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Steering column and bearing assembly

Abstract

A vibration-free, rotatable, sealed support for a steering intermediate shaft, adapted to accommodate slight
irregularities in the outside diameter of the intermediate shaft, with reduced complexity and cost of manufacture,
and improved reliability, compared to bearing and seal assemblies known to the art, comprising a mounting
flange, a sealing member, and a monolithic bearing.
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CROSS REFERENCE TO PRIOR APPLICATIONS

This nonprovisional application claims priority to, and incorporates in its entirety, provisional application Ser.
No. 62/375,771, filed on Aug. 16, 2016.

Claims

What is claimed is:

1. A seal and bearing assembly for use in a vehicle firewall or front of dash panel, said assembly comprising: (a)
a mounting flange, said mounting flange comprising a plurality of mounting holes and further comprising a
second cavity passing through said mounting flange, said second cavity comprising a substantially annular
contact surface; (b) a seal member disposed within said second cavity, said seal member comprising a first lip
located at a first end, a second lip located at a second end, a generally convex outer surface connecting said first
lip and said second lip; said seal member further comprising a first opening within said first end, a second
opening within said second end, and a first channel connecting said first opening to said second opening; and (c)
an annular bearing fitted within said first channel, said bearing comprising a plurality of partial discontinuities
and a longitudinal third channel; wherein (d) said outer surface of said seal member is in substantially sealed
engagement with said contact surface, said seal member is retained within said second cavity by interference fit
between said first lip, said second lip, and said mounting flange, and said bearing is disposed at least partially
within said first channel and is further in substantially sealed engagement with said seal member.

2. The seal and bearing assembly of claim 1, wherein said bearing comprises a third lip.

3. The seal and bearing assembly of claim 2, wherein said third lip is substantially disposed against said first lip.
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4. The seal and bearing assembly of claim 3, wherein said seal member and said bearing are each monolithic.
5. The seal and bearing assembly of claim 4, wherein said seal member is comprised of rubber.

6. The seal and bearing assembly of claim 5, wherein said bearing is comprised of at least one of polypropylene,
nylon-66, a polytetrafluoroethylene, and a copolyester.

7. The seal and bearing assembly of claim 6, wherein said seal member is partially rotatably retained within said
mounting flange.

8. The seal and bearing assembly of claim 7, wherein said bearing is radially flexible.

Description

STATEMENT OF GOVERNMENT FUNDING
N/A
BACKGROUND

Automotive vehicles typically employ an intermediate shaft, also known in the art as an I-shaft, between the
steering column and steering gear for the purpose of transmitting rotational motion of the steering wheel to the
steering gear. Such intermediate shafts are commonly connected with the steering gear and steering column by
means of universal joints or other types of flexible joints. A bearing and seal assembly according to the present
invention is intended to provide support to such an intermediate shaft, while sealing vehicle compartment
against environmental contamination and noise at the point at which the intermediate shaft transverses the
firewall or the vehicle front of dash panel.

The present bearing and seal assembly is intended to provide a vibration-free, rotatable, sealed support for a
steering intermediate shaft, further adapted to accommodate slight irregularities in the outside diameter of the
intermediate shaft, with reduced complexity and cost of manufacture, and improved reliability, compared to
bearing and seal assemblies known to the art.

U.S. Pat. No. 4,895,391 discloses a combination bearing and seal assembly that claims to be capable of
accommodating a shaft having a varying diameter. This patent, however, utilizes a needle bearing, which can
result in customer dissatisfaction due to noise issues, is complex and expensive to manufacture compared to the
present invention, and which also suffers reduced reliability compared to the present invention.

It is an object of the present invention to provide an automotive steering intermediate shaft bearing and seal
assembly which not only supports an intermediate shaft but which also excludes environmental factors such as
road noise and contamination from the passenger compartment and from the bearing assembly itself.

It is a further object of the present invention to provide an intermediate shaft bearing and seal assembly which
will accommodate minor angular misalignments occurring between the intermediate shaft and the aperture
through the front of dash panel or vehicle firewall in which the bearing is mounted.

It is yet a further object of the present invention to provide a steering intermediate shaft bearing and seal
assembly which accommodates shafts having minor variations in their outer diameter.

