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ABSTRACT

A fastener tool includes a motor, a drive mechanism connected to the motor and
adapted to drive a piston, and a cylinder filled with high-pressure gas. The piston is
accommodated in the cylinder and suitable for a reciprocating motion within the cylinder.
The drive mechanism includes a blade fixed to the piston and a gear coupled to the motor.
The gear contains a plurality of teeth adapted to engage with a plurality of lugs on the blade
such that a rotation of the gear is transformed to a linear movement of the blade. The drive
mechanism further includes a disengagement module which, within a period of a rotation
cycle of the gear, is configured to prevent one of the plurality of teeth from unintentionally

engaging with a misaligned one of the lugs.
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NAILERS WITH JAMMING-ALLEVIATING MECHANISMS

FIELD OF INVENTION

[0001] This invention relates to power tools, and more particularly to fastener tools that are

adapted to drive fasteners into workpieces.

BACKGROUND OF INVENTION

[0002] Fastener tools such as nail guns (a.k.a. nailers) often use high-pressure gas as a power
source to drive a workpiece such as nails or the like to eject from the tool at a high speed.
Generally speaking, during each cycle of a workpiece being fired, it is necessary to firstly
compress the high-pressure gas in a cylinder to a certain extent so that the piston is in position.
Then the piston is released at the moment it is fired, which produces a powerful kinetic
energy to complete the striking operation. This cylinder-piston configuration is commonly

referred to as "gas spring".

[0003] Conventional pneumatic tools typically use a two-cylinder configuration, one for
energy accumulation and the other one for striking. The two cylinders are coaxially arranged
in a nested manner. For the energy-accumulating cylinder, an electric motor is generally used
to drive an accumulator piston through a pinion and a rack, and the accumulator piston can
cause the high-pressure gas to be compressed. Once the compression is completed, a striking
piston in the striking cylinder is released. After one striking cycle is completed, both the
accumulator piston and the striking piston need to be moved to their initial positions
respectively in order to prepare for the next striking cycle. This working principle causes the
internal structure of the pneumatic tool to be very complicated and easily causes various
failures. In particular, conventional pneumatic tools are vulnerable to nail jam which once

happened would cost the user a huge amount of time to remove the jammed nails.
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SUMMARY OF INVENTION

[0004] In the light of the foregoing background, it is an object of the present invention to
provide an alternate pneumatic power tool which eliminates or at least alleviates the above

technical problems.

[0005] The above object is met by the combination of features of the main claim; the sub-

claims disclose further advantageous embodiments of the invention.

[0006] One skilled in the art will derive from the following description other objects of the
invention. Therefore, the foregoing statements of object are not exhaustive and serve merely

to illustrate some of the many objects of the present invention.

[0007] Accordingly, the present invention, in one aspect, is a fastener tool which contains a
motor, a drive mechanism connected to the motor and adapted to drive a piston; and a
cylinder filled with high-pressure gas. The piston is accommodated in the cylinder and suitable
for a reciprocating motion within the cylinder. The piston is connected to a striking element
suitable for striking a workpiece. The drive mechanism includes a blade fixed to the piston,
and a gear coupled to the motor. The gear contains a plurality of teeth adapted to engage
with a plurality of lugs on the blade such that a rotation of the gear is transformed to a linear
movement of the blade. The drive mechanism further contains a disengagement module which
is adapted to, within a period of a rotation cycle of the gear, prevent one of the plurality of
teeth from unintentionally engaging with a misaligned one of the lugs of the plurality of the

blade.

[0008] Preferably, the plurality of teeth of the gear are spaced apart on a gear body of the
gear in a rotational direction by at least a first pitch and a second pitch different from the first
pitch respectively. The first pitch is smaller than the second pitch. The one of the plurality of

teeth is a first tooth after the second pitch on the rotational direction.
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[0009] More preferably, the first tooth is movable relative to the gear body between an
extended position and a shrunken position. The first tooth is prevented from entering the

shrunken position outside the period of the rotation cycle.

[0010] In an exemplary embodiment of the present invention, the disengagement module
further contains a stopper element which blocks a path of the first tooth to its shrunken
position within the period, and which releases the path so that the first tooth is movable into

the shrunken position outside of the period.

[0011] In another exemplary embodiment, the gear body further contains a groove into which
at least a part of the first tooth is movable. The stopper element is mounted on the gear body
and rotatable with the gear body. The disengagement module further contains an actuator not
rotatable with the gear body. The actuator is adapted to urge the stopper element at least

partially into the groove within the period, thereby blocking the path.

[0012] In another implementation, the stopper element is biased by a spring element to

release the path.

[0013] In a further implementation, the first tooth is biased by a spring element to its

extended position.

[0014] In a further implementation, the period is defined by an angular range of the gear’s

rotation.

[0015] In a further implementation, the second pitch substantially corresponds to a range of

180 degrees in the rotational direction.

[0016] In another exemplary embodiment, the disengagement module further contains a first
cam surface formed on the gear body, and a second cam surface fixed relative to the gear
body at least within the period. The gear is configured to be movable along an axial direction

of its rotation axis. The gear is urged axially by the first cam surface engaging with the second
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cam surface within the period so that the first tooth is offset from the blade along the axial

direction.

[0017] In another implementation, the second cam surface is fixed with respect to the gear

body during an entirety of the rotation cycle.

[0018] In another implementation, the second cam surface is fixed with respect to the gear

body within the period, but is rotatable together with the gear body outside the period.

[0019] In another exemplary embodiment, the second cam surface is mounted on the gear
body in a relatively rotatable manner. The disengagement module further contains a stopper
element movable between a first position in which the stopper element does not interfere with
a rotation of the second cam surface, and a second position in which the stopper element

prevents the second cam surface from rotating.

[0020] In another implementation, the stopper element is movable by an electronic device.

The stopper enters the second position within the period by the solenoid.
[0021] In another implementation, the electronic device is a solenoid.

[0022] In another implementation, the gear is configured to be urged axially outwardly from a

central axis of the blade during the period.
[0023] In another implementation, the second cam surface is formed on a wedge.

[0024] In another implementation, the fastener tool further includes an electronic device

adapted to lock the blade.

[0025] In another implementation, the electronic device is turned on or off according to an

angular position of the gear body.
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[0026] In another implementation, the fastener tool further contains an object mounted on the
gear body, and a sensor fixedly mounted with respect to the gear body. The sensor is adapted

to sense a distance from the object to the sensor to determine the angular position.
[0027] In another implementation, the object is a magnet and the sensor is a Hall sensor.

[0028] In another implementation, the electronic device is a solenoid connected with a latch;

the latch adapted to engage with a geometrical feature on the blade to lock the blade.

[0029] According to a second aspect of the invention, there is provided a fastener tool
including a motor, a drive mechanism connected to the motor and adapted to drive a piston;
and a cylinder filled with high-pressure gas. The piston is accommodated in the cylinder and
suitable for a reciprocating motion within the cylinder. The piston is connected to a striking
element suitable for striking a workpiece. The drive mechanism includes a blade fixed to the
piston, and a gear coupled to the motor. The gear contains a plurality of teeth adapted to
engage with a plurality of lugs on the blade such that a rotation of the gear is transformed to a
linear movement of the blade. The fastener tool further contains an electronic device adapted

to lock the blade.

[0030] Preferably, the electronic device is turned on or off according to an angular position of

the gear.

[0031] More preferably, the fastener tool further contains an object mounted on the gear, and
a sensor fixedly mounted with respect to the gear. The sensor is adapted to sense a distance

from the object to the sensor to determine the angular position.

[0032] In an exemplary embodiment of the present invention, the object is a magnet and the

sensor is a Hall sensor.
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[0033] In another exemplary embodiment, the electronic device is a solenoid connected with
a latch. The latch is adapted to engage with a geometrical feature on the blade to lock the
blade.

