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(57) Abréegée/Abstract:

A device that automatically actuates the reversing lever of a ratchet mechanism when the radial direction of the motor Is changed.
The auto-shift mechanism includes a worm gear that rotates with the motor, and a disc coupled to the worm gear that moves
laterally as the worm gear rotates. Axial movement of the disc actuates a reversing lever of a ratchet mechanism by either pulling or
pushing the reversing lever. A lost-motion mechanism can absorb an initial amount of torgue so that the auto-shift mechanism can
run its course prior to applying the torgue to a fastener.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
% N [ 1/
S
N

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02829644 2013-10-10

Abstract of the Disclosure
A device that automatically actuates the reversing lever of a ratchet mechanism when the
radial direction of the motor is changed. The auto-shift mechanism includes a worm gear that
rotates with the motor, and a disc coupled to the worm gear that moves laterally as the worm
gear rotates. Axial movement of the disc actuates a reversing lever of a ratchet mechanism by
either pulling or pushing the reversing lever. A lost-motion mechanism can absorb an initial
amount of torque so that the auto-shift mechanism can run 1ts course prior to applying the torque

to a fastener.



10

15

20

CA 02829644 2015-04-27

AUTO-SHIFT REVERSING MECHANISM

Technical Field of the Invention

The present application relates generally to ratchet mechanisms. More
particularly, the present application relates to a mechanism that automatically actuates a
reversing lever of a ratchet when the direction of the ratchet driveshatt 1s changed.

Background of the Invention

Ratchets are used to apply torque to a fastener, such as a threaded bolt. The
ratchet can apply torque in, for example, a clockwise direction to drive the fastener into a
work piece. In this example, a pawl mechanism engages a ratchet gear when rotated 1n
the clockwise direction, but does not engage the ratchet gear when rotated in the
counterclockwise direction. Accordingly, following the application of torque, a user can
reposition the ratchet by rotating it in the counterclockwise direction without loosening
the fastener. To reverse the drive direction, the user can actuate a reversing lever and
loosen the fastener with the application of counterclockwise torque.

Powered ratchets have improved conventional hand ratchets by providing a
powered means of supplying torque to a workpiece. For example, the user can push a

trigger downward to apply torque in a first radial direction, or push the trigger upward to

apply torque in a second radial direction. Similar to handheld ratchets, conventional
powered ratchets still require the user to manually actuate a reversing lever to switch the

drive direction of the pawl mechanism, and subsequent application of torque.
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Summary of the Invention

The present application discloses a structure that automatically actuates a
reversing lever of a ratchet mechanism when the user reverses the radial direction of a
motor adapted to apply torque to a work piece. The auto-shift mechanism includes a
driveshaft having a worm gear that rotates with the motor driveshaft. A disc is provided
on the worm gear and axially moves along the worm gear. The axial movement ot the
disc can actuate a reversing lever of a ratchet mechanism by either pulling or pushing the
reversing lever. A lost-motion mechanism is also provided so that torque from the motor
can initially be applied to the auto-shift mechanism, and not the fastener, when the motor
changes direction.

In particular, the present application discloses a tool including a pawl mechanism
adapted to engage a ratchet gear to substantially permit rotation of the ratchet gear in a
first drive direction and to substantially impair rotation of the ratchet gear in an impaired
direction, a reversing lever coupled to the pawl mechanism and adapted to control the
drive direction of the ratchet gear, and an auto-shift mechanism including a first
driveshaft extending in an axial direction and rotatable in a radial direction, a worm gear
coupled to the first driveshaft and having gear threads, a disc having disc threads
cooperatively engageable with the gear threads, and an arm coupled to the disc and the
reversing lever, wherein the disc is axially movable along the first driveshatft to shift the
reversing lever upon rotation of the worm gear.

The present application also discloses an auto-shift reversing mechanism adapted
to control a drive direction of a ratchet and includes a first driveshaft extending in an

axial direction and adapted to rotate in a radial direction, a worm gear coupled to the first

driveshaft and having gear threads, a disc having disc threads cooperatively engageable
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with the gear threads and adapted to axially move along the first driveshaft upon rotation
of the worm gear, and an arm coupled to the disc and the reversing lever.

Also disclosed is a method of applying torque to a ratchet head including
receiving the torque at a first driveshaft extending in an axial direction and adapted to
rotate in a radial direction, transmitting the torque to an auto-shift reversing mechanism,
causing, with the auto-shift reversing mechanism, axial movement of an arm based on
the torque transmitted to the auto-shift reversing mechanism, and actuating a reversing
lever with the arm.

Brief Description of the Drawings

For the purpose of facilitating an understanding of the subject matter sought to be
protected, there are illustrated in the accompanying drawings embodiments tﬁereof, from
an inspection of which, when considered in connection with the following description,
the subject matter sought to be protected, its construction and operation, and many of its
advantages should be readily understood and appreciated.

