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{54) Title: CONTACT BUARING

252 Al

= {57) Abstract: A bearing (24, 86) adapted to support and allow controlled relarive movement with an opposed bearing surface

“T'he hearing is constructed to have a Tong life by incotporating a Tocally compliant surface that addresses many causes of friction
and wear. The bearing (24, 86) includes a pluralily of supporl members (28) extending [rom a base. Together, the plurality of
support members (28) can support a load applied perpendicular to the base through an opposed bearing. Additionally, the plurality
of support members (28) allow sliding contact berween the opposed bearings. The support members (28) can move independently
to accommodate irregularities located between the support member and the opposed bearing, such that plowing is reduced and wear
B to the bearings is minimized. Also, the support members (28) maintain the distance between the opposed hearing when any foreign
particle or asperity causes one or more of the supporl members 0 [ex independently on a localized basis.
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CONTACT BEARING
CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Nos.
60/297,427 filed June 11, 2001 and 60/363,696 filed on March 12, 2002.

FIELD OF THE INVENTION
The present invention relates to a contact bearing and more particularly to a

sliding contact bearing with an increased service life.

BACKGROUND OF INVENTION

Bearings are used in a wide variety of applications. Representative example

applications include simple door hinges, internal combustion engines, heavy duty
construction equipment, other applications that subject a bearing to corrosive materials,
abrasive particles, and non-lubricated environments. In these applications and others,
bearings support contact forces between connected objects while allowing the objects to
move relative to one another, either through linear motion, rotational motion, or a
combination thereof.

Wear is the degradation that can occur to a bearing through extended use. Wear
is often associated with an increase in friction, which is the resistance to relative motion
between objects. Many causes of friction also contribute to wear, including loose
particles plowing into the bearing, and asperity interactions at the surfaces of the bearing.
These causes can also lead to bearing failure, and/or increased friction throughout the life
of a bearing.

Prior art bearings are known that address plowing by providing one surface much
softer than the surface it contacts. Having one surface much softer reduces friction by
allowing the majority of plowing to take place in the softer material. In this respect,
cutting grooves (plowing) in the softer matetial requires less energy than cutting grooves
into very hard materials, so the resulting friction force is less. To a lesser extent, making
one surface softer may allow a loose particle to be embedded into the softer surface and
therefore be substantially removed from the interface between the surfaces. Prior art
bearings also reduce plowing by introducing particle traps that reduce the amount of

particles between bearing surfaces by allowing the particles to collect away from the
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bearing surface. Asperity interactions have been addressed in the prior art by reducing
the amount and severity of asperity interactions that exist through improved bearing
surface finishes.

Plowing or asperity interactions are not as problematic for some types of
bearings. For instance, plowing and asperity interactions are less of a concern for
hydrodynamic bearings which do not normally make direct contact with each other

during operation,

SUMMARY OF THE INVENTION

The bearing of the present invention is adapted to support an opposed bearing
surface for controlled relative movement. The bearing is constructed to have a long
service life by addressing some causes of wear that can reduce bearing life. The bearing
may include one or more features, each independently or in combination, that contribute
to prolonged bearing life and lower friction.

In one embodiment, a contact bearing includes a base, and a plurality of
cantilevered support members. Each support member has a first end direcily or
indirectly attached to the base and a second, free end, extending from the base. The
second end is constructed and arranged for sliding contact with an opposed bearing
surface. The plurality of support members are constructed and arranged to support the
opposed bearing surface and each second end is constructed and arranged 1o move to
accommodate any irregularities, such as loose particles, between the second end and the
opposed bearing surface.

In another embodiment, a contact bearing includes a base, and a plurality of
support members extending from the base. The support members are constructed and
arranged to support an opposed surface and allow sliding contact. The plurality of
support members are also constructed and arranged to support the opposed surface at a
fixed distance from the base. Each of the plurality of support members is capable of
moving independently of each other, whereby when at least one of the plurality of
support members moves, the others of the plurality of support members maintains the
opposed surface substantially at the fixed distance.

In yet another embodiment, a contact bearing includes a plurality of plates, the
plates being arranged in a stacked configuration such that a surface of one plate is

arranged adjacent a surface of another plate. Each plate includes a base and a plurality of
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support members extending from the base. The support members are constructed and
arranged to support an opposed surface through sliding contact.

Also disclosed is a method of accommodating asperities in a contact bearing.
The method includes providing a plurality of first sliding contact bearing surfaces in
direct contact with a second sliding contact bearing surface, and flexing at least one of
the first sliding contact bearing surfaces with respect to the second sliding contact
bearing surface. Flexing the surfaces such that at least one of the first sliding contact
bearing surfaces moves out of direct contact with the second sliding contact bearing
surface accommodates any asperities or particles between the first and second surfaces.

Another method of manufacturing a contact bearing is also disclosed. The
method include forming a plurality of plates, each having a base, opposed first and
second surfaces, and a plurality of support members extending from the base. The
support members are constructed and arranged to support an opposed bearing surface
through sliding contact. The plates are stacked adjacent one another such that a surface
of one plate is arranged adjacent a surface of another plate.

Also disclosed is a method of reducing contact pressure in a bearing. The method
comprises, providing a first sliding contact bearing surface in direct contact with a
second sliding contact bearing surface. The first sliding contact bearing surface bearing
having at least one flexing portion, and flexing the at least one flexing portion in
response to a corresponding movement of the second sliding contact bearing surface,
such that the first contact bearing surface conforms substantially to the flexed shape of
the second sliding contact bearing surface.

