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FIG. 1

(57) Abstract: A locking assembly for the
spindle of a tool includes a locking mem-
ber, a biasing member interconnected with
the locking member, and a collar surround-
ing a portion of the spindle The spindle in-
cludes a spindle slot that receives the lock-
ing member to lock the spindle with re-
spect to the tool housing The collar may be
rotated into an unlocked position in which
the biasing member holds the locking
member out of engagement with the spin-
dle slot The collar may also be rotated into
a locked position in which a cam surface in
the collar acts on the biasing member to
apply a biasing force on the locking mem-
ber toward engagement with the spindle
slot The biasing member may deflect to ac-
commodate rotation of the collar into the
locked position with the spindle slot not
aligned with the locking member.
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SPINDLE LOCKING ASSEMBLY

BACKGROUND

[0001] The present invention relates to a spindle locking assembly for a tool having a

rotating spindle.
SUMMARY

[0002] In one embodiment, the invention provides a locking assembly for a spindle defining
a longitudinal axis and having a spindle slot, the spindle supported for rotation about the
longitudinal axis in a housing. The locking assembly comprises: a locking member supported for
movement perpendicular to the longitudinal axis into and out of engagement with the spindle
slot, the locking member preventing rotation of the spindle with respect to the housing when
engaged with the spindle slot and permitting rotation of the spindle with respect to the housing
when disengaged from the spindle slot; a biasing member interconnected with the locking
member; and a collar surrounding a portion of the spindle, the collar including at least one cam
surface and being rotatable about the longitudinal axis with respect to the spindle and housing
between an unlocked position and a locked position. Rotation of the collar into the unlocked
position enables the biasing member to bias the locking member out of engagement with the
spindle slot; and rotation of the collar into the locked position causes the cam surface to abut and
deflect the biasing member such that the biasing member biases the locking member toward
engagement with the spindle slot. The biasing member deflects to accommodate rotation of the

collar into the locked position with the spindle slot not aligned with the locking member.

[0003] In another embodiment, the invention provides a tool comprising: a housing; a
spindle; and a locking assembly as described above for selectively locking the spindle with

respect to the housing.

[0004] In some embodiments, a clamp nut may be rotationally fixed with respect to the
housing, the clamp nut including a cylindrical portion defining a central bore through which the
spindle extends; wherein the cylindrical portion includes a radial opening through which the
locking member is movable to engage the spindle slot when the spindle slot is aligned with the

radial opening. The biasing member may include a portion extending through the locking
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member and abutting and following the cam surface as the collar is rotated into the locked
position. The biasing member may include a detent bend, wherein the collar further includes a
locked detent groove and an unlocked detent groove; wherein the detent bend is received in the
locked detent groove in response to the collar being rotated to the locked position to resist
rotation of the collar out of the locked position; and wherein the detent bend is received in the
unlocked detent groove in response to the collar being rotated to the unlocked position to resist
rotation of the collar out of the unlocked position. The biasing member may include a pivot
section that is pivotably supported with respect to the housing, such that the biasing member
pivots about the pivot section as the collar is rotated between the locked and unlocked positions.
The biasing member may include a wire spring having a first end extending through the locking
member and abutting and following the cam surface as the collar is rotated into the locked
position; wherein the biasing member further includes a second end defining a detent bend,;
wherein the collar further includes a locked detent groove and an unlocked detent groove;
wherein the detent bend is received in the locked detent groove in response to the collar being
rotated to the locked position to resist rotation of the collar out of the locked position; wherein
the detent bend is received in the unlocked detent groove in response to the collar being rotated
to the unlocked position to resist rotation of the collar out of the unlocked position; and wherein
the biasing member further includes a pivot section between the first and second ends, the pivot
section being pivotably supported with respect to the housing, such that the biasing member
pivots about the pivot section as the collar is rotated between the locked and unlocked positions.
The locking assembly may include a pivot support pin affixed with respect to the housing;
wherein the pivot section includes a loop in the wire spring; and wherein the loop extends
around the pivot support pin such that the pivot support pin supports the wire spring for pivoting

as the collar is rotated between the locked and unlocked positions.