Fig. 1 is a side elevation view of a tool according to an embodiment of the
present application.

Fig. 2 is a cross-sectional view of an auto-shift mechanism actuated in the
forward direction according to an embodiment of the present application, taken along

line 2-2 of Fig. 1.

Fig. 3 is a cross-sectional view of an auto-shift mechanism actuated in the reverse
direction according to an embodiment of the present application, taken along line 2-2 of
Fig. 1.

Fig. 4 is an exploded view of the auto-shift mechanism according to an

embodiment of the present application.



10

15

20

CA 02829644 2013-10-10

It should be understood that the comments included in the following description,
as well as the materials, dimensions and tolerances discussed therein, are simply
proposals such that one skilled in the art would be able to modify the proposals within

the scope of the present application.

Detailed Description of the Embodiments

While the present invention is susceptible of embodiments in many different
forms, there is shown in the drawings, and will herein be described in detail, one or more
embodiments of the invention with the understanding that the present disclosure 1s to be
considered as an exemplification of the principles of the invention and is not intended to
limit the broad aspect of the invention to embodiments illustrated.

The present application discloses a device that automatically actuates the
reversing lever of a ratchet mechanism when the radial direction of a motor driveshaft
operably coupled to the ratchet mechanism is changed. The auto-shift mechanism
includes a worm gear that rotates with the driveshaft, and a disc mounted on the worm
gear that laterally moves with rotation of the worm gear. The disc can include an arm
that actuates a reversing mechanism by either pulling or pushing the reversing lever. In
an embodiment, a lost-motion mechanism is also provided so torque from the motor can
initially be applied to the auto-shift mechanism, rather than a drive head of the tool,

when the motor changes radial direction.

Referring to Fig. 1, a tool 100 according to the present application is shown. In
an embodiment, the tool 100 can be a powered ratchet tool, such as a battery-powered
socket wrench or screwdriver. Alternately, the tool 100 can be any other form of hand or

powered tool that includes a ratchet mechanism. The tool 100 can include a pawl

mechanism 101 cooperatively engageable with a ratchet gear 102 to permit rotation of
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the ratchet gear in a first drive direction, and to substantially impair rotation of the
ratchet gear in a second direction opposite the first drive direction.

Referring now to Figs. 2 and 3, some of the internal components of the tool 100
according to an embodiment of the present applicaﬁon is shown. Fig. 2 illustrates the
tool 100 actuated in a first drive direction, and Fig. 3 illustrates the tool 100 actuated in a
second drive direction opposite the first ratchet direction. Fig. 4 illustrates an exploded
view of the internai components shown in Figs. 2 and 3.

As shown, the tool 100 can include a ratchet head 105 having a reversing lever
110 and switching member 112 coupled to the ratchet head 105 for controlling the drive
direction of the tool 100. The reversing lever 110 and switching member 112 are
manipulated by an auto-shift mechanism 115 that switches the reversing lever 110 when
the motor of the tool 100 changes its radial direction. The reversing lever 110 can be
operably coupled to the pawl mechanism 101 and adapted to control the radial drive
direction of the ratchet gear 102. The auto-shift mechanism 115 can include a first
driveshaft 120a and a second driveshaft 120b that collectively transmit torque from the
motor to the ratchet head 105. Both the first driveshaft 120a and the second driveshatft
120b can extend in an axial direction and rotate in a radial direction. The first driveshatt
120a can include a worm gear 125 upon which a disc 130 axially shifts when the first
driveshaft 120a rotates. For example, the disc 130 can move axially along rails 135 that
are biased by springs 140 in the direction of the ratchet head 105.

To facilitate axial movement of the disc 130, the disc 130 can include internal
threads that cooperatively engage external threads of the worm gear 125. In an
embodiment, the worm gear 125 is substantially fixed in the axial direction, but movabie

in the radial direction, and the disc 130 is substantially fixed in the radial direction, but
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movable in the axial direction along the rails 135. Also, springs 140 are adapted to
provide an axial bias against the disc 130 to assist the threads of the worm gear 125
engage the threads of the disc 130 when the disc 130 moves axially along the worm gear
125. Accordingly, when the worm gear 125 rotates, the threads of the worm gear 125
cooperatively engage the threads of the disc 130 and cause the disc 130 to move axially
along the worm gear 125. An arm 145 can be coupled to the disc 130 and the reversing
lever 110 to transfer axial movement of the disc 130 to the reversing lever 110 to change
the drive direction of the tool 100 when the motor direction changes.