In another embodiment, a bearing surface shaped to support a moving member is
disclosed. The bearing surface includes a plurality of individual surface segments spaced
adjacent to one another to form a uniform bearing surface, and means individually
supporting said surface segments normally to said uniform bearing surface and for
movement from said uniform bearing surface under localized forces.

Various embodiments of the present invention provide certain advantages and
overcome certain drawbacks of prior contact bearings.

Embodiments of the invention may not share the same advantages, and those that
do may not share them under all circumstances. This being said, the present invention
provides numerous advantages including the noted advantage of increased service life

and/or high performance characteristics.
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Further features and advantages of the present invention, as well as the structure
of various embodiments, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention will now be described, by way of
example, with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of a cylindrical bearing according to one
aspect of the invention;

Figure 2 is a perspective view of a cylindrical bearing having an inner surface
comprising a locally compliant surface according to another aspect of the invention;

Figure 2A is a schematic end view of a bearing;

Figure 3 is a perspective view of a cylindrical bearing having a locally compliant
outer surface according to yet another aspect of the invention;

Figure 4 is a perspective view of a cylindrical bearing having both inner and
outer locally compliant surfaces according to still another aspect of the invention;

Figure SA is a perspective view of plowing between two opposed bearing
surfaces;

Figure 5B is a perspective view of asperity interaction between two opposed
bearing surfaces;

Figure 6 is a schematic view taken along lines 6-6 of figure 2A, showing a
plurality of support members formed on a bearing according an aspect of the invention;

Figure 7 is a schematic representation of a plurality of support members formed
on a bearing with material disposed in the gaps defined by the support members
according to another aspect of the invention;

Figures 8A-8D shows schematic representations of several embodiments of the
support members formed on a bearing according to several aspects of the invention;

Figure 9 is a schematic representation of a linear bearing according to one aspect
of the invention;

Figure 10 is a perspective view of a linear bearing having a locally compliant
surface according to another aspect of the invention;

Figure 11 is a schematic representation of a locally compliant bearing according

to an aspect of the invention;
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Figure 12 is a perspective view of a cylindrical bearing having a locally
compliant surface according to another aspect of the invention;

Figure 13 is a graph of experimental results obtained in part with the embodiment
shown in Figure 12; and

Figure 14 is a cross section schematic of another embodiment according to an

aspect of the invention.

DETAILED DESCRIPTION

The bearing of the present invention is adapted to support and allow controlled
relative movement with an opposed bearing or bearing surface. The bearing is
constructed to have a long life by incorporating a locally compliant surface that
addresses many causes of friction and wear. The bearing may include one or more
features, each independently or in combination, contributing to prolonged bearing life
and/or lower friction throughout the life of the bearing.

In one aspect, the bearing comprises a plurality of support members extending
from a base. Together, the plurality of support members can support a load applied to
the base through an opposed bearing or surface. Additionally, the plurality of support
members allow sliding contact between the opposed bearings. The support members can
move independently to accommodate irregularities, such as asperities or loose particles
located between the support member and the opposed bearing, such that wear is
minimized, as will be explained below. Portions of the plurality of support members
may also move together to help minimize contact pressure between the opposed bearings
when portions of the bearings are pressed toward one another.

In one embodiment, the bearing may be constructed and arranged to maintain an
opposed bearing at substantially the same distance in a direction perpendicular to the
base of the bearing, yet reduce the propensity of wear. This may be accomplished by
providing a bearing having a plurality of support members to support the opposed
bearing surface, the majority of the support members maintaining the distance between
the opposed bearing when a loose particle or asperity causes one or more of the support
members to flex.

In one embodiment, the bearing may have a plurality of support members
attached to a base and may be constructed by placing a plurality of plates together. Each

plate may have support members extending from a side.
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Turning now to the figures and in particular figure 1, an embodiment and an
application for the present invention are shown. Figure | shows a shaft 20 mounted
within an object 22 through a cylindrical bearing 24. The shaft may rotate about its
central axis 26 or may slide along its central axis relative to the object 22. The bearing
24 aids relative movement between the shaft and the object by providing a surface that
reduces frictional properties. The bearing 24 may also be removed and replaced, which
can eliminate the need to replace an entire shaft or mating object when one of the sliding
surfaces 21 are damaged or worn. The bearing 24 of figure 1 may be fixedly attached to
the shaft 20, the object 22, or allowed to float relative to both the shaft and the object. It
may comprise a complete cylindrical section; however, the bearing can also comprise
multiple sections that together form a complete or partial cylinder. Additionally, there
may be a pair of two separate bearings arranged concentrically, the first bearing fixedly
attached to the shaft 20 and movable with respect to the second bearing, fixedly attached
to the object 22.

The bearing allows sliding contact to occur in a controlled manner. By controlled
manner, it is meant that motion in certain directions is allowed while it is prevented or
limited in other directions. For instance, the cylindrical bearing 24 of figure 1 allows
rotation about the central axis 26 of the shaft 20 and translation along the same axis but
generally prevents or reduces transverse movement or bending in other directions. Other
embodiments may limit one of these movements with the addition of other features, such
as a pair of stops (not shown), that prevent the shaft from translating through or rotating
relative to the object.