[0005] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Fig. 1 illustrates a portion of a tool according to the present invention.

[0007] Fig. 2 is an exploded view of the tool of Fig. 1.
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[0008] Fig. 3 is a cross-sectional view along line 3-3 in Fig. 1.

[0009] Fig. 4 is a perspective cross-sectional view along line 4-4 in Fig. 1, illustrating a

locking assembly in an unlocked position.

[0010] Fig. 5 is a view similar to Fig. 4, with a collar of the locking assembly moved into a
locked position, but locking members of the locking assembly not engaging spindle slots on a of

the tool.

[0011] Fig. 6 is a view similar to Figs. 5, with the spindle having been rotated closer to

aligning the spindle slots with the locking members.
[0012] Fig. 7 is a view similar to Fig. 4, with the locking assembly in a locked position.
DETAILED DESCRIPTION

[0013] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.

[0014] Fig. 1 illustrates a power tool 10, which in the illustrated embodiment is a pneumatic
grinder but in other embodiments may be an electric tool 10 or substantially any tool 10 having a
rotating spindle. The tool 10 includes a housing 15, a spindle assembly 20, a collet assembly 25,
and a locking assembly 30.

[0015] With reference to Fig. 2, the spindle assembly 20 includes a spindle 35 and a bearing
40 supporting the spindle 35 in cantilever fashion for rotation within the housing 15. The spindle
35 defines a longitudinal axis 45, which is also its axis of rotation, and has a keyway 50 and a
pair of diametrically-opposed spindle slots 55. In other embodiments, the spindle slots 155 can
take on other shapes and sizes, including a round hole, and may be referred to as an orifice, hole
or other type of aperture. The illustrated embodiment is a right angle grinder, in which a bevel

gear is affixed to the spindle 35 by way of a key in the keyway 50. The bevel gear meshes at
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right angles with a pinion that is affixed to an output shaft of the tool’s motor. The motor shaft is
thus generally perpendicular or at a right angle to the longitudinal axis 45 of the spindle 35 in the
illustrated embodiment. In other erﬁbodiments, such as straight and straight-extended
embodiments, the spindle 35 may be threaded onto or into the output shaft of the motor, which
would eliminate the need for the keyway 50. The spindle 35 also includes a distal end connected
to the collet assembly 25. All illustrated elements of the tool 10 are coaxial with the longitudinal

axis 45 unless otherwise specified.

[0016] The collet assembly 25 includes a collet 60 and a collet nut 65. The collet nut 65 is
threaded onto the distal end of the spindle 35. Rotating the collet nut 65 in a first direction with
respect to the spindle 35 causes the collet 60 to open and rotating the collet nut 65 in a second
direction, opposite the first direction, with respect to the spindle 35 causes the collet 60 to close.
Attachments are removed from the collet 60 by rotating the collet nut 65 in the first direction
with respect to the spindle 35, and are secured to the collet 60 by rotating the collet nut 65 in the
second direction with respect to the spindle 35 until sufficient normal force and surface friction
are created between the collet 60 and attachment to couple the attachment and spindle 35 for

rotation together during ordinary operating conditions.

[0017] The locking assembly 30 provides a mechanism for coupling the spindle 35 to the
housing 15 to prevent rotation of the spindle 35 with respect to the housing 15. Because the
housing 15 is relatively large and easy to handle by an operator compared to the spindle 35, the
locking assembly 30 provides a means for manually resisting rotation of the spindle 35 (i.c., by
manually resisting rotation of the tool housing 15) as a wrench is applied to the collet nut 65 and
the collet nut 65 is turned in the first or second directions with respect to the spindle 35 and tool
housing 15. This obviates the need for a second wrench applied to the spindle 35 when

tightening and loosening the collet nut 65.

