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NUT HAVING A VISUAL INDICATOR

CROSS REFERENCES TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part application of U.S. Patent Application No.

12/209,012 titled "Shaft Mounting Assembly" filed on September 11, 2008 which is a

continuation of U.S. Patent Application No. 11/414,817 titled "Wedge-Type Bearing Assembly"

filed on May 1, 2006 and which issued as U.S. Patent 7,503,698 on March 17, 2009. The

disclosure of both of these patents is hereby incorporated by reference as if set forth in its entirety

herein.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] Not Applicable.

BACKGROUND OF THE INVENTION

[0003] The field of invention is bearings, and more particularly, to a shaft mounted wedge-

type bearing assembly.

[0004] It is generally known to mount bearing assemblies on a shaft through the use of set

screws or eccentric collars which lock the inner ring of the bearing assembly to the shaft. In such

designs, the inner ring of the bearing assembly extends longitudinally along the shaft and is

incorporated in the mechanisms for sealing the inner ring against the shaft and for locking the

bearing assembly on the shaft.

[0005] It is also known to provide a bearing assembly with an inner ring which has extending

therethrough a tapered bore and which loosely surrounds the shaft. Such bearing assembly

designs also include a cylindrical wedge or tapered mounting adapter sleeve that is also placed

over the shaft. The sleeve has therein a longitudinally extending slit which allows the sleeve to be

placed over the shaft but affords compression or squeezing the sleeve into frictional engagement

with the shaft. The sleeve is typically pulled into engagement with the tapered bore in the inner

ring of the bearing assembly by a lock nut axially fixed relative to the sleeve and threadably

engaging the inner ring. Rotation of the nut around the sleeve draws the inner ring over the sleeve

to produce a the wedge-like engagement between the tapered sleeve and the tapered bore. The

wedge-like engagement creates an interference fit between the sleeve and the inner ring and

compresses the sleeve into locked engagement with the shaft. The locked engagement between



the inner ring and the sleeve, and between the sleeve and the shaft thereby fixes the inner ring

relative to the shaft.

[0006] The use of a tapered sleeve in conjunction with a tapered inner ring to mount a

bearing assembly on a shaft is advantageous in that this type of bearing assembly mounting

accommodates shafts which may have a circumference differing from a nominal specified

circumference. These wedge-type bearing assemblies, however, are difficult to mount on a shaft

because the inner ring tends to rotate with the nut without moving the inner ring axially relative

to the sleeve, the tightness of the nut is not easily determined which leads to over or under

tightening, and axially fixing the nut relative to the sleeve is difficult.

[0007] Therefore, a need exists for a shaft mounted wedge-type bearing assembly that

overcomes one or more of these problems.

BRIEF SUMMARY OF THE INVENTION

[0008] A nut is disclosed including a body having a visual indicator coupled thereto. The

visual indicator provides a visual indication of a stress state of the body of the nut. The nut may

be for interconnecting a compressible adapter sleeve and an inner ring that encircles the

compressible adapter sleeve in which the inner ring has a radially inwardly facing tapered surface

that engages a radially outwardly facing tapered surface of the compressible adapter and in which

the radially inwardly facing tapered surface is drawable over the radially outwardly facing surface

to compress the compressible adapter sleeve onto a shaft by the nut.

[0009] The stress state of the body of the nut may be detected via a strain gauge and the

visual indicator may include one or more light emitting diodes that are selectively lit based on a

stress state detected by the strain gauge, which is indicative of the torque state of the nut. Such

an assembly may remain useful for detecting the torque state of the nut over the expected life of

the product (about five years) and over multiple uses. Further, a light emitting diode clearly

produces an clearly visible indicator, even in dimly lit conditions or after multiple uses.

[0010] The foregoing and other objectives and advantages of the invention will appear from

the following description. In the description, reference is made to the accompanying drawings

which form a part hereof, and in which there is shown by way of illustration a preferred

embodiment of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an end view of a shaft mounted bearing assembly incorporating the present

invention;

[0012] FIG. 2 is a cross sectional view along line 2-2 of FIG. 1;

[0013] FIG. 3 is a detailed sectional view along line 3-3 of FIG. 2;

[0014] FIG. 4 is an end view of an alternative shaft mounted bearing assembly incorporating

the present invention;

[0015] FIG. 5 is a cross sectional view along line 5-5 of FIG. 4;

[0016] FIG. 6 is a detailed view along line 6-6 of FIG. 5;

[0017] FIG. 7 is a detailed view of FIG. 5 showing a dismounting hole;

[0018] FIG. 8 is a cross sectional view of another alternative shaft mounted bearing assembly

incorporating the present invention;

[0019] FIG. 9 is a perspective view of a lock nut integrally incorporating a visual indicator;

[0020] FIG. 10 is a side view of the lock nut of FIG. 9;

[0021] FIG. 11 is a front view of the lock nut of FIG. 9;

[0022] FIG. 12 is a cross sectional view of FIG. 10 taken along line 12-12;

[0023] FIG. 13 is a detailed cross-sectional view taken along line 13-13;

[0024] FIG. 14 is a schematic indicating the general connectivity of the parts of the locknut

in FIG. 9;

[0025] FIG. 5 is one potential electrical circuit that monitors a strain gauge to determine a

torque condition or stress state of the lock nut and display the result via one of three light

emitting diodes.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] As shown in FIGS. 1-3, a wedge-type bearing assembly 10 is mounted on a shaft 12

having a longitudinal axis 14. The bearing assembly 10 includes an adapter sleeve 16 frictionally

engaging the shaft 12, an inner ring 18 compressing the adapter sleeve 16 against the shaft 12,

and a lock nut assembly including a lock nut 20 axially fixed relative to the adapter sleeve 16 and

engaging the inner ring 18. Rotation of the lock nut 20 in a first direction of rotation draws the

inner ring 18 over the adapter sleeve 16 to mount the bearing assembly 10 to the shaft 12.