To accommodate irregularities, a plurality of independently movable supports
comprise an embodiment of a bearing, such a bearing is shown in figure 2, which shows
a matrix-like arrangement of support members 28 extending from a base 30. The support
members cooperate to form an inner surface 32 of the cylindrical bearing 24. Each of the
support members 28 comprise a first end 34 attached to the base and a distal end 36
adapted for contacting an opposed bearing. The opposed bearing may be a cylindrical
shaft (not shown) passing through the center of the bearing. All of the support members
together serve to support and control the shaft in sliding contact. However, the
independent support members 28 provide a locally compliant surface 40 with the ability
to allow loose particles to be accommodated to reduce damage suffered from plowing,

and/or to prevent damage incurred from contact between surface asperities or other
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irregularities. The term “locally compliant™ as used herein means that support members
28 may move independent from one another to accommodate any irregularities, such as
loose particles or asperities 44 between the bearing and the opposed surface. In this
manner, the locally compliant surface can support an opposed bearing surface while
moving to accommodate asperities and Ioose particles at “local” points on its surface.
Thus, by allowing the supports to move, loose particles are accommodated between two
load bearing surfaces without plowing into either bearing surface until the loose particle
can be effectively removed, for instance, through a particle trap. The support members
are biased toward the opposed surface, such that after the irregularity is removed or
passes the support, the support can move back in contact with the opposed surface.

A locally compliant surface also allows opposed bearings to maintain greater
contact areas between their respective contact surfaces. This can be beneficial in
preventing high stress contact areas. For instance, if the shaft of figure | attempts to
bend about an axis other than the central axis, the support members at points adjacent the
shaft where it is furthest from the central axis will flex greater than others. Allowing
these support members to flex, the otherwise higher contact pressure may be distributed
over a greater number of support members. This can result in a lower peak contact
pressure than would be found in a conventional bearing. This lower contact pressure
reduces the severity of problems associated with plowing and asperity interactions that
cause wear and friction. In this sense, a locally compliant surface can be used to form a
“globally compliant” surface.

As previously mentioned, a locally compliant surface addresses several of the
causes of wear and friction. Some of these causes, including plowing of a bearing by
loose particles and damaging a bearing by asperity interactions, are now described in
greater detail. Plowing is represented in figure 5A where two conventional bearings 48
are shown sliding relative to one another with an agglomerated particle 54 lodged
between the bearings. Interaction of asperities 44 between two opposed conventional
bearings 48 are shown in figure 5B.

In plowing, a particle 42 or an agglomerated particle 54 is lodged in a bearing 48
causing wear damage as the bearings are pressed toward one another while sliding
relative to one another. As the bearings 48 continue to slide relative to one another, the
sliding motion drags the particle along the bearings causing further damage, most

typically in the form of a furrow 50. In addition to causing wear damage, the process of
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creating the furrow 50 and the rougher surface created by the furrow increase the amount
of friction experienced between the bearings.

As particles plow into a bearing, they create additional wear particles 42 that may
break away from the bearing. These new particles may agglomerate into larger particles
that can cause further plowing damage. As this phenomenon continues, delamination
may occur on one of the bearing surfaces. Delamination is the removal of material from
one of the bearing surfaces in a sheet-like fashion. Delamination is destructive to the
bearing surface resulting in significant wear, significantly increased friction and
potentially even catastrophic failure of the bearing.

An asperity 44, as the term is used herein, is a small protrusions that may exist at
some level on bearings 48 as shown in figure SB. Many of these small asperities will be
forced into contact with asperities 44 of the opposed bearing when they are pressed
toward one another. While asperity interaction occurs on some levels to support a
contact forces between bearings, larger asperities will contribute greater to-friction and
wear between the surfaces. Asperities 44 may also break away from a bearing as they
interact, thereby becoming loose particles 42. Most asperities range in size between 1-5
microns across, but can range from 0.5 — 30 microns across. Asperities that break away
from a surface and remain between the bearings as they move relative to one another can
agglomerate into larger particles that can contribute to the plowing phenomenon.
Agglomerated particles 54 may range in size between 5 microns to several hundred
microns. Other foreign debris particles, that can also cause plowing, typically range in
sizes between 20 and 80 microns.

To accommodate an irregularity, such as a loose particle, an asperity, foreign
debris, or another surface defect located between a bearing of the present invention and a
support, one or more support members 28 may bend out of the way as shown, for
example in figure 2A. Thus, rather than an irregularity plowing or otherwise binding, the
bearing simply moves, albeit on a local level, to accommodate the irregularity.
Alternatively, or in addition, a loose particle may fall into one of the gaps 56 to be
disposed between adjacent support members 28. Once in such a gap 56, the tendency of
the particle to inflict bearing damage is reduced. If the particle doesn’t fall into a gap, it
eventually may be removed from between the bearings by exiting an end.

A close up perspective view of the end portions of the support members of figure

2A is shown schematically in figure 6, which is a view taken along lines 6-6 of figure
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2A. Here, the locally compliant surface 40 comprises multiple support members 28
having such end portions extending perpendicularly from a base 30. In most
embodiments the support members are square in cross sections with a length
approximately three to fifteen times their width, although the invention is not limited to
these geometries as numerous others are contemplated by the invention. The support
members are spaced apart to define gaps 56 therebetween. The gaps 56 may have
approximately the same dimensions as the support members themselves.

