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LOCKING MECHANISMS WITH DEFLECTABLE

WASHER MEMBERS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent

Application Serial No. 62/215,631, filed September 8, 2015, and U.S. Provisional Patent

Application Serial No. 62/220,867, filed September 18, 2015, each of which is

incorporated herein by reference in its entirety.

BACKGROUND

[0002] The field of the disclosure relates generally to fasteners, and more

specifically to locking mechanisms for threaded fasteners.

[0003] Fasteners commonly include mechanisms for ensuring that fastener

elements do not loosen over time, potentially allowing joined elements to loosen or

separate. Examples of mechanisms include thread bore inserts, and screw thread profiles

that deform when tightened. Fasteners accessories like lock washers, cotter pins, and lock

wires are also commonly used with fasteners to prevent fastener elements from loosening.

Adhesive materials, like epoxy, can be applied to fastener threads to stake fastener

elements to prevent fastener elements from loosening. Conventional fastener mechanisms,

accessories, and adhesive materials may not be suitable for some applications, such as high

temperature environments or with structures subject to vibration.

[0004] Such conventional mechanisms, accessories, and adhesive

materials have generally been considered satisfactory for their intended purpose. However,

there is still a need in the art for improved fasteners. The present disclosure provides a

solution for this need.

BRIEF DESCRIPTION

[0005] In one aspect, a fastener assembly is provided. The fastener

assembly includes a threaded member having a threaded body portion and at least one anti-

rotation feature formed in the threaded body portion. The fastener assembly also includes a

lock nut configured to threadably engage the threaded member. The lock nut includes a



plurality of axially extending teeth. Moreover, the fastener assembly includes a lock

washer having a central portion and at least one outer portion. The central portion has an

aperture extending therethrough. The central portion includes an anti-rotation structure

configured to engage the at least one anti-rotation feature of the threaded member and

rotationally fix the lock washer with respect to the threaded member. The at least one outer

portion extends upward from the central portion at a predetermined angle and includes a

top surface substantially parallel to the central portion. The top surface includes a plurality

of locking apertures defined therein, wherein each locking aperture of the plurality of

locking apertures is configured to receive a respective tooth of the plurality of axially

extending teeth.

[0006] In another aspect, another fastener assembly is provided. The

fastener assembly includes a threaded member having a threaded body portion and at least

one anti-rotation feature formed in the threaded body portion. The fastener assembly also

includes a lock nut configured to threadably engage the threaded member. The lock nut

includes a body and a plurality of radially extending teeth. In addition, the fastener

assembly includes a lock washer including a central portion and at least one outer portion.

The central portion has an aperture extending therethrough. The central portion includes a

pair of opposing flat inner surfaces configured to slidably engage the opposing flat sections

of the threaded member and rotationally fix the lock washer with respect to the threaded

member. The at least one outer portion includes an end having a plurality of teeth defined

therethrough. The at least one outer portion extends outward from the flat central portion

and includes a 180° bend, wherein the plurality of teeth extend toward the flat central

portion. The plurality of teeth is configured to engage the plurality of teeth.

[0007] In yet another aspect, another fastener assembly is provided. The

fastener assembly includes a threaded member having a threaded body portion and a pair of

opposing flat sections formed in the threaded body portion. The fastener assembly also

includes a lock nut configured to threadably engage the threaded member. The lock nut

includes a plurality of radially extending teeth. The fastener assembly includes a lock

washer having a flat central portion and at least one outer portion. The central portion

includes an aperture extending therethrough. The at least one outer portion extends

outward from the central portion and includes a first 90° bend such that the at least one

outer portion extends axially away from the central portion and a second 90° bend defining



an end portion extending planarly outward from the central portion. The end portion

includes a plurality of locking teeth formed on an upper surface of said end portion. The

plurality of locking teeth is configured to engage the plurality of teeth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advantages of the present

disclosure will become better understood when the following detailed description is read

with reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 is a side view of an exemplary embodiment of a fastener

assembly;

[0010] FIG. 2 is an exploded perspective view of the fastener assembly

shown in FIG. 1, including a tool for use with the fastener assembly;

[0011] FIG. 3 is a side view of a threaded member of the fastener

assembly of FIG. 1;

[0012] FIG. 4 is a perspective view of a lock washer of the fastener

assembly of FIG. 1;

[0013] FIG. 5 is a front view of the lock washer of FIG. 4;

[0014] FIG. 6 is a top view of the lock washer of FIG. 4;

[0015] FIG. 7 is a perspective view of a lock nut of the fastener assembly

of FIG. 1;

[0016] FIG. 8 is a front view of the lock nut of FIG. 7;

[0017] FIG. 9A is a sectional view of the lock nut of FIG. 7;

[0018] FIG. 9B is a sectional view of an alternative embodiment of the

lock nut of FIG. 7;



[0019] FIG. 10 is an upper perspective view of a tool for use with the

fastener assembly of FIG. 1;

[0020] Fig. 11 is a lower perspective view of the tool of FIG. 10;

[0021] FIG. 12 is a sectional view of the tool of FIG. 10;

[0022] FIG. 13 is a sectional view of the fastener assembly of Fig. 1,

showing the lock washer in a first orientation;

[0023] FIG. 14 is a sectional view of the fastener assembly of FIG. 1,

showing the lock washer in a second orientation;