Rotation of the lock nut 20 in a second opposite direction of rotation pushes the inner ring 18 off

of the adapter sleeve 16 to dismount the bearing assembly 10 from the shaft 12.

[0027] The cylindrical adapter sleeve 16 extends along the axis 14 of the shaft 12 between

adapter sleeve first and second ends 22, 24, and has a radially inwardly facing surface 26 and a

radially outwardly facing surface 28. The radially inwardly facing surface 26 defines a uniform

cylindrical bore which engages the outer surface 30 of the shaft 12. A longitudinal slit (not

shown) having slit edges extends the entire axial length of the sleeve 16. The slit edges define a

gap therebetween when the sleeve 16 is undeformed (i.e. not compressed by the inner ring 18)

which is narrowed as the adapter sleeve 16 is radially compressed by the inner ring 18. The

sleeve 16 is sized to slide over the shaft 12 when the sleeve 16 is undeformed, and the provision

of the slit along the sleeve 16 affords compression of the sleeve 16 into locked frictional

engagement with the shaft 12 in a manner discussed below.

[0028] The radially outwardly facing surface 28 of the sleeve 16 includes a tapered surface

40 engageable with the inner ring 18 and a radially outwardly extending circumferential key 42

engageable with the lock nut 20. The tapered surface 40 extends from the first end 22 of the

sleeve 16 toward the second, opposite end 24 of the sleeve 16, and is frustoconical with a first

relatively small diameter proximal the first end 22 of the sleeve 16. The diameter of the tapered

surface 40 uniformly increases toward the sleeve second end 24. Various angles of taper, such as

between about 3° to 4°, can be used.

[0029] The radially outwardly extending circumferential key 42 extends from the radially

outwardly facing surface 28 proximal the second end 24 of the adapter sleeve 16. The key 42

rotatably slidably engages the lock nut 20 to axially fix the lock nut 20 relative to the adapter

sleeve 16 while allowing the lock nut 20 to rotate relative to the adapter sleeve 16.

[0030] A positive locking key 54 extending radially from the radially outwardly extending

facing surface 28 is received in an axially extending keyway 56 formed in the inner ring 18.

Advantageously, the positive locking key 54 received in the axially extending keyway 56

prevents rotation of the inner ring 18 relative to the adapter sleeve 16 while allowing the inner

ring 8 to slide axially relative to adapter sleeve 16. Preferably, the positive locking key 54 is a

removable Woodruff key received in a concave rounded slot 62 formed in the adapter sleeve 1

to simplify assembly of the bearing assembly 10. However, the positive locking key 54 can have



any shape and/or be formed as an integral part of the adapter sleeve 16 without departing from

the scope of the invention. Moreover, the positive locking key 54 can extend from the inner ring

18 into a keyway formed in the adapter sleeve without departing from the scope f the invention.

[0031] The inner ring 18 of the bearing assembly 10 is configured to mate with the sleeve 16

so that the bearing assembly 10 can be fixed to the shaft 12. The generally annular inner ring 18

encircles the adapter sleeve 16 and shaft 12, and has an axis substantially coaxial with the shaft

axis 14. The inner ring 18 includes a radially outwardly facing surface 44 and a radially inwardly

facing surface 46 joined by axially opposing inner ring first and second ends 48, 50. The radially

outwardly facing surface 44 provides a bearing surface for rollers 52.

[0032] The radially inwardly facing surface 26 of the inner ring 18 has a first diameter at the

first axial end 48 of the inner ring 18 and a second diameter proximal the second axial end 50.

The first diameter is smaller than the second diameter to form a tapered bore extending through

the inner ring 18 between the axial ends 48, 50 of the inner ring 18. External threads 58 formed

proximal the second axial end 50 in the radially outwardly facing surface 44 engage internal

threads 60 formed in the lock nut 20 to draw the inner ring 18 over the adapter sleeve 16.

Preferably, the radially inwardly facing surface 46 of the inner ring 18 lies at an angle relative to

the axis 14 which approximates the angle of the tapered surface 40 of the sleeve 16. When the

inner ring 18 is drawn over the adapter sleeve 16, the tapered surface 40 of the sleeve 16 slides

along and engages the radially inwardly facing surface 46 of the inner ring 18 to compress the

adapter sleeve 16 against the shaft 12.

[0033] The axially extending keyway 56 formed in the radially inwardly facing surface 46

receives the positive locking key 54 extending radially from the radially outwardly facing surface

28 of the sleeve 16. Advantageously, the positive locking key 54 received in the axially

extending keyway 56 prevents the sleeve 16 from rotating while allowing the sleeve 1 to move

axially relative to the inner ring 18. Of course, the keyway 56 can be formed in the adapter sleeve

16 for receiving a positive locking key 54 extending from the inner ring 18 without departing

from the scope of the invention.

