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PRELOAD LOSS PREVENTION SYSTEM FOR A CLAMPING BALL STUD

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of United States Application
No. 14/811,243 filed July 28, 2015.

TECHNICAL FIELD
The field to which the disclosure generally relates includes
mechanical linking devices and more particularly, includes maintaining

preload in linking devices.

BACKGROUND
Ball studs may be used to mechanically link components with

angularity variations.

SUMMARY OF ILLUSTRATIVE VARIATIONS

According to a number of illustrative variations, a product may
include a first linked element that may have an opening that may have a
coaxial counter bore. A collar may be included and may have a parti-spherical
section and may have a countersunk section that may extend into the counter
bore. A stud may have a sphere-like section and may be engaged with the
parti-spherical section. The stud may include a shank extending from the
sphere-like section and through the collar and the opening. A fastener may be
engaged with the shank, and the collar and the first linked element may be
compressed between the spherical section and the fastener. A second linked
element may be included and may have a race within which the spherical
section may be engaged.

Other illustrative variations within the scope of the invention will
become apparent from the detailed description provided herein. It should be
understood that the detailed description and specific examples, while
disclosing variations within the scope of the invention, are intended for
purposes of illustration only and are not intended to limit the scope of the

invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Select examples of variations within the scope of the invention
will become more fully understood from the detailed description and the
accompanying drawings, wherein:

Figure 1 is an illustration of a product according to a number of
variations.

Figure 2 is a graphical joint diagram according to a number of
variations.

Figure 3 is a cross sectional illustration of a product taken
through the center of a stud according to a number of variations.

Figure 4 is an exploded perspective view of a product according

to a number of variations.

DETAILED DESCRIPTION OF ILLUSTRATIVE VARIATIONS

The following description of the variations is merely illustrative in
nature and is in no way intended to limit the scope of the invention, its
application, or uses.

In a number of variations as illustrated in Figure 1, a product 10
may include a first linked element 12 that may be linked to a second linked
element 14 through a stud 16. The second linked element 14 may be
disposed at an angle relative to the first linked element 12 or may move
through a number of angles relative thereto. The stud 16 and may include a
section that serves as a shank 18 that may extend through the first linked
element 12. The stud 16 may include head 19 with a spherical section 20 that
may be connected to or formed as one piece with the shank 18. The spherical
section 20 may not be in the form of a complete sphere due to the connected
shank 18 and a flat end 21, and the stud 16 may generally be a ball stud that
may not be perfectly spherical but may be sphere-like. A collar 22 may be
disposed around the shank 18 and may be positioned between the spherical
section 20 and the first linked element 12. A fastener 24 may be engaged with
the shank 18 and may hold the stud 16 to the first linked element 12. The
shank 18 may be provided with threads and the fastener 24 may be torqued
or otherwise secured on the shank 18 so that a preload is applied. The

preload may result in the shank 18 being placed in tension, and the collar 22
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and fastener 24 may be compressed between the head 19 and the first linked
element 12. The shank 18 may include a limited area for grip length due to
space limitations or other design requirements. The second linked element 14
may include lever section 26 and a race section 28. The race section 28 may
be engaged around the head 19 of the stud 16 wherein the first linked section
12 is connected to the second linked section 14 so that relative pivoting and
twisting and rotating of the first linked element 12 and the second linked
element 14 may be provided.

The product 10 may provide a tension joint where the stud 16
and the components clamped between the head 19 and the fastener 24,
which may include the collar 22 and the first linked component 12, may be
subjectad to dynamic loads which may be cyclic. A clamping preload may be
applied to maintain a secure joint under the applied forces, which may be
accomplished by torqueing the fastener 24 on the shank 18. Expansion of the
joint due to thermal cyclic loading may occur, particularly in applications such
as turbochargers. The product 10 may provide an advantageously long grip
length which may provide preferred maintenance of the preload. An appiied
oad operating on the joint of the product 10 with a longer shank 18 extension,
may provide a larger residual preload, as compared 1o a shorter shank
gxtension. To maintain the larger residual preicad, a number of varigtions may
involve maximizing the shank length within the design limitations.

