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(54) BALL BEARING CAM FOLLOWER FOR AN ADJUSTABLE AIRCRAFT SEAT

(57) A cam follower assembly includes a ball bearing
having an outer ring and an inner assembly which in-
cludes two or more segments. The inner assembly is
disposed in the outer ring with a full complement of balls

disposed therebetween. The outer ring and inner assem-
bly each include a race having a gothic arch cross sec-
tional configuration that causes the balls to roll on two
portions of each race.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a non-provisional application
of, and claims priority to, U.S. Provisional Application No.
62/516244, entitled "Ball Bearing Cam Follower For An
Adjustable Aircraft Seat", filed on June 7, 2017, the en-
tirety of which is incorporated by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates to a cam follower for an
adjustable aircraft seat and more particularly to a cam
follower having a ball bearing that has a full complement
of balls and an outer ring and inner assembly that each
have a gothic arch bearing surface thereon, that is con-
figured to accommodate misalignment of a track that the
ball bearing travels in. The present invention also in-
cludes a method for assembling a cam follower.

BACKGROUND

[0003] Cam follower assemblies are used in many in-
dustrial manufacturing and conveying applications. The
cam follower assemblies include a rolling bearing having
an outer ring disposed around an inner ring with a plurality
of rolling elements, typically needle rollers or balls, dis-
posed in a cavity therebetween. In the case of ball bearing
cam followers, it can be difficult to assemble cam follower
because of limited space between the outer ring and inner
ring for receiving the rolling elements. Typically, less than
a full complement of balls is employed to provide space
between the outer ring and inner ring for inserting the
balls therebetween. When less than a full complement
of balls is employed, the balls do not engage each other
and there can be uneven spaces between the rolling el-
ements. Typically, spacer rings are employed to evenly
space the balls apart from one another. In addition, when
less than a full complement of balls is employed the load
capacity of the ball bearing is less than a comparable
bearing using a full complement of balls. An annular seal
is positioned on each axial end thereof, between the inner
ring and the outer ring to keep debris from entering the
cavity. The seals occupy an axial length of the cam fol-
lower assemblies and the yoke roller assemblies
[0004] Cam follower assemblies are subject to asym-
metric loads when used in various applications causing
misalignment between the cam follower and the surface
it rolls on. The life and performance of the cam follower
assemblies can be reduced as a result of the asymmetric
loads and resulting misalignment. Cam followers are
sometimes used in adjustable seats for aircraft. Use of
the seats by people can impart the asymmetric loads on
the cam follower due to misalignment of the seat structure
relative to the cam follower.
[0005] Typically, standard needle roller cam followers
are limited in handling side loads.

[0006] Thus, there is a need for an improved ball bear-
ing cam follower that can overcome the foregoing prob-
lems associated with asymmetric loads, misalignment
and assembly.

