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(57) Abstract: Provided is a fastening tool which can im-
prove an operation response performance of a closing member
operated for reducing an air amount consumed in a first air
chamber. The fastening tool includes: a cylinder 18 provided
inside a main body 11; a piston 26 provided inside the cylin-
der 18; a driver blade 26b coupled to the piston 26; a first air
chamber 28 and a second air chamber 36 provided inside the
cylinder 18; and a fifth passage 35 which supplies compressed
air in a pressure accumulating chamber 15a to the first air
chamber 28, the fastening tool further includes: a third air
chamber 37 in which air flows when compressed air in the
pressure accumulating chamber 15a is supplied to the first air
chamber 28; and a head valve 21 which is operated by air
pressure in the third air chamber 37 so that the fifth air cham-
ber 35 is closed, and the head valve 21 is shorter than the cyl-
inder 18.
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Description

Title of Invention:
FASTENING TOOL DRIVEN BY COMPRESSED AIR

Technical Field

The present invention relates to a fastening tool for impacting a nail with using
compressed air, and, more particularly, the present invention relates to a fastening tool
in which a consumption amount of the compressed air can be reduced.

Background Art

A fastening tool for impacting such a fastener as a nail or a screw with using
compressed air is known. One example of the fastening tool is described in Patent
Literature 1. The fastening tool described in the Patent Literature 1 has a hollow
casing, and a pressure accumulating chamber is provided inside the casing. Also, a
head valve and a head valve chamber are provided inside the casing. The head valve
chamber is a space where air pressure for operating the head valve is generated.
Further, the fastening tool has a first passage for supplying compressed air in the
pressure accumulating chamber to the head valve chamber. Still further, the fastening
tool has a trigger valve for connecting and blocking between the first passage and the
pressure accumulating chamber. The trigger valve is provided with a trigger and a
spool. The spool is operated by operation of the trigger. In the spool valve, the first
passage and the pressure accumulating chamber are connected and blocked to/from
each other by operation of the spool.

On the other hand, a cylindrical cylinder (a closing member) is provided inside the
casing, and the cylinder is attached inside the casing so as to be movable in a direction
along a centerline. Further, a piston is provided inside the cylinder so as to be movable
in the direction along the centerline. A bar-shaped driver blade is coupled to the piston
so that the piston and the driver blade are integrally operable in the direction along the
centerline.

Still further, the head valve is movable in the direction along the centerline of the
cylinder, and a first air chamber is provided between the head valve and the piston.
Still further, in the head valve chamber, a spring for pressing the head valve toward the
cylinder in the direction along the centerline is provided. And, a second passage for
connecting between the pressure accumulating chamber and the first air chamber is
formed between the head valve and an end surface of the cylinder. Further, a pressure
receiving surface which receives air pressure of the pressure accumulating chamber is
formed on an outer peripheral surface of the head valve. The air pressure applied to the
pressure receiving surface generates force acting in a direction of moving the head

valve against the spring.
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On the other hand, a returning air chamber is provided between an outer peripheral
surface of the cylinder and an inner peripheral surface of the casing, and a third
passage which penetrates through the cylinder in a radial direction thereof is provided
in the cylinder. A second air chamber is formed in a portion inside the cylinder on an
opposite side to the first air chamber, and the second air chamber and the returning air
chamber are connected to each other by the third passage. Further, in the cylinder, a
check valve for causing the second air chamber and the returning air chamber to com-
municate with each other is provided. This check valve is configured so as to be
opened when the compressed air in the second air chamber flows to the returning air
chamber and so as to be closed when the compressed air in the returning air chamber
flows to the second air chamber. Further, a flange is formed on an outer peripheral
surface of the cylinder, and is configured so that pressing force is generated in a
direction in which the cylinder approaches the head valve when the air pressure in the
returning air chamber is applied to the flange. Still further, inside the casing, a spring
which presses the cylinder in a direction in which the cylinder is separated from the
head valve is provided.

In the fastening tool in Patent Literature 1 which is configured as described above,
when the trigger is not operated, the air pressure in the pressure accumulating chamber
and the force of the spring act on the head valve. Therefore, the head valve comes in
contact with the cylinder to close the first passage, the pressure accumulating chamber
and the first air chamber are blocked from each other, and the piston comes in contact
with a stopper to be stopped.

On the other hand, when the trigger is operated, the head valve chamber com-
municates with the atmosphere, so that the force which presses the head valve toward
the cylinder is lowered. Accordingly, the head valve is lifted so as to be against the
force of the spring by the force applied from the pressure accumulating chamber to the
pressure receiving surface. The first passage is opened by the lift of the head valve.

Accordingly, the air pressure in the pressure accumulating chamber is transmitted to
the first air chamber via the first passage, so that the piston is descended. At a stage
prior to a state that the piston reaches the check valve, the compressed air in the second
air chamber flows into the returning air chamber via the third passage, and besides, the
check valve is closed. When the piston is further descended so that the nail is driven
into an object by the driver blade, and besides, when the piston is moved lower than
the check valve, the check valve is opened because the air pressure in the first air
chamber is higher than the air pressure in the returning air chamber. Then, the piston
comes in contact with the stopper to be stopped.

During the operation of the fastening tool described in Patent Literature 1, when the

force which presses the flange by the air pressure in the returning air chamber exceeds
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the pressing force of the spring, the cylinder is operated inside the casing in the
direction of approach to the head valve so that an end portion of the cylinder comes in
contact with the head valve, and therefore, the first passage is closed. Therefore, in a
state that the trigger is operated, the cylinder can be lifted by the air pressure in the
returning air chamber to close the first passage. Therefore, the literature describes that,
after the nail is impacted by the driver blade, the amount of the air supplied from the
pressure accumulating chamber to the first air chamber can be reduced.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open Publication No. 2010-64225
Summary of Invention

Technical Problem

However, in order to reduce the amount of the air consumed in the first air chamber,
the fastening tool described in Patent Literature 1 has such a structure that the cylinder
having a length reaching the vicinity of the stopper from the vicinity of the head valve
is operated in the direction of the centerline. Therefore, the fastening tool described in
Patent Literature 1 could be improved in the point of operation response performance.