In an embodiment, the radial direction of the motor can be translated into an axial
movement of the disc 130 by worm gear 125, and the disc 130 can shift axially to either
pull or push the arm 145 against the reversing lever 110 to automatically shift the drive
direction of the reversing lever 110 when the motor direction changes. Accordingly, a
user need not manually actuate the reversing lever 110 during operation of the tool 100.
Rather, the user can allow the auto-shift mechanism 115 to communicate the changed
radial direction of the motor to the reversing lever 110 to automatically shift the
reversing lever 110 to the intended radial drive direction.

In an embodiment, the tool 100 can include a lost motion mechanism 150 that,
when the motor radial direction changes, absorbs the initial application of torque rather

than transferring this torque to the ratchet head 105. Without the lost motion mechanism
150, the ratchet head 105 would first be rotated in the wrong drive direction until the
auto-shift mechanism 115 actuates the reversing lever 110 to shift it into the intended
radial drive direction. The lost motion mechanism 150 therefore allows the auto-shift

mechanism 115 to run its course and shift the reversing lever 110 to the intended drive

direction prior to a substantial amount of torque being applied to the ratchet head 105.
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As shown in Fig. 4, torque is transmitted from the first driveshaft 120a to the
second driveshaft 120b via the lost motion mechanism 150. In an embodiment, the lost
motion mechanism 150 includes a first gear 155, a second gear 160, and a third gear 165,
each disposed within a base 170. The first gear 155 can include an opening 155a and a
slot 155b, the second gear 160 can include a rib 160a and a slot 160b, and the third gear
165 can include a rib 165a and a receiving portion 165b.  The rib 160a of the second gear
160 can rotate within the slot 155b of the first gear 155, and the rib 165a of the third gear
165 can rotate within the slot 160b of the second gear 160. Of course, the rib and slot
relationship discussed above can be reversed without departing from the spirit and scope
of the present application. For example, the first gear 155 can include a rib, and the
second gear 160 can include a corresponding slot that the rib of the first gear 155 can
rotate within to transfer the torque from the first gear 155 to the second gear 160.

The first gear 155 can be coupled to one end of the first driveshaft 120a and
receive torque from the motor via the first driveshaft 120a. As shown, the first driveshaft
120a can include a receiving gear 175 that matingly couples with a correspondingly-
shaped opening 155a of the first gear 155 to supply torque to the lost motion mechanism
150. In an embodiment, the first gear 155 will not transfer the torque to the second gear
160 until the slot 155a of the first gear reaches the rib 160b of the second gear 160.

Similarly, the second gear 160 will not transfer the torque to the third gear 165 until the

slot 160b of the second gear 160 reaches the rib 165a of the third gear 165. The third
gear 165 can then transfer torque to the second driveshaft 120b by engaging the receiving
portion 165b against a knob 180 of the second driveshatt 120b.

In an embodiment, the lost motion mechanism 150 effectively delays any

substantial application of torque transmission from the motor to the ratchet head 105 so
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that the auto-shift mechanism 115 can run its course and actuate the reversing lever 110
when the motor radial direction changes. The auto-shift mechanism 115 is powered by
torque from the motor, so the lost motion mechanism 150 can absorb any torque that
would be applied to the ratchet head 105 while the auto-shift mechanism 115 actuates the
reversing lever 110. The lost motion mechanisfn 150 therefore ensures that the motor
torque is applied to the auto-shift mechanism 115 rather than the ratchet head 105 while
the reversing lever 110 is actuated.

As discussed above, the tool 100 can include a motor that provides torque to the
various components of the tool 100 and, ultimately, a fastener or work piece, such as, for
example, a bolt or screw. The embodiments described herein may include or be utilized
with any appropriate voltage or current source, such as a battery, an alternator, a fuel
cell, and the like, providing any appropriate current and/or voltage, such as about 12
Volts, about 42 Volts, and the like. The embodiments described herein may also be used
with any desired system or engine. Those systems or engines may comprise items
utilizing fossil fuels, such as gasoline, natural gas, propane and the like, electricity, such
as that generated by a battery, magneto, fuel cell, solar cell and the like, wind and
hybrids or combinations thereof. Those systems or engines may be incorporated into
other systems, such as an automobile, a truck, a boat or ship, a motorcycle, a generator, -
an airplane and the like. While useful in some embodiments, a motor is not an essential
component of the present invention.