In another embodiment, such as that shown in Figure 7, a material 58 is disposed
in the gaps 56 defined by adjacent support members. This material may be present in
some or all of the gaps 56. It may fill entire gaps or only portions of gaps as the
invention is not limited in this respect. It may comprise an element that further supports
the members 28. Tt may also comprise a substance to prevent the accumulation of loose
particles which could lodge therein and prevent the support members from bending.
Such a substance might be a highly flexible material such that it does not adversely affect
the bending of support members. In other embodiments, the material may comprise a
lubricant that can be paid out to the bearing over time. This may occur naturally as the
support members wear, as heat generated in the bearing causes the lubricant to change
viscosity and migrate towards the bearing, or through other known mechanisms.

Returning now to various embodiments of the invention, and particularly to the
cylindrical bearing of figure 2 which has a locally compliant inner surface. This
arrangement is for supporting a shaft 20 that rotates and/or translates relative to the
bearing 24 while the bearing is held by another object 22 is shown. Figures 3 and 4
show alternate embodiments of a cylindrical bearing, also with a locally compliant
surface 40. The embodiment of figure 3 has a locally compliant surface on the outer
cylindrical surface 46. This bearing may be held to the outer surface of a shaft to move
with and support rotation or translation between the object 22 contacting the outer
surface of the bearing. The embodiment of figure 4 comprises features shown in figures
2 and 3. It has locally compliant surfaces 40 comprising both its inner and outer
cylindrical surfaces. This bearing may be located between a shaft 20 and the inner
cylindrical surface of another object (not shown) to support relative translation and/or
rotation between the shaft 20, the bearing 24 and object. This bearing is adapted to float
between the surfaces of the shaft 20 and the object 22. While the locally compliant
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surfaces 40 of these bearings are designed to contact a conventional bearing or shaft,
they may also contact another bearing with a locally compliant surface.

The outer cylindrical surfaces of the embodiments in both figures 3 and 4 have
support members that are linear and non-perpendicular to the base. The inner cylindrical
surfaces 32 of the embodiments in figures 2 and 3 have “dog-leg” shaped support
members with their distal portion 62 aligned somewhat perpendicular with the base 30.
The first portion 60 of the dog-leg members has a substantially constant cross-sectional
area, which creates gaps 56 between the support members that are larger in cross-
sectional area at points closet to the base 30. This provides a greater amount of room for
holding loose particles 42 that may become lodged therein. While these bearings are
shown with particular, locally compliant surfaces 40, they are also contemplated to
comprise locally compliant surfaces according to any other aspects of the invention.

The embodiments shown in figures 2-4 show some different embodiments of
support members; however, these support members can be shaped in many different
ways. Also, it is noted that it is generally preferable to have numerous, very small,
support members that comprise the locally compliant surface. However, applications
with particular loading requirements, or applications that expect to be exposed to larger,
loose particles may benefit from fewer and/or larger support members. Additionally, the
costs associated with creating numerous, small support members may make some other
embodiments desirable. In one embodiment, the support members have a square cross-
sectional area of approximated 0.4 mm by 0.4 mm at their distal end, in other
embodiments, the have distal ends may have cross-sectional areas up to 2 mm by 2 mm.
Additionally most support members are three to fifteen times long as they are wide.
Other suitably sized support members may be employed, as the present invention is not
limited in this respect.

In one embodiment, as shown in Figure 8A, the support member is formed as a
“dog-leg” comprising a first linear portion 60 and a second, distal, linear portion 62.
Either of these linear portions 60, 62 may be aligned perpendicular to the base 30 or they
may both be non-perpendicular the base. The cross-sectional area of the first and second
portions of the dog-leg may be of identical length and cross-sectional area or one may be
greater than the other in either or both respects. Where the end 64 of a support member is
non-perpendicular to the base 30, a wedge shaped side 66 of the end may be helpful in

removing loose particles 42 from between the bearings by forcing them away from the
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bearings and into the gaps 56. The side 68 of the end forming an acute angle with the
opposed bearing may be useful in promoting the bending of a support member 28 when a
loose particle 42 becomes wedged between the opposed bearing and the end 64. The
configuration of the wedge shaped side and the side forming an acute angle may also be
formed by beveling or chamfering the sides of a support member 28, or arranging the
support members in different manners as the invention is not limited in this respect.

Figure 8B shows a support member of varying cross-sectional area. Varying
cross-sectional area may help achieve a flexing characteristic desired for a particular
application. Tt may also allow the end 64 of a support member to grow in cross-sectional
area as it experiences any wear through prolonged contact with the opposed bearing. As
the end 64 is worn away causing the length of the support member to decrease, the
corresponding area 70 of the distal end will increase. When this occurs over numerous
support members, it will increase the net area of the locally compliant surface. This
increase in area will reduce the contact pressure experienced by each support member,
which may reduce the wear rate experienced thereafter. The support members are still
able to support the opposed surface even though their length decreases because they have
a tendency to bend or flex toward the opposed surface, in part due to the cantilevered and
angled arrangement.