SUMMARY

[0007] There is disclosed herein a cam follower as-
sembly that has a ball bearing disposed thereon. The ball
bearing includes an outer ring that has an interior area
which is defined by an inner surface extending between
a first axial end and a second axial end of the outer ring.
The inner surface has a first radially inward facing bearing
surface and a second radially inward facing bearing sur-
face. The inner surface also has a radially outward ex-
tending and inwardly facing first recessed surface located
between the first radially inward facing bearing surface
and a second radially inward facing bearing surface. The
ball bearing includes an inner assembly that extends into
the interior area of the outer ring. The inner assembly
includes a first inner segment extending from a third axial
end to a fourth axial end thereof; and a second inner
segment extending from a fifth axial end to a sixth axial
end thereof. The first inner segment has a first radially
outward facing bearing surface and the second inner seg-
ment has a second radially outward facing bearing sur-
face. The fourth axial end and the fifth axial end are abut-
ted against each other. The inner assembly has a radially
inward extending and radially outward facing second re-
cessed surface located between the first radially outward
facing bearing surface and the second radially outward
facing bearing surface. A plurality balls is positioned in
the interior area between the outer ring and the inner
assembly. The balls are in rolling engagement with the
first radially inward facing bearing surface and the second
radially inward facing bearing surface of the outer ring.
The balls are also in rolling engagement with the first
radially outward facing bearing surface and the second
radially outward facing bearing surface of the inner as-
sembly. The plurality of balls rollingly engaging each oth-
er and are spaced apart from the first recessed surface
and the second recessed surface. The cam follower as-
sembly includes a shaft that has a bearing receiving por-
tion and a mounting portion extending from the bearing
receiving portion. The ball bearing is disposed on the
bearing receiving portion such that the inner assembly
is secured to the shaft.
[0008] In one embodiment, the cam follower has a
shoulder positioned between the bearing receiving por-
tion and the mounting portion. The shoulder extends ra-
dially outward from and circumferentially around the
shaft. The second inner segment of the inner assembly
abuts an axial face of the shoulder. The first inner seg-
ment is secured to the shaft, for example, by swaging,
staking, pinning, a thermal fit and/or an interference press
fit. In one embodiment, when the first inner segment is
secured to the shaft by staking, an axial looseness of the
first inner segment relative to the outer ring is between
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about 0.0002 inches and about 0.0020 inches.
[0009] In one embodiment, the outer ring has a
crowned exterior surface, for example, an arcuate shape
having a radius of curvature.
[0010] In one embodiment, the ball bearing has one or
more seals extending between the outer ring and the
inner assembly.
[0011] In one embodiment, the mounting portion has
a male threaded area thereon or a female threaded area
therein.
[0012] In one embodiment, each of the plurality of balls
has a radius that extends from a center of the ball. The
centers of the balls trace a reference circle around the
inner assembly. The centers of the balls are aligned along
a common radially extending reference plane. The first
radially inward facing bearing surface has a first radius
of curvature that extend from a first origin located radially
inward from the reference circle and axially offset from
the reference plane towards the second inner segment.
The second radially inward facing bearing surface having
a second radius of curvature that extends from a second
origin located radially inward from the reference circle
and axially offset from the reference plane towards the
first inner segment, such that the first recessed surface,
the first radially inward facing bearing surface and the
second radially inward facing bearing surface form a first
gothic arch cross sectional configuration. The first radially
outward facing bearing surface has a third radius of cur-
vature extending from a third origin located radially out-
ward from the reference circle and axially offset from the
reference plane towards the second inner segment. The
second radially outward facing bearing surface has a
fourth radius of curvature that extends from a fourth origin
located radially outward from the reference circle and
axially offset from the reference plane towards the first
inner segment, such that the second recessed surface,
the first radially outward facing bearing surface and the
second radially outward facing bearing surface form a
second gothic arch cross section configuration. The first
gothic arch and the second gothic arch are configured to
accommodate external loads applied to the ball bearing
due to misalignment.
[0013] There is further disclosed herein a track roller
bearing assembly that includes a frame and a cam fol-
lower assembly. The frame includes a base section that
has a first side and a second side opposite the first side.
The frame includes a connection section that extends
outwardly from the first side. The connection section has
one or more legs that can form a channel for receiving a
rail of an adjustable aircraft seat. The frame includes a
track that extends from the second side. The track has
a first bearing containment member and a second bear-
ing containment member that extends outwardly from the
second side. The first bearing containment member and
the second bearing containment member are spaced
apart from one another creating a cavity for receiving a
ball bearing therein. The first bearing containment mem-
ber has a leg that has a extending therefrom which has

