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(57) Contre-écrou se vissant et se maintenant bloqué
autour d’une tige filetée traversant une piece a travailler.
Le contre-écrou est ¢galement doté d’une fente
déformable située sur un de ses coOtés, de facon
transversale par rapport 4 ’axe du diametre du contre-
écrou, ainsi que d’un élément déformant 1’écrou et
faisant saillie a partir de I’extrémité inférieure de I’écrou,
au moins une partie de cet élément étant alignée
axialement par rapport a la fente déformable. Le contre-
écrou n’est pas déformé avant d’étre fixé autour de la tige
filetée. L ¢lément déformant 1’écrou s’engage dans la
piece a travailler pour déformer le contre-écrou lorsque
celui-ci est vissé autour de la tige filetée, ce qui maintient
en place le contre-écrou, celui-ci ayant un couple
relativement constant et s’écartant au fil de plusieurs
cycles d’installation et de retrait de I’écrou autour de la
tige filetée. L.’élément déformant I’écrou consiste en la
partie annulaire de la jupe entourant I’extrémité
inférieure du contre-écrou, lequel peut présenter une
surface presque entierement noyée. Le contre-écrou
pourrait aussi étre muni d’une rondelle élastique qui s’y
fixerait par rotation.

I*I Industrie Canada  Industry Canada

(57) A lock nut threadably engageable and lockingly
retainable about a threaded shaft extending through a
workpiece, the lock nut having at least one deformable
slot disposed on a side portion thereof and disposed
transversely relative to the lock nut bore axis, the lock
nut also having a nut deforming member protruding from
a bottom end thereof, wherein at least a portion of the nut
deforming member is in substantial axial alignment with
the deformable slot. The lock nut is undeformed prior to
installation thereof about the threaded shaft. The nut
deforming member is engageable with the workpiece to
deform the lock nut upon threadably installing the lock
nut about the threaded shaft, thereby retaining the lock
nut thereabout, whereby the lock nut has a relatively
consistent torque performance with reduced statistical
spread over several installation and removal cycles of the
nut about the threaded shaft. The nut deforming member
is an annular portion of the skirt disposed peripherally on
the bottom end of the lock nut, which may have a
substantially countersunk surface. The lock nut may
alternatively include a spring washer rotatably coupled
thereto.
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ABSTRACT

A lock nut threadably engageable and lockingly retainable about a
threaded shaft extending through a workpiece, the lock nut having at least one
deformable slot disposed on a side portion thereof and disposed transversely relative
to the lock nut bore axis, the lock nut also having a nut deforming member protruding
from a bottom end thereof, wherein at least a portion of the nut defol.ning member
is in substantial axial alignment with the deformable slot. The lock nut is undeformed
prior to installation thereof about the threaded shaft. The nut deforming member is
engageable with the workpiece to deform the lock nut upon threadably installing the
lock nut about the threaded shaft, thereby retaining the lock nut thereabout, whereby
the lock nut has a relatively consistent torque performance with reduced statistical
spread over several installation and removal cycles of the nut about the threaded shaft.
The nut deforming member is an annular portion of the skirt disposed peripherally on
the bottom end of the lock nut, which may have a substantially countersunk surface.

The lock nut may alternatively include a spring washer rotatably coupled thereto.
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BACKGROUND OF THE INVENTION

The invention relates generally to lock nuts threadably engageable and
Jockingly retainable about a threaded shaft, and more particularly to lock nuts which
are undeformed prior to installation, and lock nuts having improved torque
performance, while providing extremely low “fiist on" torques, including relatively
consistent torque performance with reduced statistical spread over several installation
and removal cycles.

Lock nuts have many configurations and are used widely in industry.
U.S. Patent No. 2,142,819 entitled "Self Gripping Device® issued on 3 January 1939 to
Olson and commonly assigned herewith, for example, discloses a locking nut having
diametrically opposed slots disposed transversely therein to form yieldable sections,
which are deflected axially to distort a portion of the threaded bore by helical
disalignment thereof along the yieldable sections, prior to installation thereof, thereby
providing a balanced frictional grip on a threaded shaft subsequently disposed through
the threaded bore of the lock nut.

U.S. Patent No. 3,659,491 entitled "Rotatable Nut and Washer Assembly"

~issued on 2 May 1972 to Duffy et al. discloses a lock nut formed of a threaded inner

barrel coupled by a web to a hexagonally shaped outer barrel having a radially

extending peripheral skirt, which is formed as a unitary nut member. The nut of U.S.