[0034] The cylindrical lock nut 20 of the lock nut assembly encircles the adapter sleeve 16

and engages both the adapter sleeve 1 and inner ring 18 to move the inner ring 18 relative to the

adapter sleeve 16 in an axial direction. The lock nut 20 includes a radially inwardly facing



surface 66 and a radially outwardly facing surface 68, both of which extend between first and

second lock nut ends 70, 72. The internal threads 60 formed in the radially inwardly facing

surface 66 proximal the lock nut first end 70 threadably engage the external threads 58 formed in

the radially outwardly facing surface 44 of the inner ring 18.

[0035] The radially outwardly facing surface 68 of the lock nut 20 includes detents 74 The

detents 74 are spaced circumferentially on the radially outwardly facing surface 68 of the lock nut

20 proximal the lock nut second end 72, and are engageable with a wrench to rotate the lock nut

20 relative to the inner ring 18 and adapter sleeve 16. Rotating the lock nut 20 relative to the

inner ring 18 threadably engages the external threads 58 formed in the inner ring 18 with the

internal threads 60 formed in the lock nut 20 to axially move the inner ring 18 relative to the

adapter sleeve 16 in either axial direction.

[0036] A radially inwardly opening circumferential keyway 76 proximal the second end 72 of

the lock nut 20 adjacent the internal threads 60 engages the circumferential key 42 of the adapter

sleeve 16 to axially fix the lock nut 20 relative to the adapter sleeve 16. Advantageously, the

keyway 76 fixes the lock nut 20 axially relative to the adapter sleeve 16 while allowing the lock

nut 20 to rotate and threadably engage external threads 58 of the inner ring 18 with the internal

threads 60 of the lock nut 20. Although an inwardly opening keyway 76 is disclosed, other

structure that fixes the lock nut axially relative to the adapter sleeve 16 while allowing the lock

nut 20 to rotate about the adapter sleeve 16 can be provided, such as a radially inwardly

extending key of the lock nut 20 that engages a radially outwardly opening keyway formed in the

adapter sleeve 16, and the like, without departing from the scope of the invention.

[0037] An axially opening cavity 94 formed in an axially facing face 78 of the second end 72

of the lock nut 20 proximal the radially inwardly facing surface 66 receives a visual indicator 80

that indicates when the lock nut 20 has been sufficiently tightened to frictionally lock the bearing

assembly 10 to the shaft 12. Although forming the cavity 94 in the axially facing face 78 is

preferred, the cavity 94 can be formed anywhere on the lock nut 20 that experiences the strain on

the lock nut 20 caused by tightening the lock nut 20 to frictionally lock the bearing assembly 10

to the shaft 12 without departing from the scope of the invention.

[0038] Preferably, the visual indicator 80 is formed from a photoelastic sensitive material 82,

such as Vishay Micro Measurements Model No. PS-1 Sheet available from Vishay Micro



Measurements, Raleigh, North Carolina, which when subjected to strain changes color when

viewed through a polarizing lens 84. The visual indicator 80 is fixed to the lock nut 20 in the

cavity 94 by an adhesive, such as an epoxy resin, rubber-based adhesive, and the like, which has

elastic properties substantially equivalent to the photoelastic sensitive material 82 in order to

transfer the strain on the lock nut 20 to the photoelastic sensitive material 82 without losing

sensitivity. Although fixing the visual indicator 80 in the cavity 94 formed in the lock nut 20 is

preferred to protect the visual indicator 80 from being dislodged from the lock nut 20, the visual

indicator 80 can be fixed to any surface on the lock nut 20 without departing from the scope of

the invention.

[0039] The strain acting on the photoelastic sensitive material 82 changes the wavelength of

light allowed to pass through the photoelastic sensitive material 82 and reflect back to the user

causing the photoelastic sensitive material 82 to appear to change in color when viewed through

the polarizing lens 84. The specific color viewable through the polarizing lens 84 is a function of

the amount of strain experienced by the photoelastic sensitive material 82. The strain experienced

by the photoelastic sensitive material 82 is a function of the load applied between the adapter

sleeve 16 and the inner ring 18 by the lock nut 20. The load applied between the adapter sleeve

16 and the inner ring 18 frictionally locking the bearing assembly 10 to the shaft is a function of

the torque necessary to turn the lock nut 20. As a result, the amount of torque applied to the lock

nut 20 can be determined by viewing the color of the photoelastic sensitive material 82 through

the polarizing lens 84.

[0040] Preferably, the polarizing lens 84 is a light polarizing film, such as available from

Edmund Optics, Inc., Barrington, New Jersey, bonded to an outer surface of the photoelastic

sensitive material 82. Of course, the polarizing lens 84 can be omitted and the user can provide a

polarizing lens for viewing the photoelastic sensitive material 82 without departing from the

scope of the invention.

[0041] A pair of radially extending threaded through holes 86 formed through the lock nut 20

threadably engage set screws 88 to rotatively fix the lock nut 20 relative to the adapter sleeve 16

once the lock nut 20 is sufficiently tightened to lock the adapter sleeve 1 onto the shaft 12. The

threaded through holes 86 extend radially from the radially inwardly opening circumferential

keyway 76 and align the set screws 88 with the circumferential key 42 extending from the



adapter sleeve 16. Although a pair of threaded through holes circumferentially spaced at an angle

of approximately 90° is shown, one or more through holes spaced randomly or evenly about the

circumference of the lock nut 20 can be provided for receiving one or more set screws 88 without

departing from the scope of the invention. Moreover, although the through holes 86 are shown to

extend substantially perpendicular to the keyway 76 and key 42, the through holes 86 can define

any angle relative to the keyway 76 and/or key 42 without departing from the scope of the

invention.