[0034] According to a third aspect of the invention, there is provided a method of calibrating
a drive mechanism in a fastener tool. The fastener tool includes a motor, a drive mechanism
connected to the motor and adapted to drive a piston; and a cylinder filled with high-pressure
gas. The piston is accommodated in the cylinder and suitable for a reciprocating motion
within the cylinder. The piston is connected to a striking element suitable for striking a
workpiece. The drive mechanism includes a blade fixed to the piston, and a gear coupled to
the motor. The gear contains a plurality of teeth adapted to engage with a plurality of lugs on
the blade such that a rotation of the gear is transformed to a linear movement of the blade.
The method contains the steps of sensing an angular position of the gear; determining if the
gear and/or the blade is in their respective default positions; and if not, moving the gear

and/or the blade to their respective default positions.

[0035] Preferably, in the detecting step the sensed angular position is compared to a desired

angular position of the gear.

[0036] In an exemplary embodiment of the present invention, the fastener tool contains a
magnet mounted on the gear, and a Hall sensor fixed relative to the gear. The sensing step

contains determining the angular position of the gear based on an output of the Hall sensor.

[0037] In another exemplary embodiment, the default position of the blade is a position at

which the blade caused a pre-compression of the high-pressure gas in the cylinder.

[0038] In another exemplary embodiment, the default position of the gear is a position at

which the Hall sensor provides a maximum output.

[0039] According to a third aspect of the invention, there is provided a method of detecting a

workpiece jam condition in a fastener tool. The fastener tool includes a motor, a drive
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mechanism connected to the motor and adapted to drive a piston; and a cylinder filled with
high-pressure gas. The piston is accommodated in the cylinder and suitable for a reciprocating
motion within the cylinder. The piston is connected to a striking element suitable for striking a
workpiece. The drive mechanism includes a blade fixed to the piston, and a gear coupled to
the motor. The gear contains a plurality of teeth adapted to engage with a plurality of lugs on
the blade such that a rotation of the gear is transformed to a linear movement of the blade.
The method contains the steps of striking the workpiece by the striking element; detecting
whether the piston reaches a predetermined position within a predetermined time; and

determining a workpiece jam condition if the result of is no.

[0040] Preferably, the predetermined position of the piston is its Bottom Dead Center (BDC)

position in the cylinder.

[0041] In an exemplary embodiment of the present invention, the method further contains
step of locking the blade once a workpiece jam condition is detected for cleaning a jammed

workpiece.

[0042] In another exemplary embodiment, the locking step further contains the step of

operating an electronic device which in turn locks the blade.

[0043] In another exemplary embodiment, the electronic device is a solenoid connected with
a latch. The latch is adapted to engage with a geometrical feature on the blade to lock the

blade.

[0044] The embodiments of the present invention thus provide a fastener tool that is simple in
construction, safe and reliable. Since only a single drive mechanism (for example, a gear with
non-equidistant teeth and a corresponding drive blade) needs to be used to enable the piston
to move in two different directions, the fastener tool of the present invention requires only
one cylinder instead of two. By configuring the pitches over the angular range of the teeth on
the gear, the energy accumulation (compression) period and the subsequent striking (release)
period in each striking cycle can be precisely controlled. Also, the striking cycle can be

7
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automatically repeated continuously, which means that operation of the motor in the fastener
tool does not need to be interfered, but can always rotate in a single direction at a constant
speed, and the rotation of the above-mentioned gear will automatically complete each striking

cycle and then start the next one.

[0045] Some of the embodiments of the invention provide further advantages that enhance
the performance of fastener tools. For example, by further dividing the interior of a single
cylinder into a plurality of cylinder chambers, the timing of release of high-pressure gas, that
is, the release of the piston, can be precisely controlled, which is achieved by controlling the
size of the gas passage between the cylinder chambers. In addition, some embodiments of the
present invention also include a plurality of bearings clamped on two opposite surfaces of the
drive blade so as to support the drive blade in a stable manner, so that the blade can only

move in a straight-line direction.

[0046] Furthermore, some of the embodiments of the invention provide jamming-alleviating
mechanisms when the fastener tool is used to shoot nails. The jamming-alleviating mechanism
including for example a shrinkable tooth on the drive gear or an axially movable drive gear
operating to avoid certain tooth(s) on the gear to contact with an unintended lug on the blade.
When a nail jam happens, the drive gear can lift the drive blade to its resetting position and
prevent the blade from pressing on the jammed nail. Therefore, it makes the cleaning of the

jammed nail much easier and safer when there is no pressing force on the jammed nail.

[0047] Some of the embodiments of the invention provide a controlled latch mechanism for
the drive blade in the nailer. The latch mechanism locks the blade from moving along the
striking direction for example before the tool is ready to shoot nails, or when there is a nail
jam condition detected as a result of detecting the gear being at a wrong angular position. The
blade is locked in such misalignment circumstance between the teeth on the gear and lugs on
the blade, so that any potential damage to the mechanical parts by the blade striking along its
striking direction toward a remaining tooth coming into the region of the drive blade and

hitting the tooth on the gear can be avoided.
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BRIEF DESCRIPTION OF FIGURES

[0048] The foregoing and further features of the present invention will be apparent from the
following description of preferred embodiments which are provided by way of example only

in connection with the accompanying figures, of which:

[0049] Fig. 1 shows an exploded view of an internal structure of a pneumatic tool according

to an embodiment of the present invention.

[0050] Fig. 2 is a perspective sectional view of a portion of the internal structure of the

pneumatic tool in Fig. 1.

[0051] Figs. 3a and 3b are respectively an axial cross-sectional view and a radial cross-

sectional view of the cylinder in the pneumatic tool of Fig. 1.

[0052] Fig. 4 shows a connection diagram of the piston, the drive blade and the gear in the

pneumatic tool of Fig. 1 separately.

[0053] Fig. 5a shows an illustration of the compression of the high-pressure gas by the gear-

driven blade during the striking cycle of the pneumatic tool of Fig. 1.

[0054] Fig. 5Sb shows a schematic view of the pneumatic tool of Fig. 1 during the striking
cycle when the gear is disengaged from the mechanical connection with the drive blade so

that the piston can be released.

[0055] Fig. 6 shows a connection diagram of the piston, the bearing, the drive blade, and the

gear in the pneumatic tool in Fig. 1.

[0056] Fig. 7 shows an exploded view of internal structures of a drive mechanism and an
disengagement mechanism of a pneumatic tool according to another embodiment of the

invention.
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[0057] Figs. 8a-8c show more details of the drive gears of the pneumatic tool in Fig. 7 from

different perspectives.

[0058] Figs. 9a-9b show different status of a drive gear and the drive blade during a normal

operation of the pneumatic tool in Fig. 7.

[0059] Figs. 9¢c-9e show different status of a drive gear and the drive blade during a abnormal

operation of the pneumatic tool in Fig. 7.

[0060] Figs. 10a-10d show different status of a drive gear and the drive blade, and an

operation of a solenoid during an abnormal operation of the pneumatic tool in Fig. 7.

[0061] Fig. 11 is a flowchart showing the operation of the pneumatic tool of Fig. 7 in a

single-shot operation.

[0062] Figs. 12a-12b show the internal structures of a drive mechanism and an disengagement

mechanism of a pneumatic tool according to another embodiment of the invention.

[0063] Fig. 13 shows an exploded view of internal structures of the drive mechanism and the

disengagement mechanism of a pneumatic tool in Figs. 12a-12b.

[0064] Figs. 14a-14f show different status of a drive gear and the drive blade during an

abnormal operation of the pneumatic tool in Figs. 12a-12b.

[0065] Fig. 15 shows the internal structures of a drive mechanism and an disengagement

mechanism of a pneumatic tool according to another embodiment of the invention.

[0066] Figs. 16a-16b show the different status of a drive gear and a solenoid of the pneumatic
tool in Figs. 15.

[0067] In the drawings, like numerals indicate like parts throughout the several embodiments

described herein.

