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PNEUMATIC TOOL WITH GEAR TRAIN

Technical Field of the Invention

[0001] The present invention relates generally to pneumatic tools, and more particularly, to a
pneumatic tool with an improved gear train.

Background of the Invention

[0002] Many tools are powered by pneumatic air or hydraulic fluid. In traditional pneumatic
tools, such as pneumatic sanders, air or hydraulic fluid is directed to a motor to provide power to
the tool. Pneumatic sanders typically operate at high rotational speeds, but have difficulty
handling increased frictional force or torque. For example, when sanding a rough surface, the
sander may stall due to an amount of friction or torque between the sand paper and the surface
exceeding a stall torque capacity of the sander. Further, for many applications and uses, a sander
is needed that provides an output speed that is less than the normal operating speed of the motor,
and/or an output speed that is higher than a maximum operating speed of the motor.

[0003] In an example, a pneumatic sander may include a governed motor to provide output
speed, but such a sander tends to stall easily due to overloading of the motor. In another example,
a pneumatic sander may include a restricted motor that limits the output speed by restricting the
motor. However, in this example, power and stall torque is also reduced, and the sander may stall
easily. In yet another example, a sander may include a geared motor that reduces the output
speed. However, in this example, output speed tends to be reduced more than desired and the
sander does not perform optimally.

Summary of the Invention

[0004] The present invention relates broadly to pneumatic tools, such as a sander, that provides

an optimum output speed (such as about 12000 to 14000 RPMs) and has significant stall torque



to reduce the risk of the tool from stalling during use. The tool includes a coupled gear set that
drives an output accessory, such as an abrasive pad, at an optimum speed without loss of power
or power reduction, and with an amplified stall torque. The coupled gear set may include first
and second gear sets. The first gear set may be used to reduce output speed, and also to drive the
second gear set. The second gear set may be used to increase output speed. Thus, the first gear
set functions as a speed reducer, and the second gear set functions as a speed increaser.

[0005] Inan embodiment, the present invention relates to a pneumatic tool with an output shaft
and a motor having a motor shaft, wherein the motor shaft rotates at a first rotational speed. The
tool also includes a gear carrier having first and second sides. A first gear set is operably coupled
to the first side, and adapted to receive rotational force from the motor shaft and provide
rotational force at a second rotational speed less than the first rotational speed. A second gear set
is operably coupled to the second side and adapted to receive the rotational force from the first
gear set and provide output rotational force to the output shaft at a third rotational speed that is
greater than the second rotational speed.

[0006] In another embodiment, the present invention relates to a gear assembly for a
pneumatic tool with a motor having a motor shaft adapted to rotate at a first rotational speed. The
gear assembly includes a gear carrier having first and second sides. A first gear set is operably
coupled to the first side, and adapted to receive rotational force from the motor shaft and provide
rotational force at a second rotational speed that is less than the first rotational speed; and a
second gear set is operably coupled to the second side and adapted to receive the rotational force
from the first gear set and provide output rotational force at a third rotational speed that is greater

than the second rotational speed.



[0007] In another embodiment, the present invention relates to a pneumatic sander. The
pneumatic sander includes a tool housing, a motor disposed in the tool housing and having a
motor shaft, wherein the motor shaft is adapted to rotate at a first rotational speed. A gear
housing is coupled to the tool housing and includes internal gear teeth. A gear carrier is disposed
in the gear housing, and has first and second sides. A first gear set is disposed in the gear housing
and operably coupled to the first side, wherein the first gear set is adapted to engage the internal
gear teeth and receive rotational force from the motor shaft and provide rotational force at a
second rotational speed that is less than the first rotational speed. A second gear set is disposed in
the gear housing and operably coupled to the second side, wherein the second gear set i1s adapted
to engage the internal gear teeth and to receive the rotational force from the first gear set and
provide output rotational force to an output shaft at a third rotational speed that is greater than
the second rotational speed.

Brief Description of the Drawings
[0008] For the purpose of facilitating an understanding of the subject matter sought to be
protected, there is illustrated in the accompanying drawing embodiments thereof, 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.
[0009] FIG. 1 is a perspective view of an exemplary tool, according to an embodiment of the
present invention.
[0010] FIG. 2 is a side view of the tool of FIG. 1, according to an embodiment of the present

mnvention.



[0011] FIG. 3 is a partially exploded view of the tool of FIG. 1, according to an embodiment of
the present invention.

[0012] FIG. 41s an exploded view of a gear assembly and motor of the tool of FIG. 1,
according to an embodiment of the present invention.

[0013] FIG. S is a partially exploded side view of the gear assembly and motor of the tool of
FIG. 1, according to an embodiment of the present invention.

[0014] FIG. 61s a partially exploded perspective view of the gear assembly and motor of the
tool of FIG. 1, according to an embodiment of the present invention.