[0042] Each set screw 88 threadably engages one of the threaded through holes 86, and is

rotated to impinge on the circumferential key 42 to lock the lock nut 20 relative to the adapter

sleeve 16. In the embodiment shown in FIGS. 1-3, each through hole 86 receives one of the set

screws 88. However, more through holes 86 can be provided than the number set screws 88

without departing from the scope of the invention.

[0043] The bearing assembly 10 further includes an outer ring 64 radially spaced from the

inner ring 18 to sandwich the plurality of rollers 52 therebetween. The rollers 52 allow the rings

18, 64 to move relative to each other. The term "roller" used herein can be any roller used in the

art, such as ball bearings, cylindrical rollers, tapered rollers, and the like, that allow relative

movement of the inner and outer rings 18, 64. A retainer ring (not shown) can be provided to

space the rollers 52 between the inner and outer rings 18, 64.

[0044] Seal rings 90 extending between the inner and outer rings 18, 64 on opposing sides of

the rollers 52 seal lubricant around the rollers 52. A seal mounting ring 92 fixed to one of the seal

rings 90 threadably engaging the outer ring 64 can be provided to mount the seal ring 90 to the

bearing assembly 10. A housing (not shown) can also be provided that surrounds the inner ring

18 and rollers 52 and is fixed relative to the outer ring 64 without departing from the scope of the

invention.

[0045] In use, the bearing assembly 10 is mounted on the shaft 12 by compressing the

adapter sleeve 16 to engage the lock nut keyway 76 with the circumferential key 42 of the adapter

sleeve 16. The adapter sleeve 16 and lock nut 20 are then slipped axially onto the shaft 12. The

inner ring 18, along with the rollers 52 and outer ring 64 are then slipped axially onto the shaft

12, such that the radially inwardly facing surface 26 of the inner ring 18 forming the tapered bore

mates with the tapered surface 40 of the radially outwardly facing surface 28 of the adapter



sleeve 16. The inner ring 18 is slipped axially along the adapter sleeve 16 until the external

threads 58 of the inner ring 18 threadably engage the internal threads 60 of the lock nut 20.

[0046] The positive locking key 54 of the adapter sleeve 16 is then slipped into the axial

keyway 56 of the inner ring 18, and the inner ring 18 is urged axially over the adapter sleeve 16,

such as by the user pushing the inner ring 18 over the adapter sleeve 16 by hand, to initially

compress the adapter sleeve 16 and frictionally engage the shaft 12 to prevent the inner ring 18

from rotating relative to the adapter sleeve 16. The lock nut 20 is then rotated in the first

direction to threadably engage the internal threads 60 of the lock nut 20 with the external threads

58 of the inner ring 18 to draw the inner ring 18 over the adapter sleeve 16 toward the lock nut

20. As the tapered surface 40 of the adapter sleeve 16 and the tapered bore of the inner ring 18

become wedged together, the sleeve 16 compresses and the gap 38 defined by the slit edges 34,

36 narrows as the sleeve 16 frictionally engages the shaft 12. The lock nut 20 is rotated until a

sufficient amount of torque is applied to the lock nut 20 to lock the adapter sleeve 16, and thus

the bearing assembly 10, onto the shaft 12. Advantageously, the visual indicator 80 mounted on

the lock nut 20 turns color to indicate to the user when the sufficient amount of torque has been

applied to the lock nut 20 to avoid over tightening or under tightening the lock nut 20.

[0047] Once the lock nut 20 is sufficiently tightened, as indicated by the visual indicator 80,

the lock nut 20 is locked in place relative to the adapter sleeve 16 by rotating the pair of set

screws 88 threadably engaging the radially the extending threaded through holes 86 formed

through the lock nut 20. The set screws 88 are tightened against the circumferential key 42 of the

adapter sleeve 16 to fix the lock nut 20 relative to the adapter sleeve 16 and prevent rotation of

the lock nut 20 relative to the adapter sleeve 16 that would allow the inner ring 18 to move

axially relative to the adapter sleeve 16 and disengage the adapter sleeve 16, and thus the bearing

assembly 10, from the shaft 12.

[0048] The bearing assembly 10 is dismounted from the shaft 12 by rotating the lock nut 20

in the second direction opposite to the first direction of rotation. Rotating the lock nut 20 in the

second direction urges the inner ring 18 axially off of the adapter sleeve 1 to unwedge the

tapered surface 40 of the adapter sleeve 16 and the tapered bore of the inner ring 18. As the inner

ring 18 is urged axially off of the adapter sleeve 16, the adapter sleeve 16 expands to release its

grip on the shaft 12.



[0049] In an alternative construction shown in FIGS. 4-7, the bearing assembly 110 includes

an axially slit adapter sleeve 116 compressed onto a shaft 112 by an inner ring 118 urged over the

adapter sleeve 116 by a lock nut assembly including an unthreaded lock nut 120. The inner ring

118 has a radially inwardly facing surface 146 including a tapered bore, such as described above.

The tapered bore of the inner ring 118 slidably engages the adapter sleeve 116 to compress the

adapter sleeve 116 against the shaft 112. In this embodiment, an outwardly facing surface 128 of

the adapter sleeve 116 includes a radially outwardly opening circumferential keyway 176 which

receives a radially inwardly extending key 142 forming part of the lock nut assembly.

