outer circumferential surface 204 is located about a third
axis 204a such that points on the adjustment sleeve outer circumferential surface 204 are
generally located a distance 204b from the third axis 204a, the adjustment sleeve inner
circumferential surface 206 is located about a fourth axis 206a such that points on the adjustment

sleeve inner circumferential surface 206 are generally located a distance 206b from the fourth axis
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206a, and the fourth axis 206a is spaced apart from the third axis 204a by a distance 211 (the
distances 204b, 206b and 211 have been greatly exaggerated in the schematic view of Figure 17b
for purposes of discussion and illustration.) The adjustment sleeve inner circumferential surface
206 defines an adjustment sleeve bore 207 that shares the fourth axis 206a with the adjustment
sleeve inner circumferential surface 206. A plurality of adjustment sleeve index slots 212 are
defined by the annular body 202 and located adjacent the adjustment sleeve inner circumferential
surface 206 and the side surface 210.

[00063] Referring now to Figure 18, an exemplary clamp member 300 is illustrated. The clamp
member 300 can include an annular body 302 having a clamp member outer circumferential
surface 304, a clamp member inner circumferential surface 306 that is located opposite the
annular body 302 from the clamp member outer circumferential surface 304, and a pair of
opposing side surfaces 308 and 310 that extend between the clamp member outer circumferential
surface 304 and the clamp member inner circumferential surface 306. A clamping recess 312 may
be defined by the annular body 302 and extends into the annular body 302 from the clamp
member outer circumferential surface 304. A securing passageway 314 extends into the annular
body 302 from the clamping recess 312. The securing passageway 314 may include features
such as, for example, threaded portions, in order to allow the radius of the annular body 302 to be
adjusted, as will be described in further detail below. In an embodiment, a clamping recess and
securing passageway (not illustrated) that are substantially similar in structure and operation to the
clamping recess 312 and securing passageway 314 may be located on the clamp member 300
opposite the clamping recess 312 and securing passageway 314.

[00064] Referring now to Figures 19a, 19b, 19¢c, 19d, 19e, 19f, and 19g, a method 400 for
supporting and adjusting a shaft is illustrated. The method 400 begins at block 402 where a
support device with a sleeve and a clamp is provided. In at least one embodiment, the annular
support device 100 of Figures 16a and 16b is provided, and the annular adjustment sleeve 200 of
Figures 17a and 17b is coupled to the annular support device 100 by positioning the annular
adjustment sleeve 200 within the support device bore 112 defined by the annular support device
100 such that the adjustment sleeve outer circumferential surface 204 (Figure 17a) is located
immediately adjacent the support device inner circumferential surface 106 (Figure 16a) and the
side surfaces 108 and 110 on the annular support device 102 are substantially coplanar with the
side surfaces 208 and 210, respectively, on the annular adjustment sleeve 200, as illustrated in
Figure 19b. The clamp member 300 of Figure 18 may be coupled to the annular support device
100 by positioning the clamp member 300 in the clamp channel 113 such that the clamp member
outer circumferential surface 304 is located adjacent the support device outer circumferential

surface 104, as illustrated in Figure 19b (also refer to Figure 16a). With the annular adjustment
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sleeve 200 coupled to the annular support device 100, a plurality of the support device index slots
118 are located adjacent a plurality of the adjustment sleeve index slots 212. In an embodiment, a
clamping actuator (e.g., a screw) may be positioned in the securing passageway 314.

[00065] The method 400 then proceeds to blocks 404 and 406 where a bearing may be
positioned in the adjustment sleeve bore 207, and the annular support device 100, the annular
adjustment sleeve 200, and the bearing are positioned in a housing. Referring now to Figure 19¢,
a bearing 404a (which may be the bearing 3 described above) that defines a bearing bore 404b
(which may be the bore 5 described above) having a bearing bore axis Ag, is positioned in the
adjustment sleeve bore 207 (Figures 17a and 17B). In an embodiment, the bearing 404a may
include a pin that becomes located in one of the support device index slots 118 and one of the
adjustment sleeve index slots 212 in order to prevent rotation of the bearing 404a relative to the
annular support device 100 and the annular adjustment sleeve 200. The radius of the annular
body 302 (Figures17a and 19b) on the clamp member 300 may then be adjusted by, for example,
coupling a threaded member to threaded portions of the clamp member 300, in order to secure the
annular support device 100 and the annular adjustment sleeve 200 to the bearing 404a. In an
embodiment, the bearing bore axis Ag lies along a desired centerline Ly when there is no shaft
positioned in the bearing bore 202b, as illustrated. A housing 406a (which may be the housing 2
described above) that defines a housing bore 406b (which may be the bore 4 described above)
and that is coupled to a casing 406¢ (which may be the turbomachine casing 8 described above) is
provided, and the annular support device 100, the annular adjustment sleeve 200, the clamp
member 300, and the bearing 404a, are positioned in the housing bore 406b.