10
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DETAILED DESCRIPTION

[0068] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.

[0069] As used herein and in the claims, “couple” or “connect” refers to electrical coupling or
connection either directly or indirectly via one or more electrical means unless otherwise

stated.

[0070] Terms such as “horizontal”, “vertical”, “upwards”, "downwards”, “above”, “below”

and similar terms as used herein are for the purpose of describing the invention in its normal

in-use orientation and are not intended to limit the invention to any particular orientation.

[0071] Referring to Figs. 1 and 2, in a first embodiment of the present invention, a pneumatic
tool, in particular a nail gun (or called a nailer), is disclosed. The nail gun includes housing, a
handle, etc. as are well known to those skilled in the art but which are not shown here for the
sake of simplicity. In contrast, a cylinder 40, an end cap 44 at the end of the cylinder 40, and
a valve 46 on the end cap 44 are shown directly in Figs. 1 and 2. The cylinder 40 is the only
cylinder in the nail gun. Both ends of the cylinder 40 are open, and one end needs to be closed
by the end cap 44. The valve 46 is used to connect to a source of high-pressure gas external
to the pneumatic tool (e.g., an air compressor, not shown) and controls the amount of high-
pressure gas entering the cylinder 40. A piston 36 is received within the cylinder 40 and is
adapted to reciprocate therein. The piston 36 and the cylinder 40 together form the gas spring
of the pneumatic tool. The piston 36 is connected to one end of a drive blade 42 (in this
embodiment as an intermediate member). The blade 42 has an elongated shape adapted to
directly strike a workpiece (e.g., a nail) through a striking element at the other end of the

blade 42 to achieve the working effect of the nail gun. In order to ensure the airtightness of

11
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the cylinder 40, at the other end of the cylinder 40 (which is the end far away from the end
cap 44), a gasket 38 and a cushion 34 are arranged to prevent any accidental leakage of high-
pressure gas from the cylinder 40, and to prevent an impact by the piston 36 from affecting

other parts of the nail gun. A magazine 24 is removably attached to a front end of the nail gun.

[0072] In addition, at the front end of the nail gun, a motor 20 and a drive mechanism are
disposed. The drive mechanism includes a gear box 22 (in this embodiment as a speed change
mechanism) connected to the motor 20, and several other components connected to the gear
box 22. Specifically, the drive mechanism includes respectively a main gear 30b located on an
output shaft 48 of the gear box 22 and a drive shaft S0 arranged perpendicular to the output
shaft 48. A slave gear 30a is fixed to the drive shaft 50. The slave gear 30a and the main gear
30b mesh with each other to perform a direction change of the rotational movement. In
addition, two mutually parallel drive gears 28 (as actuators in this embodiment) are also fixed
on the drive shaft S0. The drive shaft S0 is fixed to a frame 26 by a bearing (not shown), and
the frame 26 is fixed to the housing (not shown) of the nail gun. Note that the various gears
described above, the motor 20, and the gear box 22 are not shown in Fig. 2, and Fig. 2 shows

the state where the piston 36 is at the bottom dead center of its stroke.

[0073] The structure of the cylinder 40 is more clearly shown in Figs. 3a-3b. The cross-
sectional view of Fig. 3b shows that the cylindrical inner space of the cylinder 40 is divided
into three equal fan-shaped chambers 54 plus a centrally located circular chamber S2. Here,
the fan-shaped chamber 54 is also referred to as a sub chamber, and the circular chamber 52 is
also referred to as a main chamber. The sub chambers 54 surround the main chamber 52 and
all of them are parallel to each other. Note that all of the sub chambers 54 and the main
chamber 52 are in gaseous communication, and they communicate at a position close to the
end cap 44. The above-mentioned piston 36 is accommodated in the main chamber 52 and is

adapted to reciprocate therein.

12
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[0074] Figs. 4-6 clearly show the details of the above-mentioned drive mechanism.
Specifically, there is a specific meshing relationship between the drive blade 42 and the two
drive gears 28. On each drive gear 28, there are four teeth 28a-28d formed, and the two drive
gears 28 always rotate synchronously due to their relationship with the drive shaft 50. In
other words, at any time for the two drive gears 28, the teeth 28a-28d are all located at a
same angular position. Each one of the teeth 28a-28d has a shape resembling a dovetail, and
they are arranged in the circumferential direction one after another in the clockwise direction
shown in Figs. 5a-5b. On the drive blade 42, there are two rows of coupling features, and
each row contains multiple such coupling features along a length of the blade 42. Specifically,
these coupling features in each row are a plurality of lugs 42a-42d on a side of the drive blade
42. Two rows of such lugs 42a-42d are respectively located on the two opposite sides of the
drive blade 42. As the drive gear 28 is rotatable, it is capable of converting the rotational
movement of the drive gear 28 into a linear-direction movement of the drive blade 42. As best
shown in Fig. 4, each one of the lugs 42a-42d in turn corresponds to one of the
corresponding teeth 28a-28d on the drive gear 28 respectively, and such one-on-one
correspondence is intended during normal operation of the nail gun. The lugs 42a-42d are
arranged equidistantly from each other on the blade 42. For each drive gear 28, the distances
between every two of the four teeth 28a-28d (here the distance refers to the angular distance
in the direction of rotation) are not the same. In contrast, as shown in Figs. 5a-5b, the
distance 29 between the tooth 28a and the teeth 28d (herein referred to as a second pitch) is
significantly greater than the distance 31 (herein referred to as a first pitch) between the tooth
28a and tooth 28b, the tooth 28b and tooth 28c, and the tooth 28c and tooth 28d. Distance
(here called first pitch). As shown in Figs. 5a-5b, the second pitch is less than or substantially

equal to 180 degrees.

[0075] In addition, as shown in Fig. 6, the drive blade 42 is supported by four bearings 32 in
the housing of the nail gun (not shown). The four bearings 32 are distributed two by two on
both sides of the drive blade 42 and contact the sides of the drive blade 42. It is to be noted
that in order to prevent the bearing 32 from interfering with the engagement between the

13
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drive gears 28 and the lugs 42a-42d described above, the two sides where the bearings 32 are

located are different from the two sides where the lugs 42a-42d are located.

[0076] Now look at the working principle of the nail gun in the above embodiment. When the
user activates the nail gun (e.g., by pressing a trigger), the motor 20 in Figs. 1-2 begins to
rotate, and the raw high-speed rotary motion outputted by the motor 20 transforms through
the gearbox 22 to a low-speed, high-torque rotation of the output shaft 48. Such a rotational
movement is further converted into a movement in other directions of the drive shaft 50 by
intermeshing gears 30a and 30b, so that a tangential direction of rotation of the drive gears
28 can match with the direction of movement of the drive blade 42. It can be seen that the
output shaft 48, the drive shaft 50, and the drive blade 42 are arranged so that their
longitudinal directions are perpendicular to each other. The rotation of the drive shaft 50
causes the drive gears 28 to also rotate. Specifically, the drive gear 28 rotate in the

counterclockwise direction in Figs. 5a and 5b.

[0077] Each striking cycle of the nail gun is defined in this embodiment as starting from the
drive blade 42 moving away from its bottom dead center position and ending as the drive
blade 42 returns to its bottom dead center position after the drive blade 42 has completed the
entire stroke. Fig. 5a shows the meshing relationship between one of the drive gear 28 and the
drive blade 42 when the drive blade 42 is in its bottom dead center position. Fig. 5b shows the
meshing relationship between the drive gear 28 and the drive blade 42 when the drive blade
42 is in its top dead center position. Starting from Fig. 5a, when the striking cycle begins, the
drive gear 28 begins to rotate counterclockwise, and tooth 28a first contacts and abuts
against lugs on the drive blade 42, in particular a lug 42a. This is because tooth 28a is the
first tooth on the rotational direction after the second pitch. This abutment causes the drive
blade 42 to produce a movement in the direction shown by arrow 60. The movement of the
drive blade 42 causes the piston 36 to also move which in turn compress the high-pressure

gas in the cylinder. This is the energy accumulation process of the gas spring.

