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Segmented Coast-Down Bearing for Magnetic Bearing Systems

Background

[0001] This application claims priority to U.S. Patent Application Serial No. 61/490,897,

which was filed May 27, 201 1. This priority application is hereby incorporated by reference

in its entirety into the present application, to the extent that it is not inconsistent with the

present application.

[0002] Magnetic bearings support a shaft by magnetic levitation, generally without physical

contact, thereby eliminating mechanical wear and exhibiting low friction. One disadvantage

to magnetic bearings, however, is that magnetic bearings can drop the shaft during

shutdown or failure. If the shaft bottoms out during such a drop event and contacts the

magnetic bearings, the magnetic bearings and/or other components coupled to or disposed

proximal the shaft can sustain significant damage. To avoid such damage, magnetic

bearing systems employ one or more coast-down bearings, also known as auxiliary,

backup, secondary, or catcher bearings or bushings. Coast-down bearings are designed to

support the shaft while the shaft is slowing down (i.e., coasting down) in the event the

primary magnetic bearing drops the shaft. This prevents the shaft from impacting and

damaging the magnetic bearings.

[0003] Coast-down bearings generally leave a clearance between the bearing and the

shaft. During normal operation, the magnetic bearings support the shaft and hold it within

this clearance such that the shaft rarely, if ever, touches the coast-down bearing; thus, the

coast-down bearing is typically stationary with respect to the shaft during such normal

operation. When the magnetic bearing system fails or shuts down, the shaft is caught

and/or supported by the coast-down bearing.

[0004] To provide the clearance between the bearing and the shaft, however, the coast-

down bearing is generally required to have an inside radius that is larger than the outside

radius of the shaft disposed therein. Due to the shaft radius being smaller than the coast-

down bearing radius, when the shaft is dropped or otherwise comes into contact with the

coast-down bearing, the shaft is received along a narrow contact area, generally along an

axial line of the coast-down bearing. This small contact area maximizes contact stresses



between the shaft and the coast-down bearing, and also promotes whirl during the coast-

down. Such maximized contact stresses greatly diminish the useful life of the coast-down

bearing and, accordingly, increase the maintenance requirements of the system.

[0005] What is needed is a coast-down bearing that minimizes contact stresses during a

magnetic bearing failure, shut down, or other drop event, thereby increasing the useful life

of the coast-down bearing.

Summary

[0006] Embodiments of the disclosure may provide an exemplary coast-down bearing for

use with a magnetic bearing system. The coast-down bearing includes a plurality of

segments each having a radius of curvature equal to an outer radius of a shaft and spaced

radially therefrom to define a clearance, with the plurality of segments being configured to

receive the shaft when a magnetic bearing drops the shaft. The coast-down bearing also

includes a plurality of slots disposed between adjacent ones of the plurality of segments.

[0007] Embodiments of the disclosure may also provide an exemplary apparatus for

supporting a shaft during a coast-down. The apparatus includes a first coast-down bearing

including first and second segments each disposed around the shaft, radially-offset

therefrom, and defining a first clearance therebetween. The first and second segments

define a slot therebetween and each defines a radius of curvature that is equal to an outer

radius of the shaft. The first and second segments are each configured to receive the shaft

during the coast-down.

[0008] Embodiments of the disclosure may also provide an exemplary method for

supporting a shaft during coast-down. The method includes receiving the shaft with at least

one of a plurality of bearing segments of a coast-down bearing after the shaft has been

dropped by a magnetic bearing, to cause an initial impact on a bearing surface of the at

least one of the plurality of bearing segments. The plurality of bearing segments are

disposed around the shaft and spaced radially apart therefrom by a clearance. Further,

each of the plurality of bearing segments has a radius of curvature substantially equal to an

outer radius of the shaft. The method may also include distributing the initial impact over



the at least one of the plurality of bearing segments by contacting the shaft with

substantially all of the bearing surface of the at least one of the plurality of bearing

segments.

Brief Description of the Drawings

[0009] 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.

[0010] Figure 1 illustrates a schematic axial end view of an exemplary coast-down bearing,

in accordance with one or more aspects of the disclosure.

[001 1] Figure 2 illustrates a schematic axial end view of another exemplary coast-down

bearing, in accordance with one or more aspects of the disclosure.