[0015] FIG. 7 is another partially exploded perspective view of the gear assembly and motor of
the tool of FIG. 1, according to an embodiment of the present invention.

[0016] FIG. 8 is another partially exploded view of the gear assembly partially coupled to the
motor of the tool of FIG. 1, according to an embodiment of the present invention.

Detailed Description

[0017] While this invention is susceptible of embodiments in many different forms, there is
shown in the drawings, and will herein be described in detail, a preferred embodiment of the
invention with the understanding that the present disclosure is 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. As used herein, the term “present invention” is not
intended to limit the scope of the claimed invention and is instead a term used to discuss
exemplary embodiments of the invention for explanatory purposes only.

[0018] The present invention relates broadly to pneumatic tool, such as a sander, that provides
an optimum output speed (such as about 12,000 to 14,000 RPMs) and has significant stall torque

to reduce the risk of the tool from stalling during use. The tool includes a coupled gear set that
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drives an output accessory, such as an abrasive pad, at an optimum speed without loss of power
or power reduction, and with an amplified stall torque. The coupled gear set includes first and
second gear sets. The first gear set is used to reduce output speed, and also to drive the second
gear set. The second gear set is used to increase output speed. Thus, the first gear set functions as
a speed reducer, and the second gear set functions as a speed increaser.

[0019] Referring to FIGS. 1-3, an exemplary tool 100, such as a pneumatic sander, is
illustrated. The tool 100 includes a tool housing 102, a gear housing 104 coupled to the tool
housing 102, a nose cap or end cap 106 coupled to the hear housing 104, an output shaft 110
adapted to couple to an accessory, such as a backing pad and replaceable abrasive attachments
(such as sanding pads or discs, etc.), or other type of accessory, and a hub 108 adapted to couple
to the output shaft 110. The tool housing 102 includes a motor housing portion 112 and a handle
housing portion 114. The motor housing portion 112 is adapted to house a motor 116. The handle
housing portion 114 extends from the motor housing portion 112. The motor housing portion 112
and handle housing portion 114 may be disposed at an angle with respect to each other. For
example, a longitudinal axis of the motor housing portion 112 and a longitudinal axis of the
handle housing portion 114 may be disposed at an angle of about 90 to about 120 degrees, and
more particularly about 110 degrees with respect to each other.

[0020] The motor 116 is disposed in the motor housing portion 112, and the output shaft 110 at
a working end of the tool 100 is operably coupled to a motor shaft 118 of the motor 116 via a
gear assembly 120 (as shown in FIG. 4, and discussed in further detail below). The motor 116
may include a motor casing 122 that houses a rotor with vanes or blades that extend radially

outwardly from the rotor, and the motor shaft 118 may be coupled to the rotor. As known in the



art, when air or fluid enters the motor casing 122, the air or fluid causes the vanes to rotate the
rotor, and thereby rotate the motor shaft 118 to provide output rotational force.

[0021] The actuation of air or fluid into the motor casing 122 may be controlled by an
actuatable trigger 124 that is disposed in and extends from the handle housing portion 114
proximal to the motor housing portion 112. The trigger 116 can be actuated by a user to cause
fluid, such as, for example, pressurized air or hydraulic fluid, from an external supply to operate
the tool 100 to drive the motor 116 (and motor shaft 118) in either one of first and second
rotational directions (e.g., clockwise and counterclockwise). The trigger 124 can be biased such
that the user can depress the trigger 124 inwardly, relative to the tool 100, to cause the tool 100
to operate, and release the trigger 124, wherein the biased nature of the trigger 124 causes the
trigger 124 to move outwardly, relative to the tool 100, to cease operation of the tool 100.
[0022] Referring to FIG. 3, the trigger 124 may include a stem portion 126 extending from a
rear of the trigger 124 and into the handle housing portion 114. A bushing 128 may be disposed
on the stem portion 126 to provide a seal between the trigger 124 / stem portion 126 and the
handle housing portion 114. An inlet mechanism may also be disposed in the handle housing
portion 114. The inlet mechanism may include an inlet bushing 130, and valve or regulator 132
with a bias member or spring 134. The inlet bushing 130 is adapted to removably couple to and
receive air or fluid from an external supply. The spring 134 is adapted to bias the regulator 132
into a closed position that restricts or prevents air or fluid from entering the motor casing 122.
When the trigger 124 is depressed inwardly relative to the tool 100, the stem portion 126 moves
or biases the regulator 132 into an open position, thereby allowing air or fluid to enter the motor
casing 122. When air or fluid enters the motor casing 122, the air or fluid causes the vanes to

rotate the rotor, and thereby rotate the motor shaft 118 to provide output rotational force.



