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(57) Abrégé/Abstract:

An assembly comprises a shaft defining a longitudinal axis, a first component supported on the shaft, a second component
supported on the shaft, and an isolator positioned between the first component and the second component. The second
component configured such that the second component induces a force having a component parallel to the axis of the shaft. The
force component parallel to the axis of the shaft induced by the second component is transferred directly to the shaft by the isola-
tor and is isolated from the first component.
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(57) Abstract: An assembly comprises a shaft defining a longitudinal axis, a first component supported on the shaft, a second
component supported on the shatt, and an isolator positioned between the first component and the second component. The second
component configured such that the second component induces a force having a component parallel to the axis of the shaft. The
force component parallel to the axis of the shaft induced by the second component is transterred directly to the shaft by the isola-
tor and is isolated from the first component.
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TAPERED RETAINING RING TO REDUCE BEARING RACE MOVEMENT

BACKGROUND OF THE INVENTION

[0001] The present disclosure is related to shaft assemblies having
components mounted on a shaft and movable along the axis of the shaft.
More specifically, the present disclosure is related to a shaft assembly having
components mounted on the shaft that support radial and axial loads, the
shaft configured so that the axial loads are transferred to the shaft.

[0002] Tapered retaining rings are used to remove axial endplay of
components mounted on a shaft through an external ring. Tapered internal
rings may be used inside a bore to reduce the endplay of components within
the bore. Endplay refers to the movement of components mounted on a shaft
or in a bore. Such movement occurs when the axial lengths of the
components vary within a tolerance band. The stack-up of the tolerances
results in a difference between the length of the stacked components and the
distance between retainers used to hold the stacked components together.
Such a difference results in unwanted movement of one or more of the
components parallel to the longitudinal axis of the shaft or bore.

[0003] A shaft assembly within a transmission, for example, includes
multiple components such as gears, clutches, and bearings. The components
are mounted on the shaft and may have some freedom of movement along
the shaft. An axial load is a load having a component parallel to the axis of
the shaft. An axial load on one or more of the components tends to cause
adjacent components to impart a force on one another. When endplay is
present, the axial load may cause movement in the adjacent components,
such as bearings, for example. Variation in the endplay of a bearing may tend

to reduce the life of the bearing through excess load and heat.

SUMMARY OF THE INVENTION
[0004] The present application discloses one or more of the features
recited in the appended claims and/or the following features which, alone or in

any combination, may comprise patentable subject matter:
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[0005] An assembly comprises a shaft, a first component supported on
the shaft, a second component supported on the shaft, and an isolator
positioned between the first and second components. The shaft defines a
longitudinal axis and first and second ends. The second component is
configured such that the second component induces a force in the assembly.
The force induced in the assembly includes a component acting in a direction
parallel to the axis of the shaft. The isolator is configured such that the force
acting parallel to the axis of the shaft is transferred to the shaft.

[0006] In some embodiments, the shaft may define a groove having a
first surface generally perpendicular to the longitudinal axis of the shaft. The
groove may also include a second tapered surface opposing the first surface
and oblique to the axis of the shaft such that the first and second surfaces
form a tapered groove. In some embodiments, the isolator is removably
engaged with the groove. The isolator may include a first face surface
engaged with the first surface of the groove. The isolator may also include a
second surface opposite the first surface. The second surface may be
configured to engage a portion of the first component. The isolator may also
include a tapered surface adjacent the second surface of the isolator, the
tapered surface configured to engage the tapered surface of the groove.
[0007] The isolator may be biased such that the tapered surface of the
isolator is urged against the tapered surface of the groove to fully seat the
isolator in the groove. In some embodiments, the first component comprises
a tapered roller bearing and the isolator positions the tapered roller bearing on
the shaft. In some embodiments, the isolator comprises a tapered retaining
ring.

[0008] In some embodiments, the second component is selectively
lockable to the shaft such that the second component transitions between first
and second states. In a first state the second component rotates about the
shaft. In a second state the second component is locked to the shaft and
rotates with the shaft. In some embodiments, the second component
comprises a helical gear. The helical gear may develop a thrust force parallel
to the longitudinal axis of the shaft.