[0012] Figure 3 illustrates a flowchart of an exemplary method for catching a shaft, in

accordance with one or more aspects of the disclosure.

Detailed Description

[0013] 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.

[0014] 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 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.

Additionally, 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. Furthermore, as it is used in

the claims or specification, the term "or" is intended to encompass both exclusive and

inclusive cases, i.e., "A or B" is intended to be synonymous with "at least one of A and B,"

unless otherwise expressly specified herein.

[0015] Figure 1 illustrates a schematic axial end view of a coast-down bearing 10 ,

according to one or more embodiments. In general, the coast-down bearing 10 includes a

body or shell 15 , which defines a bore 12 for receiving a shaft 14 . The coast-down bearing

10 and the shaft 14 are generally concentric during normal operation, defining a common

nominal center 32. Further, the bore 12 is sized to provide a clearance C between the

coast-down bearing 10 and the shaft 14 . The bore 12 is generally defined by segments

16 , 18 , 20, 22, 24, 26, 28, and 30 (hereinafter referred to as "segments 16-30"), which are

circumferentially separated by slots 36, 38, 40, 42, 44, 46, 48, 50, (hereinafter referred to

as "slots 36-50"). Although described in greater detail below, the segments 16-30 may

each be thought of as an arc of a separate, theoretical circle, for example, circle as



shown for segment 26. For the sake of clarity of Figure 1, only theoretical circle is shown

in Figure 1. It will be appreciated, however, that the theoretical circles defining each of the

other segments 16-24, 28, 30 may be substantially similar. The circle has a radius, which

defines a radius of curvature Rc for the segment 26 and is substantially equal (i.e.,

generally within a standard range of manufacturing tolerances) in magnitude to the radius

of the shaft RR. The circle l-i is, however, eccentric with respect to the shaft 14 during

normal operation, such that segment 26 is spaced radially apart from the shaft 14 to

provide the running clearance C. Indeed, it will be appreciated that the radius of curvature

Rc for segment 26 may be less than the distance from the nominal center 32 to each

segment 26.

[0016] During a drop event, the radial position of the shaft 14 shifts such that the shaft 14 is

no longer centered at the nominal center 32. Further, the shaft 14 shifts until it becomes

concentric with one of the theoretical circles, for example, circle l-i . As the shaft 14 radius

RR and the radius Rc of the circle \ - are equal in magnitude, when the shaft 14 is concentric

with the circle \ - , the shaft 14 engages the segment 26 along all or substantially all of the

surface area of the segment 26. Subsequently, forces caused by the rotation and vibration

of the shaft 14 against the segment 26 propel the shaft 14 to impact another one of the

segments 16-24, 28, 30. However, as each of the segments 16-30 may be similarly

defined as described for segment 26, for each impact, the load applied by the weight,

rotation, vibration, etc. of the shaft 14 is distributed over all or substantially all of the surface

area of the one of the segments 16-30, rather than at a single point or line as with

traditional coast-down bearings. This enhanced distribution of the dynamic loading on the

coast-down bearing 10 reduces surface damage and thereby increases the useful life

thereof.

[001 7] Turning to the illustrated embodiment now in greater detail, the coast-down bearing

10 may be configured for use in conjunction with a magnetic bearing system including one

or more primary magnetic bearings (not shown) that support the shaft 14 during normal

operation. In various embodiments, the shell 15 of the coast-down bearing 10 may be

unitary or may be split into about 45 degree, 90 degree, 180 degree or other size arcuate

sections (not shown), which are configured to fasten or otherwise couple together and fit



360 degrees around the shaft 14 . The shell 15 and the shaft 14 may be generally

concentric, defining a common nominal center 32 during normal operation.

[0018] The segments 16-30 at least partially define the bore 12 and each provides a

bearing contact surface for the bearing 10 . It will be appreciated that the coast-down

bearing 10 may include any number of segments, for example, between about Sand about

10 , about 6 and about 11, about 7 and about 12 segments, or more. Each of the segments

16-30 defines a radius of curvature Rc , which, as noted above, is substantially equal to an

outer radius RR of the shaft 14 and is less than the distance from the nominal center 32 to

the segments 16-30. Accordingly, the radius of curvature Rc of one or more of the

segments 16-30 is generally not centered on the nominal center 32, but instead is centered

at a point offset therefrom, for example, a locus point P-i .

