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o (57) Abstract: A non-contact labyrinth seal assembly, bearing assembly therewith, and method of construction thereof, has an outer
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a cylindrical wall and a radially outwardly extending flange. A body is attached to at least one of the leg and the flange, wherein the
body provides, at least in part, a purely non-contact labyrinth passage extending between the carrier and the sleeve.
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NON-CONTACT LABYRINTH SEAL ASSEMBLY AND METHOD OF
CONSTRUCTION THEREOF

[0001] The entire contents of U.S. Provisional Application Serial No. 60/989,190, filed

November 20, 2007, are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Technical Field
[0002] This invention relates generally to seal assemblies, and more particularly to non-
contact seal assemblies for roller bearings.
2. Related Art
[0003] It is known to provide seals for sealed, self-contained bearing assemblies with
preset clearances and lubrication. Being preset and lubricated, these bearings can be fitted over
an axle journal and within a housing to enable relative rotation between the axle and the
housing. These bearings have experienced wide-spread use on axles of railway cars, but they
are also used in other applications, such as for crane wheels, table rolls and shears, and even for
the work rolls of rolling mills, for example. When used in railway car applications, the bearings
are subjected to high levels of contaminants, such as moisture, dirt and debris. In order to
maintain the useful life of the bearing, the contaminants must remain external to the oi!l side of
the bearing. Accordingly, the seals in these bearings play a vital role in prolonging the useful
life of the bearings.
[0004] Seals for railway bearings are known to have an outer case configured for
attachment to an outer race of the bearing and an elastomeric seal element bonded to the seal
case. The seal element typically extends radially inwardly from the outer case adjacent an oil
side of the bearing to a primary lip that bears against an axially extending surface of a wear ring
located adjacent to the inner race of the bearing. The seal element sometimes include secondary
lips configured axially outwardly adjacent an air side of the bearing to bear against a radially
extending leg of the wear ring. To maintain sealing engagement between the primary lip and
the wear ring, a garter spring is commonly used to encircle the primary lip to force it snugly
against the wear ring. The secondary lip is typically maintained in contact with the wear ring

under the bias of the elastomer material from which the seal element is constructed. With the
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primary lip being biased into engagement with the wear ring, the primary lip generally provides
such an effective barrier to the egress of the lubricant from within the bearing along the wear
ring, that it is known for the secondary lip to starve for lubrication and to overheat. This, can
cause the secondary lip to harden, thereby diminishing the overall effectiveness of the seal. In
addition, the friction generated by the primary and secondary seal lips against the wear ring
impart a measure of resistance to rotation, which tends to cause undue wear to the seal, and
further, requires additional energy to overcome, thereby diminishing the efficiencies of the
engine powering the railcar.

[0005] The proposed seal, among other things, including economic benefits realized from
constructing various embodiments discussed herein, may operate with considerably less torque
than conventional seals of the type currently utilized with the bearings discussed above.
Moreover, it may provide a generally continuous width labyrinth passage from an air side of

the seal to an oil side of the seal to prevent the ingress of contaminants.

SUMMARY OF THE INVENTION

[0006) According to one aspect of the invention, there is provided a non-contact labyrinth
seal assembly, comprising: an outer rigid carrier having a generally cylindrical outer flange
extending axially relative to a central axis of said assembly with a leg extending radially
inwardly from said outer flange toward said central axis; a seal body attached to said leg, said
body having a radially outward lip and radially inward lip extending axially from said leg and
diverging radially from one another toward an air side of said assembly to provide a first
generally <-shaped annular channel between said lips and a second generally V-shaped annular
channel between said radially outward lip and said leg; a sleeve having cylindrical wall with an
annular first flange extending radially outwardly from said wall, said first flange having an
annular projection extending axially into said first annular channel between said lips and in
non-contacting relation with said lips to provide a non-contact generally <-shaped labyrinth
passage extending between said lips and said annular projection; and wherein said seal body is
spaced in completely non-contacting relation with said sleeve.

[0006a]  There is also disclosed herein a non-contact labyrinth seal assembly has an outer
rigid carrier having a generally cylindrical outer flange extending axially relative to a central

axis of the assembly with a leg extending radially inwardly from the outer flange toward the
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central axis. A body is attached to the leg, wherein the body has a radially outward lip and a
radially inward lip. The lips extend axially from the leg toward an air side of the assembly with
the radially outward lip diverging outwardly from the central axis to provide a first annular
channel between the lips and a second annular channel between the radially outward lip and the
leg. The first annular channel faces axially toward the air side of the assembly and the second
annular channel faces radially outwardly from the central axis. The assembly further has a
sleeve with an axially extending cylindrical wall and an annular first flange extending radially
outwardly from the wall. The first flange has an annular projection extending axially into the
first annular channel to provide a non-contact labyrinth passage extending along a serpentine
path between the lips and the annular projection.