Additional embodiments of support members 28 are shown in figures 8C and 8D.
Figure 8C depicts a support member that is aligned non-perpendicular to the base 30,
while tigure 8D depicts a support member comprising an arcuate shape 72. The distal
end of these support members may be arranged to extend from the base ina
perpendicular or non-perpendicular manner. The arcuate shape 72 may comprise a
constant curvature or alternatively a compound curvature as may be suited by a particular
application. The support members 28 of any of the embodiments described herein may
be used in conjunction with other identically shaped support members, or they may be
used with any combination of support members described or contemplated by this
invention. Although various examples of the shapes of the support members are shown,
it should be appreciated that the present invention is not limited in this respect as other
suitable shaped support members be employed. Also, the support members may extend
from the base in any suitable direction provided that the distal end can move to
accommodate any asperities or particles. Thus, although in certain embodiments, the

support members are shown in particular angles 0 relative to the base, any angle may be
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employed, provided the support can move, for example, bend or flex toward and away
from the opposed surface.

Each of these support members can be made with a wide variety of materials
including, but not limited to metals such as aluminum, brass, bronze, steel, titanium,
nickel, or non-metals, such as polymers, elastomers, nylons, or composites as the
invention is not limited in this respect, provided the material offers the desired flexing
characteristics.

Various embodiments of the present invention may be manufactured through any
suitable method. Any of these methods may be used to create locally compliant surfaces
with particular characteristics resulting from a mix of different support member
geometries that are used, different support member materials that are used, or the spacing
between the support members.

In one embodiment, as shown in figures 2-4 a plurality of thin, washer-like disks
or plates 74 are stacked next to each other to form the bearing, including the support
members. Forming the bearing from a stack 82 of thin plates 74 is one way of providing
certain bencfits. For instance, the configuration of bearings made from stacked plates
can be adjusted easily. A designer can easily configure a bearing by arranging a
construction of already designed thin plate structures 74. For a particular application
where a certain length of bearing or other dimension is desired, the designer may only
need to decide how many thin plates 74 are needed to accommodate the Particular length
and what type of support members 28 the plates should have. In these embodiments, as
with others, plates 74 of varying thickness, plates 74 made of different materials and/or
plates with different types or shapes of support members 28 may be mixed to provide
different overall characteristics of the bearing. For instance, if the support members
associated with the outermost plates 78 are more flexible, the shaft 20 may be allowed to
bend about an axis other than the central axis of the shaft, This effect may be desirable
in some applications. In other applications the opposite effect may be desired, where
plates with stiffer support members may be placed near the outer edges 80 of the bearing
to prevent such motion. Locally compliant bearings made from other manufacturing
processes may accomplish the same effects.

Figures 2-4 show adjacent plates with similar support members on their sides, but
stacked with their support members 28 extending in opposite directions. This alternate

support member configuration creates a matrix of support members extending from the
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base 30 in different directions. This particular configuration means that a support
members 28 bending toward an adjacent plate, in this case, will likely contact another
support member after bending a short distance. When it bends in a direction parallel to
the direction of the plates, it may travel a greater distance. In this manner, the support
members 28 may be adapted to move differently in different directions. Similar results
may be obtained by modifying the cross-sectional shape of the support members. For
instance, a rectangular cross-section will have different bending characteristics in the
various directions perpendicular to its edges 80. Of course, the present invention is not
limited in this respect as the support members may extend in the same direction.

While the embodiment of figures 2-4 are shown comprising a stack of thin plates,
each with support members 28 extending therefrom, other embodiments may include
spacer plates (not shown) between adjacent plates. The same effect may be
accomplished in embodiments manufactured through other techniques by simply creating
a space on all sides of each support member. Such embodiments might allow the support
members 28 to bend more readily in certain directions. The embodiment shown in figure
6 has gaps 56 arranged on four sides of the support members 28. Other embodiments
may be arranged such that the gaps extend continuously from one edge of the bearing to
an opposite edge of the bearing. Such an arrangement may provide easy access to the
gaps for cleaning out accumulated particles.

Particular benefits have been described as they exist in particular embodiments
that comprise a stack of thin plates. However these same benefits and others may be
obtained with locally compliant structures manufactured through other techniques. Some
of these techniques include making a locally compliant surface in whole or part by
removing material from a monolithic structure through, for example, machining, wire
EDM, shearing, laser cutting, or water cutting to name a few. Through other
manufacturing methods, a locally compliant surface may be formed in place by a
material adding process, such as stereo lithography, 3D printing, or casting, to name a
few. Other embodiments may also be formed through stamping or bending of materials.
The various embediments described and contemplated by the invention may also
comprise an assembly of components that define the locally compliant surface, like the
thin plate structures. Another example of a locally compliant surface formed from an
assembly of elements includes an embodiment where the support members are attached

to a base by separate elements. These elements may be made of rubber, plastic, or any
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other suitable material and may actually be the element that allows the support members
to bend as will be discussed. While a few manufacturing processes are discussed, other
suitable processes may also be used as the invention is not limited to any of the
configurations or processes discussed hercin.

Figure 9 is a schematic view of a linear bearing 86 according to another aspect of
the invention. The bearing 86 comprises a U-shaped cross-section 84 to guide
translation in one direction; however, other embodiments may simply comprise a planar
bearing such that the objects 87, 89 may translate relative to one another in mulitiple
directions as the invention is not limited in this respect. As with the cylindrical bearing
24, the linear bearing 86 may be fixedly attached to either of the objects 87, 89, or may
equivalently be allowed to float between the two objects. The linear bearing 86 may also
comprise a pair of bearings, each attached to one of the objects. The linear bearings 86
may be designed to accommodate continuous, or intermittent contact between the objects
87, 89. For instance, with intermittent contact, the first object may be in an application
where it slides completely off of the second object by translating past one of the edges,
or it may be an application where it lifts vertically off of the bearing,

Any of the features associated with the previously discussed embodiments may
also be incorporated into a linear bearing configuration and vice-versa, For instance, the
embodiment shown in figure 10 comprises a plurality of stacked plates 74 each having a
plurality of support members 28, forming a linear bearing with a locally compliant
surface 40. The bearing is shown opposing a conventional bearing 48, although it could
also oppose another locally compliant surface 40. The particular bearing shown in figure
10 may allow translation or rotation in any direction parallel to its locally compliant
surface. Other embodiments may incorporate features to limit this motion or to allow
additional motion. Such additional motion may include one bearing 86 tilting relative to
the other.