14
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[0078] However, as the drive gear 28 continues to rotate, the tooth 28a gradually move away
from the lug 42a and eventually comes out of contact with the lug 42. In theory, such
disengagement will cause the drive blade 42 to lose its driving force and the blade 42 will
reverse its moving direction since the high-pressure gas has already been compressed.
However, since the next tooth 28b comes into contact with the next lug 42b again in a very
short time (which is similar to the tooth 28a and the lug 42a mentioned above), the duration
of pausing and/or reversing of the driving bar 42 is very short which is neglectable. Such one-
on-one, successive engagements between the teeth and lugs continue until the last (which the
fourth) tooth 28d and the last (which is the fourth) lug 42d come into contact and eventually
come out of contact (as shown in Fig 5b). The above process happened in a time period

which is called the first time period of the striking cycle.

[0079] Once the tooth 28d completely disengages from its contact with the lug 42d, the drive
blade 42 is then no longer driven by the drive gear 28 for the remainder time of the striking
cycle, because the second pitch from the tooth 28d to the next tooth which is the first tooth
28a is very large such that the drive gear 28 and the drive blade 42 are completely out of
mechanical connection. The second period of the striking cycle begins when the tooth 28d
disengages from its contact with the lug 42d. At this point, due to the previous compression
of the high-pressure gas in the cylinder 40, the high-pressure gas then drives the piston 36 and
in turn drive blade 42 to produce a rapid reverse movement, as shown by arrow 62. This
reversed motion releases the energy accumulated by the gas spring, turning it into a powerful
kinetic energy, and the end of the drive blade 42 will strike a workpiece such as a nail which
leaves the nail gun to complete the nailing action. At the time when the nail is struck, the
drive blade 42 returns to its bottom dead center position, and the current striking cycle ends.
The next striking cycle starts immediately because the motor keeps running at the same speed
all the time and in the same direction, so that the drive gear 28 also rotates in a same direction

with a uniform speed.
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[0080] From the above descriptions, it can be seen that the drive gear 28 contains three first
pitches, and the rotation of the driving gear 28 across the three pitches corresponds to the
first time period of the above-mentioned striking cycle. The rotation of the drive gear 28

across the second pitch corresponds to the second time period of the striking cycle.

[0081] Turning to Figs. 7 and 8a-8c, another embodiment of the present invention shows the
internal structure of a pneumatic tool. The pneumatic tool contains a drive blade 142 and two
parallel drive gears 128 engageable with the drive blade 142. For the simplicity of illustration,
other components such as the motor and various gears in the drive mechanism are not shown,
but these components are configured and operate in a similar way as those illustrated in Figs.
1-6. The general working principle of the drive blade 142 and the drive gears 128 in the drive
mechanism is also similar to those in Figs. 1-6, which will not be described in detail here for
the sake of simplicity. Instead, only the differences between the embodiment of Figs. 7-8c and
that of Figs. 1-6 will be described herein. The pneumatic tool of Figs. 7-8c contains a
jamming-alleviating mechanism which, although not able to completely eliminates nail jam in
the nailer, nonetheless facilitate clearing the jammed nail and also protects mechanical parts in
the nailer from potential damages caused by moving parts. The jamming-alleviating
mechanism contains a disengagement mechanism which includes a number of components
including a shrinkable member 160, a respective tooth base 174 on each one of the two drive
gears 128, a respective ejecting block 166 for each one of the two drive gears 128, and a
respective slider 162 for each one of the two drive gears 128. The shrinkable member 160 is
shared by the two drive gears 128 and contains two shrinkable teeth 160a positioned to be
parallel to each other, so that the operations of the shrinkable teeth 160a are synchronized for
the two drive gears 128. The tooth base 174 formed on the body of each drive gear 128 and
its associated shrinkable tooth 160a replaces a complete, fixed tooth on the gear such as that
shown in Figs. 1-6. In particular, the tooth base 174 is located at the position of a first tooth
on a gear 128 which is the tooth that first comes into engagement with the blade 142 after the
second pitch along the rotational direction of the gear 128. In other words, the first tooth is

the tooth which firstly engages with the drive blade 142 during the energy accumulation
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process of the gas spring. The other teeth of the drive blade 128 include a second tooth 128b,
a third tooth 128¢, and a fourth tooth 128d which again are ranked based on their sequence

of engaging with lugs on the drive blade 142.

[0082] The shrinkable member 160 is movably connected to the two drive gears 128 at the
same time. As best shown in Fig. 8c, the shrinkable member 160 contains two tail ends 160b
(only one is shown in Fig. 8c) which are opposite to their respective shrinkable teeth 160a.
For each drive gear 128, a tail end 160b is received in and adapted to move along a respective
groove 174a formed in a tooth base 174 of the drive gear 128. The shrinkable member 160
and its shrinkable teeth 160a are movable between an extended position (as shown in Figs.
8a-8c), and a shrunken position (not shown). Nonetheless the shrinkable member 160 and its
shrinkable teeth 160a are biased to the extended position by a coil spring 170 mounted on the
main shaft 150 of the drive gears 128.

[0083] On the other hand, Figs 7 and 8c show that each slider 162 contains a blocking end
162b which is also movable into the groove 174a. The slider 162 and in particular its
blocking end 162b is thus a stopper element for the shrinkable member 160. In the status
shown in Fig. 8c, the blocking end 162b of the slider 162 blocks a path of a tail end 160b of
the shrinkable member 160 so that the tail end 160b is prevented from entering fully into the
groove 174a. Figs. 7 and 8b show another part of the slider 162 including an actuated end
162a. The actuated end 162a extends substantially along a parallel direction as the blocking
end 162b, although they are positioned on two sides of a part of a gear 128. The slider 162 is
mounted on the drive gear 128 (each slider 162 corresponding to one drive gear 128) so the
slider 162 rotates together with the drive gear 128. However, there is allowed a limited
relative movement between the slider 162 and the drive gear 128 as the blocking end 162b is
movable within the groove 174a and on the other hand the actuated end 162a is unblocked.
Each slider 162 is biased to the position as shown in Fig. 8¢ by a coil spring 168 on a

respective drive gear 128.
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[0084] An ejecting block 166 is configured for each one of the drive gear 128 and a slider
162 associated with the drive gear 128. The ejecting blocks 166 are fixed to a part (not
shown) of the housing of the nail gun, such as a frame, so the ejecting blocks are not rotatable
together with the drive gears 128. During rotation of the drive gears 128, there is a certain
time period during which the sliders 162 engage with the respective ejecting block 166. This

will be described in more details later.

[0085] Fig. 7 also shows other components in the nail gun including a latch 158 connected to
a solenoid 156. The solenoid 156 is fixed to a part (not shown) of the housing of the nail gun,
and the latch 158 contains a fixed end 158b that is coupled to an actuating end 156a of the
solenoid 156 and a movable end 158a that is pivotally connected with the fixed end 158b.
The solenoid 156 as an electronic device is controlled by a control circuit in the nail gun (not
shown) which for example runs a firmware and operates under predetermined control logic.
The actuating end 156a of the solenoid 156 is adapted to move linearly as is understood by
skilled persons in the art, the movement of which also causes the latch 158 to change its
status. The movable end 158a of the latch 158 is adapted to engage with a recess 142e on the
drive blade 142. There is also a magnet 172 mounted on the drive gear 128, and in particular
on a location on the second tooth 128b. A gear sensor 164 which is fixed on a PCB (not
shown) is fixed relative to the drive gear 128 and not rotatable therewith. The gear sensor
164 is a Hall sensor for detecting magnetic field produced by the magnet 172. On the other
hand, a blade sensor 165 is fixed to the housing of the pneumatic tool near a Bottom Dead
Center (BDC) position of the drive blade 142. The blade sensor 165 is therefore not movable
with the drive blade 142.