1
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Patent No. 3,659,491 is rotatably coupled to a frusto-conical spring washer, which
forms an assembly, wherein the spring washer is flattenable between the nut and a
workpiece, to provide a reverse axial tension on the nut and a radially inwardly
directed compressive force on the inner barrel, which locks the nut about a threaded
shaft. The spring washer in U.S. Patent No. 3,659,491 becomes rotationally fixed
relative to the workpiece, thereby reducing the torque required to install the lock nut
about the shaft and thereby also reducing damage to the surface of the workpiece,
which otherwise occurs when the washer is rotationally fixed relative to the nut. The
lock nut of U.S. ratent No. 3,659,491 however is relatively expensive to manufacture,
particularly the unitary nut portion, which is fabricated from sheet metal.

Generally, prior art lock nut retention performance is diminished
substantially upon removal of the nut from the threaded shaft. Inlock nuts of the type
disclosed in U.S. Patent No. 2,142,819 discussed above, the diminished retention
performance results from a tendency of the slots to widen after the lock nut is
disposed about the shaft during the first installation and subsequent first removal
therefrom. This adverse effect on prior art Jock nut retention performance is
particularly significant after the first installation and removal cycle, and continues to
worsen as the lock nut is subject to repeated cycles of installation and removal, which
commonly occurs in applications where the nut must be removed and reinstalled for
service and maintenance.

FIG. 9 of the present patent application illustrates graphically the torque
performance of prior lock nuts over several installation and removal cycles generally,
and more particularly illustrates the relatively large torque required for the first
installation, or first on, in comparison to the substantially reduced torque required for
the first removal, or first off, wherein the torque performance continues to diminish,
though at a lesser rate, with increasing numbers of on and off cycles. FIG. 9 also
illustrates the relatively inconsistent torque performance of prior art lock nuts,
particularly over the interval between the "I ON" through the "3 OFF" whereafter the

torque performance is more consistent over the interval between the "3 OFF" and the

2
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s OFF". FIG. 9 illustrates further the tendency of prior art lock nut torque
periormance not to comply with an industry established torque specification as it
decreases below the SPEC curve somewhere between the "2 OFF" and "3 OFF", which
often results from the relatively large statistical spread associated with the torque
performance of prior art lock nuts.

The copending U.S. Application No. 08/628,923 entitled "Prevailing
Torque Nut" discloses a novel lock nut configuration having relatively consistent torque
performance and reduced statistical spread over several repeated cycles of nut
installation and nut remova! about a threaded shaft, which is a remarkable
improvement over prior art lock nuts. The copending U.S. Application No. 08/628,982
entitled "Method for Sizing a Lock Nut" discloses a method of manufacturing a lock
nut that includes a step of threading an enlarged sizing tool through a deformed
portion of a lock nut threaded bore during the manufacture thereof and prior to actual
use of the lock nut, which further improves the torque performance thereof. More
particularly, the sized lock nut of U.S. Application No. 08/628,923 has among other
advantages a relatively more consistent torque performance over several installation
and removal cycles, including a reduced first on torque and reduced statistical spread.
The threaded bore portions of these lock nuts however are deformed prior to
installation.

The present invention is drawn to improved lock nuts that overcome
problems in the prior art, and more particularly to lock nuts having further
improvements in torque performance, including greater consistency of torque
performance, substantially reduced first on torque, and reduced statistical spread.

It is a more particular object of the present invention to provide a novel
lock nut threadably engageable and lockingly retainable about a threaded shaft
extending through a workpiece, the lock nut having at least one deformable slot
disposed on a side portion thereof and disposed transversely relative to the Jock nut
bore axis, the lock nut also having a nut deforming member protruding from a bottom

end thereof, wherein at least a portion of the nut deforming member is in substantial
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axial alignment with the deformable slot. Notably, the lock nut is undeformed prior
to installation thereof about the threaded shaft. The nut deforming member is
however engageable with the workpiece to deform the lock nut upon threadably
installing the lock nut about the threaded shaft, thereby retaining the lock nut
thereabout, whereby the lock nut has a relatively consistent torque performance with
reduced statistical spread over several installation and removal cycles of the nut about
the threaded shaft.