The plates forming the bearings may be attached to one another using any
suitable technique. In one embodiment, as shown in Figure 10, holes 88 in each of the
plates 74 may accept a dowel, rivet or screw to align and/or lock the plates together.
Other features, such as tabs, recesses at an edge of the thin plates, protrusions placed on
the side of the thin plates, or even adhesives, welds, or stakes may be used to attach the
plates together, as the invention is not limited in this respect. While the plates 74 arc

shown with a locking feature that may be used to hold them together, other applications
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may not require the plates 74 to be fixed with respect to one another. Some applications
may even allow the plates 74 to move relative to one another during operation. Still,
other applications may comprise locally compliant surfaces formed from a single piece
of material, thereby eliminating the need to attach plates together as the invention is not
limited in this respect.

Figure 11 shows yet another embodiment of a locally compliant surface 40.
Here, the embodiment of figure 2 is shown with grooves 90, which may be helically
shaped, disposed on the locally compliant surface. These grooves are one form of
particle trap that may help remove loose particles 42 from between the bearings. Asa
shaft 20 rotates relative to the locally compliant surface, any particles 42 will be allowed
to fall into the groove 90 and thereafter will be trapped or pushed out one side of the
bearing 24 for removal. Such grooves help to remove foreign particles 42 that are too
large to fit in the gaps 56 disposed between the support members 28. While the groove
is shown to be a helix extending continually from one side to the other, it is not limited to
this configuration. The groove 90 may also be linear or comprise any other shape that
serves to remove particles 42 disposed between the bearings, as the invention is not
limited to any particular shape. Furthermore, the grooves do not need to extend
completely from one side of the bearing to another. For instance, a groove 90 may begin
near the middle and extend towards only one lateral side, or there may be multiple
grooves extending from near the center of the surface towards alternating sides of the
bearing. While the groove 90 is shown associated with an cylindrical bearing 24, it may
also be present in linear bearings 86 or any other bearing configurations, as the invention
is not limited in this respect.

Figure 12 shows a configuration of a bearing that is made with a method different
than those depicted in figures 2-4, 10, and 11. This bearing 24 does not comprise
multiple, stacked plates 74, but rather one solid, monolithic piece of material in which
multiple support members 28 are fashioned to create a locally compliant surface 40. The
locally compliant surface of this bearing is made by cutting numerous grooves 92
parallel to the central axis of the cylinder. Numerous slices 94 are also made
perpendicular to the central axis of the cylinder to intersect the grooves and create
numerous support members 28 extending inwardly of the base 30. In this particular
embodiment, the locally compliant surface 40 does not comprise the entire inner surface

32, but rather only a portion thereof, Other embodiments can be made comprising the
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entire inner surface, any portion of the outer surface 46 or for any surface of other types
of bearings desired. This particular bearing embodiment can be used in an application
where a load is only apply in one direction. In this case, the opposite inner side 96 of the
bearing comprises a conventional bearing surface that does not have a significant force
applied against it. The outer cylindrical surface 46 of this embodiment contains a
keyway 98 for locking the orientation of the bearing to the object which it is mounted
into. This keyway, or other features accomplishing the same effect may be incorporated
into other embodiments of the invention as the invention is not limited in this respect.

Figure 13 displays the results of a test performed on both a prototype bearing
with a locally compliant surface similar to that shown in Figure 12, and a conventional
bearing. Both the prototype and conventional bearing were manufactured from the same
aluminum-bronze alloy material. A nominal load of 500 Newtons was applied against
each bearing through a shaft manufactured from hardened 1060 steel, which was rotated
within each bearing. A torque associated with friction was measured for each bearing as
the test progressed. Figure 13 shows the torque associated with each bearing as it
changed over the time in which the test was performed. The frictional torque value
associated with the bearing of figure 12 in each test trial remained substantially constant
over time. However, the frictional torque associated with the conventional bearing
increased dramatically after a relatively short period of time. This increase is associated
with excessive wear, asperity interaction or other irregularities and ultimately the failure
of the conventional bearings. Further tests were performed where a sand mixture
consisting of particles less than 0.4 millimeters in diameter was added to both the
conventional and prototype bushings. In this test, the frictional torque experienced by
the bearing of figure 12 did increase; however, the bearing did not fail. The conventional
type bearing seized immediately after the sand mixture was introduced.