a rolling engagement surface thereon. The rolling en-
gagement surface is substantially parallel to and faces
the second side. The second bearing containment mem-
ber has an opening extending therethrough. The track
roller bearing assembly includes a cam follower assem-
bly. The cam follower assembly has a ball bearing dis-
posed thereon. The ball bearing includes an outer ring
that has an interior area which is defined by an inner
surface extending between a first axial end and a second
axial end of the outer ring. The inner surface has a first
radially inward facing bearing surface and a second ra-
dially inward facing bearing surface. The inner surface
also has a radially outward extending and inwardly facing
first recessed surface located between the first radially
inward facing bearing surface and a second radially in-
ward facing bearing surface. The ball bearing includes
an inner assembly that extends into the interior area of
the outer ring. The inner assembly includes a first inner
segment extending from a third axial end to a fourth axial
end thereof; and a second inner segment extending from
a fifth axial end to a sixth axial end thereof. The first inner
segment has a first radially outward facing bearing sur-
face and the second inner segment has a second radially
outward facing bearing surface. The fourth axial end and
the fifth axial end are abutted against each other. The
inner assembly has a radially inward extending and ra-
dially outward facing second recessed surface located
between the first radially outward facing bearing surface
and the second radially outward facing bearing surface.
A plurality balls is positioned in the interior area between
the outer ring and the inner assembly. The balls are in
rolling engagement with the first radially inward facing
bearing surface and the second radially inward facing
bearing surface of the outer ring. The balls are also in
rolling engagement with the first radially outward facing
bearing surface and the second radially outward facing
bearing surface of the inner assembly. The plurality of
balls rollingly engaging each other and are spaced apart
from the first recessed surface and the second recessed
surface. The cam follower assembly includes a shaft that
has a bearing receiving portion and a mounting portion
extending from the bearing receiving portion. The ball
bearing is disposed on the bearing receiving portion such
that the inner assembly is secured to the shaft.
[0014] In one embodiment, the cam follower has a
shoulder positioned between the bearing receiving por-
tion and the mounting portion. The shoulder extends ra-
dially outward from and circumferentially around the
shaft. The second inner segment of the inner assembly
abuts an axial face of the shoulder. The first inner seg-
ment is secured to the shaft, for example, by swaging,
staking, pinning, a thermal fit and/or an interference press
fit. In one embodiment, when the first inner segment is
secured to the shaft by staking, an axial looseness of the
first inner segment relative to the outer ring is between
about 0.0002 inches and about 0.0020 inches.
[0015] In one embodiment, the outer ring has a
crowned exterior surface, for example, an arcuate shape
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having a radius of curvature.
[0016] In one embodiment, the ball bearing has one or
more seals extending between the outer ring and the
inner assembly.
[0017] In one embodiment, the mounting portion has
a male threaded area thereon or a female threaded area
therein.
[0018] In one embodiment, each of the plurality of balls
has a radius that extends from a center of the ball. The
centers of the balls trace a reference circle around the
inner assembly. The centers of the balls are aligned along
a common radially extending reference plane. The first
radially inward facing bearing surface has a first radius
of curvature that extend from a first origin located radially
inward from the reference circle and axially offset from
the reference plane towards the second inner segment.
The second radially inward facing bearing surface having
a second radius of curvature that extends from a second
origin located radially inward from the reference circle
and axially offset from the reference plane towards the
first inner segment, such that the first recessed surface,
the first radially inward facing bearing surface and the
second radially inward facing bearing surface form a first
gothic arch cross sectional configuration. The first radially
outward facing bearing surface has a third radius of cur-
vature extending from a third origin located radially out-
ward from the reference circle and axially offset from the
reference plane towards the second inner segment. The
second radially outward facing bearing surface has a
fourth radius of curvature that extends from a fourth origin
located radially outward from the reference circle and
axially offset from the reference plane towards the first
inner segment, such that the second recessed surface,
the first radially outward facing bearing surface and the
second radially outward facing bearing surface form a
second gothic arch cross section configuration. The first
gothic arch and the second gothic arch are configured to
accommodate external loads applied to the ball bearing
due to misalignment.
[0019] There is further disclosed herein a method for
assembling a cam follower. The method includes provid-
ing an outer ring, an inner assembly having at least two
inner segments, a plurality of balls and a shaft having a
shoulder formed thereon. Each of the outer ring and the
two inner segments has a gothic arch shaped bearing
surface therein. The method includes disposing the sec-
ond inner segment in the outer ring. The method includes
installing a full complement of balls between the outer
ring and the second inner segment so that the balls en-
gage a portion of the bearing surface. The method in-
cludes disposing the first inner segment in the outer ring
so that the balls are retained between the outer ring and
the inner assembly and so that the balls engage the first
radially outward facing bearing surface. The method in-
cludes disposing the outer ring and inner assembly with
the full complement of balls therein on the shaft such that
the second inner segment engages the shoulder and the
first inner segment and the second inner segment abut

