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its rotation with respect to the shaft. A second lock part (26) is mounted over the nut with a noncircular opening (27) which receives the
nut to prevent its rotation relative thereto. The lock parts are locked together to prevent their relative rotation.




applications under the PCT.

AM
AT
AU
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CcM
CN
Ccs
cz

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemnational

Armmenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cbte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

GB

GN
GR

IE
IT

KE
KG

LI

LR
LT
LU
LV
MC
MD

ML
MN
MR

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Iraly

Japan

Kenya
Kyrgystan

Democratic People’s Republic

of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

MW
MX
NE
NL
NO
NZ
PL

RO
RU
Sb
SE

SI
SK

Sz
TD
TG
g

UA
UG
us
vz

Malawi

Mexico

Niger

Netheriands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




WO 96/30660 PCT/US96/03939

10

15

20

LOCKING NUT ASSEMBLY

This invention pertains generally to locking fasteners and, more particularly,

to an assembly for locking a nut on a shatt.

U.S. Patents 4,734,001 and 4,906,150 describe certain techniques for
preventing threaded fasteners such as nuts and bolts from working loose due
to mechanical vibration. U.S. Patent 5,395,192 describes a locking nut
assembly which is particularly suitable for use on a bearing hub of a four

wheel drive vehicle.

It is in general an object of the invention to provide a new and improved

locking nut assembly for use on a shaft.

Another object of the invention is to provide an assembly of the above
character which overcomes the limitations and disadvantages of nut locking

technigues heretofore employed.

These and other objects are achieved in accordance with the invention by
providing an externally threaded shaft having a longitudinally extending slot,
a nut having a body of noncircular peripheral contour threadedly mounted on
the shaft, a first lock part mounted on the shaft beneath the nut and having
a tab which extends into the siot to prevent rotation of the first lock part
relative to the shaft, a second lock part having a noncircular opening in which
the nut is received so that the nut cannot rotate relative to the second lock
pant, means locking the first and second lock parts together so that the
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second lock part cannot rotate relative to the first, and means for retaining the

second lock part on the nut.

Figure 1 is an exploded isometric view of one embodiment of a locking nut

assembly according to the invention.

Figure 2 is an exploded isometric view of another embodiment of a locking nut

assembly according to the invention.

Figure 3 is an exploded isometric view of another embodiment of a locking nut

assembly according to the invention.

In the embodiment of Figure 1, the invention is illustrated in conjunction with
a bearing hub 11 for the front wheel of a four wheel drive vehicle. This hub
has a generally cylindrical surface 12 on which the bearings (not shown) are
mounted, an externally threaded outer portion 13 and a longitudinally

extending slot 14 of generally rectangular cross-section.

A nut 16 is mounted on the threaded portion for retaining the bearings on the
hub. This nut has a multi-sided body, with notches 17 formed in the corner
portions thereof. In the embodiment illustrated, the nut is shown as a
conventional hex nut with six flats or sides, but it can have any number of
sides or noncircular shape desired. The corner notches can either be in the
form of individual notches in the corners of the nut, as shown, or it can be in
the form of a slot which opens through all or part of the flat surfaces between

the corners as well.

An annular lock plate 19 is mounted on the hub beneath the nut and has an
inwardly projecting radial tab 21 which extends into the slot in the hub and
prevents rotation of the lock plate relative to the hub. The lock plate has a
plurality of external teeth 22 with notches or openings 23 between the teeth.
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The openings are arranged in a circular or circumferential pattern and open

through the outer periphery of the plate.

A lock ring or retainer 26 is mounted over the nut, with an opening 27 in
which the nut is received. Opening 27 has a noncircular contour
corresponding to the that of the nut (e.g., hexagonal) whereby the nut is
prevented from rotating within the retainer. The retainer also has a plurality
of axially extending fingers or lugs 28 which interfit with the openings 23 in the
lock plate to lock two parts together and thereby prevent rotation of the

retainer relative to the plate.

The lock ring or retainer is retained on the nut by a retaining ring 29 which in
the embodiment illustrated is a snap ring. This ring is mounted peripherally
of the nut and is received in the notches 17 in the corners of the nut. It

engages the outer surface of the lock ring to keep it on the nut.