[00066] The method 400 then proceeds to block 408 where the support device may be deflected
with a load to determine a shaft axis offset. As described above with reference to Figure 2, a shaft
S may be positioned in the bearing bore 5 (or 404b in Figure 19c) of the bearing 3 (or 404a in
Figure 19c). The mass of the shaft S produces a shaft deflection which causes points on the axis
Ag of the shaft S to deflect from the desired centerline L. As the mass of the shaft S is a known
quantity, a load equal to the mass of the shaft S may be applied to the bearing 404a that will cause
a deflection of support device 100 (and/or the bearing 404a, the adjustment sleeve 200, etc). This
deflection will result in the bearing bore axis Ag being offset from the desired centerline Ly, and is
indicative of an offset of the axis As of the shaft S from the desired centerline Ly that will occur
when the shaft S is positioned in the bearing bore 404b.

[00067] The method 400 then proceeds to block 410 where the sleeve may be rotated relative to
the support device. The annular support device 100, the annular adjustment sleeve 200, the
clamp member 300, and the bearing 404a, may be removed from the housing bore 406b, and the

radius of the annular body 302 on the clamp member 300 may then be adjusted such that the
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bearing 404a may be removed from the adjustment sleeve bore 207. With the annular adjustment
sleeve 200 coupled to the annular support device 100 as described according to block 402 of the
method 400, the annular adjustment sleeve 200 may be positioned relative to the annular support
device 100 in a first orientation 410a (e.g., before blocks 404, 406, and 408 of the method 400 in
which the shaft deflection under a load was determined) such that the first axis 104a on the
annular support device 100 is substantially co-linear with the fourth axis 206a on the annular
adjustment sleeve 200 and the second axis 106a on the annular support device 100 is
substantially co-linear with the third axis 204a on the annular adjustment sleeve 200, as illustrated
in Figure 19d. In the first orientation 410a, the second axis 106a and the third axis 204a are
separated from the first axis 104a and the fourth axis 206a by a distance 410b. The distance
410b, which may be referred to as the “manufactured eccentricity” of the system, may be varied
during the manufacture of the annular support device 100 and the annular adjustment sleeve 200
in order to enable a “vertical offset range” of the fourth axis 206a, as will be explained below in
further detail. For clarity of discussion, a horizontal reference line 410c, a vertical reference line
410d that is perpendicular to the horizontal reference line 410c, a support device rotation reference
line 410e that follows the rotation of the annular support device 100, and an adjustment sleeve
rotation reference line 410f that follows the rotation of the annular adjustment sleeve 200, are
provided in Figures 19d, 19e, 19f, and 19g. In the first orientation 410a, the horizontal reference
line 410c and the vertical reference line 410d intersect each other, the first axis 104a, and the
fourth axis 206a at the same point, as illustrated in Figure 19d. Also in the first orientation 410a,
the support device rotation reference line 410e and the adjustment sleeve rotation reference line
410f may be substantially co-linear with each other and the horizontal reference line 410c.