A preferred aim of the present invention is to provide a fastening tool capable of
improving response performance of the closing member operated for reducing the

amount of the air consumed in the first air chamber.

Solution to Problem

The present invention relates to a fastening tool including: a main body; a cylindrical
cylinder provided inside the main body; a piston provided inside the cylinder so as to
be reciprocatable in a direction along a centerline of the cylinder; a driver blade
coupled to the piston and operated together with the piston to impact an object to be
driven; a first air chamber to which compressed air for applying an operating force to
the piston in a direction along the centerline is supplied; a second air chamber whose
volume is changed by operation of the piston in a direction along the centerline; a
pressure accumulating chamber which accumulates the compressed air to be supplied
to the first air chamber; a passage which connects between the first air chamber and the
pressure accumulating chamber; and a valving element which moves in the direction
along the centerline to switch open/close of the passage, and it further includes: a third
air chamber into which air flows after the passage is opened by movement of the
valving element; and a closing member which is operated by air pressure in the third
air chamber to close the passage after the passage is opened, and has a feature that a
length of the closing member in the direction along the centerline is shorter than a

length of the cylinder in the direction along the centerline.
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Advantageous Effects of Invention

According to the present invention, the length of the closing member in the direction
along the centerline is shorter than the length of the cylinder in the direction along the
centerline. Therefore, in the present invention, force required for operating the closing
member is smaller than force required in assumption that the cylinder is operated.
Therefore, according to the present invention, operation response performance of the
closing member can be improved.
Brief Description of Drawings
[fig.1]Fig. 1 is a front cross-sectional view illustrating a state that a trigger is not
operated according to a first example of a fastening tool of the present invention;
[fig.2]Fig. 2 is a side cross-sectional view according to the first example of the
fastening tool of the present invention;
[fig.3]Fig. 3 is a front cross-sectional view illustrating a state that the trigger is
operated to move a piston according to the first example of the fastening tool of the
present invention;
[fig.4]Fig. 4 is a front cross-sectional view illustrating a state that the piston has
reached a bottom dead point according to the first example of the fastening tool of the
present invention;
[fig.5]Fig. 5 is a front cross-sectional view illustrating a state that a fifth passage
between a first air chamber and a pressure accumulating chamber has been blocked
according to the first example of the fastening tool of the present invention;
[fig.6]Fig. 6 is a front cross-sectional view illustrating a state that the piston is operated
from the bottom dead point to a top dead point according to the first example of the
fastening tool of the present invention;
[fig.7]Fig. 7 is an enlarged cross-sectional view illustrating a state that the fifth passage
has been closed according to the first example of the fastening tool of the present
invention;
[fig.8]Fig. 8 is an enlarged cross-sectional view illustrating a state that the fifth passage
has been opened according to the first example of the fastening tool of the present
invention;
[fig.9]Fig. 9 is a front cross-sectional view illustrating a state that a trigger is not
operated according to a second example of the fastening tool of the present invention;
[fig.10]Fig. 10 is a front cross-sectional view illustrating a state that the trigger is
operated to move a piston according to the second example of the fastening tool of the
present invention;
[fig.11]Fig. 11 is a front cross-sectional view illustrating a state that the piston has

reached a bottom dead point according to the second example of the fastening tool of
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the present invention; and

[fig.12]Fig. 12 is an enlarged cross-sectional view of Fig. 10 according to the second
example of the fastening tool of the present invention.

Description of Embodiments

Hereinafter, an embodiment of the present invention will be described in detail with
reference to the drawings. First of all, a first example of a fastening tool will be
described with reference to Figs. 1 to 8. A fastening tool 10 includes: a main body 11;
an impact-driving part 12; and a magazine 13. The main body 11 is a casing which
houses a part, a component, or a mechanism for generating an impact force for driving
a nail (not illustrated). The main body 11 includes: a housing 14; a handle 15; a head
cover 16; and a guide part 17. The housing 14 is configured to be hollow. The housing
14, the guide part 17, and the head cover 16 are fixed to one another in a state that the
guide part 17 is arranged between an opening portion of the housing 14 on one end
side thereof and the head cover 16. A cylindrical cylinder 18 is provided so as to
extend inside the housing 14, the guide part 17, and the head cover 16. The cylinder 18
is provided with taking a centerline A as its center, and the cylinder 18 is fixed so as to
be immovable in a direction along the centerline A. The cylinder 18 is made of a metal
material.

On the other hand, the handle 15 is a part which a worker using the fastening tool 10
holds with his/her hand, and the handle 15 is configured so as to be hollow. A pressure
accumulating chamber 15a is provided inside the handle 15. The handle 15 is formed
in a bar shape, and one end of the handle 15 in a longitudinal direction thereof is fixed
to an outer wall of the housing 14 and the guide part 17. A plug 15b is provided at an
end portion of the handle 15 opposite to the end portion thereof fixed to the housing
14. The plug 15b is an air tube which communicates with the pressure accumulating
chamber 15a, and an air hose (not illustrated) can be attached to and detached from the
plug 15b.

The guide part 17 includes an outer cylinder 17a and an inner cylinder 17b, and the
outer cylinder 17a and the inner cylinder 17b are coaxially arranged with each other
with taking the centerline A as the center. The outer cylinder 17a is provided so as to
surround an outside of the inner cylinder 17b in a radial direction with taking the
centerline A as the center. The outer cylinder 17a and the inner cylinder 17b are
connected to each other at a part thereof in a circumferential direction by a connecting
part 17c, and a first passage 17d is provided between the outer cylinder 17a and the
inner cylinder 17b. The head cover 16 includes: a cylindrical part 16a; and an end part
16b formed by closing one end of the cylindrical part 16a. An opening end of the outer

cylinder 17a comes in contact with an opening end of the cylindrical part 16a to be
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fixed thereto. The pressure accumulating chamber 15a communicates with an inner
part 16¢ of the head cover 16 via the first passage 17d.

