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(57) ABSTRACT

A pneumatically operated fastener driving tool capable of
reducing a time period from operation timing of a trigger to
downward movement of a driver blade for fastener driving,
and reducing a time period from the release timing of the
trigger to a timing at which respective components are
returned to their initial positions for a subsequent nail
driving. As components a main valve and a trigger valve is
provided. The main valve is movable within a main valve
chamber connected to a main valve control channel. The
trigger valve selectively provides fluid communication
between the accumulator and a main valve chamber through
the main valve control channel and between the main valve
chamber and the atmosphere through the main valve control
channel. A ratio of cross-sectional area of the main valve
control channel to an internal volume of the main valve
chamber is defined to a specified ratio.

31 Claims, 16 Drawing Sheets
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PNEUMATICALLY OPERATED FASTENER
DRIVING TOOL

BACKGROUND OF THE INVENTION

The present invention relates to a fastener driving tool
such as a nail gun driven by compressed air, and more
particularly, to such fastener driving tool improving drive
response and decreasing air consumption.

Heretofore, fastener driving tools such as nail guns have
existed which drive fasteners such as nails or staples using
compressed air as the power source. In such fastener driving
tools, compressed air is supplied to a piston upper chamber
defined by an inner surface of a cylinder and a piston for
rapidly displacing the piston to perform nailing. Compressed
air is supplied from an external source and temporarily
stored in an accumulator formed within a frame of the nail
gun. The accumulator and the piston upper chamber are
connected by a channel, but one or more valves which are
switched between open and shut-off positions are provided
along this channel. These valves are designed to open or
shut-off the channel by supplying or expelling compressed
air in valve chambers constituted by the spaces each adja-
cent to each valve. Typically the structure is such that a first
valve is activated as a result of external operation of a trigger
or the like, and this operation allows a downstream passage
to be communicated with or to be shut-off from the first
valve. Thus, a downstream valve chamber is brought into
communication with or shutting-off from the upstream pas-
sage, thereby sequentially activating or deactivating the
downstream valves.

In addition, a time period starting from completion of the
nail driving operation to restoration to an initial state for the
next nailing operation is dependent upon the circulation
speed of the compressed air in the fastener driving tool after
the trigger is released, and the movement speed of the valves
in proportion to this circulation speed. That is, the time
period is dependent on the shut-off speed for shutting off the
piston upper chamber in the cylinder from the accumulator
by a valve caused by, after releasing the trigger or the like,
circulation of the compressed air through the channel in the
fastener driving tool as a result of the returning motion of a
plunger which had been pressed by this trigger.

In a conventional fastener driving tools as disclosed in
Japanese Patent Publication No.S58-50833, valve activation
is performed sequentially from valves whose valve chamber
volume is small to valves with large valve chamber in order
to stabilize operation of the valves irrespective of the speed
with which the trigger is pulled. Since with this structure the
valves are sequentially activated by compressed air, a time
period starting from pulling the trigger and/or pushing
operation of a push lever against a workpiece to a start of the
nailing driving motion is highly dependent upon the time
required to sequentially activate the valves.

In order to reduce this time period and increase response,
Japanese Patent Publication No. H7-112674 discloses a nail
gun, in which a main valve is divided into first and second
valves, so that kinetic energy of the first valve is utilized to
improve the operating speed of the second valve.

With this structure in which the main valve is divided into
two valves, only the time period from when the second valve
begins to move until it moves to maximum displacement is
reduced. The time period from both pulling the trigger and
pushing the push lever onto the workpiece to the operation
timing of the first valve is still not reduced. In addition, since
only the time period from when the second valve begins to
move until it moves to maximum displacement is reduced,
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it was only possible to reduce the time period from when the
trigger is pulled until nailing is performed. Consequently, a
time period from the completion timing of the nail driving
operation to the start timing of the next nail driving opera-
tion cannot be reduced when continuous nailing is per-
formed. That is, a response cannot be improved.

Laid-open Japanese Patent Application Kokai No. H11-
33930 discloses a structure in which, an internal volume of
a main valve chamber for accommodating therein a main
valve is increased. With this arrangement, air damping
behavior due to compression of the main valve chamber
does not occur when the main valve rises and is contained
in the main valve chamber.