[00068] The annular adjustment sleeve 200 may then be rotated relative to the annular support
device 100. In the illustrated embodiment, the annular support device 100 is rotated about the first
axis 104a and the annular adjustment sleeve 200 is rotated about the third axis 204a in an equal
amount and opposite direction to the annular support device 100, as illustrated in Figures 19e, 19f,
and 19g. When the annular adjustment sleeve 200 and the annular support device 100 are rotated
in such a manner, the fourth axis 206a will move along a line that is co-linear with the vertical
reference line 410d but will not change its horizontal position with respect to the horizontal
reference line 410c. The distance that the fourth axis 206a will move, which may be referred to as
the “vertical offset” of the fourth axis 206a, may be determined by the equation:

*

Vertical offset = 2 * (manufactured eccentricity) * sin (amount of rotation from the horizontal
reference line)
[00069] Referring to Figure 19e, the annular support device 100 has been rotated in a first

direction such that the support device rotation reference line 410e forms a 15 degree angle with
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the horizontal reference line 410c, and the annular adjustment sleeve 200 has been rotated in a
second direction that is opposite the first direction in which the annular support device 100 was
rotated such that the adjustment sleeve rotation reference line 410f forms a 15 degree angle with
the horizontal reference line 410c. In response to rotating the annular support device 100 and the
annular adjustment sleeve 200 as described, the fourth axis 206a may move relative to the first
axis 104a a distance 410g along a line (the movement along the line also being relative to a
perimeter of the annular support device 100 that, in the illustrated embodiment, lies along the
support device outer circumferential surface 104) that is collinear with the vertical reference line
410d, and the annular support device 100 and the annular adjustment sleeve 200 move into a
second orientation 410h, as illustrated in Figure 19e. For a manufactured eccentricity, or distance
410b in Figure 19c, of 0.01 inches, the vertical offset, or distance 410g, for the embodiment
illustrated in Figure 19e will be 0.005 inches, according to the equation for the vertical offset
described above.

[00070] Referring to Figure 19f, the annular support device 100 has been rotated further in the
first direction such that the support device rotation reference line 410e forms a 30 degree angle
with the horizontal reference line 410c, and the annular adjustment sleeve 200 has been rotated
further in the second direction that is opposite the first direction in which the annular support device
100 was rotated such that the adjustment sleeve rotation reference line 410f forms a 30 degree
angle with the horizontal reference line 410c. In response to rotating the annular support device
100 and the annular adjustment sleeve 200 as described, the fourth axis 206a moves relative to
the first axis 104a a distance 410i along a line (the movement along the line also being relative to a
perimeter of the annular support device 100 that, in the illustrated embodiment, lies along the
support device outer circumferential surface 104) that is collinear with the vertical reference line
410d, and the annular support device 100 and the annular adjustment sleeve 200 move into a third
orientation 410j, as illustrated in Figure 19f. For a manufactured eccentricity, or distance 410b in
Figure 19¢, of 0.01 inches, the vertical offset, or distance 410i for the embodiment illustrated in
Figure 19f, will be 0.010 inches, according to the equation for the vertical offset described above.
Referring to Figure 19g, the annular support device 100 has been rotated further in the first
direction such that the support device rotation reference line 410e forms a 45 degree angle with
the horizontal reference line 410c, and the annular adjustment sleeve 200 has been rotated further
in the second direction that is opposite the first direction in which the annular support device 100
was rotated such that the adjustment sleeve rotation reference line 410f forms a 45 degree angle
with the horizontal reference line 410c. In response to rotating the annular support device 100 and
the annular adjustment sleeve 200 as described, the fourth axis 206a moves relative to the first

axis 104a a distance 410k along a line (the movement along the line also being relative to a
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perimeter of the annular support device 100 that, in the illustrated embodiment, lies along the
support device outer circumferential surface 104) that is collinear with the vertical reference line
410d, and the annular support device 100 and the annular adjustment sleeve 200 move into a
fourth orientation 410l, as illustrated in Figure 19g. For a manufactured eccentricity, or distance
410b in Figure 19¢, of 0.010 inches, the vertical offset, or distance 410k for the embodiment
illustrated in Figure 19g, will be 0.014 inches, according to the equation for the vertical offset
described above.