[0024] FIG. 15 is a side view of an alternative exemplary embodiment of a

fastener assembly;

[0025] FIG. 16 is an exploded perspective view of the fastener assembly

shown in FIG. 15, including a tool for use with the fastener assembly;

[0026] FIG. 17 is a perspective view of a lock washer of the fastener

assembly of FIG. 15;

[0027] FIG. 18 is a front view of the lock washer of FIG. 17;

[0028] FIG. 19 is a top view of the lock washer of FIG. 17;

[0029] FIG. 20 is a perspective view of a lock nut of the fastener assembly

of FIG. 15;

[0030] FIG. 2 1 is a front view of the lock nut of FIG. 20;

[0031] FIG. 22 is a top view of the lock nut of FIG. 20;

[0032] FIG. 23 is a sectional view of the fastener assembly of Fig. 15,

showing the lock washer in a first orientation;

[0033] FIG. 24 is a sectional view of the fastener assembly of FIG. 15,

showing the lock washer in a second orientation;



[0034] FIG. 25 is a side view of another alternative exemplary

embodiment of a fastener assembly;

[0035] FIG. 26 is an exploded perspective view of the fastener assembly

shown in FIG. 25, including a tool for use with the fastener assembly;

[0036] FIG. 27 is a perspective view of a lock washer of the fastener

assembly of FIG. 25;

[0037] FIG. 28 is a front view of the lock washer of FIG. 27;

[0038] FIG. 29 is a top view of the lock washer of FIG. 27;

[0039] FIG. 30 is an upper perspective view of a tool for use with the

fastener assembly of FIG. 25;

[0040] Fig. 3 1 is a lower perspective view of the tool of FIG. 30;

[0041] FIG. 32 is a sectional view of the tool of FIG. 30;

[0042] FIG. 33 is a sectional view of the fastener assembly of Fig. 25,

showing the lock washer in a first orientation;

[0043] FIG. 34 is a sectional view of the fastener assembly of FIG. 25,

showing the lock washer in a second orientation;

[0044] Unless otherwise indicated, the drawings provided herein are

meant to illustrate features of embodiments of the disclosure. These features are believed

to be applicable in a wide variety of systems comprising one or more embodiments of the

disclosure. As such, the drawings are not meant to include all conventional features known

by those of ordinary skill in the art to be required for the practice of the embodiments

disclosed herein.

DETAILED DESCRIPTION

[0045] In the following specification and the claims, reference will be

made to a number of terms, which shall be defined to have the following meanings.



[0046] The singular forms "a", "an", and "the" include plural references

unless the context clearly dictates otherwise.

[0047] "Optional" or "optionally" means that the subsequently described

event or circumstance may or may not occur, and that the description includes instances

where the event occurs and instances where it does not.

[0048] Approximating language, as used herein throughout the

specification and claims, may be applied to modify any quantitative representation that

could permissibly vary without resulting in a change in the basic function to which it is

related. Accordingly, a value modified by a term or terms such as "about,"

"approximately," and "substantially" are not to be limited to the precise value specified. In

at least some instances, the approximating language may correspond to the precision of an

instrument for measuring the value. Here and throughout the specification and claims,

range limitations may be combined and/or interchanged; such ranges are identified and

include all the sub-ranges contained therein unless context or language indicates otherwise.

[0049] The fastening devices and systems described herein overcome

many of the prior art problems associated with threaded fasteners. In general, threaded

fasteners are used to fixedly connect two or more pieces in a variety of applications such

as, without limitation, surgical implants, industrial applications, aerospace applications,

and building applications. Among other features and benefits, the disclosed fastening

devices and systems facilitate one or more of quick and easy installation and/or removal,

reduced torque requirements, vibration resistant secured tightness, and/or single end access

for blind fastening applications. The advantages, and other features of the technology

disclosed herein, will become more readily apparent to those having ordinary skill in the art

from the following detailed description of certain preferred embodiments taken in

conjunction with the drawings.

[0050] FIG. 1 is a side view of an exemplary embodiment of a fastener

assembly 100. FIG. 2 is an exploded perspective view of fastener assembly 100, including

a tool 108 for use with fastener assembly 100. FIG. 3 is a side view of a threaded member

102 of fastener assembly 100 (shown in FIG. 1). In the exemplary embodiment, fastener

assembly 100 includes threaded member 102, a lock washer 104, a lock nut 106, and a tool

108. As described with reference to FIGs. 2 and 3, threaded member 102 includes a head



portion 110, an elongated threaded body portion 112 extending axially from head portion

110, and at least one banking feature, or anti-rotation feature 114. Alternatively, threaded

member 102 may be free of head portion 110. For example, and without limitation,

threaded member 102 may be a threaded rod, a bolt, a screw, or any other threaded

component that enables fastener assembly 100 to function as described herein.

[005 1] In the exemplary embodiment, anti-rotation features 114 includes a

pair of opposing longitudinally extending sections formed in threaded body portion 112. It is

contemplated that anti-rotation features 114 includes, for example, and without limitation,

flats, notches, grooves, or any other feature that enables threaded member 102 to function

as described herein. Threaded body portion 112 has a diameter "D," defining a size of

threaded member 102. In the exemplary embodiment, anti-rotation features 114 include a

pair of flat portions that are parallel to each other and are spaced apart a width "W," which is

smaller than diameter "D." Anti-rotation features 114 are substantially equal in size and

shape, and extend along threaded body portion 112 from an end 116 of threaded member

102 a predefined length "L." It is contemplated that anti-rotation features 114 can extend

any length "L" along threaded body portion 112, up to and including extend to head portion

110. In the exemplary embodiment, as shown in FIG. 2, head portion 110 is a hexagonal

head. Alternatively, head portion 110 is any form, for example, and without limitation, a

spline head, a socket cap, a tulip head, and a pan head, that enables fastener assembly 100

to function as described herein.