[001 9] The aforementioned slots 36-50 positioned circumferentially between the segments

16-30 may be formed using milling techniques, electron discharge machining, combinations

thereof, orthe like. In one or more embodiments, the slots 36-50 may be hemispherical as

shown, but may also be square, tapered, ortake any desired shape. Further, the slots 16-

30 may extend axially through the entire shell 15 , but in other embodiments may only span

part of the axial length of the shell 15 . In some embodiments, however, the coast-down

bearing 10 may be fabricated by connecting the segments 16-30 to the shell 15 , while

leaving the slots 36-50 therebetween. Various other fabrication processes and techniques

are contemplated and may be employed without departing from the scope of this

disclosure.

[0020] A whirl circle 35 on which the locus point P for the segment 26 may reside, as

shown, and on which locus points (not shown) for the remaining segments 16-24, 28, 30

may reside, may be generally concentric with the shaft 14 and spaced radially from the

common nominal center 32 by a whirl radius Rw . The whirl radius R may be equal to a

maximum clearance Cma , which may be defined at or proximal the mid-span 33 of each of

the segments 16-30. In this context, proximal is intended to mean less than about 10% of

the circumferential length of one of the segments 16-30. In contrast, the minimum

clearance Cmin may be defined proximal one or both of the circumferential extents of each

of the segments 16-30 where the segments 16-30 meet the slots 36-50. Although the



difference in the magnitudes of Cma and Cmin are not easily viewable in Figure 1, it will be

appreciated that if segment 26 were to extend farther along circle , the minimum

clearance Cm in would converge to zero as circle intersects the shaft 14 , while the

maximum clearance Cmax remains constant; thus, the point on the segment 26

circumferentially farthest from the mid-span 33 may define the minimum clearance Cmin

from the shaft 14 .

[0021] As indicated for segment 26, lines 3 1a and 3 1b may be drawn from where the

segment 26 meets the slots 46, 48, respectively. The lines 3 1a ,b converge at the locus

point P to define an angle a therebetween, providing the angular reference for the arc-

length of the segment 26. As also shown, such lines may be drawn for each of the

segments 16-30 where they meet the corresponding slots 36-50. In various embodiments,

the angle a may be from about 10 degrees to about 120 degrees, and may be uniform or

may vary for each of the segments 16-30.

[0022] Proceeding around the bore 12 , the slots 36-50 serve to account for the radius of

curvature Rc of the segments 16-30 being less than the distance from the center 32 to the

bore 12 . Accordingly, the bore 12 maintains at least the minimum clearance Cmiri from the

shaft 14 during normal operation. Although not shown, in one or more embodiments, some

of the segments 16-30 may deviate from having the radius of curvature Rc substantially

equal to the radius of the shaft RR and may instead have a radius of curvature equal to the

radius of the shaft RR plus the whirl radius R , for example, without departing from the

scope of this disclosure.

[0023] Additionally, one or more of the segments 16-30 (as shown, segment 28) may

include a port 54. The port 54 may extend through the segment 28 proximal the mid-span

33 thereof, for example, and may be in fluid communication with a source of lubricant or

hydraulic fluid 56. Such lubricant may be dry (i.e., fine powder or granular in consistency)

or liquid but not necessarily under pressure. On the other hand, such hydraulic fluid may

be provided under pressure. If the hydraulic pressure is high, such as with hydrostatic

bearings, the force acting on the shaft 14 may be sufficient to push the shaft 14 radially

toward the nominal center 32. The source of lubricant and/or hydraulic fluid 56 may

provide lubricant and/or hydraulic fluid to the clearance C, for example, during a drop event,



thereby reducing friction and/or providing hydrostatic lift to reduce impact load. In an

embodiment where hydraulic fluid is provided, the hydraulic fluid may be process fluid from

the turbomachine (not shown), or any other suitable fluid.