[00071] In exemplary embodiments, as can be seen from Figures 19d, 19e, 19f, and 19g, the
shapes and positions of the support device bore 112 defined by the annular support device 100
and the adjustment sleeve bore 207 defined by the annular adjustment sleeve 200 allow the
annular support device 100 and the annular adjustment sleeve 200 to be coupled together and
oriented such that rotation of the annular support device 100 and the annular adjustment sleeve
200 in equal amounts and opposite directions allows the fourth axis 206a to be moved along a line
(relative to a perimeter of the annular support device 100 that, in the illustrated embodiment, lies
along the support device outer circumferential surface 104) without movement of the fourth axis
206a in a direction that is perpendicular to that line (relative to a perimeter of the annular support
device 100 that, in the illustrated embodiment, lies along the support device outer circumferential
surface 104). With information about the deflection that was determined in block 408 of the
method 400, a vertical offset may be applied to the fourth axis 206a at block 410 of the method
400 that will ensure that the shaft axis is positioned along a desired centerline during operation, as
will be discussed in further detail below. In an embodiment, after block 410 of the method 400 in
which the annular adjustment sleeve 200 is rotated relative to the annular support device 100
according to deflection determined in block 408 of the method 400, blocks 404, 406, 408, and 410
of the method 400 may be repeated until it has been determined that the offset provided has
achieved the desired shaft positioning.

[00072] Furthermore, during the rotation of the annular support device 100 and the annular
adjustment sleeve 200 in block 410 of the method 400, the support device index slots 118 and the
adjustment sleeve index slots 212 may move relative to each other. When the desired vertical
offset of the fourth axis 206a is achieved, at least one of the support device index slots 118 and at
least one of the adjustment sleeve index slots 212 will be located adjacent each other, as
llustrated by the aligned index slots 410a in Figure 19h. The clamp member 300 may then be
tightened, for example, by tightening a clamping actuator (e.g., a screw) that is positioned in the
securing passageway 314, in order to provide a radial force to the annular support device 100 that
is directed toward the first axis 104a and that “locks” the position of the annular support device 100

and the annular adjustment sleeve 200 relative to each other. In an embodiment, the clamp
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member 300 may not be positioned in the clamp channel 113 and tightened until the annular
support device 100 and the annular adjustment sleeve 200 have been rotated to provide a desired
vertical offset of the fourth axis 206a.

[00073] The method 400 then proceeds to block 412 where a shaft may be positioned in the
bearing bore and supported. Referring now to Figure 19i, the annular support device 100, annular
adjustment sleeve 200, and clamp 300 may be coupled to the bearing 404a and positioned in the
housing 406a. The bearing 410a may be coupled to a securing member 412a (e.g., a pin) that is
positioned in the aligned index slots 410a when the bearing 404a is positioned in the adjustment
sleeve bore 207, as illustrated in Figures 19h and 19i, in order to prevent rotation of the annular
support device 100 and the annular adjustment sleeve 200 relative to each other and the bearing
404a. A shaft 412b (which may be the shaft S described above) having an axis Ag is positioned in
the bearing bore 404b. As described above, the mass of the shaft 412b produces a shaft
deflection in which points on the axis Ag of the shaft 412b deflect from a desired centerline L.
However, by vertically offsetting the fourth axis 206a in block 410 of the method 400, according to
the offset determined in block 408 of the method 400, the adjustment sleeve bore 207, the bearing
404a, and the bearing bore 404b can be moved such that, when the shaft 412b is positioned in the
bearing bore 404b, the axis As of the shaft 412b is substantially co-linear with the desired
centerline Ly, as illustrated in Figure 19i. Thus, a system and method have been described that
allows a shaft to be supported by a support device that includes an adjustment sleeve that may be
rotated relative to the support device to adjust the position of the shaft to align the axis of the shaft
with a desired centerline.

[00074] The foregoing has outlined features of several embodiments so that those skilled in the
art may better understand the detailed description that follows. Those skilled in the art should
appreciate that they may readily use the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those skilled in the art should also realize that
such equivalent constructions do not depart from the spirit and scope of the present disclosure,
and that they may make various changes, substitutions and alterations herein without departing

from the spirit and scope of the present disclosure.
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Claims

We Cla

im:
A bearing assembly support and adjustment system, comprising:

an annular support device having a support device outer circumferential surface
located about a first axis, and a support device inner circumferential surface located about

a second axis spaced apart from the first axis; and

an annular adjustment sleeve having an adjustment sleeve outer circumferential
surface located about a third axis and an adjustment sleeve inner circumferential surface
located about a fourth axis spaced apart from the third axis, wherein the annular
adjustment sleeve is coupled to the annular support device with the adjustment sleeve
outer circumferential surface located immediately adjacent the support device inner

circumferential surface.