against each other. The method includes securing first
inner segment to the shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a split cross sectional and front view of the
cam follower assembly of the present invention;
FIG. 2 is a perspective view of the cam follower as-
sembly of FIG. 1 with a portion cut away to show a
plurality of balls therein;
FIG. 3 is an enlarged view of an outer ring and a
portion of a ball of a ball bearing employed in the
cam follower assembly of the present invention;
FIG. 4 is an enlarged view of an inner assembly and
a portion of a ball of a ball bearing employed in the
cam follower assembly of the present invention;
FIG. 5 is a cross sectional view of the cam follower
assembly of the present invention shown installed in
an aircraft seat structure and track for a seat of an
aircraft, shown in an unloaded state;
FIG. 6 is a cross sectional view of the cam follower
assembly of the present invention shown installed in
an aircraft structure and track for a seat of an aircraft,
shown in an asymmetrically loaded state with the
track misaligned relative to the ball bearing;
FIG. 7 is a perspective view of the cam follower as-
sembly of FIG. 2 rollingly engaged with a surface of
a track for a seat of an aircraft; and
FIG. 8 is partial split cross sectional and front view
of the cam follower assembly of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Referring to FIGS. 1 and 2, a cam follower as-
sembly is generally designated by the numeral 10. The
cam follower assembly 10 includes a ball bearing 20. The
ball bearing 20 includes an outer ring 22 having an interior
area 23. The interior area 23 is defined by an inner sur-
face 24 extending between a first axial end 22A and a
second axial end 22B of the outer ring 22. As best shown
in FIG. 3, the inner surface 24 has a first radially inward
facing bearing surface 26A and a second radially inward
facing bearing surface 26B and a radially outward ex-
tending and inwardly facing first recessed surface 26C
therebetween.
[0022] As shown in FIG. 1 the ball bearing 20 includes
an inner assembly 50 that extends into (e.g., is disposed
in) the interior area 23 of the outer ring 22. As best shown
in FIG. 4, the inner assembly 50 includes a first inner
segment 30 that extends from a third axial end 30A to a
fourth axial end 30B thereof. The inner assembly 50 also
includes a second inner segment 40 that extends from a
fifth axial end 40A to a sixth axial end 40B thereof. The
first inner segment 30 has a first radially outward facing
bearing surface 32 and the second inner segment 40 has
a second radially outward facing bearing surface 42. The
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fourth axial end 30B and the fifth axial end 40A are abut-
ted against each other and form a juncture 34. A radially
inward extending and radially outward facing second re-
cessed surface 50C, 50C’ are formed between the first
radially outward facing bearing surface 32 and the sec-
ond radially outward facing bearing surface 42.
[0023] As shown in FIGS. 1, 3 and 4, in one embodi-
ment, the ball bearing 20 includes a seal 29 that extends
between the outer ring 22 and the inner assembly 50. As
best seen in FIG. 1, the seal 29 includes an anchor portion
29A that is secured to the outer ring 22 and a sealing
portion 29B that slidingly engages the inner assembly 50.
[0024] As shown in FIGS. 1 and 2, a plurality of balls
60 (i.e., a full complement of spherical balls) is positioned
in the interior area 23 in rolling engagement with the first
radially inward facing bearing surface 26A and the sec-
ond radially inward facing bearing surface 26B and the
first radially outward facing bearing surface 32 and the
second radially outward facing bearing surface 42. The
plurality of balls 60 are positioned between the outer ring
22 and the inner assembly 50. The plurality of balls 60
rollingly engage each other to form the full complement
of balls with no spacers or gaps between the balls 60 to
increase load capacity of the ball bearing 20 compared
to other ball bearings having less than a full complement
of balls. The balls 60 are spaced apart from the first re-
cessed surface 26C and the second recessed surface
50C, 50C’ such that rolling of the balls 60 is not interrupted
or otherwise disturbed by the juncture 34.
[0025] As shown in FIGS. 1 and 2, the cam follower
assembly 10 includes a shaft 70 having a bearing receiv-
ing portion 72 and a mounting portion 74 extending from
the bearing receiving portion 72. In one embodiment the
mounting portion 74 includes a threaded area 74T (e.g.,
male thread as shown or a female thread, not shown,
inside the mounting portion 74). The ball bearing 20 is
disposed on the bearing receiving portion 72 such that
the inner assembly 50 is secured to the shaft 70. The
shaft 70 includes a shoulder 76 positioned between the
bearing receiving portion 72 and the mounting portion
74. The shoulder 76 extends radially outward from and
circumferentially around the shaft 70. The sixth axial end
40B of the second inner segment 40 abuts an axial face
78 of the shoulder 76.
[0026] As shown in FIG. 1, the first inner segment 30
is secured to the shaft 70 proximate a distal end 70D
thereof, by staking. The second inner segment 40 is se-
cured against the axial face 78 of the shoulder 76 by the
first inner segment 30 being abutted against the second
inner segment 40. While the first inner segment 30 is
shown and described as being secured to the shaft 70
by staking, the present invention is not limited in this re-
gard as the first inner segment 30 may be secured to the
shaft 70 by swaging, staking, pinning, a thermal fit and/or
an interference press fit.
[0027] As shown in FIG. 8 the first inner segment 30
is secured to the shaft 70 by staking at a staking area
80. If the first inner segment 30 is under staked (i.e.,