[0052] With reference to FIGs. 1 and 2, lock washer 104 is configured to

slidably couple to anti-rotation features 114 of threaded body portion 112 for axial

movement along threaded body portion 112. Anti-rotation features 114 facilitate

rotationally fixing lock washer 104 relative to the threaded member 102. With reference to

FIGs. 4-6, lock washer 104 includes a central portion 118 defining an axial aperture 120

therethrough. Axial aperture 120 is sized to facilitate freely sliding lock washer 104 onto

threaded body portion 112 of threaded member 102. As such, axial aperture 120 has a

diameter "Dwl" slightly greater than diameter "D" of threaded body portion 112. Axial

aperture 120 also includes an anti-rotation structure 122 configured to engage anti-rotation

feature 114 of threaded member 102. It is contemplated that anti-rotation structure 122

includes, for example, and without limitation, a finger, member or any other component

configured to engage anti-rotation feature 114, for example, flats, notches, or grooves. In



the exemplary embodiment, anti-rotation structure 122 includes a pair of opposing flat

inner surfaces sized and shaped to correspond to the pair of opposing longitudinally

extending anti-rotation features 114 of threaded body portion 112. Anti-rotation features

114 slidably couple with anti-rotation structures 122 of lock washer 104 to rotationally fix

lock washer 104 when threaded body portion 112 is inserted in axial aperture 120. As

such, lock washer 104 moves freely along threaded body portion 112 in the axial direction.

[0053] In the exemplary embodiment, lock washer 104 includes an outer

portion 124 having an outer diameter or width "OD ." In the exemplary embodiment,

outer portion 124 includes pair of opposing outer portions 124 that generally define an

outer circumference of lock washer 104. Alternatively, outer portion 124 can be a full

circumferential portion or any number of smaller radial portions or tabs that enable lock

washer 104 to function as described herein. In the exemplary embodiment, outer portion

124 includes a pair of opposing outer tabs. Outer portions 124 extend upward from central

portion 118 . In particular, outer portions 124 extend upward from a boundary diameter

"D 2" and at an angle "a" defined to correspond to a mating surface of lock nut 106

forming a curved tapered portion 125 for receiving a conical bearing surface 136 (shown in

FIGs. 7-9) of lock nut 106. As such, diameter "D 2" corresponds to a size of lock nut 106,

and angle "a" is any angle that enables lock washer 104 to couple to conical bearing

surface 136 of lock nut 106, as described herein. Outer portions 124 extend upward a

predetermined height "Hw," which corresponds to a size of lock nut 106, such that lock

washer 104 couples to lock nut 106, as described herein. Outer portions 124 include a top

surface 126 that is substantially parallel to central portion 118 . A plurality if locking

apertures 128 are defined at least partially through top surface 126. Locking apertures 128

are circumferentially equally spaced and located on a radial line at radial distance "R "

from a center point of lock washer 104. In the exemplary embodiment, locking apertures

128 are trapezoidal in shape to correspond to teeth 144 (shown in FIGs. 7-9) of lock nut

106. Alternatively, locking apertures 128 have any shape and size that enables fastener

assembly 100 to function as described herein.

[0054] With reference to FIGs. 1 and 2, lock nut 106 is configured to be

threadably received by threaded member 102 over threaded body portion 112 and is

rotationally free or rotationally fixed relative to threaded member 102 depending upon

whether lock nut 106 is engaged with or disengaged from lock washer 104. With reference



to FIGs. 7-9B, lock nut 106 includes a body 130 and a transversely extending flange 132

proximate a first end 138 of lock nut 106. With reference to FIG. 9A, in the exemplary

embodiment, flange 132 is integrally formed with body 130. Alternatively, as shown in

FIG. 9B, flange 132 is separately formed from body 130 and is releasably coupled to body

130. In such an embodiment, flange 132 is rotationally fixed to body 130 via engagement

of one or more anti-rotation features 164 to one or more corresponding anti-rotation

structures 166 of body 130 of lock nut 106. For example, and without limitation, anti-

rotation features 164 can include a tab configured to couple to a slot 166 formed in body

130, or can include a generally planar surface configured to couple to a corresponding

planar surface formed on body 130. In alternative embodiments, lock nut 106 is free of

flange 132. With reference to FIGs. 7-9A, in the exemplary embodiment, flange 132 has a

diameter "ODn." Body 130 includes a threaded bore 134 extending axially through lock

nut 106. Lock nut 106 includes a conical bearing surface 136 formed at first end 138,

below flange 132. In the exemplary embodiment, conical bearing surface 136 is

configured to engage curved tapered portion 125 of lock washer 104. Body 130 is formed

as a hexagonal-shaped body, although other configurations of body 130 are contemplated.