[0023] In an embodiment, the tool 100 may also include a direction selector mechanism with a
valve that is actuatable via one or more buttons, to allow a user to select a either one of first or
second rotational direction (e.g., clockwise and counterclockwise). For example, selection of the
first rotational direction causes the valve to direct air or fluid into the motor casing 122 to rotate
the rotor in a first direction, such as clockwise. Similarly, selection of the second rotational
direction causes the valve to direct air or fluid into the motor casing 122 to rotate the rotor in a
second direction opposite the first direction, such as counterclockwise.

[0024] Referring to FIGS. 4-8, the gear assembly 120 includes a first gear set 138 and a second
gear set 140, and a gear carrier 142 adapted to receive the first and second gear sets 134, 140.
The first gear set 138 includes first planet gears 144 with first gear teeth and first gear bearings 146
respectively disposed in the first planet gears 144. The second gear set 140 similarly includes
second planet gears 148 with second gear teeth and second gear bearings 150 respectively disposed
in the second planet gears 148.

[0025] The gear carrier 142 includes a base portion 152 having first and second opposing
sides, and central aperture 154 adapted to receive and provide clearance for an end of the motor
shaft 118 of the motor 116. First gear protrusions or carrier pins 156 are coupled to the first side of
the base portion 152 and extend outwardly away from the base portion 152. The first carrier pins 156
are adapted to receive and engage respective ones of the first gear bearings 146 and first planet gears
144. Similarly, second gear protrusions or carrier pins 158 are coupled to the second side of the base
portion 152 and extend outwardly away from the base portion 152. The second carrier pins 158 are
adapted to receive and engage respective ones of the second gear bearings 150 and second planet
gears 150. An example illustration of the first and second gear sets 138, 140 assembled onto the gear

carrier 142 is shown in FIGS. 6 and 7. While three first planet gears 144 and three second planet



gears 148 are shown in the exemplary embodiment, it will be appreciated that the number of first and
second planet gears 144, 148 is not so limited and more or less than three may be implemented.
Further, the first planet gears 144 may be larger in diameter than the second planet gears 148.

[0026] As shown in FIGS. 6 and 7, the gear housing 104 includes internal gear teeth 160, and
functions as a ring gear in conjunction with the first and second planet gears 144, 148. For
example, when assembled, the internal gear teeth 160 mate with and engage the first and second gear
teeth of the first and second planet gears 144, 148.

[0027] When assembled, the motor shaft 118 is disposed between the first planet gears 144, and
teeth of the motor shaft 118 mesh with and engage the first gear teeth of the first planet gears 144.
The output shaft 110 also has a toothed end 162 that is similarly disposed between the second
planet gears 148, and teeth of the toothed end 162 mate with and engage the second gear teeth of the
second planet gears 148. The output shaft 110 may also include a groove 164 and a flange 166 that
receives a locking or snap ring 168. A bearing 170 is disposed around the output shaft 110 between
the flange 166 and ring 168 (or groove 164). The gear housing 104 is disposed around and radially
covers the bearing 170, first and second gear sets 138, 140, and gear carrier 142,

[0028] During operation, the first gear set 138 functions to reduce rotational speed received
from the motor shaft 118, and the second gear set 140 functions to increase rotational speed
received from the first gear set 138. For example, when the trigger 116 is actuated or depressed
by a user to cause fluid, such as, for example, pressurized air or hydraulic fluid, from an external
supply to enter the motor casing 122, the air or fluid causes the vanes to rotate the rotor, and
thereby rotate the motor shaft 118 to provide an output rotational force at a first rotational speed.
The motor shaft 118 rotates the first planet gears 144 in a first stage of the gear assembly 120,
and the first planet gears 144 are adapted to provide an output rotational force at a second

rotational speed less than the first rotational speed. The first planet gears 144 are in engagement



with the internal teeth 160 of the gear housing 104, which allows the first planet gears 144 to
rotate the gear carrier 142 and provide rotational force to the second planet gears 148 in a second
stage of the gear assembly 120. The second planet gears 148 are adapted to provide an output
rotational force at a third rotational speed greater than the second rotational speed. The second
planet gears 148 are also in engagement with the internal teeth 160 of the gear housing 104, and
the second planet gears 148 rotate with the gear carrier 142 and provide rotational force to the
toothed end 162 of the output shaft 110 to provide output rotational speed and torque.

[0029] The gear assembly 120 thus provides first and second stages, where the first stage
functions to reduce rotational speed, and the second stage functions to increase rotational speed.
This provides a pneumatic sander tool 100 that has an optimum output rational speed (such as
about 12,000 to 14,000 RPMs) and has significant stall torque to reduce the risk of the tool 100
from stalling during use.