staked too loosely), it will result in separation of the first
inner segment 30 and the second inner segment 40. In
particular, if under staked, separation of the first inner
segment 30 and the second inner segment 40 from one
another occurs in directions D3 and D4, respectively. Di-
rections D3 and D4 are parallel relative to the centerline
C of the bearing 10. If the first inner segment 30 is over
staked (i.e., staked too tightly), it will result in the first
inner segment 30 and the second inner segment 40 mov-
ing towards each other in directions opposite of directions
D3 and D4. It is preferred that the first inner segment 30
is secured to the shaft 70 by staking to create an axial
looseness between the inner segments 30, 40 and the
outer ring 22, as shown by distances D4 and D5. In one
embodiment, the sum of distance D4 and distance D5 is
between about 0.0002 inches to about 0.0020 inches. In
one embodiment, a staking groove 20G is provided in
the distal end 70D so that a portion 20Q of the distal end
70D is plastically deformed into the staking area 80 as
indicated by the arrow Q10 in FIG. 8.
[0028] As best shown in FIG. 3, the outer ring 22 has
a crowned exterior surface 22E, for example, an arcuate
surface having a radius of curvature.
[0029] As best shown in FIG. 3, each of the plurality of
balls 60 has a radius R1 extending from a center 60C of
the ball 60. The centers 60C of the plurality of balls 60
trace a reference circle around the inner assembly 50.
The centers 60C of the balls 60 are aligned along a com-
mon radially extending reference plane P1. The first ra-
dially inward facing bearing surface 26A has a first radius
of curvature R2 that extends from a first origin C2 located
radially inward from the reference circle and axially offset
(i.e., in the direction of the arrow K1) from the reference
plane P1 towards the second inner segment 40. The sec-
ond radially inward facing bearing surface 26B has a sec-
ond radius of curvature R3 that extends from a second
origin C3 located radially inward from the reference circle
and axially offset (i.e., in the direction of the arrow K2)
from the reference plane P1 towards the first inner seg-
ment 30, such that the first recessed surface 26C, the
first radially inward facing bearing surface 26A and the
second radially inward facing bearing surface 26B form
a first gothic arch cross sectional configuration.
[0030] As shown in FIG. 4, the first radially outward
facing bearing surface 32 has a third radius of curvature
R4 that extends from a third origin C4 located radially
outward from the reference circle and axially offset (i.e.,
in the direction of the arrow K1) from the reference plane
P1 towards the second inner segment 40. The second
radially outward facing bearing surface 42 has a fourth
radius of curvature R5 that extends from a fourth origin
C5 located radially outward from the reference circle and
axially offset (i.e., in the direction of the arrow K2) from
the reference plane P1 towards the first inner segment
30, such that the second recessed surface 50C, 50C’,
the first radially outward facing bearing surface 32 and
the second radially outward facing bearing surface 42
form a second gothic arch cross section configuration.
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The first gothic arch and the second gothic arch are con-
figured to accommodate external loads applied to the ball
bearing 20 due to misalignment as described herein.
[0031] As shown in FIG. 5, a track roller bearing as-
sembly 100 includes a frame 90. The frame 90 has a
base section 91 having a first side 91A and a second
side 91B opposite the first side 91A. A connection section
92 extends outwardly from the first side 91A and has two
legs 92A and 92B that form a channel 92C therebetween.
The connection section 92 is secured to a seat rail 99
(e.g., a seat rail of a slidable aircraft seat) with fasteners
93. A track 94 extends from the second side 91B. The
second side 91B is spaced apart from the exterior surface
22E of the outer ring 22 by a gap G5. The track 94 has
a first bearing containment member 95A and a second
bearing containment member 95B that extends outward-
ly from the second side 91B. The first bearing contain-
ment member 95A and the second bearing containment
member 95B are spaced apart from one another. The
first bearing containment member 95A has a leg 96 ex-
tending therefrom. The leg 96 has a rolling engagement
surface 96E thereon. The rolling engagement surface
96E is substantially parallel to and faces the second side
91B. A portion of the second containment member 95B
includes a lip 95B’ that extends away from the leg 96,
towards the second side 91B. The second bearing con-
tainment member 95B has an opening 95C between the
second bearing containment member 95B and the lip
95B’.
[0032] As shown in FIGS. 5 and 6, the mounting portion
74 of the cam follower assembly 10 is secured to a struc-
tural seat member 98 of the aircraft. The track 94 guides
the outer ring 22 of the cam follower assembly 10 as the
ball bearing 20 rolls in the track 94 (i.e., the exterior sur-
face 22E of the outer ring 22 in rolling contact with the
rolling engagement surface 96E) when the structural seat
member 98 moves during adjustment of the position of
the aircraft seat. If loads on the seat are below a prede-
termined threshold, the rolling contact between the ex-
terior surface 22E of the outer ring 22 and the rolling
engagement surface 96E are aligned along the reference
plane P1. The mounting portion 72 of the shaft 70 extends
through the opening 95C between the second contain-
ment member 95B and the lip 95B’, such that the exterior
surface 22E of the outer ring 22 rollingly engages the
rolling engagement surface 96E.
[0033] As shown in FIG. 6, the exterior surface 22E is
configured to accommodate misalignment of the frame
90 relative to the ball bearing 20 by maintaining rolling
engagement of the exterior surface 22E with the rolling
engagement surface 96E during such misalignment. For
example, as shown in FIG. 6, when a load is applied to
the seat, a torque T1 is applied to the structural seat
member 98 so that the frame 90 is misaligned relative to
the ball bearing 20 such that a central plane P2 of the
frame 90 is angularly displaced by an angle θ relative to
the reference plane P1. With a load applied to the seat,
rolling contact between the exterior surface 22E of the