The matter set forth in the foregoing description and accompanying drawings 1s
offered by way of illustration only and not as a limitation. While particular embodiments

have been shown and described, it will be apparent to those skilled in the art that changes

and modifications may be made without departing from the broader aspects of
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applicants’ contribution. The actual scope of the protection sought is intended to be
defined in the following claims when viewed in their proper perspective based on the

prior art.
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Claims

What 1s claimed 1s:

1. A tool adapted to apply a torque to a work piece, comprising:

a ratchet gear adapted to transmit the torque to the work piece in either of
opposing first or second rotational drive directions;

a pawl mechanism adapted to engage the ratchet gear to selecti'vely permit
rotation of the ratchet gear in the first rotational drive direction aﬁd substantially prevent
rotation of the ratchet gear in the second rotational drive direction, and selectively permit
rotation of the ratchet gear in the second rotational drive direction and substantially
prevent rotation of the ratchet gear in the first rotational drive direction;

a reversing lever operably coupled to the pawl mechanism and adapted to
selectively choose either of the first and second rotational drive directions; and

an auto-shift mechanism including:

a rotatable first driveshaft extending in an axial direction;

a worm gear coupled to the first driveshaft and having gear threads;

a disc having disc threads cooperatively engage,ab}e with the gear threads;
and

an arm coupled to the disc and the reversing lever,

wherein the disc is axially movable along the first driveshaft to shift the reversing
lever upon rotation of the worm gear.

2. The tool of claim 1, further comprising a rail along which the disc moves
axially upon rotation of the worm gear.

3. The tool of claim 2, further comprising a spring abutting the disc and

adapted to bias the disc in the axial direction.

10
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a3 The tool of claim 1, further comprising a lost motion mechanism
including:

a first gear coupled to the tirst driveshait and adapted to receive the torque from
the first driveshaft;

a second gear coupled to the first gear and adapted to rece.ive the torque from the
first gear after the first gear rotates a first predetermined angle;

a third gear coupled to the second gear and adapted to receive the torque from the
second gear after the second gear rotates a second predetermined angle; and

a second driveshaft coupled to the third gear and adapted to receive the torque
from the third gear.

5. The tool of claim 4, wherein one of the first and second gears includes a
gear slot, and the other of the first and second gears includes a gear rib adapted to rotate
within the gear slot.

6. The tool of claim 4, wherein the first driveshaft includes a receiving gear
and the first gear includes a first gear opening adapted to receive the receiving gear.

7. The tool of claim 1, wherein the disc is substantially non-rotatably
disposed relative to the first driveshatt.

S. The tool of claim 1, wherein the first driveshaft is substantially non-
rotatably disposed relative to the disc.

9. An auto-shift reversing mechanism adapted to control a drive direction of
a ratchet, the auto-shift reversing mechanism comprising:

a rotatable first driveshaft extending in an axial direction;

a worm gear coupled to the first driveshaft and having gear threads;

11
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a disc having disc threads cooperatively engageable with the gear threads and
adapted to axially move along the first driveshaft upon rotation of the worm gear; and

an arm coupled to the disc and a reversing lever of the ratchet.

10.  The auto-shift reverSing mechanism of claim 9, further comprising a rail
along which the disc moves axially upon rotation of the worm gear.

11.  The auto-shift reversing mechanism of claim 10, further comprising a
spring abutting the disc and adapted to bias the disc in the axial direction.

12.  The auto-shift reversing mechanism of claim 9, further comprising a lost

motion mechanism including:

a first gear coupled to the first driveshaft and adapted to receive a torque from the
first driveshaft;

a second gear coupled to the first gear and adapted to receive the torque from the
first gear after the first gear rotates a first predetermined angle;

a third gear coupled to the second gear and adapted to receive the torque from the
second gear after the second gear rotates a second predetermined angle; and

a second driveshaft coupled to the third gear and adapted to receive the torque
from the third gear.

13. The auto-shift reversing mechanism of claim 12, wherein one of the first
and second gears includes a gear slot, and the other of the first and second gears includes
a gear rib adapted to rotate within the gear slot.

14.  The auto-shift reversing mechanism of claim 12, wherein the first
driveshaft includes a receiving gear and the first gear includes a first gear opening

adapted to receive the receiving gear.

12
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15.  The auto-shift reversing mechanism of claim 9, wherein the disc is
substantially non-rotatably disposed relative to the first driveshatt.

16.  The auto-shift reversing mechanism of claim 9, wherein the first
driveshaft is substantially non-rotatably disposed relative to the disc.

17. A method of applying a torque to a ratchet head comprising;

receiving the torque at a first driveshaft extending in an aXial direction and
adapted to rotate in a rotational direction;

transmitting the torque to an auto-shift reversing mechanism;

causing, with the auto-shift reversing mechanism, axial movement of an arm
based on the torque transmitted to the auto-shift reversing mechanism; and

actuating a reversing lever with the arm.

18.  The method of claim 17, further comprising:

transmitting a first portion of the torque to a lost motion mechanism and
transmitting a second portion of the torque to the auto-shift reversing mechanism.

19.  The method of claim 17, further comprising transmitting the torque to a
ratchet head after transmitting the torque to the lost motion mechanism.

20.  The method of claim 17, further comprising applying the torque to a

fastener.

13
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