[0007] There is also disclosed herein a railway roller bearing non- contact labyrinth seal
assembly includes an outer rigid earner having a generally cylindrical outer flange extending
axially relative to a central axis of the assembly with a leg extending radially inwardly from the
outer flange toward the central axis. A seal body is attached to the leg. The seal body has a
radially outward lip and a radially inward lip extending axially from the leg and diverging from
one another toward an air side of the assembly to provide a first annular channel between the
lips and a second annular channel between the radially outward lip and the leg. The assembly
further includes a sleeve having a cylindrical wall and an annular first flange extending radially
outwardly from the wall. The first flange has an annular projection extending axially into the
first annular channel between the lips and in non-contacting relation with the lips to provide a
non-contact generally o-shaped labyrinth passage extending between the lips and the annular
projection.

[0008] There is also disclosed herein a railway roller bearing non-contact labyrinth seal
assembly is provided. The seal assembly has an outer rigid carrier having a generally
cylindrical outer flange extending axially relative to a central axis of the assembly with a leg
extending radially inwardly from the outer flange toward the central axis. Further, the assembly
includes a sleeve having a cylindrical wall with an annular projection extending radially
outwardly from the wall. Further, the assembly has a seal body attached to one of the leg or the
projection, wherein the seal body extends toward and remains out of contact with the other of
the leg or the lip to provide a non-contact labyrinth seal passage between an oil side of the seal

assembly and an air side of the seal assembly.
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[0009] According to yet another aspect of the invention, there is provided a method of
constructing a purely non-contact labyrinth seal assembly, comprising: forming an outer rigid
carrier having a generally cylindrical outer flange extending axially relative to a central axis of
the assembly with a leg extending radially inwardly from the outer flange toward the central
axis; forming a sleeve having cylindrical wall with an annular projection extending radially
outwardly from the wall; and forming a body on at least one of the leg and the projection and
configuring the body to extend toward and remain out of contact with the other of the leg and
the projection to provide a non-contact labyrinth seal passage extending completely between an
oil side of the seal assembly and an air side of the seal assembly.

[0009a]  There is also disclosed herein a method of constructing a purely non-contact
labyrinth seal assembly is provided. The method includes forming an outer rigid carrier having
a generally cylindrical outer flange extending axially relative to a central axis of the assembly
with a leg extending radially inwardly from the outer flange toward the central axis. Further,
forming a sleeve having cylindrical wall with an annular projection extending radially
outwardly from the wall. Then, attaching a seal body to at least one of the leg and the
projection and extending toward and remaining out of contact with the other of the leg and the
projection to provide a non-contact labyrinth seal passage extending between an oil side of the

seal assembly and an air side of the seal assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[00010]  These and other aspects, features and advantages of the present invention will
become more readily appreciated when considered in connection with the following detailed
description of presently preferred embodiments and best mode, appended claims and
accompanying drawings, provided by way of non-limiting example only, in which:

[00011]  Figure 1 is a partial cross-sectional view of a shaft and roller bearing assembly
having a non-contact labyrinth seal assembly constructed in accordance with one presently
preferred embodiment of the invention;

[00012]  Figure 2 is an enlarged cross-sectional view of the non-contact labyrinth seal

assembly of Figure 1,
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[00013]  Figure 3 is a partial cross-sectional view of a shaft and roller bearing assembly with
a non-contact labyrinth seal assembly constructed in accordance with another presently
preferred embodiment of the invention;

[00014]  Figure 4 is a cross-sectional view of a bearing assembly with a non-contact
labyrinth seal assembly constructed in accordance with yet another presently preferred
embodiment of the invention;

[00015]  Figure 4A is an enlarged cross-sectional view of the non-contact labyrinth seal
assembly of Figure 4;

[00016]  Figure 4B is an enlarged cross-sectional view of a non-contact labyrinth seal
assembly constructed in accordance with yet another presently preferred embodiment of the
invention; and

[00017] Figure 4C is an enlarged cross-sectional view of a non-contact labyrinth seal
assembly constructed in accordance with yet another presently preferred embodiment of the

invention.