[0018] The locking assembly 30 includes a clamp nut 70, a pair of pins 75, a retaining ring
80, a collar 85, a pair of locking members 90, and a pair of biasing members or springs 95. The
clamp nut 70 includes an enlarged outer diameter male threaded portion 100 and a reduced outer
diameter cylindrical portion 105. A central bore 110 extends through the threaded portion 100
and cylindrical portion 105 of the clamp nut 70, and the spindle 35 extends through the central
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bore 110. The threaded portion 100 of the clamp nut 70 threads into female threads in the
housing 15. When threaded into the housing 15, the clamp nut 70 clamps the bearing 40 within
the housing 15. The cylindrical portion 105 includes a diametrically-opposed pair of radial
openings 120 and a circumferential groove 125. In other embodiments, the openings 120 can
take on other shapes and sizes, including a round hole or slot, and may be referred to as an

orifice, hole or other type of aperture.

[0019] The pair of pins 75 are affixed to diametrically-opposed portions of the threaded
portion 100 of the clamp nut 70 and extend parallel to the cylindrical portion 105. In other
words, the pins 75 extend longitudinally and are spaced from the cylindrical portion 105.

[0020] The collar 85 extends around the cylindrical portion 105 of the clamp nut 70, over the
radial openings 120. The retaining ring 80 sits in the circumferential groove 125 and retains the
collar 85 on the cylindrical portion 105 of the clamp nut 70 (i.e., resists longitudinal movement
of the collar 85 off the cylindrical portion 105). The collar 85 covers the pins 75, locking
members 90, and springs 95. With reference to Figs. 4-7, the inner surface of the collar 85
includes cam surfaces 130, locked detents 135, and unlocked detents 140 that interact with the
springs 95 to cause the locking members 90 to move into and out of engagement with the spindle

slots 55.

[0021] The locking members 90 are within the radial openings 120 in the cylindrical portion
105 of the clamp nut 70, and are movable radially (i.e., perpendicular to the longitudinal axis 45)
between an unlocked position (Fig. 4) and a locked position (Fig. 7). Each locking member 90
includes a spring slot 145. The locking members 90 have longitudinal extents that are generally
perpendicular to the longitudinal axis 45 of the spindle 35, and for the sake of convenience in
this disclosure, an element is said to be parallel or perpendicular to the locking member 90 if it is
parallel or perpendicular to the longitudinal extent of the locking member 90. The spring slot 145
extends generally parallel to the locking member 90. For the sake of reference in this disclosure,
the top of the spring slot 145 is the end furthest from the spindle 35 and the bottom of the spring
slot 145 is the end closest to the spindle 35. The spring slot 145 is shaped to accommodate the
full expected range of angles of the spring 95 with respect to the locking member 90. In other
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embodiments, the spring slot 145 can take on other shapes and sizes, including a round hole, and

may be referred to as an orifice, hole or other type of aperture.

[0022] The springs 95 are generally elongated and wire-shaped in the illustrated embodiment
and in this regard may be referred to as wire springs 95. Each spring 95 includes a loop 150, a
first end 155 to one side of the loop 150, and a second end 160 on an opposite side of the loop
150. The side of the locking member 90 facing generally toward the loop 150 is referred to
herein as the “near side” of the lockiﬁg member 90, and the side of the locking member 90 facing
generally away from the loop 150 is referred to herein as the “far side” of the locking member
90. The first end 155 is shorter than the second end 160 in the illustrated embodiment. The first
end 155 includes a detent bend 165, The second end 160 includes a cam-following bend 170 that
engages the inner cam surface 130 of the collar 85, and a tip 175 that extends through the spring

slot 145 in one of the locking members 90.

[0023] Operation of the locking assembly 30 will now be discussed with respect to only one
of the spring 95 and locking member 90 assemblies for the sake of simplicity, it being
understood that the two spring and locking member assemblies operate in identical fashion.
When the collar 85 is in the unlocked position, as illustrated in Fig. 4, the tip 175 of the spring
applies a biasing force to the spring slot 145, which biases the locking member radially
outwardly, away from the spindle 35. The first end 155 of the spring is non-parallel to the
locking member 90, and contacts the locking member 90 at the top of the spring slot 145 on the
far side of the locking member 90. The detent bend 165 of the spring 95 is received in the
unlocked detent 140.