Operation and use of the embodiment of Figure 1 is as follows. Lock plate
19 is placed on hub with tab 21 in slot 14, and nut 16 is tightened down
against the lock plate. Lock ring 29 is then slipped over the nut, with lugs 28
extending into three of the openings 23 in the lock plate. Retaining ring 29 is
then snapped into the notches 17 in the nut to hold the lock ring in place on

the nut.

in the embodiment shown, twenty-three openings are provided in the lock
plate, and three lugs are provided on the retainer. This particular combination
has been found to be particularly useful since with a hexagonal nut, the
retainer can be placed on the nut with any one of six different orientations and
in each of those orientations can be locked in any one of twenty-three
different positions relative to the hub. This provides an almost infinite variety

of positions in which the nut can be locked.
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The retainer is illustrated as having three fingers or lugs for engagement with
the openings in the lock plate. The openings are spaced equally apart, and
with twenty-three openings, the lugs are spaced seven, seven and six
openings apart. Using a plurality of lugs has the advantage of permitting a
greater number of smaller openings to be utilized in the lock plate without
sacrificing strength in the lugs. With just one lug, for example, the lug would
have to be wider, and the openings would have to be larger, which means
that there could be fewer openings and fewer positions in which the nut could
be locked.

While twenty-three openings and three lugs are a presently preferred
combination, any desired number of openings and lugs can be provided. A
preferred number of openings is preferably a prime number greater than
twenty, and the preferred number of lugs is the smallest number which will
provide the necessary strength given the number of openings and the size of

the lugs.

Although the embodiment of Figure 1 has been described with specific
reference to the front bearing hub of a four wheel drive vehicle, it is not limited
to that particular application and can be employed as well for retaining nuts
on other types of shafts and other threaded parts with keyways or siots.

Figure 2 illustrates an embodiment similar to that of Figure 1 in which an
externally threaded shaft 31 is locked to an internally threaded sleeve 32. As
in the previous embodiments, the shaft has a longitudinally extending keyway

slot 33 of generally rectangular cross-section.

The shatt is threaded into the sleeve and locked in position by a nut 34 having
a multi-sided body and notches 36 formed in the corners of the body.

An annular lock plate 38 is mounted on the shaft between the nut and the
sleeve and has an inwardly projecting radial tab 39 which extends into the slot
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in the shaft and prevents rotation of the lock plate relative to the shatft. The
lock plate also has a plurality of radially extending, axially projecting lugs 41
on one face thereof which are received in radially extending slots 42 in the
end face of the sleeve to prevent rotation of the plate relative to the sleeve.
When the nut is tightened against the plate, the shaft and the sleeve are
locked rigidly together. As in the embodiment of Figure 1, the lock plate has
a plurality of external teeth 43 between which notches or openings 44 are

formed.

A lock ring or retainer 46 similar to lock ring 26 is mounted over the nut, and
has a noncircular (e.g., hexagonal) opening 47 in which the nut is received.
Lock ring 46 also has a plurality of axially extending fingers or lugs 48 which
interfit with the openings 44 in the lock plate to lock two parts together and
thereby prevent rotation of the lock ring relative to the plate.

The lock ring or retainer is retained on the nut by a snap ring retainer 49
similar to snap ring 29. As in the embodiment of Figure 1, the snap ring
engages the outer surface or face of the lock ring to keep the lock ring on the

nut.

In use, shaft 31 is threaded into sleeve 32, and nut 34 is tightened against the
sleeve, with lock plate 38 positioned between the nut and the sleeve. Lock
ring 46 is then positioned over the nut, with lugs 48 extending into notches 44
to prevent rotation of the nut, and snap ring 49 is snapped onto the nut to
keep the lock ring in place. With the nut tightened against the lock plate and
sleeve, the shaft and sleeve are locked securely together, with tab 39
preventing the lock plate from rotating relative to the shaft, lugs 48 preventing
the plate from turning relative to the sleeve, lock ring 46 preventing the nut
from turning relative to the lock plate, and snap ring 49 keeping the lock ring

on the nut.



WO 96/30660 PCT/US96/03939

10

15

20

25

-6 -

With the embodiment of Figure 2, two shafts threaded into opposite ends of
sleeve 32 can be coupled rigidly together. This embodiment is useful in a
wide variety of applications, such as coupling a shaft to a hydraulic cylinder
or locking the parts of a turnbuckle in a desired position.

The embodiment of Figure 3 is generally similar to the embodiment of Figure
2, and like reference numerals designate corresponding elements in the two.
The embodiment of Figure 3 differs from the earlier embodiment, however, in
that it has a pair of lock plates 51, 52 instead of the single lock plate 38 of the
Figure 2 embodiment.