4a
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DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
[00018] Referring in more detail to the drawings, Figure 1 illustrates a self-contained,
pre-lubricated and preset bearing assembly 10 disposed about a journal 12 of a shaft or axle
14 and within a housing 16 to provide relative rotation between the axle 14 and housing 16
about a central axis 17 of the shaft 14 and assembly 10. In the application shown, such as a
railway bearing application, for example, the bearing assembly 10 has a single outer race 18
received in the housing and a pair of inner races 20 separated by a spacer 21 and being
clamped between a backing ring 22 and an end cap 24, with a plurality of rollers 26
maintained between the inner races 20 and the outer race 18. The backing ring 22 and the end
cap 24 each bear against spacer rings 28, sometimes referred to as seal wear rings, which in
turn bear against the inner races 20. The bearing assembly 10 has a pair of purely non-contact
labyrinth seal assemblies 30, illustrated in Figures 1 and 2 in accordance with one aspect of
the invention, on opposite sides of the bearing assembiy 10 to maintain the lubrication on an
oil side 31 of the seal assemblies 30 and within bearing assembly 10 and to prevent the
ingress of contamination from an air side 33 of the seal assemblies 30, such as dirt and debris,
into the bearing assembly 10. Accordingly, the seal assemblies 30, having a completely non-
contact labyrinth construction, as discussed in more detail hereafter, produce minimal friction
in use, while effectively preventing the egress of lubrication and ingress of contamination,
thus, enhancing the performance and prolonging the useful life of the bearing assembly 10.
[00019] As best shown in Figure 2, each non-contact labyrinth seal assembly 30 has an
outer rigid carrier 32, preferably constructed from metal, such as from steel in a stamping
operation, with an elastomeric seal body 34 attached thereto, and a metal inner sleeve 36. The
carrier 32 has a generally cylindrical outer flange 38 extending axially relative to the central
axis 17 of the assembly 30 with an annular leg 40 extending radially inwardly from the outer
flange 38 toward the central axis 17. The outer flange 38 extends axially to a free end 42 that
is preferably configured for direct attachment to the outer race 18 of the bearing assembly 10,
though it could be configured for attachment to the housing 16, or otherwise. The leg 40 has
opposite oil and air sides 44, 45 corresponding to and facing the oil and air sides 31, 33 of the

bearing assembly 10, respectively, that extend to a free end 46. One or both of the sides 44,
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45 can be treated, if desired, to facilitate bonding of the seal body 34 thereto, such as in an
etching or sand/bead blasting operation, for example.

[00020] The elastomeric seal body 34 is attached to the leg 40, such as by using a
suitable adhesive or by molding directly to the leg 40. The body 34 is shown here, by way of
example and without limitation, as being molded about the free end 46 of the leg 40 in bonded
relation to the leg 40 and substantially covering the air side 45 of the leg 40. The body 34 has
a radially outward lip 48 and radially inward lip 50. The lips 48, 50 extend laterally from the
leg 40 toward the air side 33 of the assembly 30. The radially outward lip 48 diverges from
the inward lip 50 and outwardly from the central axis 17 to provide a first annular channel 54
between the lips 48, 50 and a second annular gutter, referred to hereafter as channel 56,
between the radially outward lip 48 and the leg 40 of the carrier 32. Accordingly, the first
annular channel 54 faces axially toward the air side 33 of the assembly 30 and the second
annular channel 56 faces radially outwardly from the central axis 17, and acts to inhibit the
ingress of contamination into the bearing assembly 10. The body also has an undulating
surface 58 facing radially inwardly toward the central axis 17. The undulating surface 58
extends axially along an inner bottom surface of the body 34, and is shown here as being
provided partially by the inward lip 50. The lip 50 has a radially inwardly facing surface 51
that diverges away from the axis 17 toward the air side 33 of the assembly 30, such that
during relative movement between the carrier 32 and the inner sleeve 36, the surface 51 acts
to repell the ingress of contamination into the bearing assemlby 10. The undulating surface
50 also has a plurality of radially inwardly facing surfaces 53 axially inwardly from the
surface 51. The surfaces 53 diverge away from the axis 17 toward the oil side 31 of the
assembly 30, such that during relative movement between the carrier 32 and the inner sleeve
30, the surfaces 53 act to repell the egress of lubrication from the bearing assemlby 10. The
body 34 further includes an exclusion lip 60 extending axially from the leg 40 toward the air
side 33 of the assembly 30. The exclusion lip 60 is located radially outwardly from and in
partially overlapping relation to the second annular channel 56. In addition, the body 34
further includes a containment lip 61 extending axially toward the oil side 31 of the assembly

30. The containment lip 61 is shown here, by way of example and without limitation, as
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extending generally from the free end 46 of the leg 40 axially toward the oil side 31 of the
assembly 30.