[0050] In the embodiment disclosed in FIGS. 4-6, the lock nut assembly includes the lock nut

120 surrounding the adapter sleeve 116, a lock nut adapter 158 fixed to the inner ring 118, a

locking set screw 188, and a plurality of mounting set screws 186. The lock nut 120 is axially

fixed relative to the adapter sleeve 116 by the locking set screw 188, and the mounting set screws

186 extending axially through the lock nut 120 threadably engage the lock nut adapter 158 to

draw the inner ring 118 onto the adapter sleeve 116.

[0051] The lock nut adapter 158 surrounds the inner ring 118 and includes a radially

extending threaded aperture 102 formed therethrough. The threaded aperture 102 threadably

engages a radially extending locking set screw 104 which impinges on the inner ring 118 to

axially fix the lock nut adapter 158 relative to the inner ring 118. Advantageously, the locking set

screw 104 allows removal of the lock nut adapter 158 or easy retrofitting of the lock nut adapter

158 onto an inner ring. Other methods for axially fixing the lock nut adapter 158 relative to the

inner ring 118 can be used, such as by inserting an axially extending pin through a radially

extending aperture formed through the lock nut adapter 158 into a hole formed in the inner ring

18, welding the lock nut adapter 158 to the inner ring 18, and the like, without departing from the

scope of the invention.

[0052] Three axially extending semi-circular threaded holes 190 are formed in the lock nut

adapter 158 for threadably engaging the mounting set screws 186. The semi-circular threaded

holes 190 are evenly spaced about the outer diameter of the lock nut adapter 158 and threadably

engage the mounting set screws 86 to draw the inner ring 18 over the adapter sleeve 116.

Although three evenly spaced semi-circular threaded holes 190 are preferred, any number of

semi-circular threaded holes 190 can be used without departing from the scope of the invention.



[0053] The lock nut 120 is axially fixed relative to the adapter sleeve 116, and includes a

radially inward portion 1 2 and a radially outward portion 194. The radially inward portion 192

has an axial length less than the radially outward portion 194 which extends over a portion of the

lock nut adapter 158 fixed to the inner ring 18. The radially inwardly extending key 142 extends

radially inwardly into the radially outwardly opening circumferential keyway 176 from the

radially inward portion 192 of the lock nut 120 to axially fix the lock nut 120 relative to the

adapter sleeve 116. Advantageously, the inwardly extending key 142 received in the outwardly

opening keyway 176 axially fixes the lock nut 120 relative to the adapter sleeve 116 while

allowing the lock nut 120 to revolve around the adapter sleeve 116 to align mounting holes 6

formed in the lock nut 120 with the semi-circular threaded holes 190 formed in the lock nut

adapter 158.

[0054] The three circumferentially spaced, axially extending mounting holes 196 are formed

through the radially inward portion 192 of the lock nut 120 and in a radially inwardly facing

surface 198 of the radially outward portion 1 4 of the lock nut 120. The mounting holes 196 stop

short of extending through the radially outward portion 194 of the lock nut 120 which forms a

stop 262 that prevents the mounting set screws 186 from passing through the lock nut 120 as the

mounting set screws 186 threadably engage the semi-circular threaded holes 90 of the lock nut

adapter 158. As shown in FIG. 6, each mounting hole 196 receives one of the mounting set

screws 86 which engage one of the axially extending semi-circular threaded holes 1 0 forming

in the lock nut adapter 158. Rotation of the threadably engaged mounting set screws 186 in the

mounting hole 196 draws the inner ring 118 over the adapter sleeve 116 to frictionally fix the

adapter sleeve 116, and thus the bearing assembly 10, onto the shaft 112.

[0055] Three circumferentially spaced, axially extending threaded dismounting holes 204 are

formed through the radially inward portion 192 of the lock nut 120 and in the radially inwardly

facing surface 198 of the radially outward portion 194 of the lock nut 120. Each dismounting

hole 204 receives one of the mounting set screws 186 which threadably engages the internal

threads formed in the threaded dismounting hole 204. As shown in FIG. 7, the threaded

dismounting holes 204 are formed through the lock nut 120 circumferentially spaced from the

mounting holes 196, such that the set screws 186 abut an end 206 of the lock nut adapter 158.

Rotation of the threadably engaged mounting set screws 186 in the dismounting holes 204 urges



the inner ring 118 off of the adapter sleeve 116 to disengage the adapter sleeve 116, and thus the

bearing assembly 110, from the shaft 112.

[0056] A radially extending threaded through hole 208 formed through the lock nut 120

receives the lock nut locking set screw 188 that impinges on the adapter sleeve 116 to fix the

lock nut 120 relative to the adapter sleeve 116. Advantageously, the locking set screw 188 locks

the lock nut 120 relative to the adapter sleeve 116 once the axially extending mounting holes 196

are aligned with semi-circular threaded holes 1 0 formed in the lock nut adapter 158.

[0057] In the embodiment disclosed in FIGS. 4-7, the bearing assembly 110 is mounted on

the shaft 112 by compressing the adapter sleeve 1 6 to slip the lock nut adapter 158 and lock nut

120 over the adapter sleeve 116 and engage the adapter sleeve keyway 176 with the

circumferential key 142 of the lock nut 120. The adapter sleeve 116 and lock nut 120 are then

slipped axially onto the shaft 112. The inner ring 18, along with rollers 152 and an outer ring 164

are then slipped axially onto the shaft 112, such that the radially inwardly facing surface 126 of

the inner ring 118 forming the tapered bore mates with the tapered surface 140 of the radially

outwardly facing surface 128 of the adapter sleeve 116. The inner ring 118 is slipped axially

along the adapter sleeve 16 until the lock nut adapter 158 encircles the inner ring 118. The

locking set screw 104 threadably engaging the lock nut adapter threaded aperture 102 is rotated

to impinge against the inner ring 1 8 and axially fix the lock nut adapter 158 relative to the inner

ring 118.