[0086] Next, with respect to Figs. 9a-9e, the operation and working principle of the
disengagement module in the nail gun as described above will be explained. It should be noted
that although only one drive gear 128 is illustrated in Figs. 9a-9e, the description hereinafter
is applicable to both drive gears 128 in the nail gun as they are symmetrical and have a

synchronized operation. The drive gear 128 in Figs. 9a-93 rotates along a clockwise direction.
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During the operation of the nail gun, there is inevitably a possibility that during successive
striking of nails out from the nail gun, the nail may be jammed within the gun body. The
disengagement module is capable of facilitating the user’s cleaning operation of the jammed
nail and reducing safety risks by avoiding interference between the drive gears 128 and the
drive blade 142 which may cause difficulty to the user during the cleaning process, and thus
the disengagement module helps reduce possible damage to the drive mechanism. In
particular, the disengagement module prevents the drive blade 142 from stopping at an
abnormal position and eliminates any pressing force on the jammer nailer that would

otherwise exist without such a disengagement module.

[0087] Figs. 9a-9b show the operation of a drive gear 128 and its cooperation with the drive
blade 142 during normal operations (i.e. when there is no nail jam occurred). The drive gear
128 rotates clockwise so the status shown in Fig. 9a is before the status shown in Fig. 9b. As
mentioned above, the slider 162 is rotatable together with the drive gear 128, but the ejecting
block 166 is fixed relative to the drive gear 128 and not rotatable therewith. As a result, when
the drive gear 128 rotates continuously, there is a certain time period during which the slider
162 moves into engagement with the ejecting block 166, but outside this time period the
slider 162 is away from the ejecting block 166. The time period repeats for every striking
cycle of the nail gun, and each striking cycle as mentioned above corresponds to a full
rotation of the gear 128. The time period in the striking cycle is determined by the angular
position of the gear 128, and more particularly depends on the location of the ejecting block

166 as well as the location of the slider 162 on the gear 128.

[0088] When the slider 162 is not engaged with the ejecting block 166 as shown in Fig. 9b, as
in most of the time in a striking cycle, the slider 162 is biased by its coil spring 168 (see Figs.
8a-8c) so that the blocking end 162b stays within the groove 174a of the tooth base 174. The
blocking end 162b therefore occupies the path of the tail end 160b of the shrinkable member
160 from its extended position to its shrunken position. This is best shown in Fig. 8c. Even

when the shrinkable tooth 160a of the shrinkable member 160 hits a lug on the drive blade
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142 and as a result the shrinkable member 160 is urged by the ejecting block 166, the
shrinkable tooth 160a is not movable when its path is blocked by the blocking end 162b.
Therefore, the shrinkable tooth 160a is kept in its extended position and is in a rigid form
which could act as a normal tooth. The shrinkable tooth 160a is in its extended position
starting from the time shown in Fig. 9b, so when later the shrinkable tooth 160a contacts the
first lug 142a the shrinkable tooth 160a functions to press on the first lug 142a to drive the

blade 142 in the energy accumulation process, as in the intended way of operation.

[0089] However, when the slider 162 is engaged with the ejecting block 166, the fixed
ejecting block 166 produces a pressing force on the slider 162 along a direction shown by
arrow 163 in Fig. 8c. This pressing force urges the slider 162 to move linearly with the
blocking end 162b leaving the groove 174a. As a result, the path of the tail end 160b of the
shrinkable member 160 previously occupied by the blocking end 162b is now released. Then,
assume that during this time period the shrinkable tooth 160a hits a lug, and then the
shrinkable tooth is able to retract into the tooth base 174 to its shrunken position. However,
such a circumstance does not happen in the normal operation in Figs. 9a-9b since the time
period is chosen such that normally during the time period there is no lug engaging with the
shrinkable tooth 160a. The above process repeats as long as the nail gun is continuously in

operation and if there is no nail jam condition.

[0090] Turning now to Figs. 9c-9e, which shows an abnormal circumstance when a nail jam
occurred. As the nail (not shown) is jammed, the intended synchronization between the blade
142 and the drive gear 128 is broken, and this is shown in Fig. 9c that the shrinkable tooth
160a is about to engage with a second lug 142b on the drive blade 142 which is not a correct
lug for the shrinkable tooth 160a. As such, there is a misalignment created between the drive
blade 142 and the drive gear 128. Figs. 9c-9e show the status of the drive gear 128 in a
sequential order. In Fig. 9c the slider 162 is still in its biased position so the shrinkable tooth
160a is kept in its extended position. However, in Fig. 9d the slider 162 is urged by the
ejecting block 166, and the slider 162 releases the path of the shrinkable member 160 as
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mentioned above. The time of engagement of the slider 162 and the ejecting block 166 is
carefully chosen so that it happens before the shrinkable tooth 160a is about to contact with
the second lug 142b, which is in turn the most common circumstance when a nail jam
happens. However, due to the presence of the shrinkable member 160, in the status of Fig. 9d
the shrinkable tooth 160a can be retracted into the tooth base 174 as it is pressed by the
second lug 142b. As such, there is no interference between the drive gear 128 and the drive
blade 142, and the drive gear 128 is allowed to further rotate to the position shown in Fig. 9e.
In this way, there is no force applied to the drive blade 142 by the drive gear 128, and when
the user needs to take out the jammed nail from the nail gun it will be much easier for him/her

to do so.

[0091] Figs. 10a-10d show how the latch 158 and the solenoid 156 operate to lock the drive
blade 142 at a predetermined location. Such a predetermined location in this embodiment
corresponds to an 85% energy accumulation status in the gas spring as a result of the high-
pressure gas compressed to a predetermined extent when the drive blade 142 is at the
predetermined location. Also shown in Figs. 10a-10d is the illustration how could possible
damages to the mechanical parts in the nail gun by locking the drive blade 142. It should be
noted that although the disengagement module in the descriptions above accompanying Figs.
9a-9e help alleviate consequences resulted by nail jam, it is not capable of handling all types
of nail jam. In fact, the status shown in Figs. 10a-10d is another nail jam scenario. In
particular, as shown in Fig. 10a, in this nail jam scenario the tooth base 174 does engage with
a misaligned second lug 142b on the drive blade 142, whereas in the scenario shown in Figs.
9c-9e the tooth base 174 does not engage with the second lug 142b. In Fig. 10a, as the tooth
base 174 engages with the second lug 142b and the drive gear 128 keeps rotating in the
clockwise direction, thee drive blade 142 is driven in a misaligned manner with each
subsequent tooth after the tooth base 174 also engages with an incorrect lug. In particular,
the second tooth 128b will engage with a third lug 142¢, and as shown in Fig. 10b the third
tooth 128¢ will engage with a fourth lug 142d. Consequently, in Fig. 10b all the lugs on the
drive blade 142 have passed beyond the contact region (not shown) with teeth on the drive
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gear 128, but the last tooth which is tooth 128d is yet to come into the contact region. As
mentioned previously, when all the lugs of the drive blade have been engaged with teeth on
the drive gear, the energy accumulation process of the gas spring is then completed, and
immediately the drive blade will reverse its moving direction and strikes the nail. This will

create serious damages to the last tooth 128d and other mechanical parts in the nail gun.

[0092] However, with the latch 158 and the solenoid 156, the damage caused by the drive
blade 142 to the last tooth 128d can be avoided. In particular, when the drive gear 128
rotates to the position as shown in Fig. 10c, the magnet 172 becomes the closest to the gear
sensor 164 during the entire striking cycle. As such, an output of the gear sensor 164 to the
control circuit at this moment is indicative of the rotary position of the drive gear 128. Based
on the signal from the gear sensor 164, the control circuit then controls immediately the
solenoid 156 to operate by moving the actuating end 156a of the solenoid 156 upward, so
that the movable end 158a of the latch 158 also moves upward and couple with the recess
142e on the drive blade 142. The movable end 158a abuts the recess 142e and secures the
drive blade 142 such that the drive blade 142 is not able to move along its striking direction
(as indicated by arrow 157) in Fig. 10c. At the same time the solenoid 156 is actuated, the
motor of the pneumatic tool is stopped by the control circuit. In this way, the possible
damage to the fourth tooth 128d of the drive gear 128 by lugs on the drive blade 142 can be

avoided. The user can also clean the jammed nail safely when the motor is stopped.