[00021] The metal inner sleeve 36 is preferably constructed from steel in a stamping
operation, though other metal materials and processes could be used. The inner sleeve 36 has
an axially extending cylindrical wall 62 with an inner surface 64 configured for operable
disposal about the shaft 14, and shown in Figure 1 and 2, by way of example and without
limtation, as being received on the spacer rings 28. The inner sleeve 36 also has an outer
surface 65 opposite the inner surface 64. The sleeve 36 has an annular wall, also referred to
as flange, or lip 66 extending radially outwardly from the wall 62 to an exclusion flange 68.
The exclusion flange 68 extends axially from the barrier 66 in a radially outwardly
overlapping relation with the cylindrical wall 62 to a free end 69, wherein the wall 62 and the
exclusion flange 68 are shown here as being substantially parallel to one another. The barrier
66 has an annular projection 70 extending axially between the cylindrical wall 62 and the
exclusion flange 68, and is shown here as being upset in the material of the the sleeve 36,
such that the projection 70 is plastically deformed in the barrier 66. The projection 70 is
generally [J-shaped, as shown in Figure 2, having an annular lower leg 72 spaced radially
outward in overlapping relation with the cylindrical wall 62 to provide an annular pocket 74
between the projection 70 and the cylindrical wall 62. The projection 70 has an annular upper
leg 76 diverging radially outwardly from the lower leg 72 toward the air side 33, wherein the
upper leg 76 acts as a slinger to repell contamination radially ouwardly from the seal
assembly 30. The upper leg 76 transitions to the exclusion flange 68 at a reverse folded
portion 77. Accordingly, another annular pocket 78 is formed between the upper leg 76 and
the exclusion flange 68, wherein the pocket 78 is radially outwardly aligned with the radially
inward pocket 74. In addition, the sleeve 36 has a containment flange 80 extending radially
outwardly from the cylindrical wall 62. The containment flange 80, in addition to
maintaining the assembly 30 in an assembled state, assists in preventing lubrication within the
bearing assembly 10 from escaping the oil side 31, while also acting to prevent the ingress of
any contamination into the oil side 31.

[00022] With the carrier 32 assembled to the outer race 18 and the sleeve 36 disposed

about the axle 14, the bearing assembly 10 is maintained in a preset condition with the seal
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assembly 30 being maintained in a purely non-contact labyrinth seal configuration.
Accordingly, the seal body 34 and its associated features remain in spaced relation from the
sleeve 36. For example, when fully assembled, the annular projection 70 of the sleeve 36
extends axially into the first annular channel 54 to provide a non-contact labyrinth passage 82
that extends along a serpentine path between the respective radially outward and radially
inward lips 48, 50 and the annular projection 70. Further, the radially inward lip 50 extends
into the pocket 74 in non-contacting relation with the sleeve 36 to provide a non-contact
labyrinth passage 83 extending in open communication from the labyrinth passage 82,
wherein the labyrinth passage 83 extends over a generally U-shaped or serpentine path within
the pocket 74. Further again, the undulating surface 58 of the seal body 34 extends axially in
spaced relation from the outer surface 65 of the sleeve wall 62 to provide a non-contact
labyrinth passage 84 extending axially in open communication from the labyrinth passage 83.
In addition, the exclusion flange 68 of the sleeve 36 extends in radially outward overlapping
relation with the second annular channel 56, wherein the exclusion flange 68 is spaced
radially outwardly from the radially outward lip 48. At the same time, the exclusion lip 60 of
the seal body 34 extends in spaced, overlapping relation with the free end 69 of the exclusion
flange 68, with the exclusion lip 60 being shown as being spaced radially outwardly from the
exclusion flange 68 to provide a gap, wherein the gap provides a generally horizontally
extending, non-contact labyrinth passage 81 configured in open communication with the
second annular channel 56. Accordingly, the gutter or channel 56 is able to contain
contamination on the radially upward half section of the seal assembly 30 and drain or dispell
the contamination through the labyrinth passage 81 on the radially downward half of the seal
assembly 30 with the assistance of gravitational and centripal forces. Further yet, the
containment flange 80 extends radially outwardly from the cylindrical wall 62 radially beyond
at least a portion of the elastomeric body 34, shown here as extending radially beyond the
undulating surface 58, while remaining axially spaced from the undulating surface 58 to
maintain a non-contact labyrinth passage 85 extending from the labyrinth passage 84. The
containment lip 61 extends axially toward the oil side 31 in radially outwardly overlapping
relation with the containment flange 80. The containment lip 61 is spaced radially outwardly

from the containment flange 80 to extend the non-contacting labyrinth passage 85 in open



WO 2009/067575 PCT/US2008/084120

communication with the oil side 31 of the assembly 30. Accordingly, seal assembly 30 is
configured to maintain an entirely non-contact construction, with the continuously extending
labyrinth passages 81, 82, 83, 84, 85 providing minimal friction in use, while preventing the
ingress of contamination and the egress of lubrication. As shown, the labyrinth passages 82,
83, 84, and 85 are provided having a generally or substantially constant width (W), such as
between about 0.010-0.100", extending along the radially outward lip 48, the radially inward
lip 50 and the undulating surface 58. It should be recognized that some variations in the
width W along the labyrinth passages 82, 83, 84, 85 is contemplated, such as would inherently
occur along the undulating surface 58, for example.