It is also an object of the invention to provide a novel lock nut of the
more particular configuration described above, wherein the lower portion of the lock
nut includes a skirt extending outwardly beyond the side portion thereof, and wherein
the nut deforming member is an annular portion of the skirt disposed peripherally on
the lower end thereof, wherein a bottom portion of the lock nut has a substantially
concaved or countersunk surface.

It is another object of the invention to provide a novel lock nut of the
more particular configurations described above, wherein the lock nut includes a
plurality of at least two deformable slots disposed on side portions thereof and a
corresponding plurality of nut deforming members disposed on the bottom end of the
body member in substantial axial alignment with the corresponding deformable slot.
In one embodiment, the deformable slots are disposed substantially transversely to the
bore axis and substantially symmetrically thereabout, and in another embodiment one
or more of the plurality of deformable slots is offset axially along the bore axis relative
to the other deformable slots. v

It is a further object of the invention to proQide a novel lock nut of the
more particular configurations described above, wherein the lock nut includes a
substantially conical spring washer rotatably coupled to the lower portion of the body
member. A sloping upper surface of the spring washer slopes away from the bottom
end of the body member and accommodates the one or more nut deforming members
therebetween, whereby the nut deforming members are engageable with the upper

surface of the spring washer to deform the body member upon clamping and flattening

4
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the spring washer between the bottom end of the body member and a workpiece.
These and other objects, features and advantages of the present
invention will become more fully apparent upon careful consideration of the following
Detailed Description of the Invention and the accompanying Drawings, which may be
disproportionate for ease of understanding, wherein like structure and steps are

referenced by corresponding numerals and indicators.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a lock nut according to a first
exemplary embodiment of the invention.

FIG. 2 is a top plan view of the lock nut of FIG. 1.

FIG. 3 is a sectional view along lines a - a of FIG. 2.

FIG. 4 is a side elevational view of a lock nut according to a second
exemplary embodiment of the invention.

FIG. S is a top plan view of the lock nut of FIG. 4.

FIG. 6a is a partial sectional side elevational view of a lock nut according
to a third exemplary embodiment of the invention.

FIG. 6b is a partial sectional view along lines b-b of FIG. 6a.

FIG. 7 is a side elevational view of a lock nut according to the present
invention disposed about a threaded bolt shaft for clamping together first and second
workpieces.

FIG. 8a is a partial sectional view of a lock nut according to the present
invention prior to installation.

FIG. 8b is a partial sectional view of the lock nut of FIG. 8a after
installation.

FIG. 9 is a comparative graphical illustration of the torque performance

of a lock nut according to the present invention and a prior art lock nut.
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DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1-3 illustrate various views of a lock nut 10 according to a first
exemplary embodiment of the invention comprising generally a body member 20
having a threaded bore 22 along a bore axis for receiving a threaded shaft, a top end
24, a bottom end 26, and a circumferential side portion 28. The side portion 28 of the
body member 20 typically has a hexagonal surface or other partially closed surface
configuration to facilitate engagement thereabout with a torque applying or wrenching
tool, as is known generally. The lock nut is preferably formed unitarily of a ductile
and resilient metal material, like low carbon steel or stainless steel, and may be plated
and or heat treated.

FIGS. 1-3 illustrate at least one deformable slot 30 disposed on the side
portion 28 of the body member 20 and extending into the threaded bore 22, and in
other embodiments the slot 30 extends only partially through the body member toward
the threaded bore 22. In the exemplary embodiment, two deformable slots 30 are
disposed on opposing side portions of the body member 20 thereby defining posts 32
and 34 at corner sections of the hexagonal wrenching surfaces interconnecting a lower
portion 25 and an upper portion 27 of the body member 20, wherein each deformable
slot 30 is disposed substantially transversely relative to the bore axis.

More generally, the body member 20 may include a plurality of
deformable slots 30 extending toward or into the bore axis, thereby forming a
corresponding plurality of posts. Disposing the slots substantially transversely to the
bore axis and substantially symmetrically thereabout provides balanced retention of the
lock nut 10 about the shaft: In the exemplary embodiment, the plurality of deformable
slots 30 are disposed along a common plane disposed substantially transversely relative
to the bore axis, and in other alternative embodiments one or more of the plurality of
deformable slots 30 may be offset from each other along the bore axis, as shown by
the phantom line slot 31 in FIG. 1.

