(19) AUSTRALIAN PATENT OFFICE

(11) Application No. Al 2005200114 B2

(54) Title
Combustion type power tool having fan
(51)2  International Patent Classification(s)
B25C 1,08 (2006.01) 29/02
FO2M 29,02 (2006.01)20060101AL12005100
FO2B 63,02 (2006.01) SBMEP F02B
B25C 1-08 63,02
20060101AF12005100 20060101ALNZ00510
SBMEP FO2M 0BEMEP
(21) Application No: 2005200114 (22) Application Date: 2005 01 12
(30) Priority Data
(31 Number (32) Date (33) Country
2004-009266 2004 01 .16 JP
(43) Publication Date : 2005 .08 04
(43)  Publication Journal Date : 5005 g 04
(71) Applicant(s)
Hitachi Keoki Co., Ltd.
(72) Inventor(s)
Nishikawa., Tomomasa, Fujisawa., Haruhisa
(74) Agent/Attorney
Spruson & Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000
(56) Related Art
US 6619527 EP 0913234 US 4483659 US 2127628 US 4859150 US 2238749 US 2415668




12 Jan 2005

2005200114

COMBUSTION TYPE POWER TOOL HAVING FAN

Abstract
A combustion type power tool (1) having a fan (30a) capable of providing a
desirable turbulence in a combustion chamber (26). A fan is rotatably disposed in a
combustion chamber (26) and driven by a motor. The fan has fan blades (33a) each
having a leading edge (34a) and a trailing edge (352). An angle of the leading edge (34a)
relative to a rotational plane of the fan (30a) is approximately equal to an angle of the
trailing edge (35a) relative to the rotational plane, whereby high degree of turbulence is

generated from the position near the leading edge.
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The following statement is a full description of this invention, including the best method of
performing it known to me/us:-
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COMBUSTION TYPE POWER TOOL HAVING FAN

BACKGROUND QF THE INVENTION

The present invention relates to a combustion-type power
tool, and more particularly, to such a power tool enhancing
combustion efficiency.

In a conventional combustion-type driving tool such as a
nail gun, a gaseous fuel injected into a combustion chamber is
ignited, and the combusted fuel is agitated by an axial fan
disposed in a combustion chamber to promote combustion, so that
gas expansion in the combustion chamber causes a linear momen-—
tum of a piston. By the movement of the piston, a nail is
driven into a workpiece. Such conventional tool is disclosed in
U. S. Patent Nos. 4,483,280 and 5,197,646.

In the above-described conventional combustion type power
tool, combustion speed is increased through the agitation by
the fan. Here, turbulence can be improved and accordingly com-
bustion speed is increased by the employment of the fan in com-
parison with a case where no fan is provided. However, the con-
ventional fan has a configuration to generate a smooth flow. As
a result, sufficient combustion speed has not been attained,
and insufficient driving energy results.

During rotation of the axial fan, the most turbulent area
of the combustion gas is located at a leading edge side of each
fan blade in a rotating direction of the fan. However, in the

conventional combustion type power tool, a distance between
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2
neighboring leading edges of the neighboring fan blades is too large due to the shortage of

the number of fan blades. Consequently, relatively long time period is required for the
ignited flame having been reached one leading edge side of the fan blade to reach the next
leading edge side of the next fan blade even as a result of immediate start of combustion
and expansion. Thus, combustion speed through an entire space of the combustion

chamber may lowered, to render the driving energy insufficient.

OBJECT OF THE INVENTION
It is an object of the present invention to substantially overcome or at least
ameliorate one or more of the disadvantages of the prior art, or to at least provide a useful

alternative.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is provided a combustion-
type power tool providing a combustion chamber comprising a motor, and a fan rotatably
positioned in the combustion chamber and rotatably driven by the motor. The fan has a
plurality of fan blades defining an imaginary rotation plane, and each fan blade has a
leading edge and a trailing edge in a rotational direction of the fan. An angle between the
leading edge and the rotation plane is substantially equal to an angle between the trailing
edge and the rotation plane.