[0030] As discussed herein, the tool 100 can be a pneumatic tool, such as, for example, a
sander. However, the tool 100 can be any pneumatically or hydraulically powered or hand-held
tool, such as a polisher, ratchet wrench, torque wrench, impact wrench, drill, saw, hammer, or
any other tool.

[0031] As used herein, the term “coupled” and its functional equivalents are not intended to
necessarily be limited to direct, mechanical coupling of two or more components. Instead, the
term “coupled” and its functional equivalents are intended to mean any direct or indirect
mechanical, electrical, or chemical connection between two or more objects, features, work
pieces, and/or environmental matter. “Coupled” is also intended to mean, in some examples, one
object being integral with another object. As used herein, the term “a” or “one” may include one

or more items unless specifically stated otherwise.



[0032] 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 the inventors’ 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
1. A pneumatic tool with an output shaft and a motor having a motor shaft, wherein the
motor shaft rotates at a first rotational speed, the tool comprising:

a gear carrier having first and second sides;

a first gear set operably coupled to the first side, and adapted to receive rotational force
from the motor shaft and provide rotational force at a second rotational speed that is less than the
first rotational speed; and

a second gear set operably coupled to the second side and adapted to receive the
rotational force from the first gear set and provide output rotational force to the output shaft ata

third rotational speed that is greater than the second rotational speed.

2. The tool of claim 1, wherein the first gear set includes at least three first planet gears.

3. The tool of claim 2, wherein the second gear set includes at least three second planet
gears.

4. The tool of claim 2, wherein the first gear set is adapted to receive and engage the motor
shaft.

S. The tool of claim 3, wherein the second gear set is adapted to receive and engage a

toothed portion of the output shaft.

6. The tool of claim 3, wherein the first planet gears are larger than the second planet gears.
7. The tool of claim 1, further comprising a gear housing adapted to radially cover the first
and second gear sets.

8. The tool of claim 7, wherein the gear housing includes internal gear teeth adapted to

engage first gear teeth of the first gear set and second gear teeth of the second gear set.

11
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9. The tool of claim 1, further comprising an actuatable trigger adapted to cause air or fluid
to enter the motor upon actuation of the trigger.

10. A gear assembly for a pneumatic tool with a motor having a motor shaft adapted to rotate
at a first rotational speed, the gear assembly comprising:

a gear carrier having first and second sides;

a first gear set operably coupled to the first side, and adapted to receive rotational force
from the motor shaft and provide rotational force at a second rotational speed that 1s less than the
first rotational speed; and

a second gear set operably coupled to the second side and adapted to receive the
rotational force from the first gear set and provide output rotational force at a third rotational
speed that is greater than the second rotational speed.

11. The gear assembly of claim 10, wherein the first gear set includes at least three first
planet gears.

12. The gear assembly of claim 11, wherein the second gear set includes at least three second
planet gears.

13. The gear assembly of claim 12, wherein the first planet gears are larger than the second
planet gears.

14. The gear assembly of claim 10, further comprising a gear housing adapted to radially
cover the first and second gear sets.

15. The gear assembly of claim 14, wherein the gear housing includes internal gear teeth
adapted to engage first gear teeth of the first gear set and second gear teeth of the second gear

set.

12
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16. A pneumatic sander, comprising:

a tool housing;

a motor disposed in the tool housing and having a motor shaft, wherein the motor shaft is
adapted to rotate at a first rotational speed,;

a gear housing coupled to the tool housing, and including internal gear teeth;

a gear carrier disposed in the gear housing, and having first and second sides;

a first gear set disposed in the gear housing and operably coupled to the first side,
wherein the first gear set is adapted to engage the internal gear teeth and to receive rotational
force from the motor shaft and provide rotational force at a second rotational speed that is less
than the first rotational speed; and

a second gear set disposed in the gear housing and operably coupled to the second side,
wherein the second gear set is adapted to engage the internal gear teeth and to receive the
rotational force from the first gear set and provide output rotational force to an output shaftata
third rotational speed that is greater than the second rotational speed.

17. The pneumatic sander of claim 16, wherein the first gear set includes at least three first
planet gears.

18. The pneumatic sander of claim 17, wherein the second gear set includes at least three
second planet gears.

19. The pneumatic sander of claim 18, wherein the first planet gears are larger than the
second planet gears.

20. The pneumatic sander of claim 16, further comprising an actuatable trigger adapted to

cause air or fluid to enter the motor and rotate the motor shaft upon actuation of the trigger.
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21. The pneumatic sander of claim 16, further comprising first carrier pins that extend
outwardly away from the first side, and wherein first gears of the first gear set are respectively
disposed on the first carrier pins.

22. The pneumatic sander of claim 16, further comprising second carrier pins that extend
outwardly away from the second side, and wherein second gears of the second gear set are

respectively disposed on the second carrier pins.
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