FIGS. 1-3, and particularly FIG. 3, illustrate the nut deforming members
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40 protruding from the bottom end 26 of the body member 20, wherein the nut
deforming members 40 are each aligned axially with a corresponding deformable slot
30. In the preferred of embodiment of FIGS 1-3, the nut deforming members 40 have
sections extending radially outwardly from the slots 30 also. According to this aspect
of the invention, the nut deforming members 40 are depressible axially toward the
corresponding deformable slot 30 to deform the body member 20 by deformably urging
portions of the lower portion 25 thereof into the deformable slots 30 upon installation
of the lock nut as discussed further below.

In FIGS. 1-3, the nut deforming members 40 are formed by an annvlar
portion 42 disposed peripherally about the bottom end 26 of the body member 20,
wherein the annular portion 42 and the bottom end 26 form a recess or depression 44
on the bottom end 26 of the lock nut. Portions of the annular portion 42 aligned
substantially axially with corresponding slots 30 deform the body member 20 upon
installation of the lock nut as discussed further below. Notably, the lock nut and more
particularly the threaded bore 22 is undeformed prior to installation, which reduces
manufacturing costs and greatly reduces the first installation torque, thereby providing
remarkably more consistently low start torques.

Referring to FIG. 3, the nut deforming members 40 of this invention
may be described more generally as radial outer portions 19 extending axially beyond
the radial innermost porticns 21 of the bottom end 26 of the body member 20 adjacent
the threaded bore 22. This permits the radial outer portions 19 of the lower portion
25 of the body member 20 to be forced upwardly relative to the radial innermost
portions 21. Additionally, the nut deforming members 40 are not necessarily annular
as shown in FIGS. 1-3. In other embodiments, the nut deforming members 40 are, for
example, partially annular as shown in FIGS. 4 and 5 and discussed further below.
The nut deforming member 40, however, may more generally be any member
protruding from the bottom end 26 of the body member 20 useable in combination
with a corresponding slot 30 for deforming the threaded bore 22 as discussed below.

FIGS. 1-3 also illustrate the lower portion 25 of the body member 20
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having a skirt 46 extending substantially radially outwardly beyond the side portion 28
thereof. The skirt 46 includes a lower surface 47 extending slopingly away from the
bottom end 26 of the body member 30 at an angle P relative thereto, wherein the
annular portion 42 is formed peripherally on a terminating bottom end of the skirt 46.
The skirt 46 and the bottom end 26 thus form the depression 44 having a substantially
concaved surface, but which may alternatively have an arcuate shape, or frusto-conical
shape, or a combination of arcuate and frusto-conical shapes.

Table I below provides approximate exemplary dimensional ranges for
several parameters of the lock nut disclosed in FIGS. 1-3, wherein S is the height of
the slot 30 along the bore axis, P is the width of the posts 32 and 34 transverse to the
bore axis, D is the height of the body member 20 along the bore axis, F is the height
of the lower portion 25 of the body member 20 along the bore axis, and H is the
overall height of the lock nut along the bore axis. The angle ® for these exemplary

dimensions is between approximately 10 degrees and approximately 20 degrees.

TABLE 1
(METRIC Dimensions in Millimeters)
Size S5 P ’ D F H
M12 (6H Thread) 0.070/0.060 0.265/.255 0.404 0.225/0.215 0.670/0.660

FIGS. 4 and 5 illustrate various views of a lock nut 11 according to a
second exemplary embodiment of the invention also comprising generally a body
member 20 havihg a threaded bore 22 along a bore axis for receiving a threaded shaft,
a top end 24, a bottom end 26, and a circumferential side portion 28 configured to
facilitate engagement thereabout with a torque applying or wrenching tool, as discussed
above. The lock nut 11 of FIGS. 4 and 5 is also preferably formed unitarily as
discussed above with reference to the embodiments of FIGS 1-3.

FIGS. 4 and 5 illustrate two deformable slots 30 disposed on side
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portions of the body member 20 and extending into, or at least partially toward, the
threaded bore 22. The deformable slots 30, which may be offset axially, are disposed
on substantially opposing side portions of the body member 20 thereby defining posts
32 and 34 at corner sections of the hexagonal wrenching surfaces interconnecting a
lower portion 25 and an upper portion 27 of the body member 20, wherein each
deformable slot 30 is disposed substantially transversely to the bore axis. The
deformable slots 30 in the second embodiment of FIGS. 4 and 5 may be configured
alternatively as discussed above.