outer ring 22 and rolling engagement surface 96E are
aligned along the reference plane P2. In the misaligned
configuration or upon application of axial loads to the
structural seat member 98, the axial ends 22A and 22B
of the outer ring 22 slidingly engage and are retained by
inside surfaces of the first bearing containment member
95A, the first bearing containment member 95B and the
lip 95B’. In one embodiment, one or more spacers (e.g.,
metal discs or rings or lubricious pads, rings or discs) are
disposed between: 1) the axial end 22A and the inside
surface of the first bearing containment member 95A;
and/or 2) the axial end 22B and the inside surface of the
second bearing containment member 95B and/or the lip
95B’.
[0034] The ball bearing 20 accommodates the mis-
alignment of the frame 90 relative to the ball bearing 20by
transferring load applied to the outer ring 22 by the seat
rail 99 to a two point contact with the balls 60 and the
outer ring 22 at circumferential lines of contact X1 and
X2 and from the balls 60 and the inner assembly 50 at
circumferential lines of contact Y1 and Y2 (shown in
FIGS. 3 and 4).
[0035] The ball bearing 20 facilitates movement of the
cam follower assembly 10 a distance along the rolling
engagement surface 96E of the track 94. As shown in
FIG. 7, the cam roller assembly 10 can move in a first
direction D1 and a second direction D2 along the rolling
engagement surface 96E. In one embodiment, the cam
follower assembly 10 moves a distance between about
2.0 inches to about 3.0 inches in either first direction D1
or second direction D2. In another embodiment, the cam
follower assembly 10 moves a distance between about
2.5 inches to about 3.0 inches in either first direction D1
or second direction D2. The ball bearing 20 is subject to
multiple revolutions during use of the cam follower as-
sembly 10. When the cam follower assembly 10 moves
a distance between about 2.5 inches to about 3.0 inches,
the outer ring 22 undergoes between about 1 to about
1.5 revolutions.
[0036] The present invention also includes a method
for assembling a cam follower assembly 10. The method
includes providing an outer ring 22, an inner assembly
50 having at least two inner segments 30, 40, a plurality
of balls 60 and a shaft 70 having a shoulder 76 formed
thereon. Each of the outer ring 22 and at least two inner
segments 30, 40 has a gothic arch shaped bearing sur-
face (i.e., the first gothic arch configuration including the
first recessed surface 26C, the first radially inward facing
bearing surface 26A and the second radially inward fac-
ing bearing surface 26B, as shown in FIG. 3; and the
second gothic arch configuration including the second
recessed surface 50C, 50C’, the first radially outward fac-
ing bearing surface 32 and the second radially outward
facing bearing surface 42, as shown in FIG. 4) therein.
The method includes disposing the second inner seg-
ment 40 in the outer ring 22. The method includes install-
ing a full complement of balls 60 between the outer ring
22 and the second inner segment 40 so that the balls 60
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engage a portion of the bearing surface (e.g., the second
radially outward facing bearing surface 42, the first radi-
ally inward facing bearing surface 26A and the second
radially inward facing bearing surface 26B). The method
includes disposing the first inner segment 30 in the outer
ring 22 so that the balls 60 are retained between the outer
ring 22 and the inner assembly 50 and so that the balls
engage the first radially outward facing bearing surface
32. The method includes disposing the outer ring 22 and
inner assembly 50 with the full complement of balls 60
therein on the shaft 70 such that the second inner seg-
ment 40 engages the shoulder 76 and the first inner seg-
ment and the second inner segment abut against each
other. The method includes securing first inner segment
30 to the shaft 70.
[0037] Although the invention has been described with
reference to particular embodiments thereof, it will be
understood by one of ordinary skill in the art, upon a read-
ing and understanding of the foregoing disclosure that
numerous variations and alterations to the disclosed em-
bodiments will fall within the scope of this invention and
of the appended claims.

Claims

1. A cam follower assembly (10) comprising:

a ball bearing (20) comprising:

an outer ring (22) having an interior area
(23), the interior area (23) being defined by
an inner surface (24) extending between a
first axial end (22A) and a second axial end
(22B) of the outer ring (22), the inner surface
(23) having a first radially inward facing
bearing surface (26A) and a second radially
inward facing bearing surface(26B) and a
radially outward extending and inwardly fac-
ing first recessed surface (26C) therebe-
tween;
an inner assembly (50) extending into the
interior area (23), the inner assembly (50)
comprising a first inner segment (30) ex-
tending from a third axial end (30A) to a
fourth axial end (30B) thereof and a second
inner segment (40) extending from a fifth
axial end (40A) to a sixth axial end (40B)
thereof, the first inner segment (30) having
a first radially outward facing bearing sur-
face (32) and the second inner segment (40)
having a second radially outward facing
bearing surface (42), the fourth axial end
(30B) and the fifth axial end (40A) being
abutted against each other and a radially
inward extending and radially outward fac-
ing second recessed surface (50C, 50C’)
between the first radially outward facing

