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Abstract
[0065] A bearing assembly is presented having a novel bearing seal design that, in one
embodiment, combines the sealing advantages of both a labyrinth-like seal in corﬁbinution with a
contact seal. The seal is held perpendicularly to the sealing surface, and in one embodiment,
substantially divides the sealing forces equally between the lubricant seal portion and the dust
seal portion of the seal by virtue of the symmetry of the seal geometry and the application of the
resisting force substantially along the seal body’s centerline. The seal departs from the
cantilever geometry of prior art seal designs, and in one embodiment, ppovides an inherently

stiffer seal,
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Roller Bearing Seal

Field of the Invention
[0001)] This invention relates to anti-friction bearings and more particularly, in one

embodiment, to tapered roller bearings.

Background of the Invention
. [.0002] Anti-friction bearings (also commonly known as rolling-contact bearings), such as
ball bearings and tapered roller bearings, are commonly used in various industrial applications.
Anti-friction bearings are typically purchased preassembled, ready for press fit onto the journal

of a shaft or axle.

[0003] A lubricant (e.g., oil or grease) is applied to the bearing’s rollers to minimize friction
and wear. The quantity and quality of the lubricant have a significant effect on bearing life.
Bearing service life can be extended with bearing end seals that minimize lubricant leakage and
the intrusion of environmental contaminants.

[0004] End seals experience degradation in service because their elastomeric materials of
construction are susceptible to the rubbing wear that such seals encounter. Reduction or loss of
seal effgctiveness accelerates lubricant loss, contaminant intrusion, and ultimately, accelerates
bearing degradation and failure. Aﬁ end seal design having a longer service life and a tighter
seal over that service life can realize a significant reduction in the cost of preventive and

corrective maintenance.

Summary of the Invention
[0005] A bearing assembly is presented having a novel bearing end seal. The bearing end

seal includes an outer seal case working in closely spaced cooperation with an inner seal case to
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establish two types of seals: (1) a running seal similar to a labyrinth type seal and (2) a contact or
rubl')ing type seal.

[0006] In one embodiment, the outer seal case and inner seal case form a channel extending
from the lubricated interior portion of the bearing (i.e., bearing cavity) to the exterior of the
bearing. The channel allows for rotating and non-rotating bearing assembly components to move
relative to each other while minimizing lubricant loss.

[0007] The outer seal case is a non-rotating component, affixed to a non-rotating portion of
the bearing assembly such as the bearing cup. The inner seal case is affixed to the bearing cone
and turns with the shaft. The inner seal case induces fluid shear in the lubricant disposed in the
channel. The closely spaced and torturous path of the channel and the fluid shear imparted by
the turning (ie., rotating) inner seal case creates a labyrinth-like seal.

[0008] Any lubricant leakage in the channel that the labyrinth-like seal does not stop is
further reduced with a contact type seal. In one embodiment, a resilient seal body is affixed to
the outer seal case and urged against the inner seal case to substantially seal the interior of the
bearing assembly from the exterior. In this embodiment, the resilient seal body extends from the

outer seal case to perpendicularly contact the wear surface.

Brief Description of the Figures
[0009] = Various embodiments of the bearing assembly are described and illustrated in the
accompanying figures. The figures are provided as examples only and are not intended to be
considered as limitations to the invention. Consequently, the bearing assembly is illustrated by
way of example and not by limitation in the accdmpanying figures in which:
[0010] FIG. 1 is a sectional view of an exemplary first embodiment of the bearing assembly;

[0011] FIG. 2 is an enlarged sectional view of the exemplary first embodiment of FIG. I;
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[0012] FIG“.- 3 is a detailed sectional view of the end seal of the exemplary bearing assembly
illustrated in FIG. | and FIG. 2;

[0013] FIG. 4 is a sectional view of an exemplary second embodiment of the bearing
assembly;

[0014]  FIG. 5 is an enlarged sectional view of the exemplary second embodiment illustrated
in FIG. 4;

[0015] FIG. 6 is a detailed sectional view of the end seal of the exemplary second
embodiment illustrated in FIG. 4 and FIG. 5; and

[0016] FIG. 7 is a detailed sectional view of the seal body for the exemplary second

embodiment illustrated in FIG. 4, FIG. 5, and FIG. 6.