With this structure in which the volume of the main valve
chamber is increased, the amount of compressed air accu-
mulated in the main valve chamber increases. For this
reason, the time period for discharging the compressed air
out of the main valve chamber is increased, which degrades
the response.

Laid-open Japanese Patent Application Kokai No.
H5-138548 discloses communication of a piston lower
chamber with a trigger valve chamber. The movement speed
of a valve piston and a main valve are increased as a result
of'the pressure which is generated from the movement of the
piston.

With this structure in which the piston lower chamber and
trigger valve chamber are connected, at the instant that the
piston passes through the one-way valve disposed at an
intermediate region of the cylinder, compressed air flows
into the trigger valve chamber and closes the main valve.
Therefore, the nailing force was reduced. Moreover,
extremely complicated structure results.

Another conventional fastener driving tool has been pro-
posed. The tool includes a trigger valve and main valve. A
trigger valve exterior frame internally defines a trigger valve
chamber. The trigger valve includes a plunger extending
through the trigger valve exterior frame and the trigger valve
chamber and slidably movable as a result of the movement
of the trigger and the abutment of the push lever against the
workpiece. The movement of the plunger selectively shuts
off a fluid communication between the accumulator and the
trigger valve chamber and between the trigger valve cham-
ber and an atmosphere. However, the resultant arrangement
cannot provide high response for discharging compressed air
from the main valve.

Still another conventional fastener driving tool is pro-
posed in which a main valve is not provided, but a trigger
valve is additionally equipped with a valve piston. The valve
piston is reciprocably slidably disposed in a trigger valve
exterior frame, and has one side in the sliding direction
facing the accumulator. The valve piston alternately opens
and blocks a channel from the piston upper chamber con-
nected to the trigger valve exterior frame to the accumulator
and a channel from the piston upper chamber to the atmo-
sphere. With this fastener driving tool, the displacement of
the valve piston serves to select the air channel and control
the nailing of the fastener. However, the speed of the
displacement of the valve piston is low, and the delay in the
displacement of this valve piston can cause other control to
be delayed as well. Consequently, the problem arises that the
time lag from when the operator begins the nailing operation
until the fastener is actually driven becomes large, response
becomes poor to lower workability. In addition, the problem
arises that when many fasteners are to be driven in a short
period of time, the aforementioned time lag makes continu-
ous nailing difficult to perform.
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In addition, with the conventional fastener driving tools,
after nailing, in order to return the piston to the pre-nailing
position, the piston upper chamber and the atmosphere are
communicated with each other for releasing the compressed
to the atmosphere, while the valve is closed for preventing
the compressed air from flowing from the accumulator into
the piston upper chamber.

However, during the period from when the valve begins
to close until it is completely closed, the accumulator and the
piston upper chamber are communicated with each other,
and the piston upper chamber and the atmosphere are also
communicated with each other. Accordingly, the com-
pressed air in the accumulator would in some cases flow
unnecessarily into the piston upper chamber and is expelled
into the atmosphere. This causes an increase in air consump-
tion, which consequently requires a high-performance com-
pressor or the like to produce compressed air.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention is to
provide a fastener driving tool improving the response and
continuous shots or nailing performance in nailing work, yet
reducing the consumption of compressed air.

This and other objects of the present invention will be
attained by A fastener driving tool including a frame, a
cylinder, a piston, a main valve, a main valve chamber
section, a trigger valve, and a main valve control channel
section. The frame defines therein an accumulator that
accumulates a compressed air. The cylinder is disposed
within the frame. The piston is reciprocally slidably dis-
posed within the cylinder. A piston upper chamber is defined
by an inner peripheral surface of the cylinder and an upper
surface of the piston. The main valve alternately opens and
blocks a fluid communication between the piston upper
chamber and the accumulator. The main valve chamber
section defines therein a main valve chamber in which the
main valve is movably disposed. The main valve chamber
provides a maximum internal volume. The trigger valve
alternately opens and blocks a fluid communication from the
accumulator to the main valve chamber, and a fluid com-
munication from the main valve chamber to an atmosphere.
The main valve control channel section defines therein a
main valve control channel that provides a fluid connection
between the main valve chamber and the trigger valve. A
value obtained from dividing the maximum internal volume
of the main valve chamber by a cross-sectional area of the
main valve control channel being not more than 1.0.