[00023] In Figure 3, a self-contained, pre-lubricated and preset bearing assembly 110 is
shown in accordance with another presently preferred construction, wherein the same
reference numerals as used above, offset by a factor of 100, are used to identify similar
features. The bearing assembly 110 is constructed generally same as the previously discussed
bearing assembly 10, with a labyrinth seal assembly 130 operably coupled to the bearing
assembly 110, thereby providing a completely non-contact labyrinth seal construction,
however, rather than an inner sleeve 136 of the seal assembly 130 being mounted on a spacer
ring, the inner sleeve 136 is configured to be mounted directly on an outer surface of a thrust
rib 21 of an inner race 120. As such, the configuration of a carrier 132 of the seal assembly
130 is altered to accommodate the change in configuration of the inner sleeve 136. In the
embodiment illustrated, the carrier 132 is generally L-shaped in cross-section, with a leg 140
of the carrier 132 depending directly radially inwardly from a cylindrical outer flange 138 of
the assembly 110. Otherwise, the seal assembly 130 is the same as the previously discussed
seal assembly 30, and thus, no further discussion is believed necessary.

[00024] In Figure 4, a self-contained, pre-lubricated and preset bearing assembly 210
with a non-contact labyrinth seal assembly 230 constructed in accordance with another
presently preferred embodiment is shown, wherein the same reference numerals as used
above, offset by a factor of 200, are used to identify similar features. As best shown in Figure
4A, the seal assembly 230 has an outer rigid carrier 232, preferably constructed from metal,
such as from steel in a stamping operation, a seal body 234 attached to the carrier 232, a metal

inner sleeve 236, and an elastomeric seal body, referred to hereafter as elastomeric body or
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simply body 87, attached to the inner sleeve 236 to provide a unitary inner sleeve
subassembly. The carrier 232 has a generally cylindrical outer flange 238 extending axially
relative to a central axis 217 of the assembly 230 with a leg 240 extending radially inwardly
from the outer flange 238 toward the central axis 217. The outer flange 238 extends axially to
a free end 242 that is preferably configured for direct attachment an outer race of a bearing
assembly, though it could be configured for attachment to other than the bearing assembly.
The leg 240 has opposite oil and air sides 244, 245 facing an oil side 231 and air side 233,
respectively, wherein the leg 240 extends to a free end 246.

[00025] The elastomeric seal body 234 is attached to the free end 246 of the leg 240,
and is configured generally the same as described above with regard to the seal body 34.
Accordingly, the seal body has a pair of lips 248, 250, with the radially outward lip 248
diverging from the radially inward lip 250 and outwardly from the central axis 217 to provide
a first annular channel 254 between the lips 248, 250 and a second annular channel 256
between the radially outward lip 248 and the leg 240 of the carrier 232. Further, the body also
has an undulating surface 258 facing radially inwardly toward the central axis 217 and
extending axially along an inner bottom surface of the body 234, and being provided in part
by the inward lip 250. The body 234 further includes an exclusion lip 260 extending axially
from the leg 240 toward the air side 233 of the assembly 230. The exclusion lip 260 is
located radially outwardly from and in partially overlapping relation to the second annular
channel 256. In addition, the body 234 further includes a containment lip 261 extending
axially toward the oil side 231 of the assembly 230. The containment lip 261 is shown here,
by way of example and without limitation, as extending generally from the free end 246 of the
leg 240 in radially outward relation to the undulating surface 258.

[00026] The metal inner sleeve 236 and the elastomeric body 87 are configured having
a generally similar cross-sectional shape as the inner sleeve 36 discussed above. Accordingly,
the inner sleeve 236 and the elastomeric body 87 subassembly cooperate with the outer metal
carrier 232 and seal body 234 to provide a non-contact labyrinth seal assembly similarly as
discussed above with regard to the seal assembly 30. However, the elastomeric body 87
negates the need for many of the progressive manufacturing processes used to form the

aforementioned upset annular projection 70 and exclusion flange 68 of the carrier 32. The
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inner sleeve 236 is preferably constructed from steel, such as in a stamping operation,
although other manufacturing processes are contemplated. The inner sleeve 236 has an
axially extending cylindrical wall 262 with an inner surface 264 and an outer surface 265,
with the inner surface 264 being configured for operable disposal about a shaft, inner race of a
bearing, or, as illustrated, by way of example and without limitation, a spacer ring 228 (Figure
4). The sleeve 236 is generally U-shaped in axial cross-section, having an annular wall, also
referred to as flange, barrier, projection or lip 266 extending radially outwardly from the
cylindrical wall 262. In addition, the sleeve 236 has a containment flange 280 extending
radially outwardly from the cylindrical wall 262. The containment flange 280 functions
similarly as discussed above with regard to the containment flange 80.