[0055] In the exemplary embodiment, flange 132 includes a peripherally

extending lip 140 that projects downward from flange 132 generally adjacent a circular

outer edge 142 of flange 132. Lock nut 106 includes a plurality of axially extending teeth

144 formed in lip 140. In particular, teeth 144 extend radially inward from circular outer

edge 142 of flange 132 in equal, circumferentially-spaced relationships to each other and

project downward in an axial direction. Alternatively, in embodiments without flange 132,

axially extending teeth 144 are formed in body 130. In the exemplary embodiment, teeth

144 include a plurality of arcuate (in circumferential extension) channels that extend

radially inward from circular outer edge 142 through lip 140. It is understood that, in other

embodiments, teeth 144 are configured to have any other suitable shape that enables lock

nut 106 to function as described herein. In the exemplary embodiment, lock nut 106

includes twenty-four teeth 144. Alternatively, lock nut 106 has any number of teeth 144

that enable lock nut 106 to function as described herein.

[0056] In the exemplary embodiment, threaded member 102, lock washer

104, and lock nut 106 are fabricated from a metal, for example, and without limitation,

steel, aluminum, titanium, or a superalloy. Alternatively, threaded member 102, lock



washer 104, and lock nut 106 are fabricated from any material that enables fastener

assembly 100 to function as described herein, such as, without limitation, composite

materials, resins, fiber reinforced resins, plastics, and fiber reinforced plastics.

[0057] With reference to FIG 2, tool 108 is configured for engaging both

lock nut 106 and lock washer 104 to facilitate installation and removal of lock nut 106

from fastener assembly 100. With reference to FIGs. 10-12, in the exemplary

embodiment, tool 108 includes a body 146 having a stepped bore 148 extending axially

therethrough. Stepped bore 148 includes a cylindrical portion 150 at a first end 152 of

body 146. Cylindrical portion 150 has a diameter "Dt" configured to receive flange 132 of

lock nut 106 therein. In particular, diameter "Dt" is greater than diameter "ODn" of outer

edge 142 of flange 132 to enable lock nut 106 to slide freely into tool 108 in an axial

direction. Cylindrical portion 150 extends axially along stepped bore 148 a predetermined

distance "Ht" configured to facilitate receiving the entirety of lock nut 106 in stepped bore

148 such that body 146 engages outer portions 124 of lock washer 104, as is described

herein. Stepped bore 148 also includes wrenching surfaces 154 extending from cylindrical

portion 150 toward a second end 156 of body 146. At second end 156, stepped bore 148

includes a driver connection 158 for receiving driving torque from a driving member (not

shown), such as a ratchet. Wrenching surfaces 154 correspond in shape and size, are

configured, to engage body 130 of lock nut 106. In the exemplary embodiment, driver

connection 158 is a square-shaped bore. Alternatively, driver connection 158 has any

shape that enables tool 108 to function as described herein.

[0058] FIG. 13 is a sectional view of fastener assembly 100 showing lock

washer 104 in a first orientation 160, where lock nut 106 is engaged with lock washer 104

and rotationally fixed. FIG. 14 is a sectional view of fastener assembly 100 showing lock

washer 104 in a second orientation 162, where tool 108 is engaged with outer portions 124

of lock washer 104. In the exemplary embodiment, lock washer 104 is movable between

first orientation 160 and second orientation 162. In first orientation 160, teeth 144 formed

in flange 132 of lock nut 106 engage (i.e., extend into) locking apertures 128 defined in

outer portions 124 of lock washer 104. Engaging teeth 144 with locking apertures 128

facilitates rotationally fixing lock nut 106 relative to lock washer 104. In addition, lock

washer 104 is rotationally fixed to threaded member 102 via the engagement of anti-

rotation structures 122 to the pair of opposing longitudinally extending anti-rotation



features 114 of threaded body portion 112 of threaded member 102. Accordingly, lock nut

106 is rotationally fixed relative to threaded member 102 in first orientation 160 of fastener

assembly 100.

[0059] In the exemplary embodiment, "OD " is greater than "ODn" such

that tool 108 facilitates providing an axial force "F" to outer potions 124. Force "F"

facilitates bending or flexing outer portions 124 from first orientation 160 to second

orientation 162. Second orientation 162 is offset from first position 160 by an angle "β" of

sufficient magnitude to facilitate disengaging teeth 144 from locking apertures 128, thereby

allowing lock nut 106 to freely rotate relative to lock washer 104 and threaded member

102.

[0060] FIG. 15 is a side view of an alternative exemplary embodiment of a

fastener assembly 200. FIG. 16 is an exploded perspective view of fastener assembly 200,

including tool 108 for use with fastener assembly 200. In the exemplary embodiment,

fastener assembly 200 includes threaded member 102, a lock washer 204, a lock nut 206,

and tool 108. With reference to FIGs. 15 and 16, lock washer 204 is configured to slidably

couple to anti-rotation features 114 of threaded body portion 112 for axial movement along

threaded body portion 112. Anti-rotation features 114 facilitate rotationally fixing lock

washer 204 relative to the threaded member 102. With reference to FIGs. 17-1 9, lock

washer 204 includes a central portion 2 18 defining an axial aperture 220 therethrough.