In another aspect of the invention, there is provided a combustion-type power tool
providing a combustion chamber including a motor, and a fan rotatably positioned in the
combustion chamber and driven by the motor. The fan has a plurality of fan blades
defining an imaginary rotation plane and each fan blade has a leading edge and a trailing
edge in a rotational direction of the fan. An angle between the leading edge and the

rotation plane is greater than an angle between the trailing edge and the rotation plane.
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In still another aspect of the invention there is provided a combustion-type power
tool providing a combustion chamber including a motor, and a fan rotatably positioned in
the combustion chamber and driven by the motor. The fan has a plurality of fan blades
defining an imaginary rotation plane, and each fan blade has a leading edge. An angle
between the leading edge and the rotation plane being not less than 15 degrees.

In still another aspect of the invention there is provided a combustion-type power
tool providing a combustion chamber including a motor, and a fan rotatably positioned in
the combustion chamber and driven by the motor. The fan has a plurality of fan blades
each having a bending edge portion.

In still another aspect of the invention there is provided a combustion-type power
tool providing a combustion chamber including a motor, and a fan rotatably positioned in
the combustion chamber and driven by the motor. The fan has a plurality of fan blades
each having a front surface and a rear surface, and a through-hole extending between the
front surface and the rear surface is formed in each fan blade.

In still another aspect of the invention there is provided a combustion-type power
tool providing a combustion chamber including a motor, and a fan rotatably positioned in
the combustion chamber and driven by the motor. The fan has a plurality of fan blades
each provided with a protrusion.

According to an embodiment of the present invention, degree of turbulence of the
combustion gas containing a fuel injected in the vicinity of the fan can be increased, so
that the combustion speed near the fan is increased during the progress of combustion
after ignition of the combustible gas.

In still another aspect of the invention there is provided a combustion-type power
tool providing a combustion chamber comprising a motor, a fan rotatably positioned in
the combustion chamber and driven by the motor. The fan includes not less than six fan

blades. Preferably, the number of the fan blades is not more than eight. Since the number
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of leading edges of the fan blades in a rotational direction thereof is increased, turbulence
generating regions on the rotational plane of the fan can be increased. Therefore, the
combustion speed near the fan is increased during the progress of combustion afier
ignition of the combustible gas. Further, an upper limit of the number of the fan blades is
defined in view of saturation of the effect of the numbers.

There is also provided description wherein, the above de-
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scribed arrangements of the fans are applied to a combustion-
type power tool including a housing, a head section, a push
lever, a cylinder, a piston, a combustion-chamber frame, the
motor, and an ignition plug. The head section closes one end of
the housing and is formed with a fuel passage. The push lever
is provided to the lower side of the housing and is movable
upon pushing onto a workpiece. The cylinder is secured to an
inside of the housing. The piston is slidably disposed in the
cylinder and is reciprocally movable in an axial direction of
the cylinder. The piston divides the cylinder into an upper
cylinder space above the piston and a lower cylinder space be-
low the piston. The combustion-chamber frame is provided in the
housing and is movable along the cylinder. The combustion-
chamber frame has one end abuttable on and separable from the
head section in interlocking relation to the movement of the
push lever. A combination of the combustion-chamber frame, the
head section and the cylinder space above the piston defining
a combustion chamber. The motor is disposed at the head section.
The ignition plug is provided at the head section and is ex-
posed to the combustion chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings;
Fig. 1 is a cross-sectional view showing a combustion
type nail driving tool according to a first embodiment of a

combustion type power tool of the present invention and showing

-10-
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a state prior to nail driving operation;

Fig. 2 1s a cross-sectional view showing the combustion
type nail driving tool according to the first embodiment, and
showing the state where a sealed combustion chamber is pro-
vided;

Fig. 3 is a perspective view showing a configuration of a
fan in the combustion type nail driving tool according to the
first embodiment;

Fig. 4 is a perspective view showing a configuration of a
fan in a combustion type nail driving toeol according to a sec-
ond embodiment;

Fig. 5 is a perspective view showing a configuration of a
fan in a combustion type nail driving tool according to a third
embodiment;

Fig. 6 is a perspective view showing a configuration of a
fan in a combustion type nail driving tool according to a
fourth embodiment;