It is yet a further advantage of the present invention to provide a monolithic bearing for such an intermediate
shaft bearing and seal assembly that has reduced costs of manufacture and reduced complexity and improved
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reliability compared to bearings, and particularly needle bearings, known to the art for this application. Other
objects, features and advantages of the present invention will become apparent to those skilled in the art upon
reading this disclosure.

SUMMARY

In accordance with the present invention, an intermediate shaft bearing and seal assembly, which is suitable for
use in an automotive steering system in conjunction with a steering column and a steering gear, comprises a
monolithic bearing for accepting the intermediate shaft, such bearing being self-adjustably radially flexible to
accommodate slight variations in the diameter of the intermediate shaft, a rotatable intermediate shaft seal
member for excluding environmental contamination from entering the bearing, and a flange for securing the
assembly to a vehicle front of dash panel or firewall. The bearing is mounted within a first cavity traversing the
seal member, and the seal member is mounted in a sealed, partially rotatable connection with the flange.

The bearing is monolithic, comprised of a polymer or elastomer with high durability, physical resilience, and the
ability to flex and return from flexion repeatedly without breaking. Suitable materials include, by way of
example, nylon 66, polypropylene, polytetrafluoroethylene compounds such as Teflon.RTM., or copolyesters
such as Hytrel. The bearing further comprises a plurality of discontinuities disposed around its circumference,
which enable the bearing to self-adjustingly flex to accommodate minor variations or irregularities in the
diameter of an intermediate shaft.

The seal member is comprised of an elastomeric material, including preferably and by way of example, rubber.
The seal member comprises a generally convex outer surface in the general configuration of an abbreviated
sphere. The seal member further comprises a transverse first cavity adapted to accept the monolithic bearing.
The seal member further comprises a first lip and second lip, both adapted to secure the seal member within the
flange by interference fit while still allowing partial rotation of the seal member with respect to the flange.

The flange comprises a bracket with mounting holes adapted for mounting to the front of dash panel of an
automotive vehicle, and further comprises a second channel adapted to fit cooperatively with the intermediate
shaft aperture in a front of dash panel or firewall. The second channel comprises a contact surface about the
inner face of its perimeter, which contact surface is adapted to engage the outer surface of the seal member such
that the seal member is, once fitted into the second channel, retained by interference fit of the first lip and second
lip. The seal member, once installed in the assembly, is partially rotatable within the flange.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a perspective view of a preferred embodiment of the present invention, side;

FIG. 2 shows a side view of an intermediate shaft seal assembly according to a preferred embodiment of the
present invention;

FIG. 3 shows a top view of an intermediate shaft seal assembly according to a preferred embodiment of the
present invention;

FIG. 4 shows a partially exploded view of a bearing, seal member, and flange according to a preferred
embodiment of the present invention;

FIG. 5 shows a perspective view of a bearing according to a preferred embodiment of the present invention;
FIG. 6 shows a top view of a bearing according to a preferred embodiment of the present invention;
FIG. 7 shows a view of an embodiment of the present invention within the environment of an automobile.

DETAILED DESCRIPTION OF EMBODIMENT
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As shown in FIG. 1, bearing and seal assembly 6 according to the present invention is intended to be employed
with the intermediate shaft of an automotive steering system. In typical fashion, an intermediate shaft extends
between a steering column and steering gear. The intermediate shaft is suspended at its upper end by upper U-
joint 12 and at its lower end 16 by flexible coupling 18. The bearing and seal assembly 6 is mounted to a front of
dash panel 20 of a vehicle.

A mounting flange 56 is attached to dash panel 20 by means of fasteners passing through mounting holes 66.
The mounting holes 66 are configured and adapted to cooperate and correspond with preexisting connection
points in the front of dash panel 20, as determined by the vehicle manufacturer. Mounting flange 56 is preferably
molded of a plastic material such as nylon, polypropylene or other materials known to those skilled in the art or
suggested by this disclosure. Other materials, such as metal or metal alloys, may be used within the scope and
spirit of this invention.