[0093] After the jammed nail is cleaned, to resume the operation the user has to presses on
the trigger on the pneumatic tool. Then, after a determination of the position of the drive gear
128 (which will be described in more details later), the motor will drive gear 128 to rotate in
the clockwise direction, so that after the status shown in Fig. 10c, the rotating drive gear 128
will ultimately have its fourth tooth 128d contacting with the fourth lug 142d (which has been
still since the status shown in Fig. 10c). Nonetheless, as mentioned above the latch 158 only
stops the drive blade 142 from moving along the striking direction, but the drive blade 142 is

free to move along the opposite direction, which is the direction for energy accumulation. As
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a result, the rotation of the drive gear 128 will move the drive blade 142 along an opposite
direction of the striking direction 157 a little bit, as shown in Fig. 10d. At the same time the
drive blade 142 starts to move in the opposite direction, the control circuit unlocks the drive
blade 142 by releasing the latch 158 from the drive blade 142 by controlling the solenoid 156.
The control circuit knows when the drive blade 142 starts moving since a predetermined time
has passed since the status of the drive gear 128 in Fig. 10c, and until the fourth tooth 128d
contacts the fourth lug 142d which is at a known position when the drive blade 142 is locked.
When the drive gear 128 keeps rotating, at the moment when the fourth tooth 128d
completely left the fourth lug 142d, the drive blade 142 is at a Top Dead Center (TDC)
position corresponding to a 100% energy accumulation status of the gas spring, immediately
thereafter the drive blade 142 moves rapidly in the striking direction 157 and hit the nailer

ultimately, as mentioned previously.

[0094] It should be noted that the operations of the solenoid 156, the latch 158, the gear
sensor 164 and drive blade 142 are always as those described above, irrespective of whether
there is a nail jam condition or not. Even in normal operations where there is no nail jam, the
drive blade 142 is always locked at the 85% energy accumulation position and to strike a nail
the drive blade 142 is moved to its 100% position by a rotation of the drive gear 128. An
operating method of the pneumatic tool below will explain the working principles of the

pneumatic tool more clearly.

[0095] Turning to Fig. 11, in the flowchart the operations of the pneumatic tool starting from
energization of the tool until the completion of a single-shot action are shown. In Step 178
the tool is energized, for example by operating a main switch (not shown) on the pneumatic
tool. Then, in Step 179 a self-inspection procedure will be carried out by the control circuit of
the pneumatic tool, which includes checking the position of the drive gears 128. A default
position of the drive gears 128 is set to be the position as shown in Fig. 10c, in which the
magnet 172 is closest to the gear sensor 164. If in Step 179 it is determined that the drive

gears 128 are not in their default positions, for example when the pneumatic tool was
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previously powered off accidently due to loss of power supply, then the method goes to Step
180a started with which the position of the driver gears 128 and/or the drive blade 142 will
be calibrated before actual nailing operation. If in Step 179 it is determined that the drive
gears 128 are in their default positions, then the method goes to Step 180b started with which

the actual nailing operation will start.

[0096] If in Step 179 it is determined that the drive gears 128 are not in their default positions,
then in Step 180a the control circuit will do nothing until the user presses the trigger. Once
the trigger is pressed, then the motor will start to rotate in Step 18la. As the motor is
rotating, the drive gears 128 will also be driven to rotate and the calibration will then be split
into two independent processes which are started simultancously. The first process includes
waiting until the drive blade 142 leaves its BDC position due to the rotation of the drive gears
128. The determination of the drive blade 142 leaving its BDC position is carried out by the
control circuit based on the output of the blade sensor 165. If the drive blade 142 has left its
BDC position, then the drive blade 142 is further driven until the drive blade 142 comes to
the 85% stroke position (i.e. default position) as a result of controlling the motor to rotate for
a predetermined time which is translated to a predetermined travel distance of the drive blade
142. Then, after the drive blade 142 reaches the default position, in Step 189b the control
circuit waits until the drive gears 128 reach their default positions. Finally, the motor is
stopped rotating in Step 182b, and the method ends in Step 183b. The second process
includes the control circuit waiting until the drive gears 128 reach their default positions in
Step 189a. After that, the motor is stopped rotating in Step 182a, and the method ends in
Step 183a.

[0097] It should be understood that the method as split into two processes goes to an end as
soon as one of the two processes comes to an end. In other words, after Step 181a at one
hand the drive gears 128 are reset to their default positions, and at the same times the drive
blade 142 is reset to its default position. The benefit of having two processes as such is that

there are many possible nail jam situations and when the drive gears 128 is out of phase with
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the drive blade 142 due to the jammed nail, it could either be the case that the drive gears 128
are more proximate to their default positions in terms of timing than the drive blade 142, or
vice versa. The above two processes automatically balances such differences preventing the
drive gears 128 and the drive blade 142 from entering synchronization, and by the end of the
method both drive gears 128 and the drive blade 142 are always ensured to be at their

respective default positions.

[0098] Turning back to Step 179, if it is determined that the drive gears 128 are in their
default positions, then it means that the pneumatic tool before it was energized in Step 178
was in normal status, since if the drive gears 128 are in their default positions the drive blade
142 must also be in its default, 85% stroke position. Therefore, the pneumatic tool can
directly starts its nailing operation in Step 180b, subject to the pressing of trigger by the user.
Once the trigger is pressed, the motor starts to run in Step 181b, and similar to what is
described for Figs. 10c-10d, the drive blade 142 will be pushed back by the drive gears 128 a
little bit to its 100% energy accumulation status. Then, the solenoid 156 is turned on in Step
184 which releases the latch 158 from the drive blade 142, and the drive blade 142 performs
the nail striking operation. The solenoid 156 will only be turned on for a certain time, e.g.
100ms, and then it will be turned off in either Step 186a or Step 186b. After Step 184, next
the control circuit in Step 185 determines if the drive blade 142 reaches its BDC position
through the blade sensor 165 within a predetermined time. If yes, it means that the nail
striking was performed smoothly without any problem, and the method proceeds to Step
186a in which the motor is stopped, and then method continues at Step 181a to perform the

reset procedure as already described above.

[0099] If in Step 185 it is determined that the drive blade 142 did not reach its BDC position
within the desired time, then it is considered to be abnormal case, for example resulted by nail
jam. The method in this case proceeds to Step 186b in which the motor is stopped. It is now
certain that the drive blade 142 did not reach its BDC position, but the drive gears 128 are at

an angular position furthest from their default positions since the gears 128 finished their
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predetermined rotation after the certain time by which the drive blade 142 is supposed to be
arriving at its BDC position. In other words, the drive blade 142 is closer to its default
position (i.e. 85% stroke position) in terms of timing than the drive gears 128 to their default
positions. Therefore, the reset procedures of the pneumatic are then started with the drive
blade 142 back to its default position first in Step 188b, followed by Steps 189¢ and Step
182¢ which are identical to Step 189b and Step 182b as mentioned above. The method then
ends with a prompt to the user (e.g. via a LED indicator or a sound buzzer) that there is a nail
jam condition to be solved. The user can then power off the pneumatic tool and cleans the

jammed nail.