Detailed Description
[0017] Referring to FIG. 1, an exemplary bearing assembly 10 is illustrated. In this first
embodiment, the bearing assembly 10 is a tapered roller bearing assembly of the type commonly
used in railway applications to support a low friction railcar wheel. The bearing assembly
described in the following embodiments, however, may be adapted for use in many other
common industrial applications. Consequently, the bearing assembly illustrated and described
below in relation to a tapered roller bearing assembly for a railcar wheel is for convenience only.
Furthermore, although the embodiments described and illustrated in the figures refer to tapered
roller bearing assemblies, the novel bearing assembly described and claimed is generally
applicable to anti-friction bearings.
[0018] The bearing assembly 10 is typically preassembled before being mounted on the
journal 12 of a shaft 14 (e.g., a rail car axle). At the free end of the shaft 14, a journal 12

terminates in a slightly conical, tapered guide 18 to facilitate installation of the bearing assembly



Case No.: BRN027

10 onto the journal. The bearing assembly 10, in one embodiment, is press fit on the journal 12,
which is machined to very close tolerances to accurately accommodate the press fit. Théjéurnal
12 terminates at its inner end in a contoufed fillet 16 leading to a cylindrical shoulder 17 on the
shaft 14. A backing ring 22 abuts the bearing assembly 10 and the shoulder 17, affixing the
bearing assembly 10 against inboard axial displacement (i.e., inboard and outboard are relative to
the center of the shaft along the shaft axis).

[0019] A bearing retaining cap 20, having a plurality of bores (not shown), is mounted at the
free end of the shaft 14 with threaded cap screws or bolts 21. The bearing retaining cap 20
clamps the bearing assembly 10 into position on the shaft 14.

[0020]  The bearing assembly 10 includes a unitary bearing cup 31 having a pair of adjacent
outer raceways 32, 34 on the inner surface of the bearing cup (one adjacent at each end of the
bearing cup) facing radially inward.

[0021] - The bearing cones 38, 40 include cone back face ribs 53, 55 and cone front face ribs
57, 59 constraining the rollers 42, 44 and creating radially outward facing inner raceways 54, 56.
The outer raceways 32, 34 in the bearing cup 31 cooperate with the inner raceways 54, 56 of
bearing cones 38, 40, respectively, to capture and support two rows of the tapered rollers 42, 44.
[0022] A center spacer 47 is ;ositioned between the bearing cones 38, 40 to maintain the
cones in accurately spaced position relative to one another and allow for proper bearing lateral
clearance. In some embodiments, a cage 46, 48 controls the spacing of the rollers 42, 44 to
maintain their relative position between rollers.

[0023] End seals 50, 52 cover each end of the bearing assembly 10, and more spectfically,
the bearing cup and the bearing cones at each end of the bearing assembly. The end seals 50, 52

protect the bearing from contaminant intrusion and minimize lubricant leakage.
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[0024] Referring now to FIG. 2, a detailed view of one embodiment of the end seals 50, 52
of FIG. 1 is illustrated. The end seals 30, 52 for both sides of the bearing assémbly are the same
and operate in the same manner. Consequently, FIG. 2 is representative of the end seal on either
side of the bearing assembly and no further detailed discussion will be provided of the other end
seal.

[0025] | The end seal 52 includes an outer seal case 60 and an inner seal case 80. The outer
seal case 60 and the inner seal case 80 work in a closely spaced relationship to exclude external
contaminants and prevent lubricant leakage from the bearing assembly 10. The closely spaced,
outer seal case 60 and inner seal case 80 form two types of seals: (1) a seal similar to a labyrinth
type seal, and (2) a contact type seal.