A mount part 19 is provided at the inner part 16c of the head cover 16, more
specifically, the end part 16b thereof with taking the centerline A as the center. A
stopper 20 is attached to the mount part 19, and the stopper 20 is made of a rubber-like
elastic body. Further, an annular cylinder 16d is provided at the end part 16b of the
head cover 16 so as to surround the mount part 19. Still further, a head valve 21 is
provided between the mount part 19 and the cylinder 16d. The head valve 21 is
operable in the direction along the centerline A in a state that an outer peripheral
surface of the head valve 21 comes in contact with the cylinder 16d and an inner pe-
ripheral surface of the head valve 21 comes in contact with the mount part 19. A head
valve chamber 22 is provided between the head valve 21 and the end part 16b. Further,
a spring 23 is provided between the head valve 21 and the mount part 19, and the
spring 23 has a force in a direction of pushing the head valve 21 so as to be separated
from the stopper 20 in the direction along the centerline A. A length of the head valve
21 in the direction along the centerline A is shorter than a length of the cylinder 18.
Further, the head valve 21 is made of a resin material, and is lighter than the cylinder
18.

The magazine 13 is a container which holds a lot of nails coupled to one another. The
magazine 13 has a mechanism (not illustrated) which sequentially transfers the held
nails to an impact-driving part 12. The impact-driving part 12 is a mechanism which
holds the nail supplied from the magazine 13 at a position at which the nail is to be
impacted by the driver blade and linearly guides a direction in which the nail to be
impacted is driven. The impact-driving part 12 includes an undercover 12a and a guide
cylinder 12b. The undercover 12a is fixed to an opening end of the housing 14
opposite to the opening end thereof attached with the guide part 17. The undercover
12a includes an axial hole 22a which is coaxial with the centerline A. An inner
diameter of the axial hole 22a is smaller than an inner diameter of the cylinder 18. The
guide cylinder 12b is provided coaxially with the cylinder 18 and the axial hole 22a.
Further, a push rod 24 is attached at a tip of the guide cylinder 12b. The push rod 24
comes into contact with an object into which the nail is to be driven.

A damper 25 is provided so as to extend from the inside of the cylinder 18 to the
inside of the undercover 12a. The damper 25 is integrally formed of a rubber-like
elastic body, and the damper 25 has a cylindrical shape. An inner diameter of an axial
hole 25a of the damper 25 is larger than an inner diameter of the axial hole 22a. The
damper 25 is arranged coaxially with the cylinder 18. And, a piston 26 is provided
inside the cylinder 18. An O-ring 26a is attached to an outer peripheral surface of the

piston 26 so that the piston 26 is reciprocable in the direction along the centerline A. A
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driver blade 26b is provided at an end portion of the piston 26 on the damper 25 side.
The driver blade 26b is formed in a bar shape, and the driver blade 26b is provided so
as to extend inside the cylinder 18 and inside the axial hole 25a. The driver blade 26b
has such a length that a tip thereof reaches the axial hole 22a of the undercover 12ain a
state that the piston 26 is in contact with the stopper 20 to be stopped.

Also, as illustrated in Figs. 7 and 8, a cylindrical member 27 is interposed between
the stopper 20 and an end portion of the cylinder 18 on the stopper 20 side. The
cylindrical member 27 has a second passage 27a which radially penetrates through
therein with taking the centerline A as the center. Further, a first air chamber 28 is
provided between the stopper 20 and the piston 26 so that the first air chamber 28 is
connected to the second passage 27a. Air pressure in the first air chamber 28 is
converted into an operating force for operating the piston 26. The impact force is
applied to the driver blade 26b by the operation of the piston 26. That is, the first air
chamber 28 is a mechanism for applying the impact force to the driver blade 26b via
the piston 26. Still further, a notch 27b is provided on an outer peripheral surface of the
cylindrical member 27 in the direction along the centerline A. A plurality of the
notches 27b are arranged at a predetermined interval along a circumstantial direction.
A main valve 29 is provided so as to surround an outside of the cylinder 18. The main
valve 29 is formed in a cylindrical shape with taking the centerline A as the center, and
the main valve 29 is operable in the direction along the centerline A. An operation
range of the main valve 29 in the direction along the centerline A overlaps with an ar-
rangement region of the cylinder 18 in the direction along the centerline A. Further, an
arrangement position of the main valve 29 in the direction along the centerline A is
different from an arrangement position of the head valve 21 in the direction along the
centerline A. A pressure receiving surface 29a is provided at an end portion of the
main valve 29 on the head valve 21 side. The pressure receiving surface 29a is
provided at an upper end of the head valve 21 in Figs. 7 and 8. The pressure receiving
surface 29a is formed in an annular shape with taking the centerline A as the center,
and the pressure receiving surface 29a is inclined with respect to the centerline A. The
main valve 29 is pressed in a direction which separates from the mount part 19 when
air pressure is applied to the pressure receiving surface 29a.

Further, an annular valve seat (valve seat) 30 is attached to an outer peripheral
surface of the cylinder 18. And, a third passage 31 is formed between the main valve
29 and the valve seat 30. Still further, a fourth passage 32 is provided between the
main valve 29 and the cylinder 18 so that the fourth passage 32 communicates with an
outside of the main body 11, that is, atmosphere.

On the other hand, a holder 33 is provided between the cylinder 18 and the inner

cylinder 17b. The holder 33 is formed in an annular shape with taking the centerline A
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as the center, and a spring 34 is interposed between the holder 33 and the main valve
29. The main valve 29 is pressed toward the head valve 21 by a force of the spring 34.
A fifth passage 35 is formed between an end portion of the main valve 29 and an end
portion of the head valve 21. The head valve 21 is a mechanism for switching opening/
closing of the fifth passage 35.