[00027] The elastomeric body 87 is preferably molded to the lip 266 of the inner sleeve
236, with the body 87 being formed from an elastomeric or polymeric material, although it
could be otherwise attached, such as via an adhesive, for example. The elastomeric body 87
forms an exclusion flange 268 extending axially from the metal lip 266 in a radially outwardly
overlapping relation with the cylindrical wall 262 to a free end 269, wherein the wall 262 and
the exclusion flange 268 are shown here as being substantially parallel to one another. The
body 87 has an annular projection 270 extending axially inwardly from the lip 266 between
the cylindrical wall 262 and the exclusion flange 268. The projection 270 is generally nose
shaped, having generally the same inside conour as that of the projection 70 discussed above.
As such, the projection has an annular lower, radially inward inner surface 272 spaced
radially outward in overlapping relation with the cylindrical wall 262 to provide an annular
pocket 274 between the projection 270 and the cylindrical wall 262. The projection 270 has
an annular upper, radially outward inner surface 276 diverging radially outwardly from the
lower inner surface 272 toward the air side 233, wherein the upper inner surface 276
transitions to the exclusion flange 268 at a reverse molded portion 277. Accordingly, another
annular pocket 278 is formed between the upper inner surface 276 and the exclusion flange
268, wherein the pocket 278 is radially outwardly aligned with the radially inward pocket
274.

[00028] As shown in Figure 4, with the carrier 232 assembled to the outer race 218 and

the sleeve 236 disposed about the axle 214, the bearing assembly 210 is maintained in a preset



WO 2009/067575 PCT/US2008/084120

condition with the seal assembly 230 being maintained in a purely non-contact labyrinth seal
configuration. Accordingly, the seal body 234 and its associated features remain in spaced
relation from the sleeve 236 and the elastomeric body 87. For example, when fully
assembled, the annular projection 270 of the elastomeric body 87 extends axially into the first
annular channel 254 to provide a non-contact labyrinth passage 282 that extends along a
serpentine path between the respective radially outward and radially inward lips 248, 250 and
the annular projection 270. Further, the radially inward lip 250 extends into the pocket 274 in
non-contacting relation with the sleeve 236 and the elastomeric body 87 to provide a non-
contact labyrinth passage 283 extending in open communication from the labyrinth passage
282, wherein the labyrinth passage 283 extends over a generally U-shaped or serpentine path
within the pocket 274. Further again, the undulating surface 258 of the seal body 234 extends
axially in spaced relation from the outer surface 265 of the sleeve wall 262 to provide a non-
contact labyrinth passage 284 extending axially in open communication from the labyrinth
passage 283. In addition, the exclusion flange 268 of the elastomeric body 87 extends in
radially outward overlapping relation with the second annular channel 256, wherein the
exclusion flange 268 is spaced radially outwardly from the radially outward lip 248. At the
same time, the exclusion lip 260 of the seal body 234 extends in spaced, overlapping relation
with the free end 269 of the exclusion flange 268, with the exclusion lip 260 being shown as
being spaced radially outwardly from the exclusion flange 268 to provide a gap, wherein the
gap provides a generally horizontally extending, non-contact labyrinth passage 281
configured in open communication with the second annular channel 256. Further yet, the
containment flange 280 extends radially outwardly from the cylindrical wall 262 radially
beyond at least a portion of the elastomeric seal body 234, shown here as extending radially
beyond the undulating surface 258, while remaining axially spaced from the undulating
surface 258 to maintain a non-contact labyrinth passage 285 extending from the labyrinth
passage 284. The containment lip 261 extends axially toward the oil side 231 in radially
outwardly overlapping relation with the containment flange 280. The containment lip 261 is
spaced radially outwardly from the containment flange 280 to extend the non-contacting
labyrinth passage 285 in open communication with the oil side 231 of the assembly 230.

Accordingly, seal assembly 230 is configured to maintain an entirely non-contact
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construction, with the continuously extending labyrinth passages 281, 282, 283, 284, 285
providing minimal friction in use, while preventing the ingress of contamination and the
egress of lubrication. As shown, the labyrinth passages 282, 283, 284, and 285 are provided
having a generally or substantially constant width (W) extending along the radially outward
lip 248, the radially inward lip 250 and the undulating surface 258. It should be recognized
that some variations in the width W along the labyrinth passages 282, 283, 284, 285 is
contemplated, such as would inherently occur along the undulating surface 58, for example.
[00029] In Figure 4B, a non-contact labyrinth seal assembly 330 constructed in
accordance with another presently preferred embodiment is shown, wherein the same
reference numerals as used above, offset by a factor of 300, are used to identify similar
features. The seal assembly 330 is configured having generally the same shape in axial cross-
section as the previous assemblies 30, 130, 230, and includes an outer rigid carrier 332, a seal
body 334 attached to the carrier 332, and an inner sleeve 336. However, rather than the
carrier 332 and the seal body 334 being constructed of separate materials, in accordance with
one method of constructing the assembly, they are constructed in accordance with another
method of constructing the assembly by forming the carrier 332 and the seal body 334 as a
single piece of material, such as in a molding process, for example. Preferably, the carrier
332 and the seal body 334 are molded from a sufficiently rigid polymeric material to allow it
to be attached or received in a housing, such as in an outer ring of a railway bearing assembly,
for example. Further, the inner sleeve 336 is molded from a sufficiently rigid polymeric
material to allow it to be received about a shaft.