[0026] The outer seal case 60 in one embodiment is affixed to the stationary (i.e., non-
rotating) side of the bearing assembly 10 by interference fit or other appropriate method. For
example, in this embodiment, the outer seal case 60 has a large diameter, outer cylindrical
section 64 that attaches to the bearing cup 31. A retaining lip 65 on the outside surface of the
outer cylindrical section 64 is adapted to snap into an undercut retaining groove 37 in the bearing
cup 31. This design allows the outer seal case 60 to be releaseably retained on the bearing
assembly 10. In another embodiment, the outer cylindrical section 64 may be press fit into the
counterbore 35 of bearing cup 31.

[0027] The inner seal case 80 is affixed to the bearing cone 40 and rotates with the journal
12. In this embodiment, the inner seal case 80 has an inner cylindrical section 81 wifh an inner
diameter dimensioned to provide an interference fit with the bearing cone 40 to allow the inner

cylindrical section 81 to be press fit around the outer diameter of the cone.
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[0028] The bearing assembly 10 is typically pre-lubricated prior to shipment by the
manufacturer. The lubricant 25 most commonly used in the bearing assembly 10 is grease.
During assembly, grease is typically applied to the rollers and to the seal body 70. The inner seal
case 60 forms a lubricant rleservoir 26 and may also be packed with grease. The lubricant
reservoir 26 ensures adequate lubrication is supplied to the rollers and the surfaces contacting the
rollers. |

[0029] With an understanding of the general structure of the bearing assembly 10 and end
seals 50, 52, the cooperative relationship between inner seal case 80 and the outer seal case 60 to
minimize lubricant leakage and exclude foreign contaminants is discussed in detail below.
[0030] Referring to FIG. 3, an enlarged sectional view of the exemplary end seal 52 of FIG.
2 is illustrated. The outer seal case 60 has, in addition to the outer cylindrical section 64, a
smaller diameter inner cylindrical section 62 running parallel to the outer cylindrical section 64.
Connecting the outer cylindrical section 64 to the inner cylindrical section 62 is an outer circular
section 63. Extending radially inward from the inner cylindrical section 62 and perpendicularly
to the journal is an inner circular section 61. A seal body 70 is mounted at the distal end 66 of
the inner circular section 61.

[0031] In one embodiment, the seal body 70 is molded on and permanently bonded to distal
end 66. The seal body 70 extends radially inward, contacting the inner seal case 80. The inner
seal case 80 provides a running surface for the seal body 70 to contact, creating a seal to exclude
external contaminants and limit lubricant leakage. The wear surface created by the inner seal
case 80 eliminates the need for wear rings commonly found in the prior art.

[0032] As described above, the inner cylindrical section 81 of the inner seal case 80 is press

fit onto the outer diameter of the bearing cone. This inner cylindrical section 81 has a first end
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substantially flush with the cone back face and directed axially outward (i.e., axially 0ut§vard and
axially inward are relative to the bearing assembly center along the shaft axis).

[0033] The inner seal case 80 also has a larger diameter outer cylindrical section 83
extending parallel to the inner cylindrical section 8 land having a second end directed axially
inward. An intermediate circular section 82 connects the inner cylindrical section 81 and the
outer cylindrical section 83, extending obliquely from the inner cylindrical section 81, axially
outward to the outer cylindrical section 83. The intermediate circular section 82 in conjunction
with the outer cylindrical section 83 form an annular volume serving as an outboard lubricant
reservoir 24 and directed axially inward.

[0034] One of the geometric relationships between the inner seal case 80 and the outer seal
case 60 is that the inner circular section 61 of the outer seal case 60 is substantially perpendicular
to the inner cylindrical section 81 of the inner seal case 80. This allows the seal body 70 to also
be oriented substantially perpendicular to the inner cylindrical section 81.