A second air chamber 36 is provided between the piston 26 and the damper 25 inside
the cylinder 18. A volume of the second air chamber 36 is changed by the operation of
the piston 26 in the direction along the centerline A. The O-ring 26a attached to the
piston 26 comes in contact with an inner peripheral surface of the cylinder 18 so as to
form a seal surface. That is, the first air chamber 28 and the second air chamber 36 are
partitioned from each other by the O-ring 26a with air tight. Further, an annular third
air chamber 37 with taking the centerline A as the center is provided between the outer
peripheral surface of the cylinder 18 and the inner peripheral surface of the housing 14.
And, in the cylinder 18, a sixth passage 18a which penetrates through therein is
radially provided. The sixth passage 18a connects between the second air chamber 36
and the third air chamber 37. Also, a check valve 38 for opening/closing the sixth
passage 18a is provided inside the housing 14. The check valve 38 is configured so as
to be opened in a direction in which air flows from the second air chamber 36 to the
third air chamber 37 and be closed in a direction in which air flows from the third air
chamber 37 to the second air chamber 36. Further, in the cylinder 18, a seventh
passage 39 which always connects between the second air chamber 36 and the third air
chamber 37 is provided. The seventh passage 39 is arranged between the sixth passage
18a and the damper 25 in the direction along the centerline A.

Still further, as illustrated in Fig. 2, the main body 11 includes an eighth passage 40
for connecting between the third air chamber 37 and the head valve chamber 22. The
eighth passage 40 is provided so as to extend in the housing 14, the guide part 17, and
the head cover 16. Still further, a trigger valve 41 is provided in the handle 15. The
trigger valve 41 includes a spool 41a. In the main body 11, a trigger 42 operated by the
worker is provided. The spool 41a is operated by operation of the trigger 42.

Next, an operation and a function of the fastening tool 10 of the first example will be
described. Note that, in Figs. 1 to 8, the operation and the function of the fastening tool
10 will be described with assumption that the centerline A is arranged in up and down
directions (a vertical direction).

As illustrated in Fig. 1, in the fastening tool 10, the head valve 21 is pushed toward
the end part 16b to be stopped by the force of the spring 23 when the push rod 24 is not
in contact with the object or when the trigger 42 is not operated even if the push rod 24
is in contact with the object. Such a state that the compressed air is supplied to the

fastening tool 10 and that the push rod 24 and the trigger 42 are not operated is defined
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as an initial state. Further, as illustrated in Fig. 7, the main valve 29 is pushed by the
force of the spring 34 to come in contact with the head valve 21 so that the fifth
passage 35 has been closed. Note that, when the trigger 42 is not operated, it is set that
the air pressure in the pressure accumulating chamber 15a is not applied to the pressure
receiving surface 29a of the main valve 29 by the operation of the trigger valve 41.
Further, the third passage 31 formed between the main valve 29 and the valve seat 30
has been opened. Therefore, the first air chamber 28 communicates with the at-
mosphere via the second passage 27a, the notches 27b, the third passage 31, and the
fourth passage 32. Further, the piston 26 comes in contact with the stopper 20 so as to
stop at the top dead point.

Next, when the push rod 24 is in contact with the object, and besides, when the
trigger 42 is operated, the air pressure in the pressure accumulating chamber 15a is
applied to the pressure receiving surface 29a of the main valve 29 by the operation of
the trigger valve 41. Accordingly, as illustrated in Fig. 8, the main valve 29 is operated
(descended) in a direction which is against the force of the spring 34 and approaches
the holder 33. When the main valve 29 is descended, the fifth passage 35 is opened,
and besides, the third passage 31 is closed. And, the air in the pressure accumulating
chamber 15a flows into the first air chamber 28 via the fifth passage 35 so that the air
pressure in the first air chamber 28 increases. Accordingly, the piston 26 is operated
(descended) toward the damper 25, and besides, the air in the second air chamber 36
partially flows into the third air chamber 37 via the seventh passage 39. Here, when the
piston 26 is positioned between the sixth passage 18a and the stopper 20 in the
direction along the centerline A, the check valve 38 is closed by the air pressure in the
third air chamber 37. Further, the air in the third air chamber 37 partially flows into the
head valve chamber 22. However, when the force applied from the spring 23 to the
head valve 21 is stronger than the force applied to the head valve 21 by the air pressure
in the head valve chamber 22, the head valve 21 is in contact with the end part 16b to
be stopped.

Thereafter, when the nail is impacted by the driver blade 26b, and besides, the piston
26 is moved between the sixth passage 18a and the damper 25, the check valve 38 is
opened by the air pressure in the first air chamber 28. Accordingly, the air in the first
air chamber 28 partially flows into the third air chamber 37 via the sixth passage 18a.
Further, the piston 26 approaches the damper 25, the piston 26 comes in contact with
the damper 25 as illustrated in Fig. 4, and the piston 26 stops at the bottom dead point.

After the nail impact (driving operation) by the driver blade 26b is performed, if the
force applied to the head valve 21 by the air pressure in the head valve chamber 22
exceeds the force applied from the spring 23 to the head valve 21, the head valve 21 is

operated (descended) in the direction which is against the force of the spring 23 as il-
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lustrated in Fig. 5 and which approaches the main valve 29 so that the head valve 21
comes in contact with the main valve 29 to close the fifth passage 35.