In another aspect of the invention, there is provided a
fastener driving tool including a frame, a cylinder, a piston,
a trigger, and a trigger valve provided with a trigger valve
exterior frame, a valve piston and a plunger. The frame
defines therein an accumulator for accumulating a com-
pressed air. The cylinder is disposed within the frame. The
piston is reciprocally slidably disposed within the cylinder.
A piston upper chamber is defined by the frame, an inner
peripheral surface of the cylinder and an upper surface of the
piston. The trigger functions as an operation input member.
A trigger valve alternately opens and blocks a fluid com-
munication between the piston upper chamber and the
accumulator and a fluid communication between the piston
upper chamber and an atmosphere. The trigger valve exte-
rior frame is in fluid communication with the piston upper
chamber and is formed with a through hole. The valve piston
is reciprocably slidably disposed in the trigger valve exterior
frame. The valve piston is movable between its top dead
center where piston upper chamber is communicated with
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the atmosphere and its bottom dead center where the piston
upper chamber is communicated with the accumulator. The
valve piston has a first section exposed to the accumulator
and formed with a trigger valve intake channel opened to the
accumulator and a second section in sliding contact with the
trigger valve exterior frame. A trigger valve chamber is
defined by the second section and the trigger valve exterior
frame and provides a maximum internal volume. The
plunger is movable between its top dead center and its
bottom dead center and has a first portion associated with the
valve piston and a second portion associated with the
through hole. A trigger valve control channel is formed
between the second portion and the through hole and has a
cross-sectional area. The trigger valve control channel is
opened when the plunger is moved to its top dead center. A
value obtained from dividing the maximum volume of the
trigger valve chamber measured in m> by the cross-sectional
area of the trigger valve control channel is not more than
0.20.

Further, in the fastener driving tool including the frame,
the cylinder, the piston, the trigger, and the trigger valve
provided with the trigger valve exterior frame, the valve
piston and the plunger, the trigger valve intake channel has
a cross-sectional area of not less than 2.75x107% m?, and the
trigger valve chamber has a maximum internal volume of
4.0x1077 m°.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings;

FIG. 1 is a cross-sectional view of the fastener driving
tool according to the first embodiment of the present inven-
tion;

FIG. 2 is an enlarged cross-sectional view of a trigger
valve in the fastener driving tool according to the first
embodiment;

FIG. 3 is a partial cross-sectional view particularly show-
ing a main valve in the fastener driving tool according to the
first embodiment;

FIG. 4 is an enlarged cross-sectional view particularly
showing the trigger valve in the fastener driving tool accord-
ing to the first embodiment, with a plunger having been
pushed upward;

FIG. 5 is an enlarged cross-sectional view particularly
showing the trigger valve in the fastener driving tool accord-
ing to the first embodiment, with the plunger having been
pushed upward and a valve piston then having moved to its
bottom dead center;

FIG. 6 is a graph showing the relationship between a
valve piston displacement time (12) and a ratio of volume
(V2) of trigger valve chamber to a cross-sectional area (S2)
of a trigger valve control channel in the fastener driving tool
according to the first embodiment;

FIG. 7 is a graph showing the relationship between a time
period (T1) until a main valve returns to its initial position
after a plunger returns to its initial position and a cross-
sectional area (St) of a trigger valve intake channel in the
fastener driving tool according to the first embodiment;

FIG. 8 is a partial cross-sectional view particularly show-
ing the main valve in the fastener driving tool according to
the first embodiment, with the main valve having moved to
the top dead center;

FIG. 9 is a graph showing the relationship between a main
valve displacement time (T1) and a ratio of volume (V1) of
main valve chamber to a cross-sectional area (S1) of a main
valve control channel in the fastener driving tool according
to the first embodiment;
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FIG. 10 is a graph in which a solid line curves shows the
relationship between the main valve displacement time (T1)
and the ratio of volume (V1) of main valve chamber to the
cross-sectional area (S1) of the main valve control channel,
and a broken line curves shows the relationship between air
consumption amount (NL) and the ratio (V1/S1) or (V1/Sm)
in which “Sm” designates a main intake control channel
according to the first embodiment;