bearing surface (32) and the second radially
outward facing bearing surface (42); and
a plurality of balls (60) positioned in the in-
terior area (23) between the outer ring (22)
and the inner assembly (50) and in rolling
engagement with the first radially inward
facing bearing surface (26A) and the sec-
ond radially inward facing bearing surface
(26B) and the first radially outward facing
bearing surface (32) and the second radially
outward facing bearing surface (42), the
plurality of balls (60) rollingly engaging each
other and being spaced apart from the first
recessed surface (26C) and the second re-
cessed surface (50C, 50C’);

a shaft (70) having a bearing receiving portion
(72) and a mounting portion (74) extending from
the bearing receiving portion (72); and
the ball bearing (20) being disposed on the bear-
ing receiving portion (72) such that the inner as-
sembly (50) is secured to the shaft (70).

2. The cam follower assembly (10) of claim 1, further
comprising a shoulder (76) positioned between the
bearing receiving portion (72) and the mounting por-
tion (74), the shoulder (76) extending radially out-
ward from and circumferentially around the shaft (70)
and the second inner segment (40) abutting an axial
face (78) of the shoulder (76).

3. The cam follower assembly (10) of any one of the
preceding claims, wherein the first inner segment
(30) is secured to the shaft (70) by at least one of
swaging, staking, pinning, a thermal fit and an inter-
ference press fit, wherein when the first inner seg-
ment is secured to the shaft by staking, an axial
looseness of the first inner segment (30) relative to
the outer ring (22) is between about 0.0002 inches
and about 0.0020 inches.

4. The cam follower assembly (10) of any one of the
preceding claims, wherein the outer ring (22) com-
prises a crowned exterior surface (22E) comprising
an arcuate shape having a radius of curvature.

5. The cam follower assembly (10) of any one of the
preceding claims further comprising at least one seal
(29) extending between the outer ring (22) and the
inner assembly (50).

6. The cam follower assembly (10) of any one of the
preceding claims, wherein the mounting portion (74)
comprises a threaded area (74T).

7. The cam follower assembly (10) according to any
one of the preceding claims, wherein each of the
plurality of balls (60) has a radius (R1) extending
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from a center (60C) of the ball (60), the centers (60C)
of the plurality of balls (60) tracing a reference circle
around the inner assembly (50), the centers (60C)
of the balls (60) being aligned along a common ra-
dially extending reference plane (P1);

the first radially inward facing bearing surface
(26A) having a first radius of curvature (R2) ex-
tending from a first origin (C2) located radially
inward from the reference circle and axially off-
set from the reference plane (P1) towards the
second inner segment (40), the second radially
inward facing bearing surface (26B) having a
second radius of curvature (R3) extending from
a second origin (C3) located radially inward from
the reference circle and axially offset from the
reference plane (P1) towards the first inner seg-
ment (30), such that the first recessed surface
(26C), the first radially inward facing bearing sur-
face (26A) and the second radially inward facing
bearing surface (26B) form a first gothic arch
cross sectional configuration;
the first radially outward facing bearing surface
(32) having a third radius of curvature (R4) ex-
tending from a third origin (C4) located radially
outward from the reference circle and axially off-
set from the reference plane (P1) towards the
second inner segment (40), the second radially
outward facing bearing surface (42) having a
fourth radius of curvature (R5) extending from a
fourth origin (C5) located radially outward from
the reference circle and axially offset from the
reference plane (P1) towards the first inner seg-
ment (30), such that the second recessed sur-
face (50C, 50C’), the first radially outward facing
bearing surface (32) and the second radially out-
ward facing bearing surface (42) form a second
gothic arch cross section configuration; and
wherein the first gothic arch and the second
gothic arch are configured to accommodate ex-
ternal loads applied to the ball bearing (20) due
to misalignment.

8. The cam follower assembly (10) according to any
one of claims 1-7 installed in a track roller bearing
assembly (100), the track roller bearing assembly
(100) comprising:

a frame (90) comprising:

a base section (91) having a first side (91A)
and a second side (91B) opposite the first
side (91A);
a connection section (92) extending out-
wardly from the first side (91A), the connec-
tion section (92) having at least one first leg
(92A, 92B);
a track (94) extending from the second side

(91B), the track (94) having a first bearing
containment member (95A) and a second
bearing containment member (95B) ex-
tending outwardly from the second side
(91B), the first bearing containment mem-
ber (95A) and the second bearing contain-
ment member (95B) being spaced apart
from one another, the first bearing contain-
ment member (95A) has a second leg (96)
extending therefrom, the second leg (96)
having a rolling engagement surface (96E)
extending therefrom, the rolling engage-
ment surface (96E) being substantially par-
allel to and facing the second side (91B),
the second bearing containment member
(95B) having an opening (95C) extending
therethrough;

the mounting portion (72) extending through the
opening (95C) in the second containment mem-
ber (95B) such that the exterior surface (22E) of
the outer ring (22) rollingly engages the rolling
engagement surface (96E), the exterior surface
(22E) being configured to accommodate mis-
alignment of the frame (90) relative to the ball
bearing (20) by maintaining rolling engagement
of the exterior surface (22E) with the rolling en-
gagement surface (96E) during such misalign-
ment.