The system of claim 1, wherein the annular support device comprises a plurality of spring
portions extending between the inner and outer circumferential surfaces, the plurality of
spring portions being adapted to deflect a load force from a shaft disposed within the

annular support device.

The system of claim 1, further comprising a plurality of support device index slots defined

by the annular support device.

The system of claim 3, further comprising a plurality of adjustment sleeve index slots
defined by the annular adjustment sleeve, wherein with the annular adjustment sleeve
coupled to the annular support device, at least one of the plurality of adjustment sleeve

index slots is located adjacent at least one of the plurality of support device index slots.

The system of claim 1, further comprising a clamp member coupled to the annular support
device and operable to provide a radial force to the annular support device directed

towards the first axis.

The system of claim 5, further comprising a clamp channel defined by the annular support

device, wherein the clamp member is located in the clamp channel.
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The system of claim 1, wherein the annular support device is operable to be rotated relative
to the annular adjustment sleeve in order to move the fourth axis along a line relative to the

first axis.
A shaft support and adjustment system, comprising:

a bearing coupled to a housing and defining a bore having a shaft located therein;

and

a support and adjustment device located between the housing and the bearing,

wherein the support and adjustment device comprises:

an annular support device having a support device outer circumferential
surface located about a first axis and engages the housing and a support device
inner circumferential surface located about a second axis spaced apart from the first
axis, wherein a plurality of spring portions extend between the support device inner

and outer circumferential surfaces; and

an annular adjustment sleeve having an adjustment sleeve outer
circumferential surface located about a third axis and engages the support device
inner circumferential surface, and an adjustment sleeve inner circumferential
surface that engages the bearing and is located about a fourth axis spaced apart
from the third axis, wherein the annular support device is operable to be rotated
relative to the annular adjustment sleeve in order to move the fourth axis along a

line relative to a perimeter of the annular support device.

The system of claim 8, wherein the plurality of spring portions comprise a plurality of first
spring portions having a first stiffness and a plurality of second spring portions having a

second stiffness, and wherein the second stiffness is greater than the first stiffness.

The system of claim 8, further comprising a plurality of support device index slots defined

by the annular support device.

The system of claim 10, further comprising a plurality of adjustment sleeve index slots
defined by the annular adjustment sleeve, wherein a securing member is located in at least
one of the plurality of support device index slots and at least one of the plurality of
adjustment sleeve index slots in order to prevent rotation of the annular adjustment sleeve

relative to the annular support device.
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The system of claim 8, further comprising a clamp member coupled to the annular support
device and operable to provide a radial force to the annular support device directed

towards the first axis.

The system of claim 12, further comprising a clamp channel defined by the annular support
device and extending into the annular support device from a substantially central location
on the support device outer circumferential surface, wherein the clamp member is disposed
within the clamp channel such that a clamp member outer circumferential surface is located

adjacent the support device outer circumferential surface.

The system of claim 8, wherein the line along which the fourth axis moves in response to
rotation of the annular support device relative to the annular adjustment sleeve comprises a
vertical line that extends radially from the fourth axis prior to rotation of the annular support
device relative to the annular adjustment sleeve, and wherein the rotation of the annular
support device relative to the annular adjustment sleeve prevents the fourth axis from

moving along a horizontal line in a direction perpendicular to the vertical line.
A method for supporting and adjusting a shaft, comprising:

providing an annular support device coupled to an annular adjustment sleeve,
wherein the annular adjustment sleeve defines an adjustment sleeve bore operable to

receive a shaft;

deflecting the annular support device with a load to determine an offset of a shaft
axis relative to a desired axis when the shaft is positioned in the adjustment sleeve bore;

and

rotating the annular support device relative to the annular adjustment sleeve in
order to move an axis of the adjustment sleeve bore such that the offset of the shaft axis
relative to the desired axis is reduced when the shaft is positioned in the adjustment sleeve

bore.

The method of claim 15, further comprising positioning a clamp member in a clamp channel

defined by the annular support device.

The method of claim 16, further comprising tightening the clamp member to secure the

position of the annular support device and the annular adjustment sleeve.
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The method of claim 15, further comprising positioning a securing member in at least one
support device index slot and in at least one adjustment sleeve index slot in order to

prevent rotation of the annular adjustment sleeve relative to the annular support device.