Fig. 7 is a perspective view showing a configuration of a
fan in a combustion type nail driving tool according to a fifth
embodiment;

Fig. 8 is a perspective view showing a configuration of a
fan in a combustion type nail driving tool according to a sixth
embodiment;

Fig. 9 is a perspective view showing a configuration of a

fan in a combustion type nail driving tool according to a sev-
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enth embodiment; and

Fig. 10 is a graphical representation showing the rela-
tionship between the number of fan blades and combustion speed
in the combustion type nail driving tool according to the sev-
enth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A combustion-type power tool according to a first embodi-
ment of the present invention will be described with reference
to Figs. 1 through 3. The embodiment pertains to a combustion
type nail gun. The combustion type nail gun 1 has a housing 2
constituting an outer frame and including a main housing 2a and
a canister housing 2b juxtaposed to the main housing 2a. In the
following description, nail driving direction and a direction
opposite thereto will be referred to as a lower side, and an
upper side, respectively.

A head cover 4 formed with an intake port (not shown) is
mounted on the top of the main housing 2a, and a gas canister 5
containing therein a combustible liquidized gas is detachably
disposed in the canister housing 2b. A handle 7 extends from
the canister housing 2b. The handle 7 has a trigger switch 6
and accommodates therein a battery (not shown). A magazine 8
and a tail cover 9 are provided on the bottoms of the main
housing 2a and canister housing 2b. The magazine 8 contains
nails (not shown), and the tail cover 9 is adapted to guidingly

feed each nail in the magazine 8 and set the nail to a prede-

-12-
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termined position.

A head cap 13 serving as a head section is secured to the
top of the main housing 2a and closes the open top end of the
main housing 2a. The head cap 13 supports a motor 3 having a
motor shaft 16. A fan 30A such as an axial fan is coaxially
fixed to the motor shaft 16. The head cap 13 also supports an
ignition plug 15 ignitable upon manipulation to the trigger
switch 6.

The head cap 13 has a canister housing 2b side in which
is formed a fuel ejection passage 14 which allows a combustible
gas to pass therethrough. One end of the ejection passage 14
serves as an ejection port 18 that opens at the lower surface
of the head cap 13. BAnother end of the ejection passage 14
serves as a gas canister connecting portion in communication
with the gas canister 5.

A push lever 10 is movably provided at the lower end of
the main housing 2a and is positioned in conformance with a
nail setting position defined by the tail cover 9. The push
lever 10 is coupled to a coupling member 12 that is secured to
a combustion-chamber frame 11 which will be described later. A
compression coil spring 19 is interposed between the coupling
member 12 and a cylinder 20 (described later) for urging the
combustion chamber frame 11 in a direction away from the head
cap 13. When the entire housing 2 is pressed toward a work-

piece 28 while a tip end of the push lever 10 is in abutment
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with the workpiece 28 against the biasing force of the compres-
sion coil spring 19, an upper portion of the push lever 10 is
retractable into the main housing 2a.

A head switch (not shown) is provided in the main housing
2a for detecting an uppermost stroke end position of the com-
bustion chamber frame 11 when the power tool 1 is pressed
against the workpiece 28. Thus, the head switch can be turned
ON when the push lever 10 is elevated to a predetermined posi-
tion for starting rotation of the motor 3, thereby starting ro-
tation of the fan 30A.

The combustion-chamber frame 11 is provided in the main
housing 2a and is movable in the lengthwise direction of the
main housing 2a. The uppermost end of the combustion-chamber
frame 11 is abuttable on the lower surface of the head cap 13.
The coupling member 12 described above is secured to the lower
end of the combustion-chamber frame 11 and is connected to the
push lever 10. Therefore, the combustion chamber frame 11 is
movable in interlocking relation to the push lever 10. The
cylinder 20 is fixed to the main housing 2a. An outer periph-
eral surface of the cylinder 20 is in sliding contact with the
inner circumference of the combustion-chamber frame 11 for
guiding the movement of the combustion-chamber frame 11. The
cylinder 20 has an axially intermediate portion formed with an
exhaust hole 21. An exhaust-gas check valve (not shown) is

provided to selectively close the exhaust hole 21. Further, a
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bumper 22 is provided at the bottom of the cylinder 20.