The mounting flange 56 comprises a second cavity 100, which passes through the mounting flange 56 as shown.
The second cavity 100 is preferably circular in profile. The second cavity 100 is adapted and located on the
mounting flange 56 so that when the mounting flange 56 is connected to the front of dash panel 20, for example
by affixing fasteners through the mounting holes 66 and the cooperative connection points in the front of dash
panel, the second cavity 100 is cooperatively aligned with the intermediate shaft aperture in the front of dash
panel 20. Further, the second cavity 100 preferably comprises a concave contact surface disposed around, or
comprising, its inward-facing edge, which is adapted for sealed and at least partially rotatable engagement with
convex outer surface of the seal member. Alternately, second cavity contact surface and seal member outer
surface achieve sealed connection by use of a seal or gasket interposed between the second cavity contact
surface and seal member outer surface.

The seal member 102 preferably comprises an elastomeric material, such as rubber or general purpose neoprene,
but could be made of other materials known to those skilled in the art or suggested by this disclosure. The seal
member 102 comprises an external profile substantially in the shape of an abbreviated sphere, with a first lip 104
at a first end and a second lip 108 at a second end. Each of the first lip 104 and second lip 108 comprise an outer
diameter larger than the diameter of second cavity 100. The seal member 102 further comprises a centrally
disposed first cavity 112 passing through it from first end to second end. First cavity 112 has a generally
cylindrical inner profile and is adapted and shaped for engagement with the outer surface of bearing 114. Such
engagement is preferably a substantially sealed engagement. Alternately, the inner surface of first cavity 112 and
the outer surface of bearing 114 may achieve sealed engagement by use of a seal or gasket interposed between
the inner surface of first cavity 112 and the outer surface of bearing 114.

The seal member 102 can be assembled into the mounting flange 56 by pressing seal member 102 into mounting
flange 56 until first lip 104 or second lip 108 has been squeezed or compressed through second cavity 100. The
convex outer surface of seal member 102 preferably mates with the contact surface of the mounting flange 56
for a substantially sealed and at least partially rotatable connection. First lip 104 and second lip 108 provide an
interference fit to retain seal member 102 within mounting flange 56 during normal use.

The preferred complementary relationship between the convex and concave surfaces of seal member 102 and the
contact surface, respectively, allows intermediate shaft 10 to assume any one of a plurality of alignment
positions with respect to front of dash panel 20 because seal member 102 is adapted for at least partial rotation
within mounting flange 56. This will allow a bearing and seal according to the present invention to
accommodate minor angular misalignment of the intermediate shaft.

A bearing 114 according to embodiments of the present invention comprises a monolithic annular member
comprised of an elastomer. Preferred materials include polypropylene and nylon-66, but other materials may be
used as will be appreciated by one skilled in the art, such as polytetrafluoroethylene compounds such as
Teflon.RTM. or copolyesters such as Hytrel. RTM.. The bearing 114 comprises a centrally disposed longitudinal
channel with an inner diameter sized and adapted to accommodate the outer diameter of an intermediate shaft
10. The bearing 114 further comprises a plurality of partial discontinuities 118 disposed about its circumference.
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Each of these partial discontinuities 118 is preferably a longitudinal slit along a portion of the bearing wall, and
each is at least partially offset longitudinally from adjacent discontinuities 118. The plurality of partial
discontinuities 118 permit bearing 114 to flex radially so as to, within limits, increase the inner diameter of the
bearing channel without compromising the overall hoop strength of the bearing 114. In this way, bearing 114
can, with reduced complexity and reduced cost of manufacture, achieve improved reliability compared to
bearings known to the art, and can also accommodate irregularities or other slight variations in the diameter of
intermediate shaft 10.

Bearing 114 is installed within the assembly by being fitted within second channel 100 through the opening of
second channel 100 located at the first end. Bearing comprises a third lip 116, which engages the seal member
first lip 104, creating a partial interference fit substantially retaining bearing 114 within seal member 102.
Preferably, grease is applied to the inner surface of bearing 114 prior to installation of intermediate shaft 10
through the bearing channel.

As will be appreciated by one skilled in the art, a variety of additional components may be added to the
assembly described in detail herein within the scope and spirit of the present invention. For example,
intermediate or additional seals or gaskets, secondary flanges, or support members may all be added within the
scope and spirit of the invention disclosed in various embodiments herein.

Other various modifications and variations will no doubt occur to those skilled in the art to which this invention

pertains. All such variations which basically rely upon the teachings with which this disclosure has advanced the
art are properly considered within the scope of this invention as defined by the appended claims.
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