Subsequently, as illustrated in Fig. 6, when the operation of the trigger 42 is
cancelled, the air pressure applied from the pressure accumulating chamber 15a to the
pressure receiving surface 29a of the main valve 29 decreases. Accordingly, the main
valve 29 is operated (ascended) in a direction which approaches the cylinder 16d by
the force of the spring 34. That is, the main valve 29 is operated in a direction reverse
to the direction in which the piston 26 is operated by the air pressure in the first air
chamber 28. Further, the head valve 21 is operated in contact with the main valve 29,
and the head valve 21 comes in contact with the end part 16b so that the main valve 29
and the head valve 21 stop. Accordingly, the third passage 31 is opened, and the first
air chamber 28 communicates with the atmosphere via the second passage 27a, the
notches 27b, and the fourth passage 32, so that the air pressure in the first air chamber
28 decreases. Further, the air in the third air chamber 37 partially flows into the second
air chamber 36, so that the piston 26 is operated (ascended) in a direction which ap-
proaches the stopper 20. And, the piston 26 comes in contact with the stopper 20 to be
stopped at the top dead point. That is, the fastening tool 10 returns to the initial state il-
lustrated in Fig. 1. As described above, the third air chamber 37 plays a role of a
returning air chamber which accumulates the compressed air for returning the piston
26 to the initial position after the nail impact-driving operation is completed.

As described above, in the fastening tool 10, when the nail is impacted by the driver
blade 26b, and besides, when the piston 26 moves between the sixth passage 18a and
the damper 25, the head valve 21 is operated to close the fifth passage 35. Therefore,
even if the trigger 42 is operated, it is prevented that the compressed air in the pressure
accumulating chamber 15a flows into the first air chamber 28. That is, in the fastening
tool 10, the consumption amount of the compressed air can be reduced. Further, the
length of the head valve 21 in the direction along the centerline A is shorter than the
length of the cylinder 18, so that an operational resistance (frictional resistance) of a
contracting portion of the head valve 21 can be reduced. Therefore, in the prevention
of the flowing of the compressed air in the pressure accumulating chamber 15a into the
first air chamber 28, the force required for the operation of the head valve 21 can be
reduced. Therefore, the operation response performance of the head valve 21 is
improved.

Further, since the head valve 21 is lighter than the cylinder 18, the force required for
the operation of the head valve 21 can be further reduced. Still further, by using the
fastening tool 10 in the state that the centerline A extends along the up and down di-
rections (the vertical direction), the head valve 21 is descended along a direction of

action of the gravity to close the fifth passage 35. Therefore, the force required for the
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operation of the head valve 21 can be further reduced. Further, the head valve 21 is
operated by using the air pressure in the third air chamber 37. Therefore, it is not
required to provide a dedicated actuator for operating the head valve 21.

Further, the operation range of the main valve 29 in the direction along the centerline
A overlaps with the arrangement region of the cylinder 18. Therefore, it is not required
to provide a dedicated arrangement space for the main valve 29 in the direction along
the centerline A, so that increase in a size of the fastening tool 10 can be suppressed.

Note that a spring constant of the spring 23 can be a factor for determining the timing
of closing the fifth passage 35 by the operation of the head valve 21. For example, by a
small spring constant, the timing of closing the fifth passage 35 by the operation of the
head valve 21 can be advanced.

Here, in description of a correspondence relation between the configuration of the
first example in the fastening tool 10 of the present invention and the configuration of
the present invention, the fifth passage 35 corresponds to a passage of the present
invention, the main valve 29 corresponds to a closing member of the present invention,
and the head valve 21 corresponds to a valving element of the present invention.
Further, a position (a top dead point) at which the piston 26 is in contact with the
stopper 20 to be stopped corresponds to an initial position of the present invention.

Next, a second example of the fastening tool of the present invention will be
described with reference to Figs. 9 to 12. A fastening tool 50 includes: a main body 51;
an impact-driving part 52; and a magazine 53. The main body 51 is a mechanism for
generating an impact force for driving the nail, and the main body 51 includes: a
handle 54; a head cover 55; and a housing 56. The handle 54 is a part which a worker
using the fastening tool 50 holds with his/her hand, and the handle 54 is configured to
be hollow. Inside the handle 54, a pressure accumulating chamber 54a is provided. The
handle 54 is formed in a bar shape, and an end of the handle 54 in a longitudinal
direction thereof is fixed to an outer wall of the housing 56. A plug 54b is provided at
an end portion of the handle 54 opposite to an end portion thereof fixed to the housing
56. The plug 54b is an air tube communicating with the pressure accumulating
chamber 54a, and an air hose can be attached to and detached from the plug 54b.

The housing 56 has a cylindrical shape, and one opening end of the housing 56 is
closed by the head cover 55. The head cover 55 includes: a cylindrical part 55a; and an
end part 55b formed by closing one opening end of the cylindrical part 55a. A stopper
57 is attached to the end part 55b. The stopper 57 is made of a rubber-like elastic body.
Also, a cylinder 58 is provided so as to extend inside the housing 56 and inside the
head cover 55. The cylinder 58 has a cylindrical shape, and the cylinder 58 is fixed so
as to be immovable with respect to the housing 56 and the head cover 55. The cylinder

58 is made of a metal material.
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The magazine 53 is a container which holds a lot of nails coupled to one another. The
magazine 53 has a mechanism (not illustrated) which sequentially transfers the held
nails to the impact-driving part 52. The impact-driving part 52 is a mechanism which
holds the nail supplied from the magazine 53 at a position at which the nail is impacted
by the driver blade, and besides, which linearly guides a direction in which the nail to
be impacted is driven. The impact-driving part 52 includes an undercover 59 and a
guide cylinder 60. The undercover 59 is fixed to an opening end of the housing 56
opposite to the opening end thereof attached with the head cover 55. The undercover
59 includes an axial hole 59a which is coaxial with a centerline B. An inner diameter
of the axial hole 59a is smaller than an inner diameter of the cylinder 58. The guide
cylinder 60 is coaxially provided with the cylinder 58 and the axial hole 59a. Further, a
push rod 61 is attached at a tip of the guide cylinder 60. The push rod 61 comes in
contact with an object into which the nail is to be driven.