Figure 14 shows another embodiment of a bearing formed from an assembly of
elements. The opposed bearing surface in this example comprises a conventional shaft
20. The cylindrical bearing includes a series of load bearing support members 28
disposed in an elastomeric compound 100 (such as synthetic rubber, neoprene, flexible
plastic etc.). In one embodiment, the support members are molded into the elastomeric
compound. This elastomeric compound is also bonded to some solid outer base 30 such
as a metal tube. Local compliance can be obtained with such an embodiment when the

support members 28 are arranged at angles, or when the support members are arranged
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perpendicular to the shaft 20. The elastomeric compound 100 can be flexible and mildly
compressible, alfowing each support to move independently of the surrounding support
members, thereby achieving local compliance. This type of a design can be made for
extremely high loading as the support member size can be very small, allowing many
support members and corresponding contact points. Furthermore, the load on each
support member 28 can be distributed over greater area than in other embodiments as the
cross sectional area of the support member can contact a greater area of the base 30 or
elastomeric compound 100. That is, the area of the support member is pi times the
diameter of the pin squared, but the region over which the support member 28 is bonded
to the base 30 can be the perimeter of the support 28 shaft times the length of the
embedded support member 28.

Other embodiments of the invention may include locally compliant surfaces
applied to rolling contact bearings. While such bearings are primarily designed for
rolling contact, they do have a sliding component of friction and wear on a micro level.
Suitable applications of locally compliant surfaces may be used on rolling contact
bearings to reduce wear and friction, as well as possibly the systems more robust and
resistant to impact loading.

Having described several embodiments of the invention in detail, various
modifications and improvements will readily occur to those skilled in the art. Such
modifications and improvements are intended to be within the spirit and scope of the
invention. Accordingly, the foregoing description is by way of example only and is not
intended as limiting. The invention is limited only as defined by the following claims

and the equivalence thereto.
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CLAIMS

1. A contact bearing comprising:

a base; and

a plurality of cantilevered support members, each having a first end directly or
indirectly attached to the base and a second, free end, extending from the base, the
second end constructed and arranged for sliding contact with an opposed bearing surface,
wherein the plurality of support members are constructed and arranged to support the
opposed bearing surface and each second end is constructed and arranged to move to

accommodate any irregularities between the second end and the opposed bearing surface.

2. The contact bearing of claim 1, wherein base is cylindrical and wherein

the support members extend inwardly of the base.

3. The contact bearing of claim 1, wherein the base is cylindrical and

wherein the support members extend outwardly of the base.

4, The contact bearing of claim 1, wherein the base is cylindrical and
wherein a first set of the plurality of support members extend inwardly of the base and
wherein a second set of the plurality of support members extend outwardly of the base.

5. The contact bearing of claim 1, wherein the base is planar.

6. The contact bearing of claim 1, wherein at least one of the plurality of

support members is linear.

7. The contact bearing of claim 6, wherein the at least one linear support

member extends perpendicularly from the base.

8. The contact bearing of claim 6, wherein the at least one linear support

member extends non-perpendicularly from the base.

9. The contact bearing of claim 1, wherein at least one of the plurality of

support members is non-linear.
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10.  The contact bearing of claim 1, wherein at least one of the plurality of
support members comprises a first portion and a second portion, the first portion
extending in a line that is non-perpendicular to the base and the second portion extending

from the first portion in a line that is perpendicular to the base.

11.  The contact bearing of claim 1, wherein each support member comprises

a cross sectional area that varies along a length of the support member.

12.  The contact bearing of claim 1, wherein the plurality of support members

comprises a plurality of spaced apart support members that define gaps therebetween.

13.  The contact bearing of claim 12, further comprising an elastic element

disposed in each gap.

14, The contact bearing of claim 12, further comprising a lubricant disposed

in the gaps.

15.  The contact bearing of claim 1, further comprising a groove defined by a
portion of the second ends of the support members, the groove constructed and arranged

to remove particles from the contact bearing.

16. The contact bearing of claim 1, wherein each support member has a first
flexing direction with a first flexing characteristic and second flexing direction with a
second flexing characteristic, wherein the first and second flexing characteristics are

substantially similar.

17.  The contact bearing of claim 1, wherein each support member has a
generally square shaped cross-sectional area of less than approximately 0.4 mm by 0.4

mm.
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18.  The contact bearing of claim 1, wherein each support member has a
generally square shaped cross-sectional area of less than approximately 0.2 mm by 0.2

mm.

19.  The contact bearing of claim 1, wherein each support member is formed

integral with the base.

20.  The contact bearing of claim 1, in combination with the opposed bearing

surface.

21.  The combination of claim 20, wherein the opposed bearing surface

comprises a cylindrical shaft.

22.  The combination of claim 21, wherein the shaft rotates relative to the

bearing.

23. A contact bearing comprising:

a base; and

a plurality of support members extending from the base, the support members
being constructed and arranged to support an opposed surface and allow sliding contact,
the plurality of support members being constructed and arranged to support the opposed
surface at a fixed distance from the base, each of the plurality of support members is
capable of moving independently of each other, whereby when at least one of the
plurality of support members moves, the others of the plurality of support members

maintains the opposed surface substantially at the fixed distance.

24.  The contact bearing of claim 23, wherein base is cylindrical and wherein

the support members extend inwardly of the base.

25.  The contact bearing of claim 23, wherein the base is cylindrical and

wherein the support members extend outwardly of the base.
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26.  The contact bearing of claim 23, wherein the base is cylindrical and
wherein a first set of the plurality of support members extend inwardly of the base and

wherein a second set of the plurality of support members extend outwardly of the base.

27.  The contact bearing of claim 23, wherein the base is planar.

28.  The contact bearing of claim 23, wherein at least one of the plurality of

support members is linear,

29. The contact bearing of claim 23, wherein at least a portion of the at least

one linear support member extends perpendicularly from the base.