Lock plate 51 is an annular plate with no keyway tab so that it can be turned
to any rotational position desired relative to the shaft. It has a plurality of
axially projecting lugs 53 similar to lugs 41 on one face thereof for
engagement with the siots 42 in the in the end face of sleeve 32 to prevent
rotation of the plate relative to the sleeve. The embodiment illustrated has
four lugs and four slots, which permits the plate to be oriented in any one of
four rotational positions relative to the sieeve, but any desired number of lugs
and slots can be employed. Lock plate 51 also has a locating pin 54 which
extends in an axial direction from the face of the plate opposite the lugs.

Lock plate 52 is a generally annular plate which has an inwardly projecting
radial tab 56 which extends into the slot in the shaft and prevents rotation of
the lock plate relative to the shaft. This plate has a plurality of peripheral
teeth 57 and notches 58, similar to teeth 43 and notches 44, for receiving the
lugs 48 of lock ring 46. Plate 52 also has a ring of spaced apart openings 59
for receiving the locating pin 54 on lock plate 51 to lock the two plates
together. The number openings is preferably a prime number, and in the
embodiment illustrated, eleven such openings are shown. This enables the
two plates to be locked in any one of eleven different rotational positions
relative to each other. If desired, a greater number of such openings can be
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provided, e.g. 17, 23 or 29 openings, with the degree of possible adjustment
between the shaft and the sleeve increasing with the number of openings.

In use, shaft 31 is threaded into sleeve 32, and nut 34 is tightened against the
sleeve, with lock plates 51, 52 between the nut and sleeve. The lugs 53 on
lock plate 51 engage the siots 42 in the sleeve, and the locating pin 54 on
that plate engages one of the openings 59 in lock plate 52. Lock ring 46 is
then positioned over the nut, with lugs 48 extending into notches 58 on lock
plate 52, and snap ring 49 is snapped onto the nut to keep the lock ring in
place. With the nut tightened against the lock plates and sleeve, the shaft
and sleeve are locked securely together, with tab 56 preventing the lock plate
52 from rotating relative to the shatt, locating pin 54 locking the two lock
plates together, lugs 53 preventing lock plate 51 from turning relative to the
sleeve, lock ring 46 preventing the nut from turning relative to the lock plates,

and snap ring 49 keeping the lock ring on the nut.

As noted above, in the embodiment of Figure 3, lock plate 51 can be locked
in any one of four positions relative to sleeve 32, lock plate 52 can be locked
in any one of eleven positions relative to lock plate 51, and lock ring 46 can
be placed in any one of 23 different positions relative to lock plate 52 and two
different positions relative to nut 34. With all of these possible positions, the
nut can be adjusted in increments of less than 0.2° relative to the shaft, which

is a very fine degree of adjustment.

It is apparent from the foregoing that a new and improved locking nut
assembly has been provided. While only certain presently preferred
embodiments have been described in detail, as will be apparent to those
tamiliar with the art, certain changes and modifications can be made without
departing from the scope of the invention as defined by the following claims.
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CLAIMS

1. In a locking nut assembly for use on an externally threaded shaft
having a longitudinally extending slot: an annular lock plate having an inwardly
projecting tab which extends into the slot in the shaft and a plurality of
openings spaced along a circular path centered about the shaft, a nut having
5 a body of noncircular peripheral contour adapted to be threadedly mounted on
the shatt, a lock ring having a noncircular opening in which the nut is received,
a lug extending from the lock ring into one of the openings in the lozk plate
to prevent rotation of the lock ring and the nut relative to the lock p'ate, and

means for retaining the lock ring on the nut.

2. The assembly of Claim 1 wherein the nut has a peripheral groove, and
the means for retaining the lock ring on the nut comprises a retaining ring
disposed in part in the groove.

3. The assembly of Claim 1 wherein the shaft is a hub of a four wheel
drive vehicle.
4. The assembly of Claim 1 together with an internally threaded sleeve

adapted to be mounted on the shaft with the lock plate positioned between the
nut and the sleeve, a notch formed in the sleeve, and a lug projecting from
the lock plate into the notch to prevent relative rotation of the lock plate and

5 the sleeve.

5. In a shaft and locking nut assembly: an externally threaded shaft
having a longitudinally extending slot, a nut having a body of noncircular
peripheral contour threadedly mounted on the shaft, a first lock part mounted
on the shaft beneath the nut and having a tab which extends into the slot to
5 prevent rotation of the first lock part relative to the shaft, a second lock part
having a noncircular opening in which the nut is received so that the nut
cannot rotate relative to the second lock part, means locking the first and
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second lock parts together so that the second lock part cannot rotate relative
to the first, and means for retaining the second lock part on the nut.