FIGS. 4 and S also illustrate nut deforming members 40 protruding from
the bottom end 26 of the body member 20, wherein each nut deforming member 40
is aligned substantially axially with a corresponding deformable slot 30. The nut
deforming members 40 are depressible axially toward the corresponding deformable
slot 30 to deform the body member 20 by deformably urging portions of the lower
portion 25 thereof into the deformable slots 30 upon installation of the lock nut as
discussed further below.

In FIGS. 4 and 5, the nut deforming members 40 are partially annular
portions 43 disposed peripherally on the bottom end 26 of the body member 20,
wherein the partially annular portions 43 and the bottom end 26 also form a recess or
depression 44 on the bottom end 26 of the lock nut. The partially annular portions
43 are aligned substantially axially with a corresponding slot 30, for subsequently
deforming the body member 20. Notably, the body member 20 and more particularly
the threaded bore 22 is undeformed prior to installation, which reduces manufacturing
costs and greatly reduces the first installation torque, thereby providing remarkably
more consistently low start torques.

FIGS. 6a and 6b illustrate various views of a lock nut 12 according to a
third exemplary embodiment of the invention comprising generally a body member 20
with slots 30 and corresponding substantially axially aligned nut deforming members
40 formed as cams 45 having a curved lower surface, which may be configured as

linear members or as partially annular members 43 similar to the second exemplary

9
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embodiment of FIGS. 4 and 5. FIG. 6b also illustrates the nut deforming members
40 as radial outer portions 19 extending axially beyond the radial innermost portions
21 of the bottom end 26 of the body member 20 adjacent the threaded bore 22, as
discussed above. Notably, the body member 20 and more particularly the threaded
bore 22 thereof is undeformed prior to installation, which reduces manufacturing costs
and greatly reduces the first installation torque, thereby providing remarkably more
consistently low start torques.

FIG. 6a also illustrates a washer 60 rotatably coupled to the lower
portion 25 of the body member 20 in manner typical of such nut and washer
assemblies. The washer 60 of FIG. 6a is a substantially conical spring washer having
an upper surface 66, which slopes away from the bottom end 26 of the body member
20 and accommodates the one or more nut deforming members 40 protruding from
the bottom end 26 thereof prior to installation of the lock nut 10. The spring washer
60 also includes a terminating end with an annular portion 68 disposed peripherally
thereon, and a substantially conically sloping lower surface 67, which forms a
substantially concaved lower surface 69 with the lower portion 25 of the body member.

FIG. 7 illustrates a previously undeformed lock nut of the present
invention generally threadably disposed about a threaded shaft S extending through
two adjacently positioned workpieces W, and W, wherein the lower portion 25, and
more particularly the nut deforming member or members 40, are facing toward and
engageable with the workpiece W, to deform the lock nut upon installation thereof.
The threaded shaft S may be part of a bolt B disposed through both workpieces W,
and W, or the threaded shaft S may alternatively be a threaded stud member formed
integrally with the workpiece W, and extending through the second workpiece W,,
wherein the shaft S and lock nut retain or fasten the workpieces W, and W, together.

FIG. 8a illustrates that the lock nuts of this invention and especially the
threaded bore 22 thereof is undeformed prior to complete installation, and more
particularly prior to engagement of the nut deforming member or members 40 with

the workpiece. According to this aspect of the invention, the installation torque is

10
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minimal until the nut deforming member or members 40 engage, directly or indirectly,
the workpiece and begin to urge or deflect the lower portion 25 of the body member
20 upwardly toward the upper portion 27 thereof to deformably close the slots 30. The
novel lock nuts of the present invention thus have a greatly reduced initial installation
torque in comparison to lock nuts of the prior art.

In FIG. 7, the lock nut is installed fully, wherein the nut deforming
members 40 have been urged upwardly toward the upper portion 27 of the body
member 20, and more particularly into a corresponding deformable slot 30, which is
at least partially closed by a deformed portion 23 of the body member 20. Although
the particular lock nut embodiment of FIG. 7 may be more representative of the lock
nut in the exemplary embodiment of FIGS. 4 and 5 in combination with a washer
member or the lock nut in the exemplary embodiment of FIG. 6, the at least partially
closed deformable slot 30 and the deformed portion 23 of the body member 20 are
representative generally of the various exemplary embodiments disclosed herein after
installation.