[00100] Figs. 12a-12b, 13 and 14a-14c show another embodiment of the present invention
in which a pneumatic tool with a jamming-alleviating mechanism which, although not able to
completely eliminates nail jam in the nailer, nonetheless facilitate clearing the jammed nail and
also protects mechanical parts in the nailer from potential damages caused by moving parts.
The pneumatic tool contains a drive blade 242 and two parallel drive gears 228 engageable
with the drive blade 242. For the simplicity of illustration, other components such as the
motor and various gears in the drive mechanism are not shown, but these components are
configured and operate in a similar way as those described in Figs. 1-6. The general working
principle of the drive blade 242 and the drive gears 228 in the drive mechanism is also similar
to those in Figs. 1-6, which will not be described in detail here for the sake of simplicity.
Instead, only the differences between the embodiment of Figs. 12-13e and that of Figs. 1-6
will be described herein. Compared to the embodiment shown in Figs. 7-10d, the major
difference in the pneumatic tool in Figs. 12-13e is that the disengagement mechanism no
longer contains a shrinkable member to avoid interference between the first tooth and the
drive blade. Rather the disengagement mechanism in this embodiment contains complemental
cam surfaces that cooperate with each to achieve axial movement of the drive gears 228. In
particular, a wedge 231 is fixedly provided between the two drive gears 228 and the wedge
231 has roughly a circular shape, with a wedge portion having a pair of second cam surfaces

231a at a predetermined angular position on the rotational direction of the drive gears 228.
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Each of the drive gears 228 further contains a flange portion 228e adjacent to the wedge 231,
but as the flange portion 228e is a part of a drive gear 228 the flange portion 228e is rotatable
with respect to the wedge 231. The drive gears 228 are configured to be axially movable
between an original position (as shown in Figs. 12a-12b, 14b and 14f) and an offset position
(as shown in Figs. 14d) along the main shaft 250, but the two drive gears 228 are each biased
by a spring 233 to their original positions. The flange portion 228e of each drive gear 228
contains a first cam surface 228f corresponding to a respective second cam surface 231a on
the wedge 231. Fig. 13 shows other components in the nail gun including a latch 258
connected to a solenoid 256. The positions and working principles of the solenoid 256 and

latch 258 are similar to those as illustrated and described with respect to Fig. 7 and 10a-10d.

[00101] Next, with respect to Figs. 14a-14f, the operation and working principle of the
disengagement module in the nail gun in the above embodiment will be explained. It should be
noted that although only one drive gear 228 is illustrated in Figs. 14a, 14c and 14f, the
description hereinafter is applicable to both drive gears 228 in the nail gun as they are
symmetrical and have a synchronized operation. The drive gears 228 in Figs. 14a-14f rotate
along a clockwise direction. Fig. 14b shows the same status of the disengagement module, the
drive blade 242, and the drive gear 228 as in Fig. 14a, but from a different viewing angle.
Similarly, Fig. 14d shows the same status as in Fig. 14c, and Fig. 14f shows the same status
as in Fig. 14e. The disengagement module is capable of facilitating the user’s cleaning
operation of the jammed nail and reducing safety risks by avoiding interference between the
drive gears 228 and the drive blade 242 which may cause difficulty to the user during the
cleaning process, and thus the disengagement module helps reduce possible damage to the
drive mechanism. In particular, the disengagement module prevents the drive blade 242 from
stopping at an abnormal position and eliminates any pressing force on the jammer nailer that

would otherwise exist without such a disengagement module.

[00102] Figs. 14a-14f show an abnormal circumstance when a nail jam occurred. As the nail

(not shown) is jammed, the intended synchronization between the blade 242 and the drive
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gear 228 is broken, and this is shown in Fig. 14a that the first tooth 228a on the drive gear
228 is about to engage with a second lug 242b on the drive blade 242 which is not a correct
lug for the first tooth 228a. As such, there is a misalignment created between the drive blade
242 and the drive gear 228. Figs. 14a, 14c and 14e show the status of the drive gear 228 and
the drive blade 242 in a sequential order. In Fig. 14a and Fig. 14b the two drive gears 228 are
still in their original positions as biased by the springs 233.At this moment the two second
cam surfaces 231a are about to engage with the two first cam surfaces 228f on the two flange
portions 228e. The angular position of the drive gears 228 at which the first cam surfaces
228f and the second cam surface 231a engage is carefully chosen so that it happens before the
first tooth 228a is about to contact with the second lug 242b, which is in turn the most
common circumstance when a nail jam happens. Then, before the first tooth 228a engages
with the second lug 242b as shown in Fig. 14b, the second cam surfaces 231a each engages
with a corresponding first cam surface 228f and such engagement forces the two drive gears
228 to move axially away from each other, and also from the wedge 231 along a direction
indicated by arrow 235 in Fig. 14d. Such an axial movement moves each drive gear 228 out
of a possible contact region with the drive blade 242 so even if the first tooth 228a is at the
same or similar vertical position in Figs. 14b, 14d and 14e as the drive blade 242, there is no
interference at all, and the drive gears 228 are allowed to further rotate to the position shown
in Fig. 14e. In this way, there is no force applied to the drive blade 242 by the drive gear 228,
and when the user needs to take out the jammed nail from the nail gun it will be much easier
for him/her to do so. After the jammed nail is cleared during a power-off state, and the tool is
later on reenergized, the drive gears 228 will continue to rotate and as a result the second
cam surfaces 231a each will leaves the engagement with a corresponding first cam surface
228f, so that the drive gears 228 go back to their original positions as shown in Fig. 14f by
the force of the springs 233. In this way, the drive gears 228 can subsequently engage with
the drive blade 142 in normal operations with the correct pair of lug / tooth engaged, as

shown in Fig. 14e.
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[00103] It should be noted in the embodiment as shown in Fig. 12-14f, the drive gears 228
will always move axially outward and then inward, irrespective of whether there is any nail

jam condition occurred or not.

[00104] Figs. 15 and 16a-16b show another embodiment of the present invention in which a
pneumatic tool with a jamming-alleviating mechanism is described. This embodiment is in
most aspects similar to that shown in Figs. 12-14f, and therefore similar components between
these two embodiments will not be described in details here again. The only difference is that
in Figs. 15 and 16a-16b, the wedge 331 is now rotatable together with the drive gears 328 for
most of the time in the striking cycle. However, within a predetermined time period the
wedge 331 can be fixed and not rotatable with the drive gears 328. This is achieved by
configuring a solenoid 339 which contains a movable actuating end 339a that is engageable
with an indent 331b on the wedge 331 which is located adjacent to the second cam surfaces
331a on the wedge 331. As shown in Figs. 16a-16b the indent 331b is located in front of the
second cam surfaces 331a along the clockwise rotational direction of the drive gears 328. The

solenoid 339 is controlled by a control circuit of the pneumatic tool.

[00105] Next, with respect to Figs. 16a-16b, the operation and working principle of the
disengagement module in the nail gun in the above embodiment will be explained. It should be
noted that although only one drive gear 328 is illustrated in Figs. 16a-16b, the description
hereinafter is applicable to both drive gears 328 in the nail gun as they are symmetrical and
have a synchronized operation. The drive gears 328 in Figs. 16a-16b rotate along a clockwise
direction. In the status shown in Fig. 16a, the solenoid 339 is not turned on, so an actuating
end 339a of the solenoid 339 does not stretch out or contacts with the drive gears 328. As
such, the wedge 331 rotates with the drive gears 328 together, and the second cam surfaces
331a have no chance to engage with the first cam surfaces (not shown) on the flange portions
of the drive gears 328. In this way, the wedge 331 and drive gears 328 do not suffer from
mechanical wear that is otherwise caused by the contact between the second cam surfaces

331a and the first cam surfaces.
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[00106] Fig. 16b shows another status of the solenoid 339 which is turned on, so an
actuating end 339a of the solenoid 339 stretches out and contacts with the drive gears 328.
As such, the wedge 331 is prohibited from rotation with the drive gears 328 together, and the
second cam surfaces 331a will then engage with the first cam surfaces (not shown) which
would urge the drive gears 328 to move axially outward to avoid interference between teeth
on the drive gears 328 and lugs on the drive blade 142. In this embodiment, the solenoid 339
is not turned on as long as there is no potential nail jam condition, for example if the drive
blade 142 can reach its BDC position in time (as in Step 185 in Fig. 11). However, when
there is a potential nail jam condition, then the control circuit will turn on the solenoid 339 to
cause the axial movement of the drive gears 328. In this way, there is no force applied to the
drive blade 342 by the drive gear 328, and when the user needs to take out the jammed nail

from the nail gun it will be much easier for him/her to do so.