A piston 23 is slidably and reciprocally provided in the
cylinder 20. The piston 23 divides an inner space of the cylin-
der 20 into an upper space above the piston 23 and a lower
space below the piston 23. When the upper end of the combus-
tion-chamber frame 11 abuts on the head cap 13, the head cap 13,
the combustion-chamber frame 11, and the upper cylinder space
above the piston 23 define in combustion a combustion chamber
26. When the combustion chamber frame 11 is separated from the
head cap 13, a first flow passage 24 in communication with the
atmosphere is provided between the head cap 13 and the upper
end of the combustion chamber frame 11, and a second flow pas-
sage 25 in communication with the first flow passage 24 is pro-
vided between the lower end portion of the combustion chamber
frame 11 and the upper end portion of the cylinder 20. The sec-
ond flow passage 25 allows a combustion gas and a fresh air to
pass along the outer peripheral surface of the cylinder 20 for
discharging these gas through an exhaust port (not shown) of
the main housing 2a. Further, the above-described intake port
is formed for supplying a fresh air into the combustion chamber
26, and the exhaust hole 21 is adapted for discharging combus-
tion gas generated in the combustion chamber 26.

The fan 30A, the ignition plug 15, and the fuel ejection
port 18 are all disposed in or open to the combustion chamber

26. Further, a ground area 17 of the ignition plug 15 is posi-

10
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tioned at the side of the combustion chamber 26 for defining an
ignition position. Rotation of the fan 30A in cooperation with
ribs 27 protruding toward the combustion chamber 26 performs
the following three functions. First, the fan stirs and mixes
the air with the combustible gas as long as the combustion-
chamber frame 11 remains in abutment with the head cap 13.
Second, after the mixed gas has been ignited, the fan causes
turbulence of the air-fuel mixture, thus promoting the combus-
tion of the air-fuel mixture in the combustion chamber 26.
Third, the fan performs scavenging such that the exhaust gas in
the combustion chamber 26 can be scavenged therefrom and also
performs cooling to the combustion chamber frame 11 and the
cylinder 20 when the combustion-chamber frame 11 moves away
from the head cap 13 and when the first and second flow pas-
sages 24, 25 are provided.

. A driver blade 29 extends downwards from a siderof the
piston 23, the side being at the cylinder space below the pis-
ton, to the lower end of the main housing 2a. The driver blade
29 is positioned coaxially with the nail setting position in
the tail cover 9, so that the driver blade 29 can strike
against the nail during downward movement of the piston 23.
When the piston 23 moves downward, the piston 23 abuts on the
bumper 22 and stops. In this case, the bumper 22 absorbs a sur—
plus energy of the piston 23.

As shown in Fig. 3, the fan 30 includes a fan boss 32A

11
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coupied to the rotation shaft 16, and four fan blades disposed
radially from an outer peripheral surface of the fan boss 32A.
The four fan blades is made from a single metal plate such as
an aluminum plate, and includes a central disc section 31A con-
nected to the fan boss 32A and four blade sections 33A extend-
ing from the disc section 31A in four directions. Each blade
section 33A is distorted at a boundary of the disc section 31A
in such a manner that a leading edge 34A of each blade section
33A is positioned upwardly from a trailing edge 35A thereof
with respect to a rotational plane of the fan 30A. Further,
each blade section 33A is of an approximately planner shape.
Thus, an angle between the leading edge 34A and the rotational
plane of the fan 30A is substantially equal to an angle between
the trailing edge 35A and the rotational plane.

Operation of the combustion type nail gun 1 according to
the first embodiment will next be described. Non-operational
state of the combustion type nail gun 1 is shown in Fig. 1. In
this state, the push lever 10 is biased downward by the biasing
force of the compression coil spring 19, so that the push lever
10 protrudes from the lower end of the tail cover 9. Thus, the
uppermost end of the combustion-chamber frame 11 is spaced away
from the head cap 13 because the coupling member 12 couples the
combustion-chamber frame 11 to the push lever 10. Further, a
part of the combustion-chamber frame 11 which part defines the

combustion chamber 26 is also spaced from the top portion of

12
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the cylinder 20. Hence, the first and second flow passages 24
and 25 are provided. In this condition, the piston 23 stays at
the top dead center in the cylinder 20.