Axial aperture 220 is sized to facilitate freely sliding lock washer 204 onto threaded body

portion 112 of threaded member 102. As such, axial aperture 220 has a diameter "D 2"

slightly greater than diameter "D" of threaded body portion 112. Axial aperture 220 also

includes an anti-rotation structure 222 configured to engage anti-rotation feature 114 of

threaded member 102. It is contemplated that anti-rotation structure 222 includes, for

example, and without limitation, a finger, member, or any other component configured to

engage anti-rotation feature 114, for example, flats, notches, or grooves. In the exemplary

embodiment, anti-rotation structure 122 includes a pair of opposing flat inner surfaces

sized and shaped to correspond to the pair of opposing longitudinally extending anti-

rotation features 114 of threaded body portion 112. Anti-rotation features 114 slidably

couple with anti-rotation structures 122 of lock washer 204 to rotationally fix lock washer

204 when threaded body portion 112 is inserted in axial aperture 220. As such, lock

washer 204 moves freely along threaded body portion 112 in the axial direction.



[0061] In the exemplary embodiment, lock washer 204 includes an outer

portion 224 having an outer diameter or width "OD 2." In the exemplary embodiment,

outer portion 224 includes a pair of opposing outer tabs that generally define the outer

width "OD 2" of lock washer 204. Alternatively, outer portion 224 can be a full

circumferential portion or any number of smaller radial portions or tabs that enable lock

washer 204 to function as described herein. In the exemplary embodiment, outer portion

224 includes a pair of opposing outer tabs. Outer portions 224 extend outward from central

portion 2 18 and turn upward in an axial direction, curving back toward central portion 2 18 .

In particular, outer potions 224 form a 180° radius, such that outer portions 224 point back

toward central portion 2 18 . Outer potions 224 extend upward a predetermined height

" 2," which corresponds to a size of lock nut 206, such that lock washer 204 couples to

lock nut 206, as described herein. Outer portions 224 include a top surface 226 that is

substantially parallel to central portion 2 18 . A plurality if locking teeth 228 are defined in

a respective end 229 of each outer portion 224. Teeth 228 are sized and shaped to

correspond to teeth 244 (shown in FIGs. 20-22) of lock nut 206. In the exemplary

embodiment, teeth 228 are configured to facilitate preventing counter-clockwise rotation of

lock nut 206. Alternatively, teeth 228 are configured to facilitate preventing rotation of

lock nut 206 in the clockwise direction, or both the counter-clockwise and the clockwise

directions.

[0062] With reference to FIGs. 15 and 16, lock nut 206 is configured to be

threadably received by threaded member 102 over threaded body portion 112 and is

rotationally free or rotationally fixed relative to threaded member 102 depending upon

whether lock nut 206 is engaged with or disengaged from lock washer 204. With reference

to FIGs. 20-22, lock nut 206 includes a body 230 and a transversely extending flange 232

proximate a first end 238 of lock nut 206. In the exemplary embodiment, flange 232 is

integrally formed with body 230. Alternatively, as described above, flange 232 can be

separately formed from body 230 and releasably coupled to body 230. In such an

embodiment, flange 232 is rotationally fixed to body 230 via engagement of one or more

anti-rotation features, such as anti-rotation features 164, to one or more corresponding anti-

rotation structures, such as anti-rotation structures 166. In alternative embodiments, lock

nut 206 is free of flange 132. In the exemplary embodiment, body 230 includes a threaded

bore 234 extending axially through lock nut 206. Lock nut 206 includes a cylindrical



bearing surface 236 formed at first end 238, below flange 232. In the exemplary

embodiment, cylindrical bearing surface 236 is configured to engage central portion 2 18 of

lock washer 204. Body 230 is formed as a hexagonal-shaped body, although other

configurations of body 230 are contemplated.

[0063] In the exemplary embodiment, flange 232 includes a plurality of

radially extending teeth 244 formed through flange 232. In particular, teeth 244 extend

radially outward from body 230 in equal, circumferentially-spaced relationships to each

other, and define an outer diameter "ODn2." Teeth 244 are configured to facilitate

preventing counter-clockwise rotation of lock nut 206 when engaged with locking teeth

228 of lock washer 204. Alternatively, teeth 244 are configured to facilitate preventing

rotation of lock nut 206 in the clockwise direction, or both the counter-clockwise and the

clockwise directions. In the exemplary embodiment, lock nut 206 includes thirty-six teeth

244. Alternatively, lock nut 206 has any number of teeth 244 that enable lock nut 206 to

function as described herein.

[0064] In the exemplary embodiment, lock washer 204 and lock nut 206

are fabricated from a metal, for example, and without limitation, steel, aluminum, titanium,

or a superalloy. Alternatively, threaded member 102, lock washer 204, and lock nut 206

are fabricated from any material that enables fastener assembly 100 to function as

described herein, such as, without limitation, composite materials, resins, fiber reinforced

resins, plastics, and fiber reinforced plastics.

[0065] FIG. 23 is a cross-sectional side elevation view of fastener

assembly 200 showing lock washer 204 in a first orientation 260, where lock nut 206 is

engaged with lock washer 204 and rotationally fixed. FIG. 24 is a cross-sectional side

elevation view of fastener assembly 100 showing lock washer 204 in a second orientation

262, where tool 108 is engaged with outer portions 224 of lock washer 204. In the

exemplary embodiment, lock washer 204 is movable between first orientation 260 and

second orientation 262. In first orientation 260, teeth 244 formed in flange 232 of lock nut

206 engage (i.e., mesh with) locking teeth 228 defined in outer portions 224 of lock washer

204. Engaging teeth 244 with locking teeth 228 facilitates rotationally fixing lock nut 206

relative to lock washer 204. In addition, lock washer 204 is rotationally fixed to threaded

member 102 via the engagement of anti-rotation structures 222 to the pair of opposing



longitudinally anti-rotation features 114 of threaded body portion 112 of threaded member

102. Accordingly, lock nut 206 is rotationally fixed relative to threaded member 102 in

first orientation 260 of fastener assembly 100.

