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(30) ends. A ball stud (40) is partially disposed within the inner bore of the housing and includes shank (44), ball (42) and protru -
sion portions (46) with the shank portion extending out of the housing through the first end. A first bearing (48) is disposed in the
inner bore and includes a passage. The protrusion portion of the ball stud extends into the passage, and the passage is shaped to co-
operate with the protrusion portion to allow the ball stud to rotate relative to said housing in one rotational direction by a greater
magnitude than in another rotational direction. A cover plate (56) closes the second open end of the housing, and a spring (60) is
disposed between the cover plate and the first bearing and biases the first bearing into contact with the ball portion of the ball stud.



RESTRICTED SWING ANGLE SOCKET ASSEMBLY

[0001]
BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The present invention is related generally to socket assemblies and, more

particularly, to socket assemblies that have a stud which is rotatable about one axis by a
greater amount than about another axis.
2. Related Art

[0003] Conventional socket assemblies are used in a range of automotive and non-
automotive applications. One such automotive application is in a tie rod end for transferring
motion between a center link and a knuckle of a vehicle’s steering system. Such socket
assemblies generally include a housing, a ball stud with a semi-spherical ball head and one or
more bearings for facilitating rotation of the ball stud relative to the housing. In typical
socket assemblies, the ball stud is able to rotate relative to the housing, within pre-established
confines, about three axes.

[0004] For certain truck applications, chassis component manufacturers have begun
incorporating restricted swing angle socket assemblies, which are restricted from rotation
about at least one of the axes, into tie rod assemblies for ensuring a proper alignment between
steering linkage components. Such restricted swing axle socket assemblies typically include
a preload device which biases one or more of the bearings into engagement with the ball

studs. The preload devices are typically made of a rubber or thermoplastic material which
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may degrade over time. Such degradation could have a number of consequences including,
for example, an inconsistent preload, looseness in the steering components, erratic vehicle
dynamiecs and high stresses in critical steering and suspension components,

SUMMARY OF THE INVENTION AND ADVANTAGES
{(005] One aspect of the present invention is related (o a socket assembly. The
socket assembly includes a housing with an inner bore which extends from a first open end to
a second open end. A ball stud is at least partially disposed within the inner bore of the
housing and includes a shank portion, a ball portion and a protrusion portion with the shank
portion extending out of the housing through the first open end. A first bearing is disposed in
the inner bore of the housing and includes a passage. The protrusion portion of the ball stud
extends into the passage, and the passage is shaped to cooperate with the protrusion portion to
allow the ball stud io rotate relative 1o said housing in one rotational direction by a greater
magnitude than in another rotational direction. A cover plate closes the second open end of
the housing, and a spring is disposed between the cover plate and the first bearing and biases
the first bearing into contact with the ball portion of the ball stud.
(0006} The socket assembly is advantageous because it may be manufactured cost
effectively and provides improved durability over comparable assemblies that include a
rubber or thermoplastic preload device. Specifically, the spring maintains robust and
continuous surface-to-surface contacts between bearing surfaces and the ball portion of the
ball stud during use and automatically adjusis {o maintain those surface-to-surface contacts
even as the ball portion and the bearing surfaces wear during the life of the socket assembly.
This has the effect of maintaining a generally constant radial looseness and a generally
constant axial looseness through the life of the socket assembly.
{0687] According to another aspect of the present invention, the passage of the first

bearing has an oval or elliptical shape,
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(60081 According to yet another aspect of the present invention, the socket assembly
further includes a second bearing disposed on the inner bore of the housing and in sliding
contact with the ball portion of the ball stud.
{0009] According to still another aspect of the present invention, the spring is a
Believille washer.
{0016} According to a further aspect of the present invention, the socket assembly
further includes a spacer which is positioned between an upper surface of the bearing and the
spring.
{0011 According to vet a further aspect of the present invention, the cover plate,
spring and spacer have co-axial openings for conveying a lubricant into an interior of the
socket assembly,
{6012 According to still a further aspect of the present invention, a lip on the housing
at the second end is swaged or bent to capture the cover plate.