In operation, generally, an initially undeformmed lock nut of this invention
is advanced along the threaded shaft S toward and into contact with the workpiece W,
by application of a torque either directly to the wrenching surface of the lock nut or
to a head portion of the bolt B, until the one or more nut deforming members 40
protruding from the bottom end 26 of the body member 20 engage the workpiece W,,
either directly or indirectly depending on the particular configuration thereof.
Generally, the one or more slots 30 are deformably closed, at least partially, thereby
deforming the cross-section of the threaded bore 22 from a substantially constant pitch
and circular shape to a deformed out of phase pitch with an elliptical shape. FIG. 8b
illustrates the deformation of the body member and more particularly the lower

portion 25 thereof resulting in a compressive force directed generally radially inwardly

toward the threaded shaft S. FIG. 80 illustrates further that the upwardly deflected

Jower portion 25 of the body member 20 also deforms the helical uniformity along at

Jeast an axial portion of the threaded bore 22 of the body member 20, particularly

11
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toward the lower portion 25 thereof, which results from increased spacing between
some threads and decreased spacing between others.

In the exemplary embodiment of FIGS. 1-3, the skirt 46 and more
particularly portions of the annular portion 42 thereof protruding from the lower
portion 26 of the body member are deflected upwardly toward the upper portion 27
thereof and into the corresponding deformable slots 30 upon engagement of the skirt
46 with the workpiece W,, thereby deforming the body member 20 generally, especially
the lower portion 25 thereof as discussed above. More particularly, FIG. 8b illustrates
a portion of the upwardly deflected annular portion 42 applying compressive forces
directed radially inwardly toward the threaded shaft S deforming the helical uniformity
and cross-sectional shape of the threaded bore 22 thereby generally increasing the
prevailing torque on the lock nut, which retains the lock nut about the threaded shaft.
Other peripheral portions of the skirt 46 are deflected upwardly about the side portion
28 of the body member 20, since the posts 32 and 34 are relatively unyielding to axially
compressive forces, thereby also contributing generally to deformation of the body
member 20 and thus to retention of the lock nut about the threaded shaft S.

In the exemplary embodiments of FIGS. 4 and 5, the partially annular
portions 43 protruding from the lower portion 25 of the body member 20 are deflected
upwardly toward the upper portion 27 thereof and into corresponding deformable slots
30 upon engagement of the partially annular portions 43 with the workpiece W,
thereby deforming the body member 20 generally, especially the lower portion 25
thereof as discussed above. More particularly, FIG. 8b illustrates, in phantom, one of
the upwardly deflected partially annular portions 43 applying compressive forces
directed radially inwardly toward the threaded shaft S deforming the helical uniformity
and cross-sectional shape of the threaded bore 22 thereby generally increasing the
prevailing torque on the lock nut, which retains the lock nut about the threaded shaft.

In the exemplary embodiments of FIGS. 6a and 6b, the nut deforming
members 40 protruding from the lower portion 25 of the body member 20 are

deflected upwardly toward the upper portion 27 of the body member 20 and into the
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deformable slots 30 upon clamping engagement of the spring washer 60 between the
nut deforming members 40 and the workpiece W,, thereby deforming the body
member 20 generally, especially the lower portion 25 thereof as discussed above.
More particularly, FIG. 7 illustrates that as the clamped spring washer 60 begins to
flatten, the downwardly sloping upper surface 66 thereof is deflected upwardly toward
the lower portion 25 of the body member 20, wherein one or more portions of the
upper surface 66 thereof engage corresponding cams 45 disposed protrudingly from the
bottom end 26 of the body member 20 thereby deformably closing, at least partially,
correspunding deformable slots 30. The upwardly deflected cams 45 apply compressive
forces directed radially inwardly toward the threaded shaft S deforming the helical
uniformity and cross-sectional shape of the threaded bore 22 thereby generally
increasing the prevailing torque on the lock nut, which retains the lock nut about the
threaded shaft, similar to the nut deforming members illustrated in FIG. 8b.