FIG. 11 is an enlarged cross-sectional view particularly
showing the trigger valve in the fastener driving tool accord-
ing to the first embodiment, with the valve piston having
moved to the bottom dead center and the plunger then
having returned to its original position;

FIG. 12 is a partial cross-sectional view particularly
showing a main valve according to a modification to the first
embodiment;

FIG. 13 is a cross-sectional view of the fastener driving
tool according to a second embodiment of the present
invention;

FIG. 14 is an enlarged cross-sectional view particularly
showing a trigger valve in the fastener driving tool accord-
ing to the second embodiment;

FIG. 15 is an enlarged cross-sectional view particularly
showing the trigger valve in the fastener driving tool accord-
ing to the first embodiment, with a plunger having been
pushed upward;

FIG. 16 is a cross-sectional view of the fastener driving
tool according to the second embodiment, with a main valve
having moved to the top dead center;

FIG. 17 is a cross-sectional view of a fastener driving tool
according to a third embodiment of the present invention;

FIG. 18 is an enlarged cross-sectional view particularly
showing a trigger valve in the fastener driving tool accord-
ing to the third embodiment;

FIG. 19 is an enlarged cross-sectional view particularly
showing the trigger valve in the fastener driving tool accord-
ing to the third embodiment, with a plunger having been
pushed upward;

FIG. 20(a) is a graph showing the relationship between
time and pressure in a trigger valve chamber 13, a main
valve chamber 8, an accumulator 2, a piston upper chamber
4a, and a return chamber 33 in a fastener driving tool
according to the first embodiment;

FIG. 20(b) is a graph showing the relationship between
the time and a displacement of a main valve according to the
first embodiment;

FIG. 20(c) is a graph showing the relationship between
the time and a displacement of a valve piston according to
the first embodiment;

FIG. 20(d) is a graph showing the relationship between
the time and a displacement of a piston according to the first
embodiment;

FIG. 21(a) is a graph showing the relationship between
time and pressure in a trigger valve chamber 13', a main
valve chamber 8', an accumulator 2', a piston upper chamber
4a’, and a return chamber 33' in a comparative fastener
driving tool;

FIG. 21(b) is a graph showing the relationship between
the time and a displacement of a main valve according to the
comparative fastener driving tool;

FIG. 21(c) is a graph showing the relationship between
the time and a displacement of a valve piston according to
the comparative fastener driving tool;

FIG. 21(d) is a graph showing the relationship between
the time and a displacement of a piston according to the
comparative fastener driving tool;
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FIG. 22(a) is a graph showing the relationship between
time and pressure in a trigger valve chamber 13, a main
valve chamber 8, an accumulator 2, a piston upper chamber
4a, and a return chamber 33 in the fastener driving tool
according to the first embodiment;

FIG. 22(b) is a graph showing the relationship between
the time and a displacement of a main valve according to the
first embodiment;

FIG. 22(c) is a graph showing the relationship between
the time and a displacement of a valve piston according to
the first embodiment;

FIG. 22(d) is a graph showing the relationship between
the time and a displacement of a piston according to the first
embodiment;

FIG. 22(e) is a graph showing the relationship between
the time and a displacement of a tool itself according to the
first embodiment;

FIG. 23(a) is a graph showing the relationship between
time and pressure in a trigger valve chamber 13', a main
valve chamber 8', an accumulator 2', a piston upper chamber
4a’, and a return chamber 33' in another comparative fas-
tener driving tool;

FIG. 23(b) is a graph showing the relationship between
the time and a displacement of a main valve according to the
comparative fastener driving tool;

FIG. 23(c) is a graph showing the relationship between
the time and a displacement of a valve piston according to
the comparative fastener driving tool;

FIG. 23(d) is a graph showing the relationship between
the time and a displacement of a piston according to the
comparative fastener driving tool; and