[0058] The lock nut 120 is then rotated to align each of the mounting holes 196 with one of

the semi-circular threaded holes 190 formed in the lock nut adapter 158. Once the mounting

holes 196 and semi-circular threaded holes 190 are aligned, the radially extending lock nut

locking set screw 212 is rotated to fix the lock nut 120 relative to the adapter sleeve 116. Each

mounting set screw 186 is then inserted into one of the mounting holes 196 and threadably

engaged with the aligned semi-circular threaded holes 190. Rotation of mounting set screws 186

draws the inner ring 118 over the adapter sleeve 116 to lock the adapter sleeve 116, and thus the

bearing assembly 110, onto the shaft 112. Advantageously, a visual indicator, such as described

above, can be mounted onto the lock nut 120 to determine when the mounting set screws 186 are

sufficiently tight to lock the adapter sleeve 116, and thus the bearing assembly 110, onto the shaft

112.



[0059] The bearing assembly 1 0 is dismounted from the shaft 112 by disengaging the

mounting set screws 186 from the threaded semi-circular threaded holes 190 and removing the

mounting set screws 186 from the mounting holes 196. Each mounting set screw 186 is then

threadably engaged in one of the threaded dismounting holes 204 until each mounting set screw

186 engages the end 206 of the lock nut adapter 158. The mounting set screws 186 are then

rotated to urge the inner ring 118 off of the adapter sleeve 116. As the inner ring 118 is urged

axially off of the adapter sleeve 116, the adapter sleeve 116 expands to release its grip on the

shaft 112, to disengage the bearing assembly 110 from the shaft 112.

[0060] In another embodiment shown in FIG. 8, a wedge-type bearing assembly 310 is

mounted on a shaft 312 having a longitudinal axis 314. The bearing assembly 310 includes an

adapter sleeve 316 frictionally engaging the shaft 312, an inner ring 318 compressing the adapter

sleeve 316 against the shaft 312, and a lock nut assembly including a lock nut 320 axially fixed

relative to the adapter sleeve 316 and threadably engaging the inner ring 318. Rotation of the lock

nut 320 in a first direction of rotation draws the inner ring 318 over the adapter sleeve 316 to

mount the bearing assembly 310 to the shaft 312. Rotation of the lock nut 320 in a second

opposite direction of rotation pushes the inner ring 318 off of the adapter sleeve 316 to dismount

the bearing assembly 310 from the shaft 312.

[0061] The adapter sleeve 316 and inner ring 318 are substantially similar to the adapter 16

and inner ring 18 disclosed in FIGS. 1-3. In addition, as in the embodiment disclosed in FIGS. 1-

3, the bearing assembly 310 includes rollers 352 interposed between the inner ring 318 and an

outer ring 364, and a pair of positive locking keys 354 are interposed between the inner ring 318

and adapter sleeve 316 to prevent the inner ring 318 from rotating relative to the adapter sleeve

316 as the inner ring 318 is urged axially over the adapter sleeve 316 by the lock nut 320. In

addition, a pair of visual indicators 380 are mounted on the lock nut 320 to indicate to the user

when the sufficient amount of torque has been applied to the lock nut 320 to avoid over

tightening or under tightening the lock nut 320.

[0062] The cylindrical lock nut 320 of the lock nut assembly engages both the adapter sleeve

316 and inner ring 318 to move the inner ring 318 relative to the adapter sleeve 316 in either

axial direction. The lock nut 320 includes a radially inwardly facing surface 366 and a radially

outwardly facing surface 368, both of which extend between first and second lock nut ends 370,



372. Internal threads 360 formed in the radially inwardly facing surface 366 proximal the lock

nut first end 370 threadably engage external threads 358 formed in a radially outwardly facing

surface 344 of the inner ring 318. Rotating the lock nut 320 relative to the inner ring 318

threadably engages the external threads 358 formed in the inner ring 318 with the internal threads

360 formed in the lock nut 320 to axially move the inner ring 318 relative to the adapter sleeve

316 in either axial direction.

[0063] A circumferential key 376 extending radially inwardly from the radially inwardly

facing surface 366 proximal the second end 372 of the lock nut 320 adjacent the internal threads

360 engages a circumferential key 342 of the adapter sleeve 316 to axially fix the lock nut 320

relative to the adapter sleeve 16 in one axial direction. A circumferential radially inwardly

opening slot 356 formed in the radially inwardly facing surface 366 receives a snap ring 362 that

engages the circumferential key 342 of the adapter sleeve 316 to axially fix the lock nut 320

relative to the adapter sleeve 316 in an opposing axial direction. Locking the circumferential key

342 of the adapter sleeve 316 between the circumferential key 376 of the lock nut 320 and the

snap ring 362 to axially fix the lock nut 320 relative to the adapter sleeve 316 simplifies

assembly of the bearing assembly 310 on the shaft 312. Advantageously, the snap ring 362 and

circumferential key 376 allow the lock nut 320 to rotate and threadably engage the external

threads 358 of the inner ring 318 with the internal threads 360 of the lock nut 320.