[0024] When the collar 85 is rotated about the longitudinal axis 45 in a first, locking
direction (i.e., clockwise in Figs. 4-7), to the locked position, the detent bend 165 rides out of
the unlocked detent 140 and slides into the locked detent 135, such that operator is given tactile
feedback that the locking assembly 30 is in the locked position. As the collar 85 is rotated in the
locking direction, the cam surface 130 pushes on the cam-following bend 170 of the spring 95,
which pivots the spring 95 about the pin 75. Pivoting the spring 95 about the pin 75
simultaneously causes the second end 160 of the spring 95 to move toward the spindle 35 and the

spring tip 175 to extend through the spring slot 145 of the locking member 90.
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[0025] With reference to Fig. 7, if the radial opening 120 happens to be aligned with the
spindle slot 55 when the collar 85 is rotated to the locked position, the first end 155 of the spring
95 pushes the locking member 90 into the spindle slot 55 with a radially-directed force. The
second end 160 of the spring 95 is generally perpendicular to the locking member 90, and

extends across and acts on the bottom of the spring slot 145,

[0026] As illustrated in Fig. 5, it is expected that in many instances during ordinary operation
of the tool 10, the spindle slots 55 will not be in alignment with the radial openings 120 when the
collar 85 is rotated into the locked position. In such case, the locking member 90 is moved
radially into abutment with the spindle 35 with the second end 160 of the spring 95 acting on the
bottom of the spring slot 145 on the near side of the locking member 90. As the collar 85
continues rotation in the locking direction, the cam surface 130 pushes on the cam-following
bend 170, which pushes the tip 175 of the spring through the spring slot 145 in the locking
member 90. Because the locking member 90 is prevented from moving radially, however, the
second end 160 slides across and pivots on the bottom of the spring slot 145. When the collar 85
reaches the locked position, the second end 160 of the spring is non-perpendicular to the locking
member 90 and bears against the bottom of the spring slot 145, generally on the near side of the

locking member 90.

[0027] The spring 95 therefore accommodates movement of the collar 85 into the locked
position even if the locking member 90 is prevented from moving radially into engagement with
the spindle slot 55. This is because neither the cam surface 130 nor any other hard, inflexible
surface acts directly on the locking member 90. Instead, a radially-directed biasing force builds
up in the spring 95 as the collar 85 is moved into the locked position, such that the locking
member 90 immediately snaps into the spindle slot 55 (under the influence of the radial biasing
force of the spring 95) when it is rotated into alignment with the locking member 90 (see the
sequence of Figs. 5, 6, 7). It is expected that in most cases, an operator can manually rotate the
spindle 35 to align the spindle slot 55 with the locking member 90, and will receive tactile and

audible feedback as the locking member 90 snaps into the spindle slot 55.

[0028] If there are two diametrically-opposed locking members 90 and spindle slots 55, as in

the illustrated embodiment, an operator would have to manually rotate the spindle 35 less than
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180° to achieve locking of the spindle 35. In other embodiments, there can be two diametrically
opposed locking members 90 and a single spindle slot 55, or there may be two diametrically
opposed spindle slots 55 and a single locking member 90 to achieve a similar result. In other
embodiments, there may be a single locking member 90 and single spindle slot 55 or there may
be more than two of the locking members 90, more than two of the spindle slots 55, or more than

two of both the locking members 90 and spindle slots 55.

[0029] Once the locking members 90 are in the spindle slots 55, the spindle 35 is locked with
respect to the housing 15, because the locking members 90 extend through the radial openings
120 of the clamp nut 70, which is threaded into the housing 15. With the locking assembly 30 in
the locked position, a wrench may be applied to the collet nut 65 and the collet nut 65 may be

turned with respect to the spindle 35 while the operator conveniently holds the tool housing 15.