Referring to Figure 2, a diagram illustrates that the product 10
may operate under prying conditions. The second linked section 14 may rasult
in a force 40 applied to the stud 16. Orientation of the second linked section
14 relative to the first linked section 12 may result in a prying condition at a
prying angle 42, The prying angle 42 may be measured from a line 43 paraligl
to the first linked section 12 o a line 41 parallel to the second linked section
14, The prying condition may apply a moment 44 to the product 10, and non-
inear zones 46 of tension and compression may result along the shank 18
within the first linked saction 12, A close fit between the collar 22 and the
shank 18 may help mitigate stress caused by the prying condition by
containing deflection of the shank 18.

In the description of the product 10 elements may be defined in

relation to a longitudinal direction 45 and a transverse direction 47 as
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designated in Figure 3. The longitudinal direction 45 may be described as
coinciding with the direction of a line along which the stud 18 extends. The
transverse direction 47 may be described as coinciding with the direction of a
line that extends across the stud 18 or generally perpendicular to the
longitudinal direction 45. in a number of varialions of the product 10 as
Hlustrated in Figure 3, the siud 18 may exiend through an opening 48 in the
coltar 22 and through an opening 50 in the first linked element 12. The first
linked element 12 may have a first side 52 and a second side 54, and the
opening 50 may extend through the first linked element 12 from the first side
52 to the second side 54. The opening 50 may be defined by a first
longitudinal wall 56 that may extend into the first linked element 12 from the
first side 52 in the longitudinal direction 45 and may generally define a
counter bore. A second longitudinal wall 58 may extend into the first linked
element 12 from the second side 54 in the longitudinal direction 45 and may
generally define a counter bore. A transverse wall 60 may extend from the
second longitudinal wall 58 and into the opening 50 in the transverse direction
47. An angled wall 62 may extend from the first longitudinal wall 56 and into
the opening 50 and may be angled toward the second side 54. A third
longitudinal wall 64 may extend from the angled wall 62 to the transverse wall
60 in the longitudinal direction 45. The third longitudinal wall 64 may be
coaxial with the first longitudinal wall 56 and the second longitudinal wall 58
with regard to an axis 43 that may extend through the center of the opening
50 in the longitudinal direction 45.

The collar 22 may define the opening 48, which may extend
through the collar in the longitudinal direction 45. The opening 48 may have a
parti-spherical section 65, which may define part of a sphere, and a cylindrical
section 67 that may extend from the parti-spherical section 65 toward the
fastener 24. The part-spherical section 65 may match the outer surface of the
head 19. The parti-spherical section 65 may terminate at a first edge 68 of the
collar 22 and the cylindrical section 67 may terminate at a second edge 69 of
the collar 22 opposite the first edge 68. An angled surface 70 may extend
from the second edge 69 and radially outward in relation to the axis 43. The
angled surface 70 may mate with and against the angled wall 62. A tapered

surface 72 may extend from the first edge 68 radially outward relative to the
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axis 43 and toward the first side 52 of the first linked element 12. The tapered
surface 72 may permit a maximum angular orientation of the second linked
element 14 relative to the first linked element 12, with the race 28 moving
around the spherical section 20. A perimeter surface 74 may extend from the
tapered surface 72 in the longitudinal direction 45 toward the first linked
element 12. A transverse surface 76 may extend from the perimeter surface
74 radially inward relative to the axis 43. The transverse surface 76 may be
compressed against the first side 52 of the first linked element 12. A
longitudinal surface 78 may extend between the transverse surface 76 and
the angled surface 70. The longitudinal surface 78 may be positioned
adjacent and may fit closely against the first longitudinal wall 56. The
spherical section 20 of the stud 16 may mate against the collar 22 at the parti-
spherical section 65. The fastener 24 may be engaged with the shank 18 and
may be compressed against the transverse wall 60 so that the spherical
section 20 may be forced against the collar 22 at the parti-spherical section
65. The collar 22 may extend the grip length of the stud 16 a distance 79,
thereby increasing the residual preload experienced when the product 10 may
be subjected to loads from interaction with the race section 28, which may be
pivotably engaged on the spherical section 20, and connected with, or formed
as a part of the second linked element 14. The collar 22 may include a
countersunk portion 80 that may distribute loads to the first linked element 12
within the opening 50, and may include a flange portion 82 that may distribute
loads to the first linked element 12 at the first side 52.