[0064] In use, the bearing assembly 310 is mounted on the shaft 312 by slipping the lock nut

320 onto the adapter sleeve 316 to engage the lock nut key 376 with the circumferential key 342

of the adapter sleeve 316. The snap ring 362 is then snapped into the circumferential slot 356 in

the lock nut 320 to axially fix the lock nut 320 relative to the adapter sleeve 316. The adapter

sleeve 316 and lock nut 320 are then slipped axially onto the shaft 312. The remaining

components of the bearing assembly 310 are assembled on the shaft 312 and the bearing

assembly 310 is dismounted from the shaft 312, as described above for the bearing assembly 10

shown in FIGS. 1-3.

[0065] Referring now to FIGS. 9 to 13, a nut 400 is shown that has a different kind of visual

indicator. The nut 400 is has an annular body 410 with a radially outward-facing surface 412, a

radially inward-facing surface 414, a front planar surface 416, and a rear planar surface 418. The

radially inward-facing surface 414 has threads 420 formed thereon for engagement with one or



more components of a bearing assembly such as, for example, the bearing assembly , 110, or

310. The radially outward-facing surface 412 has four axially-extending grooves 422 which may

be engaged by a tool or the like for turning and/or applying a torque to the nut 400.

[0066] Unlike the previously described lock nuts in which a photoelastic sensitive material

affixed to the body of the nut provides a visual indication of the amount of strain on the nut, the

nut 400 determines the strain on the body 410 of the nut 400 by measuring resistance changes in

one or more strain gauges. With additional reference to the schematic of FIG. 14, the nut 400

includes a printed circuit board 424 which is electrically coupled to one or more strain gauges

426 which are affixed to the nut 400 to measure the strain on the body 410 of the nut 400 and is

also electrically coupled one or more light emitting diodes 428a, 428b, and 428c to provide a

visual indication of the stress state of the body 410 of the nut 400. The printed circuit board 424

is electrically connected to a battery 430 or other power source such that the printed circuit board

424 is capable of measuring change in the resistance of one or more strain gauges 426 (typically

via a Wheatstone bridge or the like) and selectively illuminating the light emitting diodes 428a,

428b, and 428c. The light emitting diodes 428a, 428b, and 428c may be supported by printed

circuit board 424 and the battery 430 is received in a receptacle attached to the printed circuit

board 424.

[0067] In the illustrated embodiment, some of these elements are recessed from the radially

outward-facing surface 412 of the nut 400 such that they better protected. The printed circuit

board 424 is adhered to the bottom surface of the recess by a room temperature vulcanized

silicon 432. This both affixes the printed circuit board 424 to the nut 400 and may provide

electrical insulation from the body 410 of the nut 400, particularly if the body 410 comprises a

conductive metal material. The strain gauge 426 is also placed in a recess formed on the radially

outward-facing surface 412 of the nut 400. The recess is formed adjacent to the printed circuit

board 424 so that the strain gauge 426 is easily placed in electrical communication with the

printed circuit board 424 via solder connections or the like. Although only a single strain gauge

is shown, it should be appreciated that multiple strain gauges, possibly at different orientations to

measure strain in different directions, could also be used. Further, the strain gauge(s) need not be

on the radially outward-facing surface 412 of the nut 400. The strain gauge(s) could be placed on



the front planar surface 416, the rear planar surface 418, or somewhere internally in the body 410

ofthe nut 400.

[0068] The visual indication of the stress state, and more specifically the strain state of the

body 410 of the nut 400, is provided in the following manner. The printed circuit board 424

monitors the resistance in the strain gauge 426 to determine a current stress state of the body 410

of the nut 400. As at least one strain gauge 426 is attached to the body 410 of the nut 400 such

that, when the body 410 deforms, the strain gauge 426 also deforms. This deformation of the

strain gauge 426 creates a change in measured resistance. The printed circuit board 424

processes the resistance measurement(s) to either a reference strain gauge or to predetermined

values, using comparative circuitry in the printed circuit board 424 to determine, based on the

resistance measurement(s), whether the nut 400 is under-torqued, appropriately-torqued or over-

torqued. As strain in the body 410 of the nut 400 will increase as the nut 400 is tightened, the

resistance measurement in the strain gauge 426 is a good proxy of current torque state of the nut

400. The circuitry is configured to cause one of the light emitting diodes 428a, 428b, or 428c to

illuminate depending on the stress state. In one embodiment, a yellow light emitting diode is

illuminated for an underly-torqued condition (in which the nut 400 is below a target torque

range), a green light emitting diode is illuminated for an appropriately-torqued condition (in

which the nut 400 is within a target torque range), and a red light emitting diode is illuminated

for an overly-torqued condition (in which the nut 400 exceeds a target torque range). Of course,

it will be appreciated that a single light emitting diode might be capable of producing more than

one color indicator or that indicators other than a light emitting diode might be used. Moreover,

other types of visual indicators, such a liquid crystal displays or the like, may be used to indicate

the stress state.

[0069] One benefit of using a battery-powered visual indicator having a strain gauge over the

photoelastic sensitive material also described above is that the battery-powered visual indicator

incorporating a strain gauge can be used more than a few times without becoming unresponsive

to changes in strain. Most photoelastic sensitive materials may only be used a few times (e.g.,

two or three times) before the photoelastic material no longer changes due to changes in the

applied strain. However, the battery-powered indicator having a strain gauge lasts as long as the

battery 430 lasts, which is typically up to approximately five years.