[0035] The outer seal case 60 and the inner seal case 80 are closely spaced. The outer
cylindrical section 83 of the inner seal case 80 is radially inward of the inner cylindrical section
62 of the outer seal case 60. The outer cylindrical section 83 of the inner seal case 80 is closely
spaced to the inner cylindrical section 62 of the outer seal case 60. The intermediate circular
section 82 extends axially inward of the inner circular section 61 of the outer seal case 60. The
intermediate circular section 82 of the inner seal case 80 is closely spaced to the inner circular
section 61 of the outer seal case 60 and to the complementary contour of the seal body 70
extending from the distal end 66.

[0036] The motion of the inner seal case 80 rotating with the shaft relative to the non-

rotating outer case seal 60 creates a rotating side of channel 98 (the inner seal case side) and a
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stationary side of the channel (the outer seal case side). This relative motion induces shear
stresses in the lubricant in the channel, impeding lubricant loss from the bearing assembly.
[0037] [n this embodiment, the channel 98 is convoluted and forms a tortuous fluid flow
path. The outer cylindrical section 83 and the intermediate circular section 82 of the inner seal
case 80 form the inner seal case side of the channel 98. Closely spaced and cooperating with the
inner seal case 80 is the outer seal case 60. The inner cylindrical section 62 and the inner
circular section 61 of the outer seal case 60 form the outer seal case side of the channel 98.
[0038] Consequently, in one embodiment, the channel 98 begins with the closely spaced
inner cylindrical section 62 of the outer seal case 60 and the outer cylindrical section 83 of the
inner seal case 80. This portion of the channel 98, between the inner cylindrical section 62 of the
outer seal case 60 and the outer cylindrical section 83 of the inner seal case 80, has a nominal
clearance of 0.030 inches in one embodiment. The channel 98 continues between the inner
circular section 61 of the outer seal case 60 and the intermediate circular section 82 of the inner
seal case 80. The channel 98 further continues between the intermediate circular section 82 of
the inner seal case 80 and the seal body 70. This portion of the channel 98, between the inner
seal case 80 and the seal body 70, has a nominal clearance of 0.050 inches in one embodiment.
[0039] Because of the tortuous channel 98, lubricant flow is impeded as the flow path
changes from axially outward to generally, axially inward, and then to axially outward again as
the lubricant approaches the seal body. Any lubricant loss must then escape past the seal body
70.

[0040] In one embodiment, the seal body 70 typically is an integrally molded annular ring of
elastomeric or rubber like material of suitable density and hardness selected for the particular

application as is known in the art. For example, common materials of construction for the seal
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body 70 include Nitrile Butadiene Rubber (NBR), Viton, silicone, etc. The seal body 70,
however, may be constructed of non-elastomeric materials (e.g., felt, thermoplastic and
thermosetting polymers) or combinations of materials (e.g., a fabric reinforced elastomeric
material).

[0041] ~ Seals constructed from elastomeric materials are useful for providing a resﬂient seal.
The resiliency of the seal body urges the seal body 70 against the cylindrical surface of the inner
cylindrical section 81 to resist lubricant leakage. The seal body 70, in one embodiment, may
have additional hydrodynamic elements and design features to enhance sealing capability.
[0042] For example, the seal body 70 is shown having a dust seal portion 77 and a lubricant
seal portion 78. The dust seal portion 77 and lubricant seal portion 78 are substantially equally
divided by an imaginary centerline through the center of inner circular section 61 of the outer
seal case 60. The dust seal portion 77 has series of circumferential, radial inward projections
forming a primary dust seal 71, a secondary dust seal 72, and an auxiliary dust seal 73. The
lubricant seal portioh has a lubricant seal extending axially inward to contact the inner
cylindrical section 81.