[0009] Also, an assembly comprises a housing, a shaft including a

longitudinal axis and first and second ends. The shaft may define a tapered
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groove. A first bearing supports the first end of the shaft on the housing and a
second bearing supports the second end of the shaft on the housing. A helical gear
is supported on the shaft. The helical gear is selectively lockable to the shaft. The
helical gear transitions between a first state wherein the helical gear rotates about the
shaft and a second state wherein the helical gear is locked to the shaft and rotates
with the shaft. An isolator is positioned in the tapered groove in the shaft and
positioned between the first bearing and the helical gear such that a thrust force

developed by the helical gear is transferred directly to the shaft.

[0010] In some embodiments, the isolator comprises a tapered retaining ring.
The retaining ring may include a tapered surface configured to engage a tapered
surface of the groove in the shaft and the retaining ring is biased to urge the tapered
surfaces together to seat the retaining ring in the groove. The tapered groove may
define a first surface generally perpendicular to the longitudinal axis of the shaft and a
second tapered surface opposing the first surface, the second tapered surface

formed oblique to the longitudinal axis of the shaft.

[0011] The first surface of the groove may be positioned such that when the
isolator is seated in the groove, the first bearing is positioned on the shaft such that
the spacing between an inner race and an outer race of the first bearing is within the
design limits of the bearing. In other embodiments, the isolator may include a
tapered surface configured to engage a tapered surface of the groove. When the
isolator includes the tapered surface, the isolator may be biased to urge the isolator

into the groove to fully seat the isolator in the groove.

[0011a] In some embodiments, there is provided an assembly comprising a
shaft defining a longitudinal axis, a first component supported on the shaft, a second
component supported on the shaft, the second component (i) selectively lockable to
the shaft such that the assembly transitions between a first state in which the second
component rotates about the shaft and a second state in which the second

component is locked to the shaft and rotates with the shaft and (ii) configured such
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that the second component induces a force having a component parallel to the axis of
the shaft, and an isolator positioned between the first component and the second
component such that the force component parallel to the axis of the shaft induced by
the second component is transferred directly to the shaft by the isolator and is
isolated from the first component, wherein the shaft defines a tapered groove and the

isolator comprises a tapered retaining ring fully seated in the tapered groove.

[0011b] In some embodiments, there is provided an assembly comprising, a
housing, a shaft defining a longitudinal axis and a tapered groove, the tapered groove
including a first surface generally perpendicular to the longitudinal axis of the shaft
and a second surface opposing the first surface, the second surface formed oblique
to the longitudinal axis of the shaft, a first bearing supporting the first end of the shaft
on the housing, a second bearing supporting the second end of the shaft on the
housing, a helical gear supported on the shaft, the helical gear selectively lockable to
the shaft such that the assembly transitions between a first state in which the helical
gear rotates about the shaft and a second state in which the helical gear is locked to
the shaft and rotates with the shaft, and an isolator positioned in the tapered groove
between the first bearing and the helical gear such that a thrust force developed by
the helical gear is transferred by the isolator directly to the shaft and is isolated by the
isolator from the first bearing, the isolator including a first face surface engaged with
the first surface of the groove and a second face surface opposite the first face
surface, the second face surface of the isolator engaged with the second surface of

the groove, wherein the isolator is removably engaged with the groove.

[0012] Additional features, which alone or in combination with any other
feature(s), including those listed above and those listed in the claims, may comprise
patentable subject matter and will become apparent to those skilled in the art upon
consideration of the following detailed description of illustrative embodiments

exemplifying the best mode of carrying out the invention as presently perceived.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The detailed description particularly refers to the accompanying
figures in which:

[0014] Fig. 1 is an elevation view of a shaft assembly according to the
present disclosure;

[0015] Fig. 2 is a cross-sectional view of the shaft assembly of Fig. 1,

the shaft assembly positioned in a housing of an automatic transmission;

[0016] Fig. 3 is a perspective view of the shaft assembly of Fig. 1;
[0017] Fig. 4 is an enlarged view of a portion of the cross-section of
Fig. 2;

[0018] Fig. 5 is a still further enlarged view of a portion of the cross-

section of Fig. 2;

[0019] Fig. 6 is an elevation view of an isolator used in the shaft
assembly of Fig. 1; and

[0020] Fig. 7 is a cross-section view of the isolator of Fig. 6 taken along

lines 7-7.