[0030] The locking assembly 30 is moved into an unlocked position by rotating the collar 85
in a second, unlocking direction (which is opposite the locking direction or counterclockwise in
the illustrated embodiment). The operator is given tactile feedback that the locking assembly 30
is in the unlocked position when the detent bends 165 of the springs 95 move into the unlocked

detents 140.

[0031] As the collar 85 rotates in the unlocking direction, the springs 95 relax as the cam-
following bends 170 follow the cam surfaces 130 and pivot radially outwardly. As the springs 95
relax and pivot radially outwardly, they move the locking members 90 radially outwardly, which
draws the locking members 90 out of the spindle slots 55. With the locking members 90 out of
the spindle slots 55, the spindle 35 is free to rotate in the bearing 40 with respect to the housing
15 and normal operation of the tool 10 (e.g., with a new attachment in the collet 60) may be
resumed. In the unlocked position, the springs 95 hold the locking members 90 in the unlocked

positions.

[0032] In view of the foregoing, the springs 95 bias the locking members 90 toward the
locked position when the locking assembly 30 is in the locked position, and hold or bias the
locking members 90 toward the unlocked position when the locking assembly 30 is in the
unlocked position. The locking members 90 are acted on only by the spring biasing forces and

are not directly abutted by the collar 85 or cam surface 130.
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[0033] Thus, the invention provides, among other things, a locking mechanism for a tool
spindle, which includes a biasing member for permitting the locking mechanism to move into the
locked position even when the locking member is unable to fully engage the spindle. Various

features and advantages of the invention are set forth in the following claims.
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CLAIMS
What is claimed is:

1. A locking assembly for a spindle defining a longitudinal axis and having a spindle slot,
the spindle supported for rotation about the longitudinal axis in a housing, the locking assembly
comprising:

a locking member supported for movement perpendicular to the longitudinal axis into and
out of engagement with the spindle slot, the locking member preventing rotation of the spindle
with respect to the housing when engaged with the spindle slot and permitting rotation of the
spindle with respect to the housing when disengaged from the spindle slot;

a biasing member interconnected with the locking member; and

a collar surrounding a portion of the spindle, the collar including at least one cam surface
and being rotatable about the longitudinal axis with respect to the spindle and housing between
an unlocked position and a locked position;

wherein rotation of the collar into the unlocked position enables the biasing member to
bias the locking member out of engagement with the spindle slot;

wherein rotation of the collar into the locked position causes the cam surface to abut and
deflect the biasing member such that the biasing member biases the locking member toward
engagement with the spindle slot; and

wherein the biasing member deflects to accommodate rotation of the collar into the

locked position with the spindle slot not aligned with the locking member.

2. The locking assembly of claim 1, further comprising a clamp nut rotationally fixed with
respect to the housing, the clamp nut including a cylindrical portion defining a central bore
through which the spindle extends; wherein the cylindrical portion includes a radial opening
through which the locking member is movable to engage the spindle slot when the spindle slot is

aligned with the radial opening.

3. The locking assembly of claim 1, wherein the biasing member includes a portion
extending through the locking member and abutting and following the cam surface as the collar

is rotated into the locked position.

10
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4. The locking assembly of claim 1, wherein the biasing member includes a detent bend,
wherein the collar further includes a locked detent groove and an unlocked detent groove;
wherein the detent bend is received in the locked detent groove in response to the collar being
rotated to the locked position to resist rotation of the collar out of the locked position; and
wherein the detent bend is received in the unlocked detent groove in response to the collar being

rotated to the unlocked position to resist rotation of the collar out of the unlocked position.

5. The locking assembly of claim 1, wherein the biasing member includes a pivot section
that is pivotably supported with respect to the housing, such that the biasing member pivots

about the pivot section as the collar is rotated between the locked and unlocked positions.