[0024] In one or more embodiments, two coast-down bearings 10 may be advantageously

employed to receive a single shaft 14 . For example, the two coast-down bearings 10 may

be coaxially aligned around the shaft 14 and "clocked" relative to each other, such that the

slots 36-50 of one coast-down bearing 10 are aligned with the segments 16-30 of the other

coast-down bearing 10 . In one embodiment, the slots 36-50 of each coast-down bearing

10 may be aligned with the mid-span 33 of the segments 16-30 of the other.

[0025] In exemplary operation of the coast-down bearing 10 , when the primary magnetic

radial bearing (not shown) fails to support the shaft 14 , the coast-down bearing 10 catches

the shaft 14 , thereby preventing the shaft 14 from bottoming out against and damaging the

magnetic radial bearing. Accordingly, at the beginning of the coast-down, the shaft 14 may

continue to operate at high speed, for example, slowly reducing from about 10,000 RPM or

more, although higher and lower speeds are also contemplated herein. The coast-down

bearing 10 may be configured to remain stationary when the shaft 14 is dropped, but in

other embodiments may be configured to rotate in response to contact with the rotating

shaft 14 . For example, the coast-down bearing 10 may slide against a housing (not shown)

in which it is mounted, using anti-friction coatings to facilitate such sliding, for example. In

some embodiments, other anti-friction devices, such as rolling element bearings may be

used to reduce friction between the shell 15 and the housing supporting the coast-down

bearing 10 .

[0026] During the drop event, the shaft 14 may tend to orbit around the bore 12 of the

coast-down bearing 10 , generally known as whirling, such that the shaft 14 consecutively

impacts the different segments 16-30. The greater surface area of contact between the

shaft 14 and the coast-down bearing 10 provided by the segments 16-30, however,

distributes the load incident on the coast-down bearing 10 from these impacts over a

relatively large percentage of the segments 16-30. Accordingly, with the force provided by

the weight and rotation of the shaft 14 distributed over a greater area, the impact with the

shaft 14 applies a reduced contact pressure on the coast-down bearing 10 , in comparison



to coast-down bearings that receive the shaft 14 on a single line (not shown). For example,

the shaft 14 may contact the segments 16-30 across more than about 50%, more than

about 60%, more than about 70%, more than about 80%, more than about 90%, or more

than about 95% of a surface area of each segment 16-30.

[0027] Figure 2 illustrates an axial end view of another coast-down bearing 100, according

to one or more embodiments. The coast-down bearing 100 may have a similar structure

and operation as the coast-down bearing 10 and may best be understood with reference

thereto, with like numbers representing like elements. The coast down bearing 100

includes segments 102, 104, 106, 108, 110 , 112 , 114 , 116 (hereinafter referred to as

segments 102-1 16), and slots 118 , 120, 122, 124, 126, 128, 130, 132 (hereinafter referred

to as slots 118-1 32), which may be generally similar in construction to the segments 16-30

and slots 36-50, respectively, shown in and described above with reference to Figure 1.

However, the segments 102-1 16 may be rotated or "tilted" to provide a smooth transition for

the shaft 14 as it orbits or whirls within the coast-down bearing 10 during coast-down. It will

be appreciated that in the illustration provided by Figure 2 , the tilting of the segments 102-

116 may be greatly exaggerated so that the tilting can be easily viewed.

[0028] The un-tilted segment 26 of Figure 1 is illustrated in Figure 2 in phantom, for

comparison to the tilted segment 112 . A s shown, the segment 26 has a radius of curvature

F?ci centered on locus point P-i, while the tilted segment 112 has a radius of curvature RC2

centered on locus point P2. Further, the theoretical circle \ - defining the segment 26 in

Figure 1 has been moved and is shown as circle l in Figure 2 . The circle l is centered on

locus point P2, ratherthan locus point P i , thus providing the tilting. Accordingly, the radii of

curvature Ci and RC2, although extending from different locus points P-i and P2,

respectively, may remain substantially equal in length.

[0029] One or more of the segments 102-1 16 may be tilted in a direction opposing a

direction of rotation D of the shaft 14 , as shown. Tilting the segments 102-1 16 shifts the

locus point P thereof in the same direction around the circle 35 from locus point P-i . In

various exemplary embodiments, the locus point P may be shifted around the whirl circle

35 from locus point P by less than about 1, about 1, about 2 , about 5 , about 7 , about 10 , or

more degrees counterclockwise (i.e., against the direction D of rotation, as shown);



however, in other embodiments, the tilting may be reversed, shifting the locus point P2 from

the locus point P clockwise (i.e., with the direction D of rotation).