[00030] The carrier 332 has a generally cylindrical outer flange 338 extending axially
relative to a central axis 317 with a leg 340 extending radially inwardly from the outer flange
338. The leg 340 has opposite oil and air sides 344, 345 facing an oil side 331 and air side
333.

[00031] The seal body 334 has a pair of lips 348, 350 diverging from one another as
described above to provide a first annular channel 354 between the lips 348, 350 and a second
annular channel 356 between the radially outward lip 348 and the leg 340. Further, the body

has an undulating surface 358 facing radially inwardly toward the central axis 317, and further
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includes an exclusion lip 360 and a containment lip 361 as described above with regard to the
previous embodiments.

[00032] The inner sleeve 336 has an axially extending cylindrical wall 362 with an
inner surface 364 and an outer surface 365, with the inner surface 364 being configured for
operable disposal about a shaft, inner race of a bearing, or a spacer ring. The sleeve 336 has a
containment flange 380 extending radially outwardly from the cylindrical wall 362, wherein
the containment flange 380 functions similarly as discussed above. The sleeve 336 further
includes an exclusion flange 368 and an annular projection 370 extending axially inwardly
between the cylindrical wall 362 and the exclusion flange 368. The projection 370 is
generally nose shaped, having generally the same inside conour as that of the projection 270
discussed above. As such, the projection 370 has an annular lower, radially inward inner
surface 372 spaced radially outward in overlapping relation with the cylindrical wall 362 to
provide an annular pocket 374 between the projection 370 and the cylindrical wall 362. The
projection 370 has an annular upper, radially outward inner surface 376 diverging radially
outwardly from the lower inner surface 372 toward the air side 333, wherein the upper inner
surface 376 transitions to the exclusion flange 368 at a reverse molded portion 377.
Accordingly, another annular pocket 378 is formed between the upper inner surface 376 and
the exclusion flange 368.

[00033] When assembled, the annular projection 370 extends axially into the first
annular channel 354 to provide a non-contact labyrinth passage 382 that extends along a
serpentine path between the respective radially outward and radially inward lips 348, 350 and
the annular projection 370. Further, the radially inward lip 350 extends into the pocket 374 in
non-contacting relation to provide a non-contact labyrinth passage 383 extending in open
communication from the labyrinth passage 382, wherein the labyrinth passage 383 extends
over a generally U-shaped or serpentine path within the pocket 374. Further again, the
undulating surface 358 extends axially in spaced relation from the outer surface 365 of the
sleeve wall 362 to provide a non-contact labyrinth passage 384 extending axially in open
communication from the labyrinth passage 383. In addition, the exclusion flange 368 extends
in radially outward, spaced overlapping relation with the second annular channel 356 and the

exclusion lip 360 extends in spaced, overlapping relation with the exclusion flange 368 to
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provide a gap, wherein the gap provides a generally horizontally extending, non-contact
labyrinth passage 381 configured in open communication with the second annular channel
356. Further, as in the previous embodiments, the containment flange 380 extends radially
outwardly from the cylindrical wall 362 beyond the undulating surface 358, while remaining
axially spaced from the undulating surface 358 to maintain a non-contact labyrinth passage
385 extending in open communication from the labyrinth passage 384.

[00034] In Figure 4C, a non-contact labyrinth seal assembly 430 constructed in
accordance with another presently preferred embodiment is shown, wherein the same
reference numerals as used above, offset by a factor of 400, are used to identify similar
features. The seal assembly 430 is configured having generally the same shape in axial cross-
section taken along an axis 417 as the previous assemblies 30, 130, 230, 330 and includes an
outer rigid carrier 432, a seal body 434 attached to the carrier 432, an inner sleeve 436, and a
polymeric body 487 attached to the inner sleeve 436. As with the assembly 330, the seal
assembly 430 is molded of polymeric materials, however, rather than the carrier 432 and the
seal body 434 being constructed of the same material, they are constructed in accordance with
another method of constructing the assembly by molding the carrier 432 and the seal body
434 as separate pieces attached to one another, and thus, can be molded using different types
of polymeric materials. Accordingly, the carrier 432 can be formed by molding it using one
rigid polymeric material, while the seal body 434 can be formed by molding it using a second,
elastic polymeric material, such as rubber, for example. Similarly, the inner sleeve 436 can be
molded from a sufficiently rigid polymeric material to allow it to be received about a shaft,
while the polymeric body 487 can be molded from a second, elastic polymeric material, such
as rubber, for example.