[0070] Further, although a photoelastic material may be suitable for many applications, in

some conditions it may difficult to see the material and whether it has changed. Advantageously,

the battery-powered visual indicator allows for the illumination of a light emitting diode, which

may be read even in dimly lit areas.

[0071] Although the nut 400 shown in FIGS. 9 to 13 has the above-described geometry,

various modifications could be made. For example, the nut 400 could have a generally

hexagonal outer surface with six fiats.

[0072] Referring now to FIG. 15, an electrical circuit is illustrated showing the electrical

connectivity of the various above-described components. One component which is not disclosed

above, but which is present in the circuit diagram is a single resistor gain programmable,

precision instrumentation amplifier 434 (LT1167 which is available from Linear Technology).

The amplifier 434 receives the change is strain from the strain gauge 426 from the In- and In+

pins and amplifies the signal at Out pin based on the resistor attached to the Rg pin loop. As can

be seen, the signal produced by the strain gauge amplifier 434 is then processed in the printed

circuit board 424 via a number of comparators. Depending on the amplified signal, a number of

resistors and comparators are used to determine whether the nut 400 is in an underly-torqued

condition (in which case the light emitting diode 428a is illuminated), in an overly-torqued

condition (in which case the light emitting diode 428b is illuminated), or in an appropriately-

torqued condition (in which case the light emitting diode 428c is illuminated). As shown, the

circuit determines an appropriately-torqued condition when the nut 400 is determined to be in

neither an overly-torqued or an underly-torqued condition. Of course, it should be appreciated

that other circuits may be used to determine the stress state of the nut 400 via the strain gauge

426 and analyze this measurement to determine the torqued condition and indicate a tightening

state to the user. Further, it should be appreciated that more or less than three stress states or

conditions may be indicated. For example, a single LED could be illuminated only when the nut

is properly torqued. Other numbers of LEDs and on/off states of illumination may also be used

as indicators and those described herein are not intended to be limiting.

[0073] Thus, a compact piece of hardware is provided that indicates a tightening condition of

a lock nut on a bearing assembly, another compressive assembly attachable to a shaft, or another

assembly. By incorporating the visual indicator in the nut, it is unnecessary for a user to guess



whether a nut has been sufficiently tightened or over-tightened potentially damaging the

assembly. Further, as the visual indicator is an integral part of the nut, specialized tools which

detect the amount of torque applied to nut are not needed to ensure the nut is properly secured.

[0074] While there have been shown and described what is at present considered the

preferred embodiments of the invention, it will be obvious to those skilled in the art that various

changes and modifications can be made therein without departing from the scope of the invention

defined by the appended claims.



CLAIMS

What is claimed is:

1. A nut comprising:

a body; and

a visual indicator coupled to the body and integral with the body;

wherein the visual indicator provides a visual indication of a stress state of the body of

the nut.

2. The nut of claim 1, wherein the nut further comprises a strain gauge that measures

a strain on the body of the nut.

3. The nut of claim 2, wherein the strain gauge is electrically coupled to the visual

indicator.

4. The nut of claim 1, wherein the visual indicator is a light emitting diode.

5. The nut of claim 4, wherein the visual indicator is a plurality of light emitting

diodes.

6. The nut of claim 5, wherein the nut is adapted to provide a target torque range and

wherein one of the light emitting diodes produces a first color when the nut is below the target

torque range, one of the light emitting diodes produces a second color when the nut is within the

target torque range, and one of the light emitting diodes produces a third color when the nut is

above the target torque range.

7. The nut of claim 1, wherein the nut further comprises a printed circuit board, the

printed circuit board being coupled to the nut and being electrically coupled to both a strain

gauge and the visual indicator.

8. The nut of claim 7, wherein the printed circuit board is configured to monitor a

resistance measurement provided by the strain gauge, process the resistance measurement to

determine a strain level, and alter the visual indicator according to the strain level.

9. The nut of claim 1, wherein the visual indicator is configured to provide a first

visual indication when the stress state of the body of the nut is below a threshold level and a

second visual indication when the stress state of the body of the nut is above a threshold level.

10. The nut of claim 1, wherein the visual indicator includes a photoelastic sensitive

material which, when subjected to strain, changes color when viewed through a polarizing lens.



. The nut of claim , wherein the body of the nut includes threads.



2 . A nut for interconnecting a compressible adapter sleeve and an inner ring that

encircles said compressible adapter sleeve, said inner ring having a radially inwardly facing

tapered surface that engages a radially outwardly facing tapered surface of said compressible

adapter, said radially inwardly facing tapered surface being drawable over said radially outwardly

facing surface to compress said compressible adapter sleeve onto a shaft by said nut, said nut

comprising:

a body; and

a visual indicator coupled to the body and integral with the body;

wherein the visual indicator provides a visual indication of a stress state of the body the

nut.

13. The nut of claim 12, further comprising threads on the body of the nut, the threads

adapted to attach to at least one of the compressible adapter sleeve and the inner ring.

14. The nut of claim 12, wherein said nut further comprises a strain gauge coupled to

the body of the nut to measure the stress state of the nut and wherein the strain gauge is

electrically coupled to the visual indicator.

15. The nut of claim 12, wherein the visual indicator is a light emitting diode.

16. The nut of claim 12, wherein the visual indicator includes a photoelastic sensitive

material which, when subjected to strain, changes color when viewed through a polarizing lens.
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