[0030] The segment 114 has a leading edge 134 adjacent the slot 132 and defines a

tangent line 136, which is tangent to the segment 114 at the leading edge 134. The

segment 112 has a trailing edge 138, which is also adjacent the slot 132, but defines the

other circumferential side thereof. The segment 112 defines a tangent line 140 at the

trailing edge 138. In an exemplary embodiment, the segments 112 , 114 are tilted such that

their tangent lines 136, 140 are generally parallel. Accordingly, as the shaft 14 orbits

(whirls) in the coast-down bearing 100, the shaft 14 is smoothly transitioned from contact

with the segment 112 to the segment 114 . In at least one embodiment, all of the segments

102-1 16 may be tilted in this fashion thereby providing a smooth, progressive transition to

each segment 102-1 16 as the shaft 14 rotates.

[0031] In various embodiments, the coast-down bearing 100 may include a combination of

one or more of the un-tilted segments 16-30 (Figure 1) and one or more of the tilted

segments 102-1 16 (Figure 2). Additionally, although not shown, the coast-down bearing

100 may include a port coupled to a source of lubricant and/or hydraulic fluid (not shown),

as described above with reference to coast-down bearing 10 of Figure 1.

[0032] Referring now to Figures 1 and 2 , in various embodiments, combinations of the

coast-down bearings 10 , 100 may be advantageously employed. For example, the tilted

coast-down bearing 100 may be stacked axially between and proximal two of the coast-

down bearings 10 . In such embodiments, axially-adjacent coast-down bearings 10 and/or

100 may be clocked relative each other, such that the slots 36-50 or 118-1 32 of one are

axially aligned with the segments 16-30 or 118-1 32 of the other. Furthermore, in various

embodiments, the coast-down bearings 10 and/or 100 may be stationary with respect to the

shaft 14 ; however, in other embodiments, the coast-down bearings 10 and/or 100 may be

free-rotating, such that, when the shaft 14 is supported on the coast-down bearings 10

and/or 100, the coast-down bearings 10 and/or 100 rotate therewith, for example, at a

fraction of the rotational speed of the shaft 14 .

[0033] Figure 3 illustrates a flowchart of a method 200 for supporting a shaft during coast-

down. The method 200 may proceed by operation of one or more of the coast-down



bearings 10 and/or 100 described above; therefore, method 200 may be best understood

with reference thereto. The method 200 may include receiving the shaft with at least one of

a plurality of bearing segments of a coast-down bearing after the shaft has been dropped

by a magnetic bearing, as at 202, which may cause an initial impact on the bearing surface.

In various embodiments, the plurality of bearing segments may be disposed around the

shaft and spaced radially apart therefrom by a clearance. Further, each of the plurality of

bearing segments may have a radius of curvature substantially equal to an outer radius of

the shaft.

[0034] The method 200 may also include distributing the initial impact over the at least one

of the plurality of bearing segments by contacting the shaft with substantially all of the

bearing surface of at least one of the plurality of bearing segments, as at 204. Further, the

method 200 may include providing lubricant or hydraulic fluid to the clearance via one or

more ports, each of the one or more ports being defined in the one or more segments, as at

206. Additionally, the method 200 may include receiving the shaft with a second one of the

plurality of bearing segments after the initial impact to cause a second impact, as at 208.

The method 200 may then proceed to distributing the second impact over the second one

of the plurality of bearing segments by contacting the shaft with substantially all of the

bearing surface of another at least one of the plurality of bearing segments, as at 2 10 . In

one or more embodiments, the method 200 may also include tilting the plurality of bearing

segments such that the plurality of bearing segments each face in a direction opposite to a

direction of rotation of the shaft.

[0035] The foregoing has outlined features of several embodiments so that those skilled in

the art may better understand the present disclosure. 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.



Claims

We claim:

1. A coast-down bearing for use with a magnetic bearing system, comprising:

a plurality of segments each having a radius of curvature substantially equal to an

outer radius of a shaft, spaced radially therefrom, and defining a clearance between the

plurality of segments and the shaft, the plurality of segments being configured to receive

the shaft when a magnetic bearing drops the shaft; and

a plurality of slots disposed between adjacent ones of the plurality of segments.