In a number of variations as illustrated in Figure 4, the stud 16
may be a ball stud and may include a hex opening 84 for applying torque and
preloading the joint 86 by compressing the collar 22 and the first linked
element 12 between the head 19 and the fastener 24. The collar 22 may be
generally annular in shape and may include the parti-spherical section 65 for
receiving a part of the head 19. The first linked element 12 may include the
opening 50 with a coaxial counter bore 88 from the first side 52 that may
receive the countersunk portion 80, and a coaxial counter bore 90 from the
second side 54 that may receive the fastener 24. When the fastener 24 may
be torqued on the stud 16 and positioned within the counter bore 90, the collar

22 and the first linked element 12 may be compressed while the shank 18
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may be extended. As the shank 18 and compressed elements are preloaded,
they may perform elastically and may act as springs with a spring constant.

Through the foregoing, a product 10 may inhibit loss of the
preload (fastener tension), in a ball stud with a space limited grip length. The
grip length may be maximized by utilization of a collar 22, which may also
distribute loads and stress effectively throughout the product 10 and its joint
86. Maximized grip length may accommodate the use of materials with
dissimilar mechanical properties for the individual components of the joint 86
while maintaining the preload. Angularity between the first linked element 12
and the second linked element 14 may result in bending moments on the joint
86 which may be accommodated through the compressed elements. The
following description of variants is only illustrative of components, elements,
acts, product and methods considered to be within the scope of the invention
and are not in any way intended to limit such scope by what is specifically
disclosed or not expressly set forth. The components, elements, acts, product
and methods as described herein may be combined and rearranged other
than as expressly described herein and still are considered to be within the
scope of the invention.

Variation 1 may involve a product that may include a first linked
element that may have an opening that may have a coaxial counter bore. A
collar may be included and may have a parti-spherical section and may have
a countersunk section that may extend into the counter bore. A stud may have
a sphere-like section and may be engaged with the parti-spherical section.
The stud may include a shank extending from the sphere-like section and
through the collar and the opening. A fastener may be engaged with the
shank, and the collar and the first linked element may be compressed
between the sphere-like section and the fastener. A second linked element
may be included and may have a race within which the sphere-like section
may be engaged.

Variation 2 may include the product according to variation 1
wherein the first linked element may have a first side and a second side. The
coaxial counter bore may extend through the first side and a second counter
bore may extend through the second side. The fastener may extend into the

second counter bore.
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Variation 3 may include the product according to variation 1 or 2
wherein the coaxial counter bore may include an angled wall and the
countersunk section may be engaged against the angled wall.

Variation 4 may include the product according to any of
variations 1 through 3 wherein the collar may include an edge adjacent the
parti-spherical section that may be spaced apart from the first linked element
and may extend the grip length of the stud.

Variation 5 may include the product according to variation 4
wherein the collar may have a tapered surface that may extend from the edge
radially outward and toward the first linked element.

Variation 6 may include the product according to any of
variations 1 through 5 wherein the opening may be partly defined by a
longitudinal wall that may be disposed adjacent to the shank.

Variation 7 may include the product according to any of
variations 1 through 6 wherein the collar may include a flange section that
may be positioned against the first linked element.

Variation 8 may include the product according to any of
variations 1 through 7 wherein the second linked element may be disposed at
an angle relative to the first linked element.

Variation 9 may include the product according to any of
variations 1 through 8 wherein the fastener may be threaded onto the shank.

Variation 10 may include the product according to any of
variations 1 through 9 wherein the first linked element may include a
longitudinal wall in the coaxial counter bore and the countersunk portion may
be engaged against the longitudinal wall distributing forces between the first
and second linked elements.