[0043] The novel end seal presented allows the seal body 70 to exert a substantially
equalized sealing force between the dust seal portion 77 and the lubricant seal portion 78 of the
inner seal case 80. Because the inner circular section 61 of the outer seal case 60 extends
substantially perpendicular to the inner cylindrical section 81 of the inner seal case 80, the seal
body 70 allows the dust seal portion 77 and the lubricant seal portion 78 to exert substantially
equal sealing pressure on the inner cylindrical section 81. Furthermore, the lubricant seal portion

78 and the dust seal portion 77, because of their perpendicular approach to the sealing surface
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(i.e., the cylindrical surface of the inner cylindrical section 81), can be designed inherently rigid
to maximize sealing force and minimize flexure of the seal body 70.

[0044] As can be observed from FIG. 3, the imaginary centerline of the seal body 70
substanfially divides the seal body 70 symmetrically between the dust seals on the axiall.y
outward side and the lubricant seal on the axially inward side of the inner circular section 61 of
the outer seal case 60. The resisting force acting through the inner circular section 61 of the
outer seal case 60 at the centerline of the seal body 70 produces substantially equal forces on the
dust and lubricant seals due to the geometrical symmetry of the seal body 70 and the applied
centerline force. |

[0045] In contrast, the cantilevered seal body design typically found in prior art seal bodies
has a dust seal at about the midway point of the cantilever and a lubricant seal toward the free
end of the cantilever.l As result, different forces are applied to the dust and lubricant seal
depending on the distance the dust or lubricant seal is from the seal body mountiné position (i.e.,
the fixed point of the cantilever). The sealing forces developed by the dust and lubricant seals of
the seal body 70 may be more closely controlled in contrast to these prior art designs.

[0046] Furthermore, the seal body 70, because of its split body and extension into separate
dust seal and lubricant seal portions, has a shorter, more compact seal body, providing greater
rigidity to the dust seal portion 77 and the lubricant seal portion 78. This design reduces the
deflection on each portion of the seal body, helping to maintain a constant sealing force on the
surface of the inner cylindrical section 81 while in service.

[0047] However, if desired, to further increase the force on the seal body 70, a mechanical
spring, such as an endless coil or garter spring may back the seal body. The spring is designed to

maintain a continuous, controlled sealing pressure between the seal body and the inner seal case.

10
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An example of such a spring assembly is described in U.S. Patent No. 5,186,548, entitled
“Bearing Shaft Seal,” granted February 16, 1993, to Sink which is hereby incorporated by
reference in its entirety.

[0048] Referring to FIG. 4, an exemplary second embodiment of the end seal is illustrated.
This second embodiment of the end seal has a spring 96 for increasing the sealing force on the
seal body 70. Apart from the configuration of the end seals 50, 52, the bearing assembly 10
illustrated in FIG. 4 is the same as described and illustrated in FIG. 1.

[0049] Referring to FIG. 5, an enlarged detailed view of the second embodiment of the end
seal 52 of FIG. 4 is illustrated. The end seals 50, 52 illustrated in FIG. 5 are similar to the end
seals in FIG. 1 as both have an inner seal case and an outer seal case attached to the bearing cone
38, 40 and bearing cup 31 respectively.

[0050]  One significant difference between this exemplary second embodiment and the ﬁrgt ‘
embodiment is the use of a spring 96 on the seal body 70 to exert greater sealing pressure on the
inner seal case 80. In this second embodiment, a spring retaining groove 79, located
circumferentially around the exterior surface of the seal body 70, captures the spring 96. This
allows the spring 96 (e.g., a garter spring) to exert force on the seal body 70 and in particular, the
lubricant seal 74.

[0051] Referring to FIG. 6, a detailed view of the exemplary, second embodiment end seal of
FIG. 5 is illustrated. As can be seen by inspection in FIG. 6, the outer seal case 60 is identical to
the first embodiment illustrated in FIG. 2. However, the inner seal case 80 has a substantially
different design.