2 . The coast-down bearing of claim 1, wherein the clearance defines a maximum

clearance proximal a mid-span of each of the plurality of segments and a minimum

clearance being defined proximal at least one of a leading edge and a trailing edge of each

of the plurality of segments.

3 . The coast-down bearing of claim 1,where at least one of the plurality of segments is

tilted.

4 . The coast-down bearing of claim 3 , wherein the at least one of the plurality of

segments is tilted such that the at least one of the plurality of segments faces a

circumferential direction opposite to a circumferential direction in which the shaft rotates.

5 . The coast-down bearing of claim 1,wherein at least one of the plurality of segments

defines a port extending radially therethrough and in fluid communication with a source of

lubricant, hydraulic fluid, or both and the clearance between the shaft and the plurality of

segments.

6 . The coast-down bearing of claim 1, further comprising a unitary body providing the

plurality of segments and into which the plurality of slots are formed.



7 . An apparatus for supporting a shaft during a coast-down, comprising a first coast-

down bearing including first and second segments each disposed around the shaft, radially-

offset therefrom, and defining a first clearance therebetween, the first and second

segments defining a slot therebetween and each defining a radius of curvature that is

substantially equal to an outer radius of the shaft, the first and second segments each

being configured to receive the shaft during the coast-down.

8 . The apparatus of claim 7 , wherein the radius of curvature of at least one of the first

and second segments extends from a locus that is offset from a center of the first coast-

down bearing.

9 . The apparatus of claim 8 , wherein the first clearance between the shaft and the at

least one of the first and second segments is at a minimum proximal the slot, and at a

maximum proximal a mid-span of the at least one of the first and second segments.

10 . The apparatus of claim 9 , wherein the locus is radially-offset from the center by a

distance that is substantially equal to the maximum clearance.

11. The apparatus of claim 7 , wherein at least one of the first and second segments is

tilted.

12 . The apparatus of claim 7 , wherein at least one of the first and second segments

defines a port extending radially therethrough, the port being in fluid communication with

the first clearance and with a source of lubricant, hydraulic fluid, or both.

13 . The apparatus of claim 7 , wherein the slot is substantially hemispherical in axial-

cross section and the first coast-down bearing is unitary.

14 . The apparatus of claim 7 , further comprising a second coast-down bearing coaxially

aligned with the first coast-down bearing and axially adjacent thereto, the second coast-

down bearing comprising:



third and fourth segments disposed around the shaft and radially separated

therefrom by a second clearance; and

a second slot defined by the third and fourth segments and disposed therebetween.

15 . The apparatus of claim 14 , wherein the second slot is axially-aligned with the first or

second segment.

16 . The apparatus of claim 15 ,wherein the second slot is axially-aligned with a mid-span

of the first or second segment.

17 . A method for supporting a shaft during coast-down, comprising:

receiving the shaft with at least one of a plurality of bearing segments of a coast-

down bearing after the shaft has been dropped by a magnetic bearing, to cause an initial

impact on a bearing surface of the at least one of the plurality of bearing segments, the

plurality of bearing segments being disposed around the shaft and spaced radially apart

therefrom by a clearance, each of the plurality of bearing segments having a radius of

curvature substantially equal to an outer radius of the shaft; and

distributing the initial impact overthe at least one of the plurality of bearing segments

by contacting the shaft with substantially all of the bearing surface of the at least one of the

plurality of bearing segments.

18 . The method of claim 17 , further comprising providing lubricant, hydraulic fluid, or

both to the clearance via one or more ports, each of the one or more ports being defined in

the at least one of the plurality of bearing segments.

19 . The method of claim 17 , further comprising:

receiving the shaft with another one of the at least one of the plurality of bearing

segments after the initial impact to cause a second impact; and

distributing the second impact overthe another one of the at least one of the plurality

of bearing segments by contacting the shaft with substantially all of a bearing surface of the

another one of the least one of the plurality of bearing segments.



20. The method of claim 17 , further comprising tilting the plurality of bearing segments

such that the plurality of bearing segments each face in a direction opposite to a direction

of rotation of the shaft.
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