With this state, if the push lever 10 is pushed onto the
workpiece 28 while holding the handle 7 by a user, the push
lever 10 is moved upward against the biasing force of the com-
pression coil spring 19. At the same time, the combustion-
chamber frame 11 which is coupled to the push lever 10, is also
moved upward, closing the above-described flow passages 24 and
25. Thus, the sealed cocmbustion chamber 26 is provided as
shown in Fig. 2.

In accordance with the movement of the push lever 10, the
gas canister 5 is tilted toward the head cap 13 by an action of
a cam (not shown). Thus, the injection rod (not shown) of the
gas canister 5 is pressed against the connecting portion of the
head cap 13. Therefore, the liquidized gas in the gas canister
5 is ejected once into the combustion chamber 26 through the
ejection port 18.

Further, in accordance with the movement of the push
lever 10, the combustion chamber frame 11 reaches the uppermost
stroke end whereupon the head switch is turned ON to start ro-
tation of the fan 30A. Rotation of the fan 30A and the ribs 27
protruding into the combustion chamber 26 cooperate, stirring
and mixing the combustible gas with air in the combustion cham-

ber 26 in order to form a combustion gas.

13
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In this state, when the trigger switch 6 provided at the
handle 7 is turned ON, spark is generated at the ignition plug
15 to ignite the combustible gas. The combustion gas in the
combustion chamber 26 and near the ignition plug 15 provides a
moderate combustion and therefore low speed combustion because
the turbulence by the fan 30A is insufficient. Accordingly, in
Fig. 2, degree of turbulence at a region ranging from the igni-
tion plug 15 to a position X is low, to provide a slow combus-
tion speed.

The position X is the rotation plane of the fan 30A. As
shown in Fig.3, because of the specific configuration of each
fan blade 33A, the fan 30A is rotated in a rotational direction
such that an angle of each leading edge 34A relative to the
plane X is constantly maintained at an angle v.

In a conventional fan of a conventional combustion type
nail gun, an angle of each leading edge relative to the rota-
tional plane of the fan is set not more than 15 degrees. Then,
an angle between the blade surface and the rotational plane is
gradually increased in a direction toward the trailing edge. As
a result, smooth flow results to lower generation of turbulence.
On the other hand, in accordance with the first embodiment, an-
gle of the leading edge and an angle of the trailing edge with
respect to the rotational plane are equal to each other and
makes the fan blade surface in a plane configuration, because

turbulent flow is required.
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With this arrangement, as shown in Fig. 3, turbulence is
generated at the surface 36A of the fan blade 33A and from the
leading edge side 34A of each fan blade 33A. This turbulence is
continuously generated and is directed from the leading edge
34A to the trailing edge 352 on the surface 36A of the fan
blade 33A, and then is diffused toward the lower side of the
fan 30A. During the diffusion, the turbulence generated in the
combustion gas 1s gradually weakened. Here, the rotational
plane of the fan implies a flat plane in parallel to the rota-
tion loci of the fan blades 33A about the rotation shaft 16.

Therefore, turbulent flow is generated near the fan 30A
and the combustion chamber frame 11. The flame ignited and
propagated within the combustion gas 1is immediately and
promptly burned at a position where the turbulence is generated
after the flame reaches the fan 30A, and this combustion is
promptly propagated through the combustion chamber 26. Thus,
the immediate volumetric expansion of the combustion gas occurs
within the combustion chamber 26 to move the piston 23 down-
wardly. Accordingly, the driver blade 29 drives the nail held
in the tail cover 9 into a workpiece until the piston 23
strikes against the bumper 22.