[0066] In the exemplary embodiment, "OD " is greater than "OD n2" such

that tool 108 facilitates providing an axial force "F" to outer portions 224. More

specifically, tool first end 152 of body 146 engages the respective ends 229 of outer

portions 224 such that force "F" facilitates bending or flexing ends 229 of outer potions

224 from first orientation 260 to second orientation 262. Second orientation 262 is offset

from first position 260 by an angle "β2" of sufficient magnitude to facilitate disengaging

locking teeth 228 from teeth 244 of lock nut 206, thereby facilitating lock nut 206 to freely

rotate relative to lock washer 204 and threaded member 102.

[0067] FIG. 25 is a side view of another alternative exemplary

embodiment of a fastener assembly 300. FIG. 26 is an exploded perspective view of

fastener assembly 300, including a tool 308 for use with fastener assembly 300. In the

exemplary embodiment, fastener assembly 300 includes threaded member 102, a lock

washer 304, lock nut 206, and a tool 308. With reference to FIGs. 25 and 26, lock washer

304 is configured to slidably couple to anti-rotation features 114 of threaded body portion

112 for axial movement along threaded body portion 112. Anti-rotation features 114

facilitate rotationally fixing lock washer 304 relative to the threaded member 102. With

reference to FIGs. 27-30, lock washer 304 includes a central portion 318 defining an axial

aperture 320 therethrough. Axial aperture 320 is sized to facilitate freely sliding lock

washer 304 onto threaded body portion 112 of threaded member 102. As such, axial

aperture 320 has a diameter "D " slightly greater than diameter "D" of threaded body

portion 112. Axial aperture 320 also includes an anti-rotation structure 322 configured to

engage anti-rotation features 114 of threaded member 102. It is contemplated that anti-

rotation structure 322 includes, for example, and without limitation, a finger, member, or

any other component configured to engage anti-rotation features 114, for example, flats,

notches, or grooves. In the exemplary embodiment, anti-rotation structure 122 includes a

pair of opposing flat inner surfaces sized and shaped to correspond to the pair of opposing

longitudinally extending anti-rotation features 114 of threaded body portion 112. Anti-

rotation features 114 slidably couple with anti-rotation structures 122 of lock washer 304 to

rotationally fix lock washer 304 when threaded body portion 112 is inserted in axial



aperture 320. As such, lock washer 304 moves freely along threaded body portion 112 in

the axial direction.

[0068] In the exemplary embodiment, lock washer 304 includes an outer

portion 324 having an outer diameter or width "OD ." In the exemplary embodiment,

outer portion 324 includes a pair of opposing outer tabs that generally define the outer

width "OD " of lock washer 304. Alternatively, outer portion 324 can be a full

circumferential portion or any number of smaller radial portions or tabs that enable lock

washer 304 to function as described herein. In the exemplary embodiment, outer portion

324 includes a pair of opposing outer tabs that generally define the outer width "OD " of

lock washer 304. Outer portions 324 extend outward from central portion 318 and turn

approximately 90° upward (i.e., substantially perpendicular to central portion 318) for a

predetermined height "H 2 " Outer portions 324 then turn outward, defining an end portion

329 that is substantially parallel to central portion 318 . Height "H 2" corresponds to a size

of lock nut 206, such that lock washer 304 couples to lock nut 206, as described herein.

End portions 329 of outer portions 324 include a top surface 326 that is substantially

parallel to central portion 318 . A plurality of locking teeth 328 extend upward from top

surface 326 of each outer portion 324. Teeth 328 extend inward generally toward central

portion 318 and are sized and shaped to correspond to teeth 244 (shown in FIGs. 20-22) of

lock nut 206. In the exemplary embodiment, teeth 328 are configured to facilitate

preventing counter-clockwise rotation of lock nut 206. Alternatively, teeth 328 are

configured to facilitate preventing rotation of lock nut 206 in the clockwise direction, or

both the counter-clockwise and the clockwise directions.

[0069] In the exemplary embodiment, lock washer 304 is fabricated from

a metal, for example, and without limitation, steel, aluminum, titanium, or a superalloy.

Alternatively, lock washer 304 is fabricated from any material that enables fastener

assembly 300 to function as described herein, such as, without limitation, composite

materials, resins, fiber reinforced resins, plastics, and fiber reinforced plastics.