FIG. 23(e) is a graph showing the relationship between
the time and a displacement of a tool itself according to the
comparative fastener driving tool.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A fastener driving tool according to a first embodiment of
the present invention will be described with reference to
FIGS. 1 through 11. The fastener driving tool shown in FIG.
1 is a nail gun 1 which uses compressed air as the power
source. The nail gun 1 includes a frame 60, a handle 60A
disposed at one side of the frame 60, and a nose 41 disposed
at a lower end of the frame 60. These frame 60, handle 60A
and nose 41 are provided as an integral unit to form an outer
frame. An accumulator 2 is formed within the handle 60A
and frame 60 for accumulating therein a compressed air
delivered from a compressor (not shown) through an air
hose (not shown). A cylinder 3 is provided within the frame
60, and a piston 4a is reciprocally movably provided and
slidably within the cylinder 3. A driver blade 45 is provided
integrally with the piston 4a, and has a free end 4c¢ for
abutting against the fastener 5 for driving.

A return chamber 33 which accumulates therein a com-
pressed air to return the driver blade 44 to its upper dead
center is provided around the lower outer peripheral surface
of the cylinder 3. A one-way valve 34 is provided in an
axially intermediate portion of the cylinder 3. An air channel
35 is formed in the cylinder 3 for allowing the compressed
air to flow in only one direction, i.e., from inside the cylinder
3 to the return air chamber 33, outside the cylinder 3. In
addition, an air channel 36 is formed at a lower portion of
the cylinder 3 for providing continuous communication
between the cylinder 3 and the return chamber 33. In
addition, a piston bumper 37 is provided at the bottom of the
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cylinder 3 for absorbing excess energy from the driver blade
4b after nailing the fastener 5.

An operating portion 38 is provided at the base of the
handle 60A. This operating portion 38 includes a trigger 39
operated by the user, an arm plate 48 which is attached
pivotally movably to the trigger 39, and a push lever 42
which projects from the bottom of the nose 41 and extends
to the vicinity of the arm plate 48. The push lever 42 is
movable along the nose 41 and is biased away from the
frame 60. In addition, a trigger valve 6 is provided at the
base of the handle 60A and in confrontation with the trigger
39. As is well known in the art, the structure is such that,
when both the trigger 39 is pulled and the push lever 42 is
pressed against the workpiece, a plunger 7 on the trigger
valve 6 is pushed upward, as shown in FIG. 2, by a linking
mechanism of the arm plate 48 and the trigger 39.

A nail injection section 43 provided in conjunction with
the nose 41 includes a magazine 44 and a feed mechanism
45. The magazine 44 is loaded with fasteners 5 arrayed side
by side. The feed mechanism 45 is adapted for successively
feeding fasteners 5 loaded in the magazine 44 to an injection
opening 46 at the nose 41. The trigger valve 6 shown in FIG.
1 and FIG. 2 mainly includes an outer valve bush 10, an
inner valve bush 11, a valve piston 9, a plunger 7, and a
spring 12. The outer valve bush 10 and inner valve bush 11
are fixed to the frame 60 to form a trigger valve exterior
frame which constitutes an outer wall of the trigger valve.
The valve piston 9 is provided reciprocably slidably within
the outer valve bush 10 and inner valve bush 11. The valve
piston 9 and the outer valve bush 10 are formed with through
holes, so that the plunger 7 is provided reciprocably slidably
with respect to the through holes. The plunger 7 has a bottom
end in contact with the arm plate 48. The spring 12 is
interposed between the valve piston 9 and the plunger 7 for
biasing the valve piston 9 and the plunger 7 in opposite
directions, i.e., for biasing the valve piston 9 upward while
biasing the plunger 7 downward.

The trigger valve 6 is fluidly connected to a main valve
control channel 40, which is a cylindrical tube extending
from a main valve chamber 8 described later. Specifically,
the main valve control channel 40 is fluidly connected to a
space between the outer valve bush 10 and inner valve bush
11, and opens into the trigger valve 6. This main valve
control channel 40 is configured such that its cross-sectional
area S1 is 3.2x107° (m?).

In addition, O-rings 17 and 25 are fitted on the inner valve
bush 11. The O-ring 17 is adapted for continually blocking
fluid connection between the accumulator 2 and the main
valve control channel 40. The O-ring 25 is adapted for
continually blocking fluid connection between the main
valve control channel 40 and an atmosphere.