9. The cam follower assembly (10) of claim 8, further
comprising a shoulder (76) positioned between the
bearing receiving portion (72) and the mounting por-
tion (74), the shoulder (76) extending radially out-
ward from and circumferentially around the shaft (70)
and the second inner segment (40) abutting an axial
face (78) of the shoulder (76).

10. The cam follower assembly (10) of claim 8 or claim
9, wherein the first inner segment (30) is secured to
the shaft (70) by at least one of swaging, staking,
pinning, a thermal fit and an interference press fit,
wherein when the first inner segment is secured to
the shaft by staking, an axial looseness of the first
inner segment (30) relative to the outer ring (22) is
between about 0.0002 inches and about 0.0020
inches.

11. The cam follower assembly (10) according to any
one of claims 8-10, wherein the exterior surface
(22E) of the outer ring (22) is crowned, wherein the
crowned surface comprises an arcuate shape hav-
ing a radius of curvature.

12. The cam follower assembly (10) according to any
one of claims 8-11, further comprising at least one
seal (29) extending between the outer ring (22) and
the inner assembly (50).
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13. The cam follower assembly (10) according to any
one of claims 8-12, wherein the mounting portion
(74) comprises a threaded area (74T).

14. The cam follower assembly (10) according to any
one of claims 8-13, wherein each of the plurality of
balls (60) has a radius (R1) extending from a center
(60C) of the ball (60), the centers (60C) of the plu-
rality of balls (60) tracing a reference circle around
the inner assembly (50), the centers (60C) of the
balls (60) being aligned along a common radially ex-
tending reference plane (P1);

the first radially inward facing bearing surface
(26A) having a first radius of curvature (R2) ex-
tending from a first origin (C2) located radially
inward from the reference circle and axially off-
set from the reference plane (P1) towards the
second inner segment (40), the second radially
inward facing bearing surface (26B) having a
second radius of curvature (R3) extending from
a second origin (C3) located radially inward from
the reference circle and axially offset from the
reference plane (P1) towards the first inner seg-
ment (30), such that the first recessed surface
(26C), the first radially inward facing bearing sur-
face (26A) and the second radially inward facing
bearing surface (26B) form a first gothic arch
cross sectional configuration;
the first radially outward facing bearing surface
(32) having a third radius of curvature (R4) ex-
tending from a third origin (C4) located radially
outward from the reference circle and axially off-
set from the reference plane (P1) towards the
second inner segment (40), the second radially
outward facing bearing surface (42) having a
fourth radius of curvature (R5) extending from a
fourth origin (C5) located radially outward from
the reference circle and axially offset from the
reference plane (P1) towards the first inner seg-
ment (30), such that the second recessed sur-
face (50C, 50C’), the first radially outward facing
bearing surface (32) and the second radially out-
ward facing bearing surface (42) form a second
gothic arch cross section configuration; and
wherein the first gothic arch and the second
gothic arch are configured to accommodate ex-
ternal loads applied to the ball bearing (20) due
to misalignment of the frame (90) relative to the
ball bearing.

15. A method for assembling a cam follower assembly
(10) according to any one of the preceding claims,
the method comprising:

providing the outer ring (22), the inner assembly
(50) having the at least two inner segments (30,
40), the plurality of balls (60) and the shaft (70)

having a shoulder (76) formed thereon, each of
the outer ring (22) and at least two inner seg-
ments (30, 40) having a gothic arch shaped
bearing surface therein;
disposing a first of the at least two inner seg-
ments (30, 40) in the outer ring (22);
installing a full complement of balls (60) between
the outer ring (22) and the first of the at least two
inner segments (40) so that the balls (60) en-
gage a portion of the bearing surface;
disposing a second of the at least two inner seg-
ments (30) in the outer ring (22) so that the
balls(60) are retained between the outer ring
(22) and the inner assembly (50);
disposing the outer ring (22) and inner assembly
(50) with the full complement of balls (60) therein
on the shaft (70) such that one of the at least
two inner segments (30, 40) engages the shoul-
der (76); and
securing at least one of the at least two inner
segments (30, 40) to the shaft (70).
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