BRIEF DESCRIPTION OF THE DRAWINGS
{0013] These and other features and advaniages of the present invention will be
readily appreciated, as the same becomes better understood by reference to the following
detailed description when considered in connection with the accompanying drawings
wherein:
{0614] Figure 1 is a front elevation view of a tie rod assembly including a first

exerplary embodiment of a socket assembly;

[8815] Figure 2 is an exploded view of the socket assembly of Figure 1;
{8616} Figure 3 is a first cross-sectional view of the socket assembly of Figure 2;
j6817] Figure 4 is a second cross-sectional view of the socket assembly of Figure 2

and taken from a different view than Figure 3;

{0818} Figure § is an enlarged view of a portion of the socket assembly of Figure 3;
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j6619] Figure 6 is another cross-sectional view of the socket assembly of Figure 3;
{0028] Figure 7 is a chart showing axial looseness of the socket assembly of Figure |

in comparison to a socket assembly with a thermoplastic preload device; and
{0021] Figure 8 is a chart showing radial looseness of the socket assembly of Figure 1
in comparison to a socket assembly with a thermoplastic preload device.

DETAILED DESCRIPTION OF THE ENABLING EMBODIMENTS
{6822} Referring to the Figures, wherein like numerals indicate corresponding parts
throughout the several views, an exemplary embodiment of a tie rod end assembly 20 for use
in a vehicular steering system is generally shown in Figure 1. The tie rod end assembly 20
includes a tie rod body 22 which extends from a threaded end 24 to a restricted swing angle
socket assembly 26 for attachment with another component, such as a knuckle, of the steering
system, Although the exemplary embodiment depicts the socket assembly 26 as being a part
of a tie rod end assembly 28, it should be appreciated that the socket assembly 28 could be
used in conjunction with a range of different automotive or non-automotive applications.
[6623} Referring now to Figures 2 and 3, the socket assembly 20 includes a housing
28 which is made as one integral piece with the tie rod body 22 and which includes a central
bore that extends from a first open end 38 to a second open end 32, At the first open end 30,
the housing 28 presents a radially inwardly extending flange 34. The housing 28 is
preferably made of metal, such as, for example, cast iron, steel, alloy steel, aluminum, an
aluminum alloy, etc. Rather than being incorporated integrally with the tie rod body 22 as is
the case in the exemplary embodiment, the housing could alternately be a stand-alone
cartridge which may be pressed into a tie rod body or any other suitable component or the
housing could be integral with a component other than a tie rod body.
[6024] A lower bearing 36, which is generally annular in shape, is disposed in the

open bore of the housing 28 adjacent the first open end 38 and is seated against the flange 34,
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Preferably, the lower bearing 36 is pressed into the open bore adjacent the first open end 36,
The lower bearing 36 has a first bearing surface 38 which is semi-spherically curved and
which faces radially inwardly and axially towards the second open end 32 of the housing 28.
The first bearing surface 38 includes a plurality of grooves for distributing a lubricant around
the first bearing surface 38. The lower bearing 36 is preferably made of one piece of metal
but any suitable material may be employed.

{0025} The socket assembly 26 further includes a ball stud 48 which includes a ball
portion 42, a shank portion 44 and a protrusion portion 46. The ball stud 40 is partially
received within the bore of the housing 28 with the shank portion 44 projecting out of the
housing 28 through the first open end 3¢ and with the ball and protrusion portions 42, 46
being disposed within the bore. In the exemplary embodiment, a distal end of the shank
portion 44 is threaded for receiving 8 nut (not shown} to connect the ball stud 40 with the
steering or suspension component of the vehicle. However, it should be appreciated that the
ball stud 48 could be fixed with the steering or suspension component through any suitable
means.

{3026] The ball portion 42 of the ball stud 40 is generally semi-spherical in shape
with a curvature that matches the curvature of the first bearing surface 38 of the lower
bearing 36 to allow the ball stud 40 to rotate relative to the lower bearing 36 and relative to
the housing 28 during use. The protrusion portion 46 of the ball stud 48 is generally
cylindrical in shape and extends from the ball portion 42 towards, but not all the way to, the
second open end 32 of the housing 28.