One side of the valve piston 9 in the sliding direction faces
the accumulator 2, and the inner valve bush 11 has an
accumulator side and an atmospheric side. An outer diam-
eter at an accumulator side of the valve piston 9 is smaller
than an inner diameter of the accumulator side of the inner
valve bush 11 to define therebeween a main valve intake
channel 20. Further, an outer diameter at an atmospheric side
of'the valve piston 9 is smaller than an inner diameter of the
atmospheric side of the inner valve bush 11 to define
therebetween an air channel 22. Further, an O-ring 21 and an
O-ring 23 are disposed at the accumulator side and atmo-
spheric side of the valve piston 9, respectively, for selec-
tively blocking the respective channels 20 and 22.

Consequently, the main valve intake channel 20 passes
between the valve piston 9 and the inner valve bush 11 to
provide fluid communication between the accumulator 2 and
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the main valve control channel 40 when the O-ring 21 is out
of contact from the inner valve bush 11. Further, the air
channel 22 passes between the valve piston 9 and the inner
valve bush 11 to provide fluid communication between the
main valve control channel 40 and the atmosphere when the
O-ring 22 is out of contact from the inner valve bush 11. This
air channel 22 is formed such that its cross-sectional area
extending perpendicular to a flowing direction is larger than
that of the main valve channel 40. As a result, the flow
resistance at the air channel 22 will be lower than that of the
main valve channel 40. The main valve intake channel 20
and air channel 22 are alternately opened and blocked due to
the vertical sliding of the valve piston 9. In addition, the
main intake control channel 20 is formed such that its
cross-sectional area Sm is 3.2x107° (m?).

A trigger valve chamber 13 is defined by another side
(lower side) of the valve piston 9 in the sliding direction and
the outer valve bush 10. This trigger valve chamber 13 has
an internal volume variable due to the sliding movement of
the valve piston 9, and is formed such that a maximum
internal volume V2 defined when the valve piston 9 is at the
top dead center is 4.0x1077 (m®). In addition, an O-ring 24
is fitted onto the valve piston 9 for continually blocking the
fluid connection between the air channel 22 and the trigger
valve chamber 13.

The plunger 7 extends through the trigger valve chamber
13, and a top end faces the accumulator 2. The valve piston
9 has first and second sliding regions relative to the valve
piston 9 and the outer valve bush 10, and O-ring grooves are
formed at the respective sliding regions for installing therein
an O-ring 15 and an O-ring 18 for maintaining hermetic seal.
An outer diameter of the first sliding region is smaller than
an inner diameter of the valve piston 9 for defining ther-
ebetween a trigger valve intake channel 14, and an outer
diameter of the second sliding region is smaller than an inner
diameter of the outer valve bush 10 for defining therebe-
tween a trigger valve control channel 16.

Consequently, the trigger valve intake channel 14 passes
between the plunger 7 and the valve piston 9 for providing
fluid communication from the accumulator 2 to the trigger
valve chamber 13 when the O-ring 15 is out of contact from
the valve piston 9. Further, the trigger valve control channel
16 passes between the plunger 7 and the outer valve bush 10
to provide fluid communication from the trigger valve
chamber 13 to the atmosphere when the O-ring 18 is out of
contact from the outer valve bush 10. The trigger valve
intake channel 14 and trigger valve control channel 16 are
alternately opened and blocked in accordance with the
sliding motion of the plunger 7.

The trigger valve intake channel 14 is formed such that its
cross-sectional area St is 2.75x107% (m?). Further, the trigger
valve control channel 16 is formed such that its cross-
sectional area S2 is 1.98x107% (m?). As a result, the value
obtained from dividing the volume of the trigger valve
chamber 13 by the cross-sectional area of the trigger valve
control channel 16 is V2/82=0.2.

The structure of the trigger valve 6 is such that, when the
valve piston 9 is positioned toward the top dead center (for
example FIG. 2), the main valve intake channel 20 is opened
so that the accumulator 2 and the main valve control channel
40 are communicated with each other, while air channel 22
is closed by the O-ring 23 so that fluid communication
between the main valve control channel 40 and the atmo-
sphere is blocked. In addition, when the valve piston 9 is
positioned toward the bottom dead center (for example FIG.
5), the main valve intake channel 20 is closed by the O-ring
21, so that fluid communication between the main valve