6. The assembly of Claim 5 wherein the means locking the first and
second lock parts together comprises a plurality of openings spaced along a
circular path on one of the lock parts, and a lug affixed to the other lock part

extending into one of the openings.

7. The assembly of Claim 6 wherein the number of openings in the one

lock part is a prime number greater than 20.

8. The assembly of Claim 6 wherein the lug is one of a plurality of lugs
which are spaced apart by a distance corresponding to the spacing of the

openings in the one lock part.

9. The assembly of Claim 5 wherein peripheral contour of the nut and the
opening in the second lock part are hexagonal.

10.  The assembly of Claim 5 wherein the shaft is a hub of a four wheel

drive vehicle.

11. The assembly of Claim 5 together with an internally threaded sleeve
mounted on the shatft with the first lock part positioned between the nut and
the sleeve, a notch formed in the sleeve, and a lug projecting from the first

lock part into the notch to prevent relative rotation of the lock part and the

5 sleeve.

12. The assembly of Claim 5 together with an internally threaded sleeve
mounted on the shaft with the first lock part and a third lock part positioned
between the nut and the sleeve, a notch formed in the sleeve, a lug projecting
from the third lock into the notch to prevent relative rotation of the third lock
5 part and the sleeve, and means on the first and third lock parts for selectively
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locking those two parts together in a plurality of different rotational positions

relative to each other.

13.  In a shaft and locking nut assembly: an externally threaded shaft
having a longitudinally extending slot, an annular lock plate having an inwardly
projecting tab which extends into the slot in the shaft and twenty-three equally
spaced openings arranged in a circular pattern centered about the shaft, a nut
5 having a noncircular body threadedly mounted on the shaft, a lock ring having
a noncircular opening in which the nut is received, lugs extending from the
lock ring into three of the openings in the lock plate to prevent rotation of the
lock ring and the nut relative to the lock plate, and means for retaining the

lock ring on the nut.

14.  The assembly of Claim 13 wherein the shaft is a hub of a four wheel

drive vehicle.

15.  The assembly of Claim 13 together with an internally threaded sleeve
adapted to be mounted on the shaft with the lock plate positioned between the
nut and the sleeve, a notch formed in the sleeve, and a lug projecting from
the lock plate into the notch to prevent relative rotation of the lock plate and

5 the sleeve.

16.  In a shaft and nut assembly:
an externally threaded shaft having a longitudinally extending slot;
an internally threaded sleeve mounted on the shaft and having a
plurality of radially extending notches formed in an axial face thereof;

5 an annular lock plate having an inwardly projecting tab which extends
into the slot in the shaft and prevents relative rotation of the plate and the
shaft, a plurality of axially projecting lugs which extend into the notches in the
face of sleeve and prevent relative rotation of the plate and the sleeve, and
a plurality of openings spaced circumferentially about the shatt:
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a nut having a body of noncircular peripheral contour threadedly
mounted on the shatt on the side of the lock plate opposite the sleeve;

a lock ring having a noncircular opening in which the nut is received,
and a lug extending from the lock ring into one of the openings in the lock
plate to prevent rotation of the lock ring and the nut relative to the lock plate;

and means for retaining the lock ring on the nut.

17. The assembly of Claim 16 wherein the openings are formed between
a plurality of circumferentially spaced, radially extending teeth at the outer

periphery of the lock plate.

18.  In a shaft and nut assembly:

an externally threaded shaft having a longitudinally extending slot;

an internally threaded sleeve mounted on the shaft and having a
plurality of radially extending notches formed in an axial face thereof:

a first lock plate having a plurality of axially projecting lugs which
extend into the notches in the face of sleeve and prevent relative rotation of
the plate and the sleeve;

an second lock plate having an inwardly projecting tab which extends
into the slot in the shaft and prevents relative rotation of the plate and the
shaft, and a plurality of openings spaced along a circular path centered about
the shatft;

means for selectively locking the first and second lock plates in a
plurality of different rotational positions relative to each other:

a nut having a body of noncircular peripheral contour threadedly
mounted on the shaft with the lock plates positioned between the nut and the
sleeve;

a lock ring having a noncircular opening in which the nut is received,
and a lug extending from the lock ring into one of the openings in the second
lock plate to prevent rotation of the lock ring and the nut relative to the lock

plate;
and means for retaining the lock ring on the nut.
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19.  The shaft and nut assembly of Claim 18 wherein the means for locking
the lock plates in different positions includes a pin which extends in an axial
direction from one of the lock plates and is received in one of a plurality of
openings spaced along a circular path in the other lock plate.
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