[00107] The exemplary embodiments of the present invention are thus fully described.
Although the description referred to particular embodiments, it will be clear to one skilled in
the art that the present invention may be practiced with variation of these specific details.

Hence this invention should not be construed as limited to the embodiments set forth herein.

[00108] While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only exemplary embodiments have been shown and
described and do not limit the scope of the invention in any manner. It can be appreciated that
any of the features described herein may be used with any embodiment. The illustrative
embodiments are not exclusive of each other or of other embodiments not recited herein.
Accordingly, the invention also provides embodiments that comprise combinations of one or
more of the illustrative embodiments described above. Modifications and variations of the
invention as herein set forth can be made without departing from the spirit and scope thereof,
and, therefore, only such limitations should be imposed as are indicated by the appended

claims.
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[00109] It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common

general knowledge in the art, in Australia or any other country.

[00110] For example, the driving gear and the driving bar described above all show a
specific shape in the drawings, and there are four tooth-to-bump pairs in contact with each
other. However, those skilled in the art need to understand that in other variations of the
present invention, both the driving gear and the driving bar may have different shapes, and the
number of tooth-bump pairs may also be different. Any movement (e.g., reciprocating) in
both directions of the piston by means of an unequal arrangement of the teeth on the gear will

fall within the scope of the present invention.

[00111] The flow chart in Fig. 11 shows the operation of a single-shot mode of the
pneumatic tool, with the motor stopped at the end of the operation. However, one skilled in
the art should realize that similar operation steps can be applied in a multiple-shot mode of
the pneumatic tool. For example, if the pneumatic tool operates normally without nail
jamming, then after each striking cycle is completed the drive gear keeps rotating and starts
the next cycle automatically. The method will then repeat between Step 184 and Step 186a in
Fig. 11 continuously while the user keeps pressing the trigger, until the moment the user

releases the trigger.

[00112] In addition, although the embodiments described above are pneumatic tools, one
skilled in the art should realize that the invention can be used on other fastener tools with
different types of energy storage unit instead of a gas spring. For example, the invention can

also be applied to fastener tools with metal springs.

[00113] In some of the drawings shown above only one of two drive gears in the pneumatic
tool is shown. However, it should be realized that in the case of two drive gears configured in
parallel in the pneumatic tool, their operations are always synchronized in terms of angular

positions and engagement with the drive blade. It should be further noted that the present
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invention may be applied to different types of pneumatic tools, no matter if they contain only

one drive gear, or two, or even more than two.

[00114] Figs. 10a-10d above illustrate the operation of a solenoid and a latch for locking the
drive blade in relation to output from a gear sensor, and Fig. 11 shows the overall control
logic of the pneumatic tool including the operations of the solenoid, the latch and the gear
sensor. Those skilled in the art should realize that the same solenoid and latch operation and
the control logic could equally be applied to other variations of the invention. For example,
the method and operations shown in Figs. 10a-10d and 11 can be directly applied to the
embodiments shown in Figs. 12a-14f and the Fig. 15-16b.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A fastener tool comprising:

a motor;

a drive mechanism connected to the motor and adapted to drive a piston; and

a cylinder filled with high-pressure gas,

wherein the piston is accommodated in the cylinder and suitable for a reciprocating
motion within the cylinder;

wherein the drive mechanism includes a blade fixed to the piston and a gear coupled
to the motor, wherein the gear includes a plurality of teeth adapted to engage with a plurality
of lugs on the blade such that a rotation of the gear is transformed to a linear movement of
the blade, and

wherein the drive mechanism further includes a disengagement module which, within
a period of a rotation cycle of the gear, is configured to prevent one of the plurality of teeth

from unintentionally engaging with a misaligned one of the lugs of the blade.

2. The fastener tool of claim 1, wherein the plurality of teeth of the gear are spaced
apart on a gear body of the gear in a rotational direction by at least a first pitch and a second
pitch different from the first pitch respectively wherein the first pitch is smaller than the
second pitch, and wherein one of the plurality of teeth being a first tooth after the second

pitch on the rotational direction.

3. The fastener tool of claim 2, wherein the first tooth is movable relative to the gear
body between an extended position and a shrunken position, and wherein the first tooth is

prevented from entering the shrunken position outside the period of the rotation cycle.

4. The fastener tool of claim 3, wherein the disengagement module further comprises a

stopper element which blocks a path of the first tooth to its shrunken position within the
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period, and which releases the path so that the first tooth is movable into the shrunken

position outside of the period.

5. The fastener tool of claim 4, wherein the gear body further comprises a groove into
which at least a part of the first tooth is movable wherein the stopper element is mounted on
the gear body and rotatable with the gear body, wherein the disengagement module further
comprises an actuator not rotatable with the gear body, and wherein the actuator is adapted
to urge the stopper element at least partially into the groove within the period, thereby

blocking the path.

6. The fastener tool of claim 4 or 5, wherein the stopper element is biased by a spring

element to release the path.

7. The fastener tool of any one of claims 3 to 5, wherein the first tooth is biased by a

spring element to its extended position.

8. The fastener tool of any one of claims 1 to 5, wherein the period is defined by an

angular range within the rotation cycle of the gear.

9. The fastener tool of any one of claims 2 to 5, wherein the second pitch substantially

corresponds to a range of 180 degrees in the rotational direction.

10. The fastener tool of claim 2, wherein the disengagement module further comprises a
first cam surface formed on the gear body and a second cam surface fixed relative to the gear
body at least within the period, wherein the gear is configured to be movable along an axial
direction of its rotation axis and wherein the gear is urged axially by the first cam surface
engaging with the second cam surface within the period so that the first tooth is offset from

the blade along the axial direction.

34

Date Regue/Date Received 2022-06-13



11 The fastener tool of claim 10, wherein the second cam surface is fixed with respect to

the gear body during an entirety of the rotation cycle.

12. The fastener tool of claim 10, wherein the second cam surface is fixed with respect to
the gear body within the period, but is rotatable together with the gear body outside the

period.

13. The fastener tool of claim 12, wherein the second cam surface is mounted on the gear
body in a relatively rotatable manner, wherein the disengagement module further comprises
a stopper element movable between a first position in which the stopper element does not
interfere with a rotation of the second cam surface, and a second position in which the

stopper element prevents the second cam surface from rotating.

14 The fastener tool of claim 13, wherein the stopper element is movable by an

electronic device into the second position within the period.

15. The fastener tool of claim 14, wherein the electronic device is a solenoid.

16. The fastener tool of any one of claims 10 to 14, wherein the gear is configured to be

urged axially outwardly from a central axis of the blade during the period.

17.  The fastener tool of any one of claims 10 to 14, wherein the second cam surface is

formed on a wedge.

18.  The fastener tool of any one of claims 1 to 5 or 10 to 14, further comprising an

electronic device adapted to lock the blade.

19. The fastener tool of claim 18, wherein the electronic device is turned on or off

according to an angular position of the gear body.
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20. The fastener tool of claim 19, further comprising an object mounted on the gear body
and a sensor fixedly mounted with respect to the gear body, wherein the sensor is adapted to

sense a distance from the object to the sensor to determine an angular position of the gear.

21. The fastener tool of claim 19, wherein the object is a magnet and the sensor is a Hall
Sensor.
22. The fastener tool of claim 18, wherein the electronic device is a solenoid connected

with a latch, and wherein the latch is adapted to engage with a geometrical feature on the

blade to lock the blade.
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