DETAILED DESCRIPTION OF THE DRAWINGS

[0021] A shaft assembly 12 shown in Fig. 1 is illustratively configured to
be supported in a housing 26 (seen in Fig. 2). The shaft assembly 12
includes, for example, two tapered roller bearings 14 and 16 engaged with the
housing 26 to support a shaft 22 of the shaft assembly 12 for rotation about a
longitudinal axis 24 relative to the housing. The bearings 14 and 16 each
include outer races 18 and 20 respectively which are illustratively press fit into
the housing 26 as shown in the cross-sectional view shown in Fig. 2.
lllustratively, the shaft assembly 12 may be used in a multi-stage automatic
transmission, for example.

[0022] Referring again to Fig. 1, a first component 28, illustratively
embodied as a helical gear, is supported on the shaft 22. The helical gear 28
is coupled to a clutch assembly 30 which is operable to transition between a
first state in which the gear 28 is free to rotate about the shaft 22 and a
second state in which the gear 28 is locked to the shaft 22 to rotate with the
shaft 22 about an axis 24 of the shaft 22. A second component 32,

illustratively embodied as another helical gear, is coupled to a second clutch
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assembly 34. The clutch assembly 34 is operable to transition between a first
state in which the gear 32 is free to rotate about the shaft 22 and a second
state in which the gear 32 is locked to the shaft 22 and rotates with the shaft
22 about the axis 24. Yet another component 36 embodied as a helical gear
is coupled to the shaft 22 and rotates with the shaft 22 about the axis 24. The
gear 36 includes a plurality of internal splines 38 which are received on
external splines 40 on the shaft 22 to transfer rotation of the shaft 22 to the
gear 36.

[0023] Gear 28 has a number of helical teeth 42 which are configured
to mesh with mating teeth of a complementary gear (not shown) to transfer
rotation between the gear 28 and the complementary gear. For example, in
some embodiments the gear 36 may receive torque from a complementary
component. Because gear 36 is fixed to shaft 22, the torque is thereby
transferred through gear 36 to shaft 22. Activation of clutch assembly 30
results in gear 28 being locked to shaft 22 such that torque is transferred from
the shaft 22 to the gear 28. In the illustrative embodiment, gear 28 has a
diameter that is greater than the diameter of the gear 36. Rotation 36 having
a smaller diameter than the larger gear 28 results in a lower output speed at
the teeth of gear 28.

[0024] Similarly, gear 32 also has helical teeth 44 and gear 36 has
teeth 46. In the illustrative embodiment, activation of clutch 34 results in
rotation being transferred from shaft 22 to gear 32. Gear 32 has a larger
diameter than gear 28. The larger diameter of gear 32 results in an even
lower output speed at the teeth 44 when gear 32 is driven by gear 36. Thus,
shaft assembly 12 may be used in an automatic transmission to transfer
between a low range output when clutch 34 is activated and a high range
output when clutch 30 is activated.

[0025] It is known that the use of helical gear teeth, such as the teeth
42, 44, and 46 of gears 28, 32, and 36 respectively results in reduced noise
due to reduced impact as compared to a traditional straight-toothed spur gear.
However, the helical aspect of the teeth 42, 44, and 46 resulis in a load being
induced in the gears in a direction parallel to the axis of rotation of the gears
28, 32, and 36. In the illustrative embodiment, the axis of rotation of the gears
28, 32 and 36 is coincident with the axis 24 of the shaft 22. The transfer of
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torque between the gears 28, 32, and 36 and complementary gears induces a
force 48 to the teeth of the gears 28, 32 and 36 having a first force component
50 perpendicular to the axis 24 and a second force component 52 parallel to
the axis 24 as illustrated in Fig. 3. The second force component 52 is an
incidental force that is a result of the use of a helical gear tooth profile.