[0070] With reference to FIG 26, tool 308 is configured for engaging both

lock nut 206 and lock washer 304 to facilitate installation and removal of lock nut 206

from fastener assembly 300. With reference to FIGs. 30-32, in the exemplary

embodiment, tool 308 includes a body 346 having a stepped bore 348 extending axially



therethrough. Stepped bore 348 includes a cylindrical portion 350 at a first end 352 of

body 346. Cylindrical portion 350 has a diameter "D^" configured to receive flange 232 of

lock nut 206 therein. In particular, diameter "D is greater than diameter "ODn2" of the

outer extent of teeth 244 of flange 232 to enable lock nut 206 to slide freely into tool 308 in

an axial direction. Cylindrical portion 350 extends axially along stepped bore 148 a

predetermined distance "Ht" configured to facilitate receiving the entirety of lock nut 206

in stepped bore 348 such that body 346 engages outer portions 324 of lock washer 304, as

is described herein. A sloped engaging surface 353 extends radially outward from a lower

edge of cylindrical portion 350 to first end 352 of body 346. In the exemplary

embodiment, sloped engaging surface 353 is sloped at an angle "at" with respect to a plane

coincident with first end 352. Sloped engaging surface 353 is configured to engage outer

portions 324, and in particular, teeth 328 of lock washer 304, thereby deflecting outer

portions 324 downward into face-to-face contact to facilitate disengaging lock washer 304

from lock nut 206.

[007 1] Stepped bore 348 also includes wrenching surfaces 354 extending

from cylindrical portion 350 toward a second end 356 of body 346. At second end 356,

stepped bore 348 includes a driver connection 358 for receiving driving torque from a

driving member (not shown). Wrenching surfaces 354 correspond in shape and size, and

are configured, to engage body 230 of lock nut 206. In the exemplary embodiment, driver

connection 358 is a square-shaped bore. Alternatively, driver connection 358 has any

shape that enables tool 308 to function as described herein.

[0072] FIG. 33 is a sectional view of fastener assembly 300 showing lock

washer 304 in a first orientation 360, where lock nut 206 is engaged with lock washer 304

and rotationally fixed. FIG. 34 is a sectional view of fastener assembly 300 showing lock

washer 304 in a second orientation 362, where tool 308 is engaged with outer portions 324

of lock washer 304. In the exemplary embodiment, lock washer 304 is movable between

first orientation 360 and second orientation 362. In first orientation 360, teeth 244 formed

in flange 232 of lock nut 206 engage (i.e., mesh with) locking teeth 328 formed on outer

portions 324 of lock washer 304. Engaging teeth 244 with locking teeth 328 facilitates

rotationally fixing lock nut 206 relative to lock washer 304. In addition, lock washer 304 is

rotationally fixed to threaded member 102 via the engagement of anti-rotation structures

322 to the pair of opposing longitudinally extending anti-rotation features 114 of threaded



body portion 112 of threaded member 102. Accordingly, lock nut 206 is rotationally fixed

relative to threaded member 102 in first orientation 360 of fastener assembly 300.

[0073] In the exemplary embodiment, "OD " is greater than "ODn2" such

that tool 308 facilitates providing an axial force "F" to outer portions 324. More

specifically, sloped engaging surface 353 of tool 308 at first end 352 engages the respective

locking teeth 328 of outer portions 324 such that apply a force "F" facilitates bending or

flexing outer portions 324 from first orientation 360 to second orientation 362. Second

orientation 362 is offset from first position 360 by an angle "β3" of sufficient magnitude to

facilitate disengaging locking teeth 328 from teeth 244 of lock nut 206, thereby facilitating

lock nut 206 to freely rotate relative to lock washer 304 and threaded member 102.

[0074] The components as described herein provide locking and vibration

resistant fastener assemblies. For example, as described in the embodiments herein, when

the tool is removed from the associated fastener assembly, teeth on the lock nut again

engage the locking apertures/teeth of the respective lock washer. When the teeth are

engaged, the lock nut is locked in rotation due to the rotational locking relationship of the

lock washer to the threaded member. When the teeth are disengaged from the locking

apertures/teeth, the lock nut is rotationally free relative to the threaded member. As will be

appreciated by those of skill in the art in view of the present disclosure, the arrangements

shown in Figs. 1-34 facilitate preventing over deflection of the lock washers in response to

the force "F" applied by tool.

[0075] Exemplary embodiments of systems and methods for rotationally

locked fastener assemblies are described above. The systems and methods are not limited

to the specific embodiments described herein but, rather, components of the systems and/or

operations of the methods may be utilized independently and separately from other

components and/or operations described herein. Further, the described components and/or

operations may also be defined in, or used in combination with, other systems, methods,

and/or devices, and are not limited to practice with only the systems described herein.

[0076] Although specific features of various embodiments of the

invention may be shown in some drawings and not in others, this is for convenience only.

In accordance with the principles of the invention, any feature of a drawing may be

referenced and/or claimed in combination with any feature of any other drawing.



[0077] This written description uses examples to disclose the invention,

including the best mode, and also to enable any person skilled in the art to practice the

invention, including making and using any devices or systems and performing any

incorporated methods. The patentable scope of the invention is defined by the claims, and

may include other examples that occur to those skilled in the art. Such other examples are

intended to be within the scope of the claims if they have structural elements that do not

differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.



WHAT IS CLAIMED IS:

1. A fastener assembly comprising:

a threaded member comprising a threaded body portion and at least one an

anti-rotation feature formed in said threaded body portion;

a lock nut configured to threadably engage said threaded member, said lock

nut comprising a plurality of axially extending teeth;

a lock washer comprising a central portion and at least one outer portion,

said central portion comprising an aperture extending therethrough, said central portion

comprising at least one anti-rotation structure configured to engage said at least one anti-

rotation feature of said threaded member and rotationally fix said lock washer with respect

to said threaded member, said at least one outer portion extending upward from said central

portion at a predetermined angle and comprising a top surface substantially parallel to said

central portion, said top surface comprising a plurality of locking apertures defined therein,

wherein each locking aperture of said plurality of locking apertures is configured to receive

a respective tooth of said plurality of axially extending teeth.