{0027} The socket assembly 26 further includes an upper bearing 48 with a second
bearing surface 58 that has a similar curvature to the ball portion 42 of the ball stud 40 and
contacts an opposite hemisphere of the ball portion 42 from the lower bearing 36 for allowing

the ball stud 48 to rotate relative to the upper bearing 48 and to the housing 28. The upper
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bearing 48 is preferably made as one integral piece of metal, such as, for example, steel, alloy
steel, aluminum, an aluminum alioy, magnesium, eic. The second bearing surface 50 is
preferably provided with a plurality of grooves for distributing the lubricant around the
contact area between the upper bearing 48 and the ball stud 40.

{0628} The upper bearing 48 includes o passage 82 which is key-shaped and extends
from one axial end of the upper bearing 48 to another for controlling the rotational movement
of the ball stud 4¢ relative fo the housing 28 during use. Specifically, the exemplary
embodiment of the passage 52 is generally oval or elliptical in shape, and the protrusion
portion 42 of the ball stud 48 extends into the passage 52. The passage 52 has a width which
is similar to a diameter of the protrusion portion 46 and a length which is greater than the
width to define the oval or elliptical shape. As shown in Figures 3 and 4, the shape of the
passage 52 of the upper bearing 48 cooperates with the protrusion portion 46 of the ball stud
42 by allowing the protrusion portion 46 to slide within the passage 52 in a lengthwise
direction of the passage 52 while restricting movement of the protrusion portion 46 in a
widthwise direction of the passage 32. As such, the upper bearing 48 allows the ball stud 42
o rotate about a first axis or in a first rotationsa! direction, which is identified in Figure 4 as
the X-direction, by a greater magnitude than sbout a second axis or a second rotational
direction, which is identified in Pigure 3 as the Y-direction. As such, the socket assembly 26
is of the restricted swing angle type in that it allows the ball stud 40 to rotate by a greater
magnitude in one rotational direction than in another rotational direction,

[0025] Adjacent the first open end 39, the housing 28 presents a groove 54 which
receives a cover plate 86 1o close the first open end 30 of the housing 28. Between the upper
bearing 48 and the cover plate 86, the socket assembly 26 includes a spacer 58 and a spring
60 for imparting a biasing force against the upper bearing 48 to bias the second bearing

surface 58 of the upper bearing 48 against the ball portion 42 of the ball stud 48 for
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maintaining surface-to-surface contact between the second bearing surface 850 and the ball
portion 42 of the ball stud 48 as the upper bearing 48 and the ball portion 42 wear during use,
In the exemplary embodiment, the spacer 88 directly contacts an upper surface of the upper
bearing 48, and the spring 68 is a Belleville washer 68 (also known as a washer spring) and is
sandwiched axially between the cover plate 56 and the spacer 58. In use, the Belleville
washer 6¢ minimizes loosengss and maintains a consisient socket torque through the life of
the socket assembly by compensating for wear in the lower and upper bearings 36, 48 and in
the ball portion 42 of the ball stud 48. Figures 7 and 8 show that the axial and radial looseness
respectively of the exemplary embodiment of the socket assembly 26 remain significantly
lower over the life of the socket assembly26é as compared to a socket assembly with a
thermoplastic preload device.

[3636] As shown in Figure 6, an outer surface of the upper bearing 48 is provided
with a pair of diametrically opposite protrusions §9 which exiend radially outwardly, and an
inner surface of the housing presents a pair of diametrically opposite slois 61 that are shaped
similarly to and operably receive the protrusions 8%, As such aligning the protrusions 8% with
the slots 61 during assembly establishes the correct orientation between the housing 28 and
the upper bearing 48. Additionally, the configuration of the protrusions 5% being received in
the slots 61 prevenis undesirable rotation of the upper bearing relative to the housing 28 and
vice versa during use, |

j0031] As shown in Figures 3 and 4, the lower bearing 36 is preferably asymmetrical
such that the first bearing surface 38 extends further in one direction than in anocther
direction. Specifically, the first bearing surface 38 extends further in the orientation shown in
Figure 3 to further constrain the rotation of the ball stud 40 relative to the housing 28 in the

Y-direction. In contrast, the first bearing surface 38 extends less far in the orientation shown

o
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in Figure 4 to facilitate the rotation of the ball stud 40 relative to the housing 28 in the X-
direction.

j3032] in the exemplary embodiment, the cover plate 86 is trapped in the groove 54
of the housing 28 by bending or swaging a lip at the second open end 32 of the housing 28
radially inwardly to trap the cover plate 86. However, it should be appreciated that the cover
plate 56 could be connected with the housing 28 at the second open end 32 through any
suitable means including, for example, a threading connection or a pressing operation.