[0026] It should be understood that the magnitude of the incidental
force component 52 will vary depending on the amount of torque being
transferred and the angle of the helical teeth, among other things. The force
perpendicular to shaft 22 is transferred through the shaft assembly 12 as
torque is transferred. The incidental force component, referred to hereinafter
as a thrust load, must be reacted by components along the length of the shaft
assembly 12. In other words, the thrust force 52 is transferred through the
components supported on the shaft 22 until a reaction is supported in the
assembly. In some situations, the thrust load has been born by tapered roller
bearings positioned at either end of a shaft assembly. Tapered roller bearings
are configured to support both a thrust load as well as supporting a shaft for
rotation. The selection of the appropriate size of tapered roller bearing is
partially dependent upon the magnitude of the thrust load applied to the
bearing. Excessive thrust load applied to the bearing induces losses in the
assembly by increasing the normal load on the bearing components, thereby
increasing the friction forces in the bearing. For example, if an inner race 56
of bearing 14 is movable on the shaft 22, endplay will be reduced and loads
on the bearing 14 may increase. The losses are typically converted to heat
which reduces the life of the bearing and the efficiency of the assembly.
[0027] In the illustrative embodiment, the thrust load 52 is not applied to
the thrust bearings 14 and 16. The thrust load 52 is reacted to the shaft 22 by
the use of an isolator 54, illustratively embodied as a retaining ring 54 secured
to the shaft 22 and positioned to transfer the thrust load 52 directly to the shaft
22. While in the illustrative embodiment a retaining ring is used as an isolator,
those of ordinary skill in the art will readily recognize that various components
may be employed as the isolator within the scope and spirit of this disclosure.
For example, a circlip, a snap-ring, an e-ring, a radial grip ring, a crescent
ring, a clipring or other similar product may form at least a portion of an

isolator within the scope of this disclosure as described in more detail below.
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[0028] Referring now to Fig. 4, the use of the retaining ring 54 is shown
with respect to gear 28. As shown in Fig. 4, gear 28 is supported on a
plurality of needle bearings 60 for rotation with respect to the shaft 22. The
tapered roller bearing 14 is positioned with the outer race 18 engaged with the
housing 26. A plurality of rollers 58 is positioned between the outer race 18
and an inner race 56 so that the races 18 and 56 may move relative to one
another. The isolator, illustratively embodied as the retaining ring 54 is
positioned adjacent the inner race 56 and is secured to the shaft 22 by
engaging a groove 64 formed in the shaft 22. A thrust washer 62 is
interposed between the retaining ring 54 and the gear 28 such that when the
gear 28 rotates relative to the shaft 22, the thrust washer 62 acts as a bearing
between the gear 28 and the retaining ring 54. When the gear 28 is locked to
the shaft 22 by the clutch 30, there is little or no rotation of the gear 28 relative
to the retaining ring 54 because both the gear 28 and retaining ring 54 moves
with the shaft 22 as the shaft 22 rotates.

[0029] The spacing between the inner race 56 and outer race 18 of
bearing 14 is controlled so that the operation of the bearing 14 is optimized.
As shown in Fig. 5, groove 64 is positioned so that the retaining ring 54
engages the inner race 56 to control the position of the inner race 56 on the
shaft 22. The retaining ring 54 is also positioned such that the thrust load 52
is received by the retaining ring 54 and not transferred directly to the inner
race 56. This permits an appropriate endplay spacing between the races 56
and 18 to be maintained as designed in contrast to having the thrust load 52
applied to the inner race 56 which may tend to move the race 56 along the
shaft 22 and change the spacing. Thus, retaining ring 54 positions the inner
race 56 and isolates the inner race 56 from the thrust load 52.

[0030] The groove 64 includes a wall 66 that is substantially
perpendicular to the axis 24 of shaft 22. A second wall 70 opposing the wall
66 is at an angle oblique to the axis 24 of the shaft 22. A groove bottom 68
interconnects the walls 66 and 70. The retaining ring 54 is formed to include
first and second face surfaces 78 and 72 respectively. An oblique surface 74
is formed along an inner periphery of the retaining ring 54 as shown in Fig. 6.
Referring again to Fig. 5, when retaining ring 54 is positioned in the groove
64, the oblique surface 74 engages the surface 70 of the groove 64. The
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retaining ring 54 is biased in the direction of arrows 82 and 84 to the
configuration shown in Fig. 6. When the retaining ring 54 is inserted in groove
64, the bias of the retaining ring 54 causes the ring 54 to seat with the
surfaces 78 and 74 of the retaining ring 54 engaged with the surfaces 66 and
70 of the groove 64, respectively.

[0031] It should be noted that in a typical retaining ring application, the
groove would be produced with two parallel walls spaced apart by the
thickness of the retaining ring. Manufacturing variances in the position
between the walls and the thickness of the retaining ring may resuilt in the
retaining ring being movable in the groove along the axis of the shaft. Thus, a
thrust load applied to the retaining ring would displace the retaining ring and
transfer the thrust load through the retaining ring to an adjacent component,
such as an inner race of a bearing, for example. In the illustrative
embodiment, the tapered retaining ring 54 seats against the surfaces 66 and
70 with some variation in the position of surface 70. Once the retaining ring
54 is seated it will not move along the axis 24 of the shaft 22. Thus, the
retaining ring 54 acts as a rigid isolator between the thrust loaded gear 28 and
the inner bearing race 56. The spacing of the bearing races 56 and 18 is
maintained as designed and the thrust load 52 is reacted to the shaft 22 and
not the bearing 14.