2 . A fastener assembly in accordance with Claim 1, wherein said

threaded body portion has a diameter, said at least one anti-rotation feature comprising a

pair of opposing flat sections spaced apart a predetermined distance that is smaller than the

diameter of said threaded portion.

3 . A fastener assembly in accordance with Claim 2, wherein said

aperture of said lock washer has a diameter greater than the diameter of said threaded body

portion.

4 . A fastener assembly in accordance with Claim 1, wherein said lock

nut further comprises a conical bearing surface configured to engage said lock washer.

5 . A fastener assembly in accordance with Claim 4, wherein said

conical bearing surface extends from a radially extending flange formed on said lock nut.

6 . A fastener assembly in accordance with Claim 1, wherein said lock

nut further comprises a body and a radially extending flange comprising a peripherally



extending lip that projects downward from said radially extending flange, said radially

extending flange rotationally fixed relative to said body.

7 . A fastener assembly in accordance with Claim 6, wherein said

plurality of axially extending teeth is formed in said peripherally extending lip.

8 . A fastener assembly in accordance with Claim 6, wherein said

plurality of axially extending teeth extend radially inward from a circular outer edge of said

radially extending flange in equal, circumferentially-spaced relationships to each other.

9 . A fastener assembly in accordance with Claim 1, wherein said

plurality of axially extending teeth comprises a plurality of arcuate channels extending

radially inward from said a circular outer edge.

10 . A fastener assembly comprising:

a threaded member comprising a threaded body portion and at least one anti-

rotation feature formed in said threaded body portion;

a lock nut configured to threadably engage said threaded member, said lock

nut comprising a body and a plurality of radially extending teeth;

a lock washer comprising a central portion and at least one outer portion,

said central portion comprising an aperture extending therethrough, said central portion

comprising at least one anti-rotation structure configured to slidably engage said at least

one anti-rotation feature of opposing said threaded member and rotationally fix said lock

washer with respect to said threaded member, said at least one outer portion comprising an

end having a plurality of teeth defined therethrough, said at least one outer portion

extending outward from said central portion and comprising a 180° bend, wherein said

plurality of teeth extend toward said central portion, and wherein said plurality of teeth are

configured to engage said plurality of teeth.

11. A fastener assembly in accordance with Claim 10, wherein said

aperture of said lock washer has a diameter greater than a diameter of said threaded body

portion.



12. A fastener assembly in accordance with Claim 10 further comprising

a tool, said tool comprising a body having a stepped bore extending axially therethrough,

said stepped bore comprising:

a cylindrical portion at a first end of said body, said cylindrical portion

configured to receive said radially extending teeth; and

a plurality of wrenching surfaces extending axially from said cylindrical

portion, said plurality of wrenching surfaces configured to engage said body.

13 . A fastener assembly in accordance with Claim 12, wherein said

stepped bore further comprises a driver connection extending axially from said plurality of

wrenching surfaces, said driver portion configured to couple to a driving member.

14. A fastener assembly in accordance with Claim 10, wherein said lock

nut further comprises a radially extending flange, said radially extending flange rotationally

fixed relative to said body.

15 . A fastener assembly comprising:

a threaded member comprising a threaded body portion and at least one anti-

rotation feature formed in said threaded body portion;

a lock nut configured to threadably engage said threaded member, said lock

nut comprising a plurality of radially extending teeth;

a lock washer comprising a central portion and at least one outer portion,

said central portion comprising an aperture extending therethrough, said at least one outer

portion extending outward from said central portion and comprising a first 90° bend such

that said at least one outer portion extends axially away from said central portion and a

second 90° bend defining an end portion extending planarly outward from said central

portion, said end portion comprising a plurality of locking teeth formed on an upper surface

of said end portion, wherein said plurality of locking teeth is configured to engage said

plurality of radially extending teeth.

16 . A fastener assembly in accordance with Claim 15, wherein said

central portion comprises at least one anti-rotation structure configured to slidably engage



said at least one anti-rotation feature of said threaded member and rotationally fix said lock

washer with respect to said threaded member.

17 . A fastener assembly in accordance with Claim 15 further comprising

a tool, said tool comprising a body having a stepped bore extending axially therethrough,

said stepped bore comprising:

a cylindrical portion proximate a first end of said body, said cylindrical

portion configured to receive said radially extending teeth; and

a plurality of wrenching surfaces extending axially from said cylindrical

portion, said plurality of wrenching surfaces configured to engage said body.

18 . A fastener assembly in accordance with Claim 17, wherein said tool

further comprises a sloped engaging surface extending radially outward from a lower edge

of said cylindrical portion to said first end of said body.

19 . A fastener assembly in accordance with Claim 18, wherein said lock

nut is positionable relative to said lock washer between a locked configuration in which

said radially extending teeth are engaged with said locking teeth of said lock washer, and

an unlocked configuration wherein said radially extending teeth are disengaged from said

locking teeth, said sloped engaging surface of said tool engaged in face-to-face contact

with said at least one outer portion in the unlocked configuration.

20. A fastener assembly in accordance with Claim 17, wherein said lock

nut further comprises a body and a radially extending flange, said radially extending flange

rotationally fixed relative to said body.
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