30.  The contact bearing of claim 23, wherein at least one of the plurality of

support members is non-linear.

31.  The contact bearing of claim 23, wherein the plurality of support
members comprises a plurality of spaced apart support members that define gaps

therebetween.

32.  The contact bearing of claim 31, further comprising a lubricant disposed

in the gaps.

33, The contact bearing of claim 23, turther comprising a groove defined by a
distal end of a portion of the support members, the groove constructed and arranged to

remove particles from the contact bearing.

34, The contact bearing of claim 23, wherein each support member has a first
flexing direction with a first flexing characteristic and second flexing direction with a
second flexing characteristic, wherein the first and second flexing characteristics are

substantially similar.
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35.  The contact bearing of claim 23, wherein each support member has a
generally square shaped cross-sectional area of less than approximately 0.4 mm by 0.4

mm.

36.  The contact bearing of claim 23, wherein each support member is formed

integral with the base.

37.  The contact bearing of claim 23, in combination with the opposed bearing

surface.

38.  The combination of claim 31, wherein the opposed bearing surface

comprises a cylindrical shaft.

39.  The combination of claim 38, wherein the shaft rotates relative to the

bearing.

40. A contact bearing comprising:

a plurality of plates, the plates being arranged in a stacked configuration such that
a surface of one plate is arranged adjacent a surface of another plate; and

wherein each plate comprises a base and a plurality of support members
extending from the base, the support members being constructed and arranged to support

an opposed surface through sliding contact.

41. The contact bearing of claim 40, wherein the plates are washer-like, disk

shaped plates and wherein the support members extend inwardly of the base.

42. The contact bearing of claim 40, wherein the plates are washer-like, disk

shaped plates and wherein the support members extend outwardly of the base.

43.  The contact bearing of claim 40, wherein the plates are washer-like, disk
shaped plates and wherein a first set of the plurality of support members extend inwardly
of the base and wherein a second set of the plurality of support members extend

outwardly of the base.
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44.  The contact bearing of claim 40 wherein the plurality of support members
form a planar surface, constructed and arranged to support an opposed planar surface

through sliding contact.

45.  The contact bearing of claim 40, wherein the plurality of support
members comprises a plurality of spaced apart support members that define gaps

therebetween.

46.  The contact bearing of claim 40 further comprising a lubricant disposed in

the gaps.

47.  The contact bearing of claim 40, further comprising a groove defined by a
portion of the second ends of the support members, the groove constructed and arranged

to remove particles from the contact bearing.

48.  The contact bearing of claim 42, wherein each support member of a first
plate has a first flexing direction with a first flexing characteristic and wherein each
support member of a second plate has a second flexing characteristic, wherein the first

and second flexing characteristics are different.

49.  The contact bearing of claim 40, wherein each support member has a
generall); square shaped cross-sectional area of less than approximately 0.4 mm by 0.4

mm,

50.  The contact bearing of claim 40, wherein each support member is formed

integral with the base.

51. The contact bearing of claim 40, in combination with the opposed bearing

surface.

52, The contact bearing of claim 40, wherein a first plate comprises a base

with support members extending in a first dircction and wherein a second plate
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comprises a base with support members extending in a second direction, the second

direction being different from to the first direction.

53. A method of accommodating asperities in a contact bearing, the method
comprising:

providing a plurality of first sliding contact bearing surfaces in direct contact with
a second sliding contact bearing surface; and

flexing at least one of the first sliding contact bearing surfaces with respect to the
second sliding contact bearing surface such that at least one of the first sliding contact
bearing surfaces moves out of direct contact with the second sliding contact bearing

surface to accommodate any loose particles between the first and second surfaces.

54. The method of claim 51, further comprising:

providing a base for attaching the plurality of first sliding contact bearing
surfaces thereto such that the plurality of first sliding contact bearing surfaces extend
therefrom; and

maintaining a substantially constant distance between the base and the second

bearing surface.

55.  The method of claim 53, further comprising:

removing particles from between the first sliding contact bearing surface and the
second sliding contact bearing surface;

allowing the particles to reside in or travel through gaps defined by in the first

sliding contact bearing surface.

56. A method of manufacturing a contact bearing, the method
comprising:
forming a plurality of plates, each having a base, opposed first and second
surfaces, and a plurality of support members extending from the base, the support
members being constructed and arranged to support an opposed bearing surface through
sliding contact; and
stacking the plates adjacent one another such that a surface of one plate is

arranged adjacent a surface of another plate.
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57.  The method of claim 56, further comprising:
attaching the disks together.

58.  The method of claim 56, further comprising:

aligning a first plate relative to a second plate such that the support members of
the first plate are adjacent a gap disposed between the support members of the second
disk.

59. A method of reducing contact pressure in a bearing comprising:

providing a first sliding contact bearing surface in direct contact with a second
sliding contact bearing surface, the first sliding contact bearing surface having at least
one flexing portion; and

flexing the at least one flexing portion in response to a corresponding movement
of the second sliding contact bearing surface, such that the first contact bearing surface

conforms substantially to the flexed shape of the second sliding contact bearing surface.

60. A bearing surface shaped to support a moving member comprising a
plurality of individual surface segments spaced adjacent to one another to form a uniform
bearing surface, and means individually supporting said surface segments normal to said
uniform bearing surface and for movement from said uniform bearing surface under

localized forces.
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