A damper 62 is provided so as to extend inside the cylinder 58 and inside the un-
dercover 59. The damper 62 is integrally formed of a rubber-like elastic body, the
damper 62 is formed in a cylindrical shape, and the damper 62 includes an axial hole
62a. The minimum inner diameter of the axial hole 62a is equal to or larger than the
inner diameter of the axial hole 59a. The damper 62 is arranged coaxially with the
cylinder 58. And, inside the cylinder 58, a piston 63 is provided. An O-ring 63a is
attached to an outer peripheral surface of the piston 63, and the piston 63 is movable in
a direction along the centerline B of the cylinder 58. A driver blade 63b is provided at
an end portion of the piston 63 on the damper 62 side. When the piston 63 is in contact
with the stopper 57, the driver blade 63b is provided so as to extend inside the cylinder
58 and inside the axial hole 62a. The driver blade 63b has such a length that a tip
thereof reaches the axial hole 59a in a state that the piston 63 is in contact with the
stopper 57.

On the other hand, a head valve holding part 64 is provided at the end part 55b. The
head valve holding part 64 is annularly provided with taking the centerline B as the
center. Inside the head valve holding part 64, a head valve 65 operable in the direction
along the centerline B is inserted. The head valve 65 is formed in a cylindrical shape so
as to surround the stopper 57 with taking the centerline B as the center. Inside the head
valve holding part 64, a head valve chamber 66 is provided between the head valve 65
and the end part 55b. The head valve 65 is pushed in a direction which approaches the
cylinder 58 by air pressure in the head valve chamber 66. Further, as illustrated in Fig.
12, in the head valve 65, a pressure receiving surface 65a is formed at an end portion
thereof opposite to the head valve chamber 66 in the direction along the centerline B.

Still further, inside the head cover 55, a cylindrical-shaped guide member 67 is

provided. The guide member 67 is provided coaxially with the cylinder 58, and the
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guide member 67 is fixed so as to be immovable in the direction along the centerline
B. An inward flange 67a is provided at an inner peripheral surface of the guide
member 67, and a first passage 68 which penetrates through the inward flange 67a in
the direction along the centerline B is provided in the inward flange 67a. The first
passage 68 is always connected to the pressure accumulating chamber 54a. The air
pressure in the pressure accumulating chamber 54a is applied to the pressure receiving
surface 65a of the head valve 65 via the first passage 68 to generate a force acting in a
direction in which the head valve 65 approaches the end part 55b. Further, when the
head valve 65 moves in the direction along the centerline B, an outer peripheral surface
thereof comes in contact with an inner peripheral surface of the guide member 67 and
an inner peripheral surface of the head valve holding part 64 so as to be guided.

Further, an annular collar part 57a is provided on an outer peripheral surface of the
stopper 57, and a second passage 69 is formed between the collar part 57a and the head
valve 65. Further, a first air chamber 70 is formed between the stopper 57 and the
piston 63. Still further, at the head cover 55, a third passage 71 communicating with
the atmosphere outside the main body 51 is provided. Still further, a fourth passage 82
is formed between the head valve 65 and the cylinder 58. The fourth passage 82 is a
path for connecting between the first passage 68 and the first air chamber 70. The
opening/closing of the fourth passage 82 is switched by movement of the head valve
65 in the direction along the centerline B.

On the other hand, a trigger valve 72 is provided in the handle 54. The trigger valve
72 includes a spool 72a. In the main body 51, a trigger 73 operated by the worker is
provided. The spool 72a is operated by operation of the trigger 73. The head valve
chamber 66 is connected to the trigger valve 72 via the fifth passage 74, and the fifth
passage 74 is connected to either one of the pressure accumulating chamber 54a and
the atmosphere by operation of the spool 72a.

A second air chamber 75 is provided between the piston 63 and the damper 62 inside
the cylinder 58. The O-ring 63a attached to the outer peripheral surface of the piston 63
comes in contact with the inner peripheral surface of the cylinder 58 to form a seal
surface. The first air chamber 70 and the second air chamber 75 are partitioned from
each other by the seal surface with air tight. A volume of the second air chamber 75 is
changed by operation of the piston 63 in the direction along the centerline B. Further,
an annular third air chamber 76 with taking the centerline B as the center is provided
between the outer peripheral surface of the cylinder 58 and the inner peripheral surface
of the housing 56. In the present embodiment, the third air chamber 76 also serves as a
returning air chamber which accumulates compressed air for returning the piston 63 to
an initial position after the nail impact-driving operation is completed. It is not required

that the third air chamber 76 and the returning air chamber are the same with each
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other. However, by such a configuration, wasteful usage of the compressed air can be
prevented, and besides, the number of chambers to be formed inside the main body 51
can be reduced, and therefore, the main body 51 can be downsized. And, in the
cylinder 58, a sixth passage 77 which penetrates through the cylinder 58 in a radial
direction is formed. The sixth passage 77 is a passage for connecting between the
second air chamber 75 and the third air chamber 76.

Further, a check valve 78 for opening/closing the sixth passage 77 is provided at an
outer periphery of the cylinder 58. The check valve 78 has a configuration so as to be
opened in a direction in which air flows from the second air chamber 75 to the third air
chamber 76 and be closed in a direction in which air flows from the third air chamber
76 to the second air chamber 75. Further, in the cylinder 58, a seventh passage 79
which always connects between the second air chamber 75 and the third air chamber
76 is provided. The seventh passage 79 is provided between the sixth passage 77 and
the undercover 59 in the direction along the centerline B.