[0052] The inner seal case 80 has a substantially cylindrical shape. The inner seal case 80

has a first cylindrical section 84 with an inner diameter dimensioned to allow the first cylindrical

8
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section 84 to be press fit around the bearing cone. The first cylindrical section 84 starts with a
first end that extends axially outward, ending substantially flush with the end of the bearing
cone.

[0053]  The inner case seal 80 also includes a larger diameter, second cylindrical section 86
having a free, second end 88 closely spaced to the outer seal case. The second cylindrical
section and the first cylindrical section 84 are connected by a first circular section 85 disposed
axially outward of the inner circular section 61 of the outer seal case 60. The inner seal case 80
substantially encloses the seal body 70, protecting it from external contaminants and shielding
the elastomeric seal from physical abrasion.

[0054] Referring to FIG. 7, a detailed perspective view of the seal body 70 is illustrated for
thé end seal embodiment illustrated in FIGS. 3-6. In this embodiment, the seal body 70 has a
lubricant seal 74 at one end of the seal body; and three dust seals at the other end of the seal
body.

[0055] The [ubricant seal 74, in one embodiment, is directed axially inward and is resiliently
urged against the inner seal c.ase to impede lubricant loss from the bearing assembly. Various
designs may be incorporated into the lubricant seal 74 to enhance the seal’s ability to minimize
lubricant loss. This includes the use of hydrodynamic surfaces 94 located axially outward from
the lubricant seal 74 and lubricant deflectors 95 axially inward of the lubricant seal 74. These
lubricant seal designs are discussed in detail in U.S. Patent No. 5,511,886, entitled "Bearing Seal
with Oil Deflectors," granted April 30, 1996, to Sink which is hereby incorporated by reference
in its entirety.

[0056] The lubricant deflectors 95 are designed to minimize lubricant in the area axially

inward and adjacent to the lubricant seal 74. Lubricant deflectors 95 are aligned

12
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circumferentially around the seal body 70 and extend radially inward. Like stationary impellers,
the lubricant deflectors 95 force lubricant proximate the lubricant seal 74 back into ihe third
annular chamber 93. Lubricant entrained by the inner seal case 80 impinges on the projecting
lubricant deflectors 95 and is redirected back into annular chamber 93 from the lubricant seal 74,
reducing lubricant leakage under the lubricant seal.

[0057] Similar to the lubricant deflectors 95, the hydrodynamic surfaces 94 are stationary
and deflect lubricant back into bearing assembly 10. The hydrodynamic surfaces 94 are aligned
circumferentially around the seal body 70, axially outward of the lubricant seal 74. Projecting
radially inward, the hydrodynamic surfaces 94 present a curved surface facing axially inward.
Lubricant entrained by the viscous shear forces imparted by the rotating wear ring impinges
these hydrodynamic surfaces 94. The hydrod_ynamic surfaces .94 redirect the lubricant axially
away from the lubricant seal 74 and into the bearing cavity.

[0058] ' In addition to the lubricant seal 74, the seal body 70 has a plurality of dust seals for
minimizing contaminant intrusion into the bearing assembly. The first line of defense against
external contaminants is the primary dust seal 71. The primary dust seal 71 is directed axially
outward at the axially outward end of the seal body 70. The primary dust seal 71 is a contacting
seal, extending and rubbing against the outer surface of the first cylindrical section 84 of the
inner seal case.

[0059] Immediately adjacent and axially inward of the primary dust seal 71 is the axially
outwardly directed, secondary dust seal 72. The secondary dust seal 72 may either contact or is
closely spaced to the first cylindrical section 84. The primary dust seal 71 and the secondary

dust seal 72 operate in conjunction to exclude contaminants from the bearing assembly.

13
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[0060] Axially inward of the secondary dust seal 72 is the auxiliary dust seal 73. In one
embodiment, the auxiliary dust seal 73 is a closely spaced, non-contacting seal. In another
embodiment, however, the auxiliary dust seal 73, may contact the first cylindrical section 84.
The auxiliary dust seal 73 is available to impede particulate contaminants escaping the secondary
dust seal 72.