[0032] As can be seen in Fig. 6, retaining ring 54 includes a number of
extensions 80 about the outer periphery of the retaining ring 54. The
extensions 80 provide additional surface area to act against the bearing race
56 and the thrust washer 62 without increasing the rigidity of the retaining ring
54 when the retaining ring 54 is deflected to be placed on the shaft 22. The
risk of damage to the retaining ring 54 is thereby reduced as the bending
stress induced in the retaining ring 54 during installation is minimized.

[0033] While the present disclosure has focused on an embodiment of
a shaft assembly having external components, those of ordinary skill in the art
will recognize the applicability of the tapered retaining ring in related
assemblies. For example, a retaining ring having a tapered surface on an
outer periphery and extensions positioned on the inner periphery may be used
in an internal bore to position components and isolate thrust forces in the

bore. The use of the tapered aspect of the retaining ring to both position the
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retaining ring and permit the retaining ring to be fully seated to act as a thrust load
isolator provides a reduction in manufacturing costs, improved reliability, and
reduction in the cost of components by controlling the loading of the tapered roller

bearings.

[0034] Although certain illustrative embodiments have been described in detail
above, variations and modifications exist within the scope of this disclosure as

described and as defined in the following claims.
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CLAIMS:
1. An assembly comprising
a shaft defining a longitudinal axis,
a first component supported on the shaft,

a second component supported on the shaft, the second component (i)
selectively lockable to the shaft such that the assembly transitions between a first
state in which the second component rotates about the shaft and a second state in
which the second component is locked to the shaft and rotates with the shaft and (ii)
configured such that the second component induces a force having a component

parallel to the axis of the shaft, and

an isolator positioned between the first component and the second
component such that the force component parallel to the axis of the shaft induced by
the second component is transferred directly to the shaft by the isolator and is

isolated from the first component,

wherein the shaft defines a tapered groove and the isolator comprises a

tapered retaining ring fully seated in the tapered groove.

2. The assembly of claim 1, wherein the isolator is biased to fully seat the

isolator in the groove.

3. The assembly of claim 2, wherein the first component comprises a
tapered roller bearing and the isolator positions the tapered roller bearing on the
shaft.

4, The assembly of claim 3, wherein the second component comprises a

helical gear.
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5. The assembly of claim 1, wherein the assembly comprises a first
bearing supporting the first end of the shaft on a housing, a second bearing
supporting the second end of the shaft on a housing and the isolator positions one of

the first and second bearings on the shaft.
6. An assembly comprising,
a housing,

a shaft defining a longitudinal axis and a tapered groove, the tapered
groove including a first surface generally perpendicular to the longitudinal axis of the
shaft and a second surface opposing the first surface, the second surface formed

oblique to the longitudinal axis of the shaft,
a first bearing supporting the first end of the shaft on the housing,

a second bearing supporting the second end of the shaft on the

housing,

a helical gear supported on the shaft, the helical gear selectively
lockable to the shaft such that the assembly transitions between a first state in which
the helical gear rotates about the shaft and a second state in which the helical gear is

locked to the shaft and rotates with the shaft, and

an isolator positioned in the tapered groove between the first bearing
and the helical gear such that a thrust force developed by the helical gear is
transferred by the isolator directly to the shaft and is isolated by the isolator from the
first bearing, the isolator including a first face surface engaged with the first surface of
the groove and a second face surface opposite the first face surface, the second face

surface of the isolator engaged with the second surface of the groove,

wherein the isolator is removably engaged with the groove.
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7. The assembly of claim 6, wherein the isolator comprises a tapered

retaining ring.

8. The assembly of claim 7, wherein the retaining ring is biased to urge the
the second face surface of the isolator and the second surface of the groove together

to seat the retaining ring in the groove.

9. The assembly of claim 8, wherein the first surface of the groove is
positioned such that when the retaining ring is seated in the groove, the first bearing
is positioned on the shaft such that a spacing between an inner race and an outer

race of the first bearing is controlled.

10. The assembly of claim 6, wherein the isolator is biased to urge the

isolator into the groove to fully seat the isolator in the groove.
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