Further, a cylindrical-shaped sleeve 80 is provided outside the cylinder 58. The
sleeve 80 is provided between the sixth passage 77 and the head valve 65 in the
direction along the centerline B. That is, a position of the sleeve 80 in the direction
along the centerline B is different from a position of the head valve 65 in the direction
along the centerline B. The sleeve 80 is pushed toward the head valve 65 by the air
pressure in the third air chamber 76. The sleeve 80 is made of a metal material. The
sleeve 80 has a length in the direction along the centerline B shorter than a length of
the cylinder 58, and is lighter than the cylinder 58. Further, the sleeve 80 is arranged
coaxially with the cylinder 58, and the sleeve 80 is movable along the centerline B in a
contact state with the outer peripheral surface of the cylinder 58. An operation range of
the sleeve 80 in the direction along the centerline B overlaps with an arrangement
region of the cylinder 58. Further, a stopper 81 is fixed at an inner peripheral surface of
the housing 56. The stopper 81 is formed in an annular shape with taking the centerline
B as the center. The stopper 81 is arranged between the sleeve 80 and the sixth passage
77 in the direction along the centerline B. Further, a configuration is adopted, in which
air pressure in the pressure accumulating chamber 54a is applied to an end portion of
the sleeve 80 on the head valve 65 side via the first passage 68. Therefore, the sleeve
80 is pushed toward the stopper 81 by the air pressure applied via the first passage 68.

Next, an operation and a function of the fastening tool 50 according to the second
example will be described. Note that, in Figs. 9 to 12, the operation and the function of
the fastening tool 50 will be described with assumption that the centerline B is
arranged along up and down directions.

In the fastening tool 50, the pressure accumulating chamber 54a is connected to the

head valve chamber 66 via the fifth passage 74 when the push rod 61 is not in contact
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with an object or when the trigger 73 is not operated as illustrated in Fig. 9 even if the
push rod 61 is in contact with the object. The air pressure in the pressure accumulating
chamber 54a is applied to the pressure receiving surface 65a of the head valve 65 via
the first passage 68. However, a force of pushing the head valve 65 by the air pressure
in the head valve chamber 66 is stronger than a force of pushing the head valve 65 by
the air pressure in the pressure accumulating chamber 54a via the first passage 68.

Therefore, the head valve 65 is pushed in a direction which approaches the sleeve 80
so that the head valve 65 and the sleeve 80 are in contact with each other, which results
in closing the fourth passage 82. Further, the sleeve 80 pushed by the head valve 65
comes in contact with the stopper 81 to be stopped. Still further, the second passage 69
is opened so that the first air chamber 70 communicates with the atmosphere via the
second passage 69. Still further, the piston 63 comes in contact with the stopper 57 to
be stopped at a top dead point.

Subsequently, when the push rod 61 is in contact with the object, and besides, when
the trigger 73 is operated, the head valve chamber 66 communicates with the at-
mosphere via the fifth passage 74. Accordingly, as illustrated in Figs. 10 and 12, the
head valve 65 is operated (ascended) in a direction which separates from the sleeve 80
by the air applied to the pressure receiving surface 65a. By the ascent of the head valve
65, the fourth passage 82 is opened, and besides, the second passage 69 is closed. Note
that the air pressure in the pressure accumulating chamber 54a is applied to the end
portion of the sleeve 80 on the head valve 65 side, and therefore, the sleeve 80 is
maintained in the stopping state in contact with the stopper 81.

Further, when the fourth passage 82 is opened, the compressed air in the pressure ac-
cumulating chamber 54a flows into the first air chamber 70 via the first passage 68 and
the fourth passage 82. Accordingly, the pressure in the first air chamber 70 increases so
that the piston 63 is operated (descended) in the direction which approaches the
damper 62. By the descent of the piston 63, the air in the second air chamber 75
partially flows into the third air chamber 76 via the seventh passage 79. Further, the
check valve 78 is closed by the air pressure in the third air chamber 76.

During the descent of the piston 63, the pressure of air passing through the fourth
passage 82 is applied to the end portion of the sleeve 80 on the head valve 65 side. On
the other hand, the air pressure in the third air chamber 76 is applied to an end surface
of the sleeve 80. Here, when the piston 63 is positioned between the sixth passage 77
and the stopper 57 in the direction along the centerline B, the air pressure in the
pressure accumulating chamber 54a is higher than the air pressure in the third air
chamber 76, and therefore, the sleeve 80 is maintained in the contacting state with the
stopper 81.

Then, the driver blade 63b is descended together with the piston 63, and the nail is
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impacted by the driver blade 63b, and then, the piston 63 is moved between the sixth
passage 77 and the damper 62 as illustrated in Fig. 11. Accordingly, the air pressure in
the first air chamber 70 is higher than the air pressure in the third air chamber 76, and
therefore, the check valve 78 is opened so that the air in the first air chamber 70
partially flows into the third air chamber 76 via the sixth air passage 77. The sleeve 80
is operated (ascended) by the air pressure in the third air chamber 76 in the direction
which approaches the head valve 65. That is, the sleeve 80 is operated in a direction
reverse to the direction in which the piston 63 is operated by the air pressure in the first
air chamber 70.

By the ascent of the sleeve 80, the sleeve 80 comes in contact with the head valve 65
to close the fourth passage 82, so that the pressure accumulating chamber 54a and the
first air chamber 70 are blocked from each other. As a result, even if the trigger 73 is
operated, the compressed air in the pressure accumulating chamber 54a is not supplied
to the first air chamber 70.

Subsequently, by cancel of the operation of the trigger 73, the pressure accumulating
chamber 54a and the head valve chamber 66 are connected to each other via the fifth
passage 74 to increase the air pressure in the head valve chamber 66, so that the head
valve 65 is operated (descended) in the direction which approaches the cylinder 58. By
the descent of the head valve 65, the second passage 69 is opened to connect between
the first air chamber 70 and the atmosphere, so that the air pressure in the first air
chamber 70 decreases. Further, the sleeve 80 is descended together with the head valve
65, and is in contact with the stopper 81 to be stopped. That is, the fourth passage 82 is
maintained in a closing state by the head valve 65.

As described above, by the decrease in the air pressure in the first air chamber 70, the
piston 63 is operated (ascended) by the air pressure in the second air chamber 75 in the
direction which approaches the stopper 57. And, the piston 63 comes in contact with
the stopper 57 to be stopped at the top dead point, and returns to the initial state il-
lustrated in Fig. 9.