6. The locking assembly of claim 1, wherein the biasing member includes a wire spring
having a first end extending through the locking member and abutting and following the cam
surface as the collar is rotated into the locked position,;

wherein the biasing member further includes a second end defining a detent bend;

wherein the collar further includes a locked detent groove and an unlocked detent groove;

wherein the detent bend is received in the locked detent groove in response to the collar
being rotated to the locked position to resist rotation of the collar out of the locked position;

wherein the detent bend is received in the unlocked detent groove in response to the
collar being rotated to the unlocked position to resist rotation of the collar out of the unlocked
position; and

wherein the biasing member further includes a pivot section between the first and second
ends, the pivot section being pivotably supported with respect to the housing, such that the
biasing member pivots about the pivot section as the collar is rotated between the locked and

unlocked positions.

7. The locking assembly of claim 6, further comprising a pivot support pin affixed with
respect to the housing; wherein the pivot section includes a loop in the wire spring; and wherein
the loop extends around the pivot support pin such that the pivot support pin supports the wire

spring for pivoting as the collar is rotated between the locked and unlocked positions.

11
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8. A tool comprising:

a housing;

a spindle defining a longitudinal axis and having a spindle slot, the sﬁindle supported for
rotation about the longitudinal axis in the housing;

a locking member supported for movement perpendicular to the longitudinal axis into and
out of engagement with the spindle slot, the locking member preventiﬁg rotation of the spindle
with respect to the housing when engaged with the spindle slot and permitting rotation of the
spindle with respect to the housing when disengaged from the spindle slot;

a biasing member interconnected with the locking member; and

a collar surrounding a portion of the spindle, the collar including at least one cam surface
and being rotatable about the longitudinal axis with respect to the spindle and housing between
an unlocked position and a locked position;

wherein rotation of the collar into the unlocked position enables the biasing member to
bias the locking member out of engagement with the spindle slot;

wherein rotation of the collar into the locked position causes the cam surface to abut and
deflect the biasing member such that the biasing member biases the locking member toward
engagement with the spindle slot; and

wherein the biasing member deflects to accommodate rotation of the collar into the

locked position with the spindle slot not aligned with the locking member.

9. The tool of claim 8, further comprising a clamp nut rotationally fixed with respect to the
housing, the clamp nut including a cylindrical portion defining a central bore through which the
spindle extends; wherein the cylindrical portion includes a radial opening through which the
locking member is movable to engage the spindle slot when the spindle slot is aligned with the

radial opening.

10. The tool of claim 8, wherein the biasing member includes a portion extending through the
locking member and abutting and following the cam surface as the collar is rotated into the

locked position.

12
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11.  The tool of claim 8, wherein the biasing member includes a detent bend, wherein the
collar further includes a locked detent groove and an unlocked detent groove; wherein the detent
bend is received in the locked detent groove in response to the collar being rotated to the locked
position to resist rotation of the collar out of the locked position; and wherein the detent bend is
received in the unlocked detent groove in response to the collar being rotated to the unlocked

position to resist rotation of the collar out of the unlocked position.

12.  The tool of claim 8, wherein the biasing member includes a pivot section that is pivotably
supported with respect to the housing, such that the biasing member pivots about the pivot

section as the collar is rotated between the locked and unlocked positions.

13.  The tool of claim 8, wherein the biasing member includes a wire spring having a first end
extending through the locking member and abutting and following the cam surface as the collar
is rotated into the locked position;

wherein the biasing member further includes a second end defining a detent bend;

wherein the collar further includes a locked detent groove and an unlocked detent groove;

wherein the detent bend is received in the locked detent groove in response to the collar
being rotated to the locked position to resist rotation of the collar out of the locked position;

wherein the detent bend is received in the unlocked detent groove in response to the
collar being rotated to the unlocked position to resist rotation of the collar out of the unlocked
position; and

wherein the biasing member further includes a pivot section between the first and second
ends, the pivot section being pivotably supported with respect to the housing, such that the
biasing member pivots about the pivot section as the collar is rotated between the locked and

unlocked positions.

14. The tool of claim 13, further comprising a pivot support pin affixed with respect to the
housing; wherein the pivot section includes a loop in the wire spring; and wherein the loop
extends around the pivot support pin such that the pivot support pin supports the wire spring for

pivoting as the collar is rotated between the locked and unlocked positions.

13
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