Variation 11 may include a product that may have a first linked
element that may define an opening extending through the first linked
element. A collar may extend into the opening and may extend out of the
opening and away from the first linked element to an edge. A stud may be
included that may have a head and a shank. The head may be positioned
away from the first linked element by the collar a distance to the edge. The
shank may extend through the collar and the first linked element. A fastener

may be connected with the shank. The collar and the linked element may be
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compressed between the head and the fastener. A second linked element
may have a race that may be engaged with the head linking the first and
second linked elements.

Variation 12 may include the product according to variation 11
wherein the first linked element may have a first side and a second side. A
first counter bore may extend through the first side and a second counter bore
may extend through the second side. The collar may extend into the first
counter bore. The fastener may extend into the second counter bore.

Variation 13 may include the product according to variation 12
wherein the first counter bore may include an angled wall and the collar may
be engaged against the angled wall.

Variation 14 may include the product according to any of
variations 11 through 13 wherein the collar may have a tapered surface that
may extend from the edge radially outward and toward the first linked
element.

Variation 15 may include the product according to any of
variations 11 through 14 wherein the opening may be partly defined by a
longitudinal wall that may be disposed adjacent to the shank.

Variation 16 may include the product according to any of
variations 11 through 16 wherein the collar may include a flange section that
may be positioned against the first linked element.

Variation 17 may include the product according to any of
variations 11 through 16 wherein the second linked element may be disposed
at an angle relative to the first linked element.

Variation 18 may include the product according to any of
variations 11 through 17 wherein the fastener may be threaded onto the
shank.

Variation 19 may include the product according to any of
variations 11 through 18 wherein the first linked element may include a
longitudinal wall in the coaxial counter bore and the collar may include a
countersunk portion engaged against the longitudinal wall that may distribute
forces between the first and second linked elements.

Variation 20 may include a product that may include a first linked

element that may have a first side and a second side. A first opening may
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extend through the first linked element from the first side to the second side.
The first opening may be defined by a first longitudinal wall that may extend
into the first linked element from the first side, a second longitudinal wall that
may extend into the first linked element from the second side, a transverse
wall that may extend from the second longitudinal wall and into the first
opening, an angled wall that may extend from the first longitudinal wall and
into the first opening and angled toward the second side, and a third
longitudinal wall that may extend from the angled wall to the transverse wall.
The third longitudinal wall may be coaxial with the first longitudinal wall and
the second longitudinal wall. A collar may define a second opening that may
extend through the collar. The opening may have a parti-spherical section and
a cylindrical section extending from the parti-spherical section. The parti-
spherical section may terminate at a first edge of the collar. The cylindrical
section may terminate at a second edge of the collar opposite the first edge.
An angled surface may extend from the second edge radially outward. The
angled surface may mate with the angled wall. A tapered surface may extend
from the first edge radially outward and toward the first side. A perimeter
surface may extend from the tapered surface longitudinally. A transverse
surface may extend from the perimeter surface. The transverse surface may
be compressed against the first side. A longitudinal surface may extend
between the transverse surface and the angled surface. The longitudinal
surface may be positioned against the first longitudinal wall. A stud may have
a spherical section and may have a shank section extending from the
spherical section. The shank section may extend through the first and second
openings. The spherical section may mate against the collar at the parti-
spherical section. A fastener may be engaged with the shank section. The
fastener may be compressed against the transverse wall so that the spherical
section may be forced against the collar at the parti-spherical section. A race
may be pivotably engaged on the spherical section. The race may be

connected with a second linked element.
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CLAIMS

What is claimed is:

1. A product comprising:

a first linked element that has an opening with a coaxial counter bore;

a collar that has a parti-spherical section, and that has countersunk
section extending into the coaxial counter bore;

a stud that has a sphere-like section engaged with the parti-spherical
section and a shank extending from the sphere-like section through the collar
and the opening;

a fastener engaged with the shank, the collar and the first linked
element compressed between the sphere-like section and the fastener; and
a second linked element having a race within which the sphere-like section is

engaged.

2. The product according to claim 1 wherein the first linked element
has a first side and a second side, and wherein the coaxial counter bore
extends through the first side and a second counter bore extends through the

second side, wherein the fastener extends into the second counter bore.