[00035] When assembled, as with the previous embodiments, labyrinth passages 482,
483, 484, and 485 are provided having a generally or substantially constant width (W)
extending along a radially outward lip 448, a radially inward lip 450 and an undulating
surface 458.  Further, a non-contact labyrinth passage 481 is configured in open
communication with an annular channel 456, which in turn, is in open communication with

the labyrinth passage 482. Lastly, a lubricant, such as a grease 89 of suitable weight can be
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provided in the labyrinth passage 484 between the undulating surface 458 and the inner sleeve
436 to further inhibit the ingress of contamination and the egress of lubricant.

[00036]  Obviously, many modifications and variations of the present invention are possible
in light of the above teachings. It is therefore, to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than as specifically described.
[00037])  Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and "comprising",
will be understood to imply the inclusion of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or group of integers or steps.

[00038]  The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A non-contact labyrinth seal assembly, comprising:

an outer rigid carrier having a generally cylindrical outer flange extending axially
relative to a central axis of said assembly with a leg extending radially inwardly from said outer
flange toward said central axis;

a seal body attached to said leg, said body having a radially outward lip and radially
inward lip extending axially from said leg and diverging radially from one another toward an air
side of said assembly to provide a first generally <-shaped annular channel between said lips
and a second generally V-shaped annular channel between said radially outward lip and said leg;

a sleeve having cylindrical wall with an annular first flange extending radially
outwardly from said wall, said first flange having an annular projection extending axially into
said first annular channel between said lips and in non-contacting relation with said lips to
provide a non-contact generally <-shaped labyrinth passage extending between said lips and said
annular projection; and

wherein said seal body is spaced in completely non-contacting relation with said sleeve.

2. The assembly of claim 1 wherein said projection of said sleeve has a leg spaced radially
outward in overlapping relation with said cylindrical wall to provide an annular pocket between
said projection and said cylindrical wall, said radially inward lip extending into said pocket in

non-contacting relation to extend said non-contact labyrinth passage throughout said pocket.

3. The assembly of claim 2 wherein said seal body has an undulating surface facing
radially inwardly in spaced relation from said sleeve wall to extend said non-contact labyrinth

passage between said undulating surface and said sleeve wall.

4. The assembly of claim 1 wherein said sleeve has an exclusion flange extending axially
from said first flange in radially overlapping relation with said second annular channel and in

non-contacting relation with said radially outward lip.

5. The seal assembly of claim 1 wherein said first flange has an upstanding wall with a
substantially constant width with said annular projection being plastically deformed in said

upstanding wall.
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6. The seal assembly of claim 3 wherein said labyrinth passage maintains a generally
constant width between said lips and said annular projection, and between said undulating

surface and an outer surface of said sleeve wall.

7. The seal assembly of claim 4 wherein said body has an exclusion lip extending axially

from said leg in overlapping relation with said exclusion flange.

8. The seal assembly of claim 7 wherein said exclusion lip is spaced from said exclusion

flange to provide a labyrinth passage between said exclusion lip and said exclusion flange.

9. The seal assembly of claim 3 wherein said sleeve has a containment flange extending

radially outwardly from said wall radially beyond said undulating surface.

10. The seal assembly of claim 9 wherein said body has a containment lip extending axially
toward an oil side of said assembly in radially overlapping relation with said containment

flange.

1. The seal assembly of claim 1 wherein said carrier and said seal body are formed as a

single piece of the same material.

12. The seal assembly of claim 11 wherein said sleeve and said annular projection are

formed as a single piece of the same material.

13. The seal assembly of claim | wherein said carrier and said body are formed as separate

pieces of different material.

14. The seal assembly of claim 13 wherein said sleeve and said annular projection are

formed as separate pieces of different material.

15. The assembly of any one of claims 1 to 14, wherein said assembly is a railway roller
bearing.
16. A method of constructing a purely non-contact labyrinth seal assembly, comprising:

18
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forming an outer rigid carrier having a generally cylindrical outer flange extending
axially relative to a central axis of the assembly with a leg extending radially inwardly from the
outer flange toward the central axis;

forming a sleeve having cylindrical wall with an annular projection extending radially
outwardly from the wall; and

forming a body on at least one of the leg and the projection and configuring the body to
extend toward and remain out of contact with the other of the leg and the projection to provide a
non-contact labyrinth seal passage extending completely between an oil side of the seal

assembly and an air side of the seal assembly.

17. The method of claim 16 further includes the step of molding the body as one piece of

material with the at least one of the leg and the projection.

18. The method of claim 17 further including the step of molding the body and the at least

one of the leg and the projection from the same type of material.

19. A non-contact labyrinth seal assembly substantially as hereinbefore described with

reference to the drawings and/or Examples.

20. A method of constructing a purely non-contact labyrinth seal assembly substantially as

hereinbefore described with reference to the drawings and/or Examples.
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