{6033] The cover plate 56, Belleville washer 60 and spacer 88 all have co-axial
openings for conveying a lubricant, such as grease, into the interior of the socket assembly 26
to re~-lubricate the surface~-to-surface contacts between the ball portion 42 of the ball stud 40
and the first and second bearing surfaces 38, 58 during mainienance of the socket assembly
26,

[8634] The socket assembly 26 also includes a dust boot 62 which is engaged with the
housing 28 and with the shank portion 44 of the baill stud 4€ for sealing the lubricant in the
interior of the socket assembly 26 and for keeping contaminants out.

{0035} Another aspect of the present invention is related to a method of making a
socket assembly 26, such as the socket assembﬂy 26 shown in Figures 1-5. The exemplary
method includes the step of preparing a housing 28 with an inner bore which extends from a
first open end 38 to a second open end 32. The method proceeds with the step of inserting a
lower bearing 36 with a first bearing surface 38 into the inper bore of the housing 28,
Preferably, the lower bearing 36 is pressed into the inner bore. The method continues with
the step of inserting a ball stud 48 with a ball portion 44, a shank portion 44 and a protrusion
portion 46 into the inner bore of the housing 28 such that the shank portion 44 extends out of

the inner bore through the first open end 38. The method proceeds with the step of aligning a

pair of protrusions 59 on an upper bearing 48 with a pair of slots 61 on the inner bore of the

o



housing 28 and inserting the upper bearing 48 into the inner bore, the upper bearing 48
having a passage 52 and wherein the protrusion portion 46 of the ball stud 40 extends into the
passage 52 of the upper bearing 48. The passage 52 is shaped to cooperate with the
protrusion portion 46 of the ball stud 40 to allow the ball stud 40 to rotate relative to the
housing 28 in one rotational direction by a greater magnitude than in another rotational
direction. The method proceeds with the step of inserting a spring 60, such as a Belleville
washer 60, into the inner bore of the housing 28 to bias a second bearing surface 50 on the
upper bearing 48 into surface-to-surface contact with the ball portion 42 of the ball stud 40.
The method continues with the step of closing the second open end 32 of the housing 28 with
a cover plate 56. The second open end 32 of the housing 28 could be closed by, for example,
swaging a lip on the housing to engage the cover plate 56 or by pressing the cover-plate into a
pre-formed groove in the inner bore of the housing.

[0036] It should be appreciated that the terms “upper” and “lower” as used herein
with reference to the orientation of the socket assembly 20 in the Figures and are not intended
to be limiting in nature or otherwise require that the socket assembly 20 have a particular
orientation.

[0037] Obviously, many modifications and variations of the present invention are
possible in light of the above teachings and may be practiced otherwise than as specifically
described.

[0038] It is contemplated that all features of all embodiments can be combined with

each other, so long as such combinations would not contradict one another.
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CLAIMS

What is claimed is:

1. A socket assembly, comprising:

a housing comprising at least one piece and having an inner bore which extends from
a first open end to a second open end;

a ball stud at least partially disposed within said inner bore of said housing and
including a shank portion and a ball portion and a protrusion portion and said shank portion
extending out of said housing through said first open end;

a first bearing fabricated as a single piece of a rigid material disposed in said inner
bore of said housing, said first bearing including:

an outer surface engaged with the inner bore of the housing between the first open end
and the second open end,

a bearing surface that is in surface-to-surface contact with said ball portion of said ball
stud, and

a passage, said protrusion portion of said ball stud extending into said passage, and
said passage being shaped to cooperate with said protrusion portion to allow said ball stud to
rotate relative to said housing in one rotational direction by a greater magnitude than in
another rotational direction;

a cover plate closing said second open end of said housing; and

a spring disposed between said cover plate and said first bearing and biasing said first

bearing into contact with said ball portion of said ball stud.