[0061] The effectiveness of the dust seal arrangement is further augmented by annular
chambers formed between the dust seals and lubricant seals. The first annular chamber 91 is
formed between the primary dust seal 71 and the secondary dust seal 72. Similarly, a second
annular chamber 92 is formed between the secondary dust seal 72 and the auxiliary dust seal 73.
Finally, a third annular chamber 93 is formed between the auxiliary dust seal 73 the lubricant
seal 74.

[0062] In addition to the barrier created by the dust seals, the lubricant in the annular
chambers pins contaminants and impedes contaminant migration. The annular chambers are
typically pre-packed with a suitable lubricant (e.g., grease). Contaminants entering the bearing
assembly are blocked by the physical presence of the lubricant. In addition, the grease acts as a
pinning agent to entrap and impede the further migration of contaminants.

[0063] Although the above description for the seal body dust seals and lubricant seal, as well
as the hydrodynamic surfaces and lubricant deflectors are all specific to the seal body 70 of the
second embodiment as illustrated in FIGS. 4- 6, these design features can be implemented on the
seal body 70 of the first embodiment illustrated in FIGS. 1-3.

[0064] While the invention has been illustrated with respect to several specific embodiments,
these embodiments are illustrative rather than limiting. Various modifications and additions

could be made to each of these embodiments as will be apparent to those skilled in the art.

14
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Accordingly, the invention should not be limited by the above description or of the specific

embodiments provided as examples. Rather, the invention should be defined only by the

following claims.

15
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Claims
The invention claimed is:

1. A bearing assembly affixed to a shaft, the shgft having a shoulder spaced from a free
end, a journal of smaller diameter than the shaft between the shoulder and the free
end, and a fillet leading frém the journal to the shoulder, the bearing assembly
comprising:

a bearing cup having a radially inward directed outer raceway;
a bearing cone affixed to the journal, the bearing cone having a radially outward
directed inner raceway;
a plurality of rollers captured between the outer raceway of the bearing cup and the
inner raceway of the bearing cone;
an inner seal case having:
an inner cylindrical portion affixed to the bearing cone;
an outer cylindrical section in parallel with the inner cylindrical portion; and
an intermediate circular section extending axially outward from the inner
cylindrical section of the inner seal case to the outer cylindrical section
of the inner seal case; and
an outer scal case having:
an outer cylindrical portion affixed to the bearing cup;
an inner cylindrical portion in parallel with the outer cylindrical portion;
an outer circular section connecting the outer cylindrical section with the inner

cylindrical section; and

16
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an inner circular section extending substantially perpendicularly from the
inner cylindrical section of the inner seal case; and

a seal body affixed to the inner cylindrical section of the outer seal case, the seal body
extending substantially perpendicularly to the inner cylindrical section of the
inner seal case;

wherein the intermediate circular section and the outer cylindrical section of the inner
seal case is axially inward and in closely spaced cooperation with the inner
cylindrical section and the inner circular section of the outer seal case to form
a channel.

The beariﬂg assembly of claim 1, wherein the seal body comprises:

a dust seal portion; and

a lubricant seal portion;

wherein the lubricant seal portion extends axially inward and tﬁe dust seal portion
extends axially outward.

The bearing assembly of claim 2, wherein the dust seal portion further comprises:

a primary dust seal;

a secondary dust seal disposed axially inward from the primary dust seal; and

an auxiliary dust seal dispoéed axially inward of the secondary dust seal;

wherein the primary dust seal, secondary dust seal, and auxiliary dust seal extend
radially inward from the dust seal portion to contact the inner cylindrical

section of the inner seal case.

17



10.

Case No.: BRN027

The bearing assembly of claim 2, wherein the lubricant seal portion further comprises‘

a lubricant seal extending radially inward to contact the inner cylindrical section of

the inner seal case.