3. The product according to claim 1 wherein the coaxial counter
bore includes an angled wall and the countersunk section of the collar is

engaged against the angled wall.

4. The product according to claim 1 wherein the collar includes an
edge adjacent the parti-spherical section that is spaced apart from the first

linked element extending the grip length of the stud a distance.

. The product according to claim 4 wherein the collar has a
tapered surface extending from the edge radially outward and toward the first

linked element.

6. The product according to claim 1 wherein the opening is partly

defined by a longitudinal wall disposed adjacent to the shank.

10
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7. The product according to claim 1 wherein the collar includes a

flange section positioned against the first linked element.

8. The product according to claim 1 wherein the second linked

element is disposed at an angle relative to the first linked element.

9. The product according to claim 1 wherein the fastener is

threaded onto the shank.

10.  The product according to claim 1 wherein the first linked element
includes a longitudinal wall in the coaxial counter bore and the countersunk
portion is engaged against the longitudinal wall distributing forces between the

first and second linked elements.

11. A product comprising:

a first linked element that defines an opening extending through the
first linked element;

a collar extending into the opening and extending out of the opening
away from the first linked element to an edge;

a stud that has a head and a shank, the head positioned away from the
first linked element by the collar a distance to the edge, the shank extending
through the collar and the first linked element;

a fastener connected with the shank, the collar and the first linked
element compressed between the head and the fastener; and

a second linked element that has a race engaged with the head linking

the first and second linked elements.

12. The product according to claim 11 wherein the first linked
element has a first side and a second side and wherein a first counter bore
extends through the first side and a second counter bore extends through the
second side, wherein the collar extends into the first counter bore and wherein

the fastener extends into the second counter bore.

11
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13.  The product according to claim 12 wherein the first counter bore

includes an angled wall and the collar is engaged against the angled wall.

14. The product according to claim 11 wherein the collar has a
tapered surface extending from the edge radially outward and toward the first

linked element.

15.  The product according to claim 11 wherein the opening is partly

defined by a longitudinal wall disposed adjacent to the shank.

16.  The product according to claim 11 wherein the collar includes a

flange section positioned against the first linked element.

17.  The product according to claim 11 wherein the second linked

element is disposed at an angle relative to the first linked element.

18. The product according to claim 11 wherein the fastener is

threaded onto the shank.

19. The product according to claim 11 wherein the first linked
element includes a longitudinal wall within the coaxial counter bore and the
collar includes a countersunk portion engaged against the longitudinal wall

distributing forces between the first and second linked elements.

20. A product comprising:

a first linked element that has a first side and a second side and that
defines a first opening extending through the first linked element from the first
side to the second side, the first opening defined by a first longitudinal wall
extending into the first linked element from the first side, a second longitudinal
wall extending into the first linked element from the second side, a transverse
wall extending from the second longitudinal wall and into the first opening, an
angled wall extending from the first longitudinal wall and into the first opening

and angled toward the second side, and a third longitudinal wall extending

12
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from the angled wall to the transverse wall, the third longitudinal wall coaxial
with the first longitudinal wall and the second longitudinal wall;

a collar that defines a second opening extending through the collar, the
second opening having a parti-spherical section and a cylindrical section
extending from the parti-spherical section, the parti-spherical section
terminating at a first edge of the collar and the cylindrical section terminating
at a second edge of the collar opposite the first edge, an angled surface
extending from the second edge radially outward, the angled surface mating
with the angled wall, a tapered surface extending from the first edge radially
outward and toward the first side, a perimeter surface extending from the
tapered surface longitudinally, a transverse surface extending from the
perimeter surface, the transverse surface compressed against the first side,
and a longitudinal surface extending between the transverse surface and the
angled surface, the longitudinal surface positioned against the first
longitudinal wall;

a stud that has a spherical section and that has a shank section
extending from the spherical section, the shank section extending through the
first and second openings, the spherical section mating against the collar at
the parti-spherical section;

a fastener engaged with the shank section, the fastener compressed
against the transverse wall so that the spherical section is forced against the
collar at the parti-spherical section; and

a race, pivotably engaged on the spherical section, the race connected

with a second linked element.

13
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