The method of claim 15, wherein rotating the annular support device relative to the annular
adjustment sleeve in order to move an axis of the adjustment sleeve bore such that the
offset of the shaft axis relative to the desired axis is reduced comprises moving the axis of
the adjustment sleeve bore along a line relative to a perimeter of the annular support

device.
The method of claim 15, further comprising:
positioning a bearing that defines a bearing bore in the adjustment sleeve bore;

positioning the annular support device, the annular adjustment sleeve, and the

bearing in a housing;
positioning a shaft in the bearing bore; and

supporting the shaft, wherein the moving of the axis of the adjustment sleeve bore

positions the shaft axis along the desired axis.

24



WO 2011/088004 PCT/US2011/020746

1729

FIGURE 1



WO 2011/088004 PCT/US2011/020746

2{28

f5A—

FIGURE 2



PCT/US2011/020746

WO 2011/088004

3/29

£ 34N9OId




WO 2011/088004 PCT/US2011/020746

38

FIGURE 4



PCT/US2011/020746

WO 2011/088004

G 34N9OI4

q0¢



PCT/US2011/020746

WO 2011/088004

6/29

FIGURE 6



PCT/US2011/020746

WO 2011/088004

7128

FIGURE 7



WO 2011/088004 PCT/US2011/020746

8/29

FIGURE 8



WO 2011/088004 PCT/US2011/020746

9/29

FIGURE 9



WO 2011/088004

PCT/US2011/020746

FIGURE 10



WO 2011/088004 PCT/US2011/020746

11/29

FIGURE 11



WO 2011/088004

o

PCT/US2011/020746

FIGURE 12



WO 2011/088004 PCT/US2011/020746

13/29

FIGURE 13



WO 2011/088004

PCT/US2011/020746

FIGURE 14



WO 2011/088004 PCT/US2011/020746

16/29

[ —

FIGURE 15



WO 2011/088004 PCT/US2011/020746

16/29

104

110

FIGURE 16a



WO 2011/088004

100

17/29

104

FIGURE 16b

PCT/US2011/020746

108



WO 2011/088004 PCT/US2011/020746

18/29

200

210

207

FIGURE 17a



WO 2011/088004 PCT/US2011/020746

19/29

200

206a

207

FIGURE 17b



WO 2011/088004 PCT/US2011/020746

20/29

FIGURE 18



WO 2011/088004 PCT/US2011/020746

21/29

PROVIDE SUPPORT DEVICE
WITH SLEEVE AND CLAMP
402

POSITION BEARING IN
SLEEVE BORE
404

POSITION SUPPORT DEVICE,
SLEEVE, AND BEARING IN HOUSING
406

DEFLECT SUPPORT DEVICE WITH
LOAD TO DETERMINE SHAFT AXIS OFFSET
408

ROTATE SLEEVE RELATIVE TO SUPPORT
DEVICE
410

POSITION SHAFT IN BEARING
BORE AND SUPPORT SHAFT
412

FIGURE 19a



PCT/US2011/020746

WO 2011/088004

22128

FIGURE 18b



WO 2011/088004 PCT/US2011/020746

23/29

L 406a
406b— | -
404a*\Ju uL
Ag. L
R R I e
404
200
%\Q—J
[,]
0 —" \300

FIGURE 19¢



WO 2011/088004

410a

204

200

206
410f

RN

410e

PCT/US2011/020746

24129

410b

106
. J 100 104

410c

106a, 204a

104a, 206a

410d

FIGURE 19d



WO 2011/088004 PCT/US2011/020746

25/29

H0h

106

410e

410f
4109

206a
2042 |

410d 104a

FIGURE 19e



WO 2011/088004

26/29

PCT/US2011/020746

FIGURE 19f

410i



WO 2011/088004

200

2729

PCT/US2011/020746

410f

410d

FIGURE 19g



PCT/US2011/020746

WO 2011/088004

28249

FIGURE 19h



WO 2011/088004 PCT/US2011/020746

29/29

406
404a—\JU "L
— 404
_I/A&LH
4120
Ty, (4l
Ma—" I
100 = 300

FIGURE 19i



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings

