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(57) Abrege(suite)/Abstract(continued):

actuators associated with each pawl can exert a downward force on each pawl, in order to force the pawls Into engagement with
the tooth disc via movement in a vertical plane. Owing to the shape, size and positioning of the pawl and tooth disc components
relative to one another, and the vertical movement of the pawl members into engagement with the tooth disc, the apparatus of the

present invention Is capable of locking the ball screw In position at any point along the length of the ball screw, even If the pawls are
out of alignment with the teeth, or recesses between adjacent teeth.
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ABSTRACT

An apparatus for positively locking a ball screw 1n a lift position 1s described. The apparatus

includes defined tooth disc and pawl housings, which interconnect to facilitate interoperation of
locking components. A tooth disc 1s secured to the ball screw and actuators associated with each
pawl can exert a downward force on each pawl, in order to force the pawls into engagement with
the tooth disc via movement in a vertical plane. Owing to the shape, size and positioning of the
pawl and tooth disc components relative to one another, and the vertical movement of the pawl
members into engagement with the tooth disc, the apparatus of the present invention is capable
of locking the ball screw 1n position at any point along the length of the ball screw, even if the

pawls are out of alignment with the teeth, or recesses between adjacent teeth.
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BALL SCREW LOCKING APPARATUS

FIELD

[0001] The present disclosure relates to mechanical locking devices for industrial lift
applications and in particular to a ball screw locking apparatus for use in locking a ball screw

along a vertical plane.

BACKGROUND

[0002] Ball screws are mechanical linear actuators which translate rotational motion into
linear motion (and vice-versa). In this regard, standard-type ball screws include a threaded shatt
which interfaces with a ball nut via recirculating ball bearings. As well as being able to apply or
withstand high thrust loads, they can do so with minimal friction. Ball screws are commonly
used in industrial machining operations. In an example implementation, in a machine tool, or
robotic assembly, lift action may be accomplished using a ball screw. For example, the ball
screw may be oriented vertically and mounted to a lower frame of the tool (or machine or other
assembly). A ball nut is mounted to the lifting frame which is the part that ends up moving up
and down as the balls crew turns clockwise and counter-clockwise. Because ball screws are
capable of spinning so freely (due to their low friction coefficient), if there was no torque on the
ball screw to hold it in place, the machine would fall down. Because of this, torque must be
applied to the ball screw at all times in order to maintain the position of the machine, tor
example, by application of torque applied by a motor. Motors employed for this purpose
generally include a holding brake for use when power is turned off. This holding brake 1s a
friction type brake. Secondary, redundant brakes may also be employed to hold the machine up

when the power is off. These brakes are not used to slow down the machine, but only to hold the

machine up when it has already stopped.

[0003] While backup friction braking systems may be sufficient in some ball screw
applications, the limitations of friction braking systems are widely known in the art, wherein loss
of friction will cause the machine to move from its stopped position along the length of the ball
screw (in this regard, the ball screw may be back-driven due to its low internal friction due to a

loss of friction in the braking mechanism). In order to ensure that a machine supported by a ball
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screw is positively locked when in a lift position, a novel locking mechanism 1s desired. In

particular, a ball screw locking apparatus is desired wherein the ball screw is physically

prevented from turning upon engagement of the locking apparatus.

SUMMARY OF INVENTION

In one embodiment, the ball screw locking apparatus of the present invention includes defined
tooth disc and pawl housings, which interconnect to facilitate interoperation of locking
components. A tooth disc is secured to the ball screw and actuators associated with each pawl
can exert a downward force on each pawl, in order to force the pawls into engagement with the
tooth disc via movement of each pawl within a vertical plane. The pawls are supported in the
pawl housing by a plurality of guide members or guides, which prevent the pawls from being
forced out of position within the pawl housing. Owing to the shape, size and positioning of the
pawl and tooth disc components relative to one another, and the vertical movement of the pawl
members into engagement with the tooth disc, the apparatus of the present invention 1s capable
of locking the ball screw in position at any point along the length of the ball screw, whether or

not the pawls are in or out of alignment with the teeth, or recesses between adjacent teeth, of the

tooth disc.

BRIEF DESCRIPTION OF THE DRAWINGS

10004] The embodiments herein will be understood from the following description with

reference to the drawings, in which:

FIG. 1 is a perspective view of a ball screw locking apparatus in accordance with one

embodiment of the present invention;

FIG. 2 is a partial exploded perspective view of the ball screw locking apparatus ot FIG.
1.

FIG. 3 is a right side elevation view of the ball screw locking apparatus ot FIG. 2.

FIG. 4 is top plan cross-sectional view of the ball screw locking apparatus of FIG. 3

through line A-A
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FIG. 5 is an alternate front elevation view of a ball screw locking apparatus in accordance

with one embodiment of the present invention;

FIG. 6 is an alternate right side elevation view of the ball screw locking apparatus ot FIG.

S;

FIG. 7 is an alternate side partial cross-sectional view of the ball screw locking apparatus

of FIG. 6 through line D-D;

FIG. 8 is an alternate top plan cross-sectional view of the ball screw locking apparatus of

FIG. 6 through line D-D;

FIG. 9 is a further alternate top plan cross-sectional view of the ball screw locking

apparatus of FIG. 6 through line D-D;

FIG. 10 is a further alternate top plan cross-sectional view of the ball screw locking

apparatus of FIG. 6 through line D-D;

FIG. 11 is a perspective, partial exploded view of the pawl housing in accordance with

one embodiment of the present invention.

FIG. 12 illustrates perspective and cross sectional views of the ball screw locking

apparatus of FIG. 1, showing engagement of two pawls with the tooth disc.

FIG. 13 illustrates perspective and cross sectional views of the ball screw locking

apparatus of FIG. 1, showing engagement of one pawl with the tooth disc.

FIG. 14 is a partial side elevation, and partial cross-sectional, view of the ball screw

locking apparatus of FIG. 1.

[0005] In the drawings, preferred embodiments of the invention are illustrated by way ot
example. It is to be expressly understood that the drawings are only for the purpose of

illustration and as an aid to understanding, and are not intended as a definition of the limits of the

Invention.
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DETAILED DESCRIPTION

[0006] In this respect, before explaining at least one embodiment of the invention 1n
detail, it is to be understood that the invention is not limited in its application to the details of
construction and to the arrangements of the components set forth in the following description or
illustrated in the drawings. The invention is capable of other embodiments and of being practiced
and carried out in various ways. Also, it is to be understood that the phraseology and terminology
employed herein are for the purpose of description and should not be regarded as limiting. In
particular, all terms used herein are used in accordance with their ordinary meanings unless the
context or definition clearly indicates otherwise. Also, unless indicated otherwise except within
the claims the use of “or” includes “and” and vice-versa. Non-limiting terms are not to be
construed as limiting unless expressly stated or the context clearly indicates otherwise (for

29 &4 2% &e

example, “including”, “having”, “characterized by” and “comprising” typically indicate

€6 %% 4o
d

“including without limitation™). Singular forms included in the claims such as “a”, “an” and
“the” include the plural reference unless expressly stated or the context clearly indicates

otherwise.

[0007] Now referring to the drawings, and initially to Figure 1, in one embodiment, the
present invention pertains to a ball screw locking apparatus 100, wherein a standard-type ball

screw is shown generally by reference numeral 10. Recall that ball screws are etficient and 1t
allowed to free fall, the masses they are attached to will cause the screw to spin in an

uncontrolled and unsafe manner. While in operation, the motor uses torque to maintain ball
screw position. When the motor is off, a secondary safety brake (or friction brake) must be
engaged. In the event that the friction brake fails, the machine itself could be damaged by falling

in an uncontrolled manner, and harm to human life may also result.

[0008] To clarify, the ball screw 10 does not form part of the present invention, however,
the apparatus 100 of the present invention interoperates with the ball screw 10 1n order to lock
the ball screw in position on a machine (or other device or apparatus). In this regard, the housing
components of the apparatus 100 are indicated generally by reference numerals 200 and 300,
being a tooth disc housing and pawl housing, respectively. In this embodiment, the pawl

actuators 360 are positioned outside, or substantially outside of the pawl housing 300. Note that

4
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reference numeral 20 refers to a coupling housing and reference numeral 30 refers to a general

motor. To clarify, neither the coupling housing 20 nor motor 30 form part of the present
invention, however, these components are referenced solely for the purpose of illustrating an
example association between the apparatus 100, ball screw 10 and motor 30. In this regard, the
coupling housing 20 encloses a coupling for connecting the motor 30 to the ball screw 10. The
ball screw locking apparatus 100 of the present invention is intended for use in applications
where positive locking of the ball screw 10 1s desired, for example, in machine applications,

where the ball screw 10 1s used to support a machine in a vertical (or lift) position.

10009] Reterring next to Figure 2, in conjunction with Figure 1, there is shown an
illustration of a tooth disc 40 comprising a plurality of teeth 50, for insertion within the tooth disc
housing 200. Between individual teeth 50 of the tooth disc 40 are recesses (or cavities) formed
by the sidewall sections of adjacent teeth 50. In the embodiment shown, the tooth disc housing
200 1s comprised of a first tooth disc housing component 60 and a second tooth disc housing
component 70. The first tooth disc housing component 60 and second tooth disc housing
component 80 may be fastened together by conventional means, such as via a series of bolt
fittings 90. Note that any number of components could be employed to produce the tooth disc
housing 200, and 1n this regard, the tooth disc housing embodiments described herein, and

1llustrated in the drawings, are not intended to be limiting.

[0010] In the tooth disc housing embodiment shown 1n Figure 2, the first tooth housing
component 60 includes an aperture 110 for facilitating insertion of an end of the ball screw 10
into the tooth disc housing 200. The tooth disc 40 is supported on the apparatus 100 within the
tooth disc housing 200 and 1s affixed to the ball screw 10 via insertion of the ball screw 10
through a medial aperture positioned on the tooth disc 40 (for example, via a key member and
key (not shown), wherein the key is held in place by a fastener, such as a bolt fastener
(hereinatter referred to as a tooth disc fastener). The tooth disc fastener is best seen in Figure 8
(indicated by reference numeral 120). As indicated in the drawings, the tooth disc 40 has an
aperture, at or near its center, through which the tooth disc 10 can be positioned onto the ball

screw 10. As 1ts name implies, the tooth disc 40 comprises a plurality of teeth 50, or other flange

portions, which extend outwardly from a planar surface of the tooth disc 40. The combined tooth
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disc ball screw assembly (40, 10) facilitates the transmission of torque onto the ball screw 10. In

the embodiments shown, the tooth disc 40 is disposed within a housing 200. As depicted in
Figure 7, the tooth disc 40 is held in position between upper and lower spacers 130. Referring
back to Figures 1 and 2, the tooth disc housing 200 also function to support a standard-type
friction brake 80 (or other redundant brake) in position. In this regard, the friction brake 80 may
be affixed directly to the tooth disc housing 200. Note that the friction brake 80 1s shown for
illustrative purposes and does not form part of the present invention (in this regard, 1t 1s
anticipated that the majority of assemblies of a similar nature will include a friction brake 80).
The friction brake 80 functions as an additional safety brake to inhibit movement of the ball
screw, however, owing to its mechanical limitations, 1t widely acknowledged 1n the art that

standard-type friction brakes 80 are vulnerable to failure.

[0011] Still referring to Figures 1 and 2, the pawl housing 300 1s shown as a defined
housing, separate and apart from the tooth disc housing 200. The pawl housing encloses the
pawl components (not shown), which components interoperate with the tooth disc 40 in order to
achieve positive locking function. Figure 3 depicts a side elevation view of the apparatus 100,
showing the relative positioning of the tooth disc housing 200 and the pawl housing 300. It 1s
preferable to utilize a separate housing for each of the tooth disc and pawl components, since a
unitary housing represents a more complicated machine part, which cannot be as easily
manufactured or as readily disassembled as a multi-component housing. In this way, having
multiple housings (for the tooth disc and pawls) will facilitate a more etticient and economical

assembly of parts, and easier repair of components, as compared to a unitary housing

arrangement.

[0012] Next referring to Figure 4, there 1s shown a cross-sectional diagram of the
combined tooth disc housing 200 and pawl housing 300. The housings 200, 300 may be secured
together by conventional means, such that pawl components 310 are presented for interoperation
with the tooth disc 40. In this regard, reference numeral 310 refers to an at least one pawl
component, or pawl. Each of the at least one pawls 310 is designed to interact with the tooth
disc 40. In the embodiments depicted in the drawings, two pawls 310 are shown. It 1s preferred

to employ two pawls 310 for the purposes of facilitating multiple positive locking arrangements.
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In particular, depending on the orientation of the tooth disc 40 and the lead-hand of the ball

screw 10, in a two-pawl arrangement, torque can be transmitted into either pawl 310 as a tooth

50 of the tooth disc 40 makes contact with pawls 310.

[0013] Still referring to Figure 4, in a two-pawl arrangement, the 310 are supported by
and move between three guide members or guides 370 being a first side guide member, a second
side guide member and an end guide member. The pawls 310 are supported by the guides 370,
which are mounted within the pawl housing 300 using conventional means (e.g. using a plurality
of bolts of which bolts). Note that each pawl 310 is supported by a plurality of guides 370. The
guides 370 function to support the pawls 310 in two horizontal axes when force is applied to the
tips of the pawls 310 by movement of the tooth disc 40. Note that in some orientations, only one
pawl 310 may be engaged by the tooth disc 40 (this is explained in further detail below).
Importantly, the guides 370 serve to prevent their associated pawls 310 from rotating out of
position within the pawl housing 300, thereby maintaining strict alignment of the pawls 310 with

the tooth disc 40 and 1ts components.

(0014] The guides 370 are mounted within the pawl housing 300. More particularly, in
the illustrated embodiment, the guides are mounted to the components that make up the pawl
housing 300, being two side plates 330, 340, an end plate 390, a center plate 320 and a top plate
(not shown in Figure 4). It must be understood that the pawl housing 300 can take many forms
and in this regard, the pawl housing 300 can be composed of multiple components fastened
together by conventional means, or of a single component of unitary construction. In the
embodiments shown in Figures 6 and 7, the pawl housing side plates 330, 340, end plate 390,
and center plate 320 are attached to a top plate (not shown), and 1n turn, the completed pawl
housing 300 is affixed to the tooth disc housing 200. In these embodiments, the tooth disc
housing 200 is mounted to the machine or other apparatus or device for which the ball screw
locking apparatus is to be used and the pawl housing 300 is in turn aligned with the tooth disc
housing 200 components in order to enable locking function to be achieved. As will be
explained in further detail below, in operation, the force applied from the tooth disc 40 to an at

least one pawl 310 which is in turn supported by the guides (and such guides are tastened to the

pawl housing 300 assembly, which in turn transfers the force into the disc housing 200). Since
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the pawls 310 are rigidly supported by the guides 320, 330, 340, no reasonable rotational force
applied to the tooth disc 40 could push the pawls 310 out of their locked position.

[0015] Referring to Figure 5, there is shown an at least one actuator 360 associated with
each of the at least one pawls (not shown in Figure 5). Optionally, a visual indicator 380 may be
affixed to each actuator 360 (e.g. a visual indicated threaded onto an end of the actuator). In the
event of a jam within the pawl housing 300, the visual indicator 380 can be used as a handle to
disengage the actuator 360 components (such as cylinder rods) that are threaded into the pawls.
Components 360 and 380 are also illustrated in detail in Figure 11. Optionally, each pawl 310
may be associated with a safety sensor-sensor flag 42. These safety sensor-sensor tlag pairs 410
monitor whether the associated pawl 310 is engaged or not. In addition, sensors 420 may be
employed (each sensor 420 associated with a pawl 310), wherein each sensor 420 monitors the

retract (or disengage) position of its associated pawl 310.

[0016] The actuator 360 — pawl 310 relationship is illustrated in Figure 8. In this regard,
each actuator 360 functions to raise or lower its associated pawl 310 within a vertical plane, into
an engaged or disengaged position with the tooth disc 40. Two difterent pawl-tooth disc
engagements are shown in Figures 8 and 9, wherein in Figure 8, it can be seen that only a first
pawl 310 is engaged with a tooth 50 of the tooth disc 40. In Figure 9, it can be seen that only a
second pawl 310 is engaged with a tooth 50 of the tooth disc 40.

10017] Importantly, the apparatus 100 of the present invention functions to prevent the
ball screw 10 (or other shaft) from rotating in either direction when the locking mechanism of the
apparatus 100 has been engaged. This, in turn, prevents the machine (or other device or
apparatus) from falling down or rising up if a counterforce in either an up or down direction
within the vertical plane of the machine is applied. The apparatus 100 of the present invention
does not rely on friction to create a braking force, unlike most redundant brakes. This means that

a scenario cannot arise where the friction material has deteriorated to a point where braking 1s

non-functional.

[0018] Figures 12 and 13 illustrate alternative pawl engagement orientations with the

with the tooth disc 40. Note that components, including namely the housing 200, have been
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removed from Figures 12 and 13 for the sake of clarity. In Figure 12, 1t can be seen that both
pawls 310 of the pawl housing 300 have been forced into a downward position by operation of
their associated actuators 360, such that both pawls 310 are in contact with a tooth 50 of the
tooth disc 40, such that the outer vertical wall of the tooth disc 50 substantially overlaps with the
outer vertical wall of each pawl 310. Substantial overlapping of these components results in the
most secure locking of the ball screw 10 against rotational moverhent. In Figure 13, 1t can be
seen that a single pawl 310 has been forced into a downward position in which a portion of the
pawl 310 abuts the outer vertical wall of the tooth 50. The second pawl 310 remains in a raised

position, out of engagement with the tooth disc 40.

[0019] As depicted in Figure 12, the engagement of a tooth 40 of the tooth disc 50
between two pawls 310 of the pawl housing 300 prevents the tooth disc 40 from moving 1n either
direction. In the arrangement shown in Figure 13, when a single pawl 310 engages the outermost
facing portion of a tooth 40 of the tooth disc 50, the tooth disc 50 1s similarly prevented from

moving in either direction.

[0020] It 1s important to note that since the pawls 310 engage the tooth disc 40 via
movement of each pawl up and down in a vertical plane, as opposed to horizontal movement of
each pawl, the pawls 310 are not prone to inadvertent release from engagement with the tooth
disc 40, for example, via high frequency vibrations within the machine to be locked in a lift
position. In contrast, in a horizontal orientation (where the pawls 310 are made to slide into the

teeth 50 by back and forth movement in a horizontal plane), the pawls are more prone to vibrate
out of position. To prevent the pawls from moving out of alignment from the teeth of the tooth

disc in a horizontal arrangement, additional stabilizing forces would need to be employed, for

example, by inclusion of a spring tensioner for exerting supportive pressure on the pawls to assist

in maintaining the pawls in position against the teeth of the tooth disc. Such spring tensioner, or

similar component, will itselt deteriorate through use over time and eventually fail.

[0021] [t 1s further notable that 1n a horizontal application (in which the pawls would
slide 1nto the teeth over a horizontal plane), there is a plausible and material risk that the tooth on
the disc could impart a load at an angle to the pawl which could in turn create a force tending to

push the pawl out of engagement (for example, by application of a wedging force on the pawl).

9
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In the case of the present invention, the guides 370 function to maintain their respective pawls

310 in position between the guides 370, thereby preventing the pawls 310 from being torced out

of their locked position.

10022] As indicated in Figures 12 and 13, it is preferable that the height of each pawl 310
be the same or substantially the same as the height of the tooth 50 to be engaged. This
configuration further supports the secure positioning of the pawls 310 (or pawl) against the teeth
50 (or tooth) of the tooth disc 40, and guards against pawl ‘jump’ caused by vibrations in the
machine, which could otherwise force the pawls 310 (or pawl) out of alignment with the teeth 50

(or tooth) of the tooth disc 40.

[0023] The embodiments of the present invention also present advantages over a
hypothetical pivoting pawl-ball screw lock assembly, since a pawl which pivots into engagement
with a tooth of a tooth disc will only lock in one direction, and if the direction of force 1s
changed, the pawl would pivot back in the direction of its resting position. A further detriment
of the pivoting design is that once the pawl is engaged with the tooth disc, it cannot be
disengaged and retracted without moving the machine itself, since in a pivoting arrangement, the
pawl rotates past its center point to engage the tooth disc (similar to a cam-lock arrangement).
Moreover, in a pivoting arrangement, the pawl would only lock the tooth disc 1n one direction,
such that if the direction of force on the tooth disc is changed, the pawl would be forced out of
engagement with the tooth disc. In turn, a pivoting arrangement would require at least four
pawls (or two pawl pairs) in order to ensure that teeth of the tooth disc could be locked in

position by oppositely oriented pawls, wherein the pawl pairs are doubled-up.

10024] To clarify, the apparatus 100 of the present invention is used 1n a vertical
application to positively lock the ball screw 10 and keep it from rotating without relying on

friction or springs to maintain the locked position. The tooth disc 40 1s physically connected or
keyed to the ball screw 10 such that the tooth disc 40 spins as the ball screw 10 spins. Owing to
the engagement of pawls 310 with a tooth 50 or teeth of the tooth disc 40, and in addition to the
locking arrangement described above, at least the following general locking arrangements can

OCCUT.

10
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1. One pawl is engaged between two teeth of the tooth disc and the second pawl 1s

not engaged. In this state, the ball screw i1s locked.

2. One pawl is engaged between two teeth of the tooth disc and the second pawl 1s

also engaged between two teeth of the tooth disc. In this state, the ball screw 1s locked.

3. Both pawls are engaged between two teeth of the tooth disc, with no tooth

between the pawls. In this state, the ball screw 1s locked.

4. Both pawls are engaged on the same tooth of the tooth disc. In this state, the ball

screw 1s locked.

[0025] When an individual pawl 310 is not engaged with the tooth disc 50, it may be
forced back into its resting position by application of an upward tending force via its associated
actuator 360.

[0026] Preferred tooth disc and pawl metrics can be seen in Figure 4. In this regard, 1t 1s

important that the individual teeth be sufficiently sized in order to accommodate the load
generated by the pawls. In the embodiment shown in Figure 4, the tooth disc 40 contains five (5)
evenly spaced teeth 50 of equivalent, or near equivalent, shape and size. In addition, the spacing
between pawl and tooth disc tooth must be such that in all scenarios one of the pawls will
engage. In this regard, in order to ensure that the locking function of the apparatus can be
engaged at any position along the length of the ball screw (i.e. such that locking 1s not confined
to a home position, or other pre-set locking points) it is imperative that the space between the
pawls 310 be wider than the width of the outer surface (or outside-to-outside dimension) of each
tooth 50, and that the outside-to-outside dimension of the pawls 310 be small enough to fit
between two adjacent teeth 40 of the tooth disc.

[0027] While one or more embodiments of this invention have been described above, 1t
will be evident to those skilled in the art that changes and modifications can be made therein
without departing from the essence of this invention. All such modifications are believed to be

within the sphere and scope of the invention as defined by the claims appended hereto.

11
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CLAIMS

What 1s claimed is:

1. The apparatuses described generally 1n the preceding description;

2. The ball screw lift lock apparatus embodiments described in the preceding description;
and

3. Any other invention described in the preceding description.

12
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Fig. 1
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Fig. 2
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