2. The socket assembly as set forth in claim 1 wherein said passage of said first

bearing has an oval or elliptical shape.

10
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3. The socket assembly as set forth in claim 1 further including a second bearing

disposed in said inner bore of said housing and in sliding contact with said ball portion of

said ball stud.

4. The socket assembly as set forth in claim 1 wherein said spring is a Belleville
washer.

5. The socket assembly as set forth in claim 1 further including a spacer

positioned between an upper surface of said first bearing and said spring.

6. The socket assembly as set forth in claim 5 wherein cover plate and said
spring and said spacer have co-axial openings for conveying a lubricant into an interior of

said socket assembly.

7. The socket assembly as set forth in claim 1 wherein a lip on said housing at

said second open end is swaged to capture said cover plate.

8. The socket assembly as set forth in claim 1 wherein said first bearing that is

fabricated as a single piece is made of metal.

9. A tie rod assembly for a steering system of a vehicle, comprising:
a one-piece tie rod body presenting a housing, said housing comprising at least one

piece, and having an inner bore which extends from a first open end to a second open end;

11
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a ball stud at least partially disposed within said open bore of said housing and
including a shank portion and a ball portion and a protrusion portion and said shank portion
extending out of said housing through said first open end;

a first bearing constructed as a single piece of a rigid material and disposed in said
inner bore of said housing, said first bearing including:

an outer surface engaged with the inner bore of the housing between the first open end
and the second open end,

a bearing surface that is in surface-to-surface contact with said ball portion of said ball
stud and

a passage, said protrusion portion of said ball stud extending into said passage, and
said passage being shaped to cooperate with said protrusion portion to allow said ball stud to
rotate relative to said housing in one rotational direction by a greater magnitude than in
another rotational direction;

a cover plate closing said second open end of said housing; and

a spring disposed between said cover plate and said first bearing and biasing said first

bearing into contact with said ball portion of said ball stud.

10.  The tie rod assembly as set forth in claim 9 wherein said passage of said first

bearing has an oval or elliptical shape.

11.  The tie rod assembly as set forth in claim 9 further including a second bearing
disposed in said inner bore of said housing and in sliding contact with said ball portion of

said ball stud.

12
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12.  The tie rod assembly as set forth in claim 9 wherein said spring is a Belleville

washer.

13.  The tie rod assembly as set forth in claim 9 further including a spacer

positioned between an upper surface of said first bearing and said spring.

14.  The tie rod assembly as set forth in claim 13 wherein cover plate and said
spring and said spacer have co-axial openings for conveying a lubricant into an interior of

said socket assembly.

15.  The tie rod assembly as set forth in claim 9 further including a dust boot

sealed against said housing and said ball stud.

16.  The tie rod assembly as set forth in claim 9 wherein said first bearing that is

fabricated as a single piece is made of metal.

17. A method of making a socket assembly, comprising the steps of:

preparing a housing, the housing comprising at Iest one piece and having an inner
bore which extends from a first open end to a second open end;

mnserting a ball stud into the inner bore of the housing, wherein the ball stud has a ball
portion and a shank portion and a protrusion portion, and wherein the shank portion extends
out of the inner bore through the first open end;

inserting a bearing that is fabricated as a single piece of a rigid material into the inner
bore of the housing, the bearing having:

an outer surface engaged with the inner bore of the housing between the first open end

and the second open end,

i3
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a bearing surface in surface-to-surface contact with the ball portion of the ball stud,
and

a passage, the protrusion portion of the ball stud extending into the passage, and the
passage being shaped to cooperate with the protrusion portion of the ball stud to allow the
ball stud to rotate in one rotational direction by a greater magnitude than in another rotational
direction;

inserting a spring into the inner bore of the housing to bias the bearing into contact
with the ball portion of the ball stud; and

closing the second open end of the housing with a cover plate.

18.  The method as set forth in claim 17 wherein the bearing that is made as a

single piece of metal.

14
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