As described above, in the second example, after the nail is impacted by the driver
blade 63b, when the piston 63 moves between the sixth passage 77 and the damper 62,
the fourth passage 82 is closed even if the trigger 73 is operated, and therefore, the
compressed air in the pressure accumulating chamber 54a is not supplied to the first air
chamber 70. Therefore, the fastening tool 50 can reduce the consumption amount of
the compressed air.

Further, the sleeve 80 has the length in the direction along the centerline B longer
than the length of the cylinder 58, so that an operation resistance (frictional resistance)
of a contacting portion of the sleeve 80 can be reduced. Therefore, in the prevention of

the flowing of the compressed air in the pressure accumulating chamber 54a into the
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first air chamber 70, a force required for the operation of the sleeve 80 can be reduced.

Therefore, an operation response performance of the sleeve 80 is improved.
Further, since the sleeve 80 is lighter than the cylinder 58, the force required for the

operation of the sleeve 80 can be further reduced. Further, since the sleeve 80 is
operated along the outer peripheral surface of the cylinder 58, a coaxial degree with the
head valve 65 is maintained, so that the fourth passage 82 can be securely closed.
Further, since the head valve 65 is operated by using the air pressure in the third air
chamber 76, it is not required to provide a dedicated actuator for operating the head
valve 65. Further, the operation range of the sleeve 80 in the direction along the
centerline B overlaps with the arrangement region of the cylinder 58. Therefore,
increase in a size of the fastening tool 50 can be suppressed.

Here, in description of a correspondence relation between the configuration of the
second example of the fastening tool of the present invention and the configuration of
the present invention, the fourth passage 82 corresponds to the passage of the present
invention, the sleeve 80 corresponds to the closing member of the present invention,
and the head valve 65 corresponds to the valving element of the present invention. The
top dead point at which the piston 63 comes in contact with the stopper 57 to be
stopped corresponds to the initial position of the present invention.

It is needless to say that the present invention is not limited to the above-described
embodiment and various modifications and alterations can be made within the scope of
the present invention. For example, in the above-described embodiment, the nail may
be a tacker (staple) bent in a U shape in addition to a straight nail. Further, in each
drawing, the centerline A or B is arranged along the vertical direction. However, in the
fastening tool of the present embodiment, the nail can be impacted by the driver blade
even in a state that the centerline A or B is arranged along a horizontal direction or that
the centerline A or B is arranged along a direction between the vertical direction and
the horizontal direction. In the present invention, each passage is a pass through which
air passes, and it includes a space formed between components, a hole provided in a
component, a notch provided in a component, a trench provided in a component, a port
provided in a component, and others.

Further, of course, the fastening tool of the present invention can be applied to a
screw fastening tool for driving a screw with using compressed air of a main valve.
That is, an object to be driven by a fastening tool includes a nail, a screw, and others.
Industrial Applicability

The present invention can be used for a fastening tool having a structure that a piston
is operated with using compressed air so that a nail is impacted by an operation force

of the piston.
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Claims

A fastening tool comprising:

a main body;

a cylinder provided inside the main body;

a piston provided inside the cylinder so as to be reciprocable in a
direction along a centerline of the cylinder;

a driver blade fixed to the piston and operated together with the piston
to impact an object to be driven;

a first air chamber to which compressed air for applying an operating
force acting in a direction along the centerline to the piston is supplied;
a second air chamber whose volume is changed by operation of the
piston in a direction along the centerline;

a pressure accumulating chamber which accumulates compressed air to
be supplied to the first air chamber;

a passage which connects between the first air chamber and the
pressure accumulating chamber; and

a valving element which moves in the direction along the centerline to
switch opening/closing of the passage,

characterized in that

the fastening tool includes:

a third air chamber into which air flows after the passage is opened by
movement of the valving element; and

a closing member which is operated by the air pressure in the third air
chamber to close the passage after the passage is opened, and

a length of the closing member in the direction along the centerline is
shorter than a length of the cylinder in the direction along the
centerline.

The fastening tool according to claim 1,

characterized in that

the closing member is provided at a position different from the valving
element in the direction along the centerline, and is operable in the
direction along the centerline.

The fastening tool according to claim 1,

characterized in that

the passage is formed between the closing member and the valving
element,

the passage is closed by the valving element and the closing member
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being in contact with each other in a state that the piston stops at an
initial position , and the passage is opened by the valving element being
separated from the closing member when the piston and the driver
blade moves to the object to be driven, and,

after the valving element is operated so that the passage is opened, the
closing member is operated by air pressure in the third air chamber in
the direction along the centerline so that the passage is closed.

The fastening tool according to claim 1,

characterized in that

an operation range of the closing member in the direction along the
centerline overlaps with an arrangement region of the cylinder in the
direction along the centerline,

the closing member is operated in the same direction as a direction in
which the piston is operated by air pressure in the first air chamber so
that the passage is opened, and

the valving element is provided at a position different from the closing
member in the direction along the centerline, and provided coaxially
with the closing member, and the closing member is operated in the
same direction as a direction in which the piston is operated by the air
pressure in the first air chamber so that the passage is closed.

The fastening tool according to claim 1,

characterized in that

the valving element is provided at a position different from the cylinder
in the direction along the centerline, and provided coaxially with the
cylinder,

an operation range of the closing member in the direction along the
centerline overlaps with an arrangement region of the cylinder in the
direction along the centerline,

the closing member is operated in a direction reverse to a direction in
which the piston is operated by the air pressure in the first air chamber
so that the passage is closed, and

the closing member is operated in the same direction as a direction in
which the piston is operated by the air pressure in the first air chamber
so that the passage is opened.

The fastening tool according to claim 1,

characterized in that

the third air chamber also serves as a returning air chamber which ac-

cumulates compressed air for returning the piston to the initial position
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after completion of an impact-driving operation.
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