The bearing assembly of claim 4, wherein the lubricant sealing portion further

comprises a plurality of lubricant deflectors disposed axially inward of the lubricant

seal.

The bearing assembly of claim 4, wherein the lubricant sealing portion further

comprises a plurality of hydrodynamic surfaces disposed axially outward of the

lubricant seal.

The bearing assembly of claim 1, wherein the outer cylindrical section and

intermediate circular section of the inner seal case form an axially inward directed

annular volume.

The bearing assembly of claim 1, further comprising:

a backing ring affixed around the fillet to affix the bearing assembly against axially
inward displacement; and

a bearing retaining cap affixed to the shaft free end to affix the bearing assembly
against axially outward displacement.

The bearing assembly of claim 8, further comprising a cage to separate the plurality

of rollers.

A bearing assembly affixed to a shaft, the shaft having a shoulder spaced from a free

end, a journal of smaller diameter than the shaft between the shoulder and the free

end,.and a fillet leading from the journal to the shoulder, the bearing assembly

‘comprising:

18
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a bearing cup having a radially inward directed outer raceway;

a beafing cone affixed to the journal, the bearing cone having a radially outward
directed inner raceway;,

a plurality of rollers captured between the outer raceway of the bearing cup and the
inner raceway of the bearing cone;

an outer seal case having:

an outer cylindrical section affixed to the bearing cup;

an inner cylindrical section in parallel with the outer cylindrical section; and

an outer circular section connecting the outer cylindrical section of the outer
seal case with the inner cylindrical section of the outer seal case; and

‘an inner circular section extending substantially perpendicularly from the
inner cylindrical section of the outer seal case; and
an inner seal case having:

a first cylindrical section affixed to the bearing cone;

a second cylindrical section in parallel with the first cylindrical section, the
second cylindrical section having a distal end closely spaced to the
outer seal case;

a first circular section extending to connect the first cylindrical section of the
inner seal case to the second cylindrical section of the inner seal case:
and

a seal body affixed to the inner circular section of the outer seal case, the seal body

extending to the first cylindrical section of the inner seal case;
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wherein the first circular section of the inner seal case is axially outward of the inner
circular section of the outer seal case.

The bearing assembly of claim 10, wherein the seal body comprises:

a dust seal portion; and

a lubrication seal portion;

wherein the lubricant seal portion extends axially inward and the dust seal portion
extends axially outward of the distal end of the outer seal case.

The bearing assembly of claim 11, wherein the dust seal portion further comprises:

a primary dust seal;

a secondary dust seal disposed axially inward from the primary dust seal; and

an auxiliary dust seal disposed axially inward of the secondary dust seal;

wherein the primary dust seal, secondary dust seal, and auxiliary dust seal extend
radially inward from the dust seal portion to contact the first cylindrical
section of the inner seal case.

The bearing assembly of claim 11, wherein the lubricant seal portion further

comprises a lubricant seal extending radially inward to contact the first cylindrical

section of the inner seal case.

The bearing assembly of claim 11, wherein the lubricant sealing portion further

comprises a plurality of lubricant deflectors disposed axially inward of theblubricant

seal.

The bearing assembly of claim 14, wherein the lubricant sealing portion further

comprises a plurality of hydrodynamic surfaces disposed axially outward of the

lubricant seal.
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The bearing assembly of claim 10, further including a spring for urging the seal body

against the first cylindrical section of the inner seal case.

The bearing assembly of claim 10, further comprising:

a backing ring affixed around the fillet to aftix the bearing assembly against axially
inward displacement; and

a bearing retaining cap affixed to the shatt free end to affix the bearing assembly
against axially outward displacernent.

The bearing assembly of claim 17, turther comprising a cage to separate the plurality

of rollers.

The bearing assembly of claim 1, substantially as herein

described and exemplified and/or described with reference to
the accompanying drawings.

SN
Dated this Q.8 day of :}:{l\/ Q010

‘Patent Attorn@y / Agent for tha Apolicant
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