The lock nuts shown in the exemplary embodiments of FIGS. 1-8 have
remarkably improved torque performance in comparison to prior art lock nuts. FIG.
9 illustrates, more particularly, that the lock nuts of the present invention have
generally a substantially reduced installation, or first on torque, in comparison to prior
art lock nuts, which results in part from the fact that the lock nuts of the present
invention are not deformed until they are first installed, which is true of all
embodiments disclosed herein. Thus a significant installation torque is not required,
at least initially, to overcome frictional forces resulting from lock nut deformation, as
in the prior art, since the lock nuts of the present invention are not deformed until
after engagement with the workpiece. FIG. 9 also illustrates that the novel lock nuts
of the present invention have a relatively consistent torque performance over several
installation and removal cycles, in comparison to prior art lock nuts, which is another
remarkable characteristic of the present invention. The lock nuts of the present
invention are thus more likely to exceed industry performance specifications.

The torque performance of the novel lock nuts of the present invention

also have a relatively reduced statistical spread over several installation and removal
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cycles, which is yet another remarkable characteristic of the present invention.
Reduced statistical spread of torque performance is a very important manufacturing
and applications consideration, since it results in the rejection of fewer parts for failure
to comply with industry performance specifications for a particular application, and
decreases the probability that a lock nut not in compliance with a required
specification will be used in a particular application.

While the foregoing written description of the invention enables one of
ordinary skill in the art to make and use what is at present considered to be the best
mode of the invention, it will be appreciated and understood by those of ordinary skill
the existence of variations, combinations, modifications and equivalents within the
spirit and scope of the specific exemplary embodiments disclosed herein. The present
invention therefore is to be limited not by the specific exemplary embodiments

disclosed herein but by all embodiments within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A lock nut threadably engageable and retainable about a threaded
shaft extending through a workpiece, the lock nut comprising:

a body member having a threaded bore along a bore axis for receiving
the threaded shaft, the body member having a top end, a bottom end, and a side
portion;

a deformable slot disposed on the side portion of the body member and
extending into the body member toward the threaded bore;

a nut deforming member protruding from the bottom end of the body
member, at least a portion of the nut deforming member aligned axially with the
deformable slot,

the threaded bore undeformed prior to installation of the lock nut about
the threaded shaft,

the nut deforming member protruding from the bottom end of the body
member engageable with the workpiece to deform a lower portion of the body member
and a lower portion of the threaded bore upon threadably installing the lock nut about
the threaded shaft, thereby retaining the lock nut about the threaded shaft,

whereby the lock nut has a low first on torque and relatively consistent
torque performance with reduced statistical spread over several installation and

removal cycles of the nut about the threaded shaft.

2. The lock nut of Claim 1, the nut deforming member is an at least

partially annular portion disposed peripherally on the bottom end of the body member.
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3. The lock nut of Claim 1, a lower portion of the body member having
a skirt extending outwardly beyond the side portion of the body member, the skirt
having a sloping lower surface extending from the bottom end of the body member,
the nut deforming member is an annular portion disposed peripherally on a
terminating end of the skirt, wherein the skirt and the bottom end form a depression

on the lower portion of the body member.

4. The lock nut of Claim 1, the body member having a plurality of at
least two deformable slots disposed on the side portion of the body member, each
deformable slot disposed substantially transversely to the bore axis, the plurality of

deformable slots disposed substantially symmetrically about the bore axis.

5. The lock nut of Claim 4, at least one of the plurality of deformable

slots is offset axially along the bore axis relative to the other deformable slots.

6. The lock nut of Claim 1, the nut deforming member is a cam

protruding from the bottom end of the nut.

7. The lock nut of Claim 6, the body member having a plurality of at
least two deformable slots disposed on the side portion of the body member, each
deformable slot disposed substantially transversely to the bore axis, the body member
having a plurality of cams corresponding to the plurality of deformable slots, each cam
protruding from the bottor end of the body member aligned substantially axially with
the corresponding deformable slot, and each cam éngageable with the workpiece to

deform the lower portion of the body member and the lower portion of the threaded

16
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bore upon threadably installing the lock nut about the threaded shaft, thereby retaining
the body member about the threaded shaft.

8. The lock nut of Claim 7, the plurality of deformable slots disposed

substantially symmetrically about the bore axis.

9. The lock nut of Claim 6 further comprising a washer rotatably

coupled to the lower portion of the body member.

10. The lock nut of Claim 1, the deformable slot extending through the

side portion of the body member and into the threaded bore.
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