After the nail driving, the piston 23 strikes against the
bumper 22, and the combustion gas is discharged out of the cyl-
inder 20 through the exhaust hole 21 of the cylinder 20 and

through the check valve (not shown) provided at the exhaust
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hole 21. When the inner space of the cylinder 20 and the com-
bustion chamber 26 becomes the atmospheric pressure, the check
valve is closed. Combustion gas still remaining in the cylin-
der 20 and the combustion chamber 26 has a high temperature at
a phase immediately after the combustion. However, the high
temperature can be absorbed into the walls of the cylinder 20
and the combustion-chamber frame 11 to rapidly cool the combus-
tion gas. Thus, the pressure in the sealed space in the cylin-
der 20 above the piston 23 further drops to less than the at-
mospheric pressure (creating a so-called “thermal vacuum”). Ac-
cordingly, the piston 23 is moved back to the initial top dead
center position.

Then, the trigger switch 6 is turned OFF, and the user
lifts the combustion type nail gun from the workpiece 28 for
separating the push lever 10 from the workpiece 28. As a result,
the push lever 10 and the combustion-chamber frame 11 move
downward due to the biasing force of the compression coil
spring 19 to restore a state shown in Fig. 1. In this case, the
fan 30A keeps rotating for a predetermined period of time in
spite of OFF state of the trigger switch 6 because of an opera-
tion of a control portion (not shown). In the state shown in
Fig. 1, the flow passages 24 and 25 are provided again at the
upper and lower sides of the combustion chamber, so that fresh
air flows into the combustion chamber 26 through the intake

port and through the flow passages 24, 25, expelling the resid-
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ual gas through the exhaust port (not shown) by the rotation of
the fan 30A. Thus, the combustion chamber 26 is scavenged.
Then, the rotation of the fan 30A is stopped to restore an ini-
tial stationary state. Thereafter, subsequent nail driving op-
eration can be performed by repeating the above described op-
eration process.

As described above, in the combustion type nail gun 1,
expansion of the gas in the combustion chamber 26 is used as a
power source for driving a nail. Thus, according to the first
embodiment, combustion speed of the combustion gas is increased,
and efficient heat generation and expansion results because of
the particular configuration of the fan blades, to enhance
driving performance and operability.

A second embodiment will be described with reference to
Fig. 4. In a fan 30B according to the second embodiment, an an-
gle @ of a leading edge 34B of a fan blade 33B relative to a
rotational plane of the fan 30B is set greater than an angle f
of a trailing edge 35B of the fan blade relative to the rota-
tional plane (a>f). With this arrangement, the degree of tur-
bulence generated from the leading edge 34B at the surface 36B
of the fan blade 33B can be improved. Thus, more efficient com-
bustion can result. Incidentally, in the second embodiment, a
coupling structure of the fan to the rotation shaft, and re-
maining construction of the combustion-type driving tool and

its operation are the same as those of the first embodiment.
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A third embodiment will be described with reference to
Fig. 5. In a fan 30C according to the third embodiment, an an-
gle ¢ of a leading edge 34C of a fan blade 33C relative to a
rotational plane of the fan 30C is not less than 15 degrees. As
described above, in the conventional fan blade arrangement in
the conventional combustion-type faster driving tool, an angle
of the leading edge of the fan blade relative to the rotational
plane is less than 15 degrees. In contrast, in the present em-
bodiment, the angle is not less than 15 degrees. With this ar-
rangement, the degree of turbulence generated from the leading
edge 34C at the surface 36C of the fan blade 33C can be im-
proved. Thus, degfee of turbulence is enhanced in comparison
with an ordinary fan, so that more efficient combustion can re-
sult. Incidentally, in the third embodiment, a coupling struc-
ture of the fan to the rotation shaft, and remaining construc-
tion of the combustion-type driving tool and its operation are
the same as those of the first embodiment.

A fourth embodiment will be described with reference to

Fig. 6. In a fan 30D of the fourth embodiment, through holes

38D extending between a font surface 26D and a rear surface 37D
are formed near a trailing edge 35D of each fan blade 33D. Dur-
ing rotation of the fan 30D, level of pressure of gas contain-
ing a combustion gas within the combustion chamber 26 and ap-
plied to the rear surface 37D is greater than that applied to

the front surface 36D. Thus, gas flows through the through-
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holes 38D from the rear surface 37D to the front surface 36D.
This gas flow flowing through the through-holes 38D is con-
verged with the turbulent flow generated at the leading edge
34D and flowing on the front surface 36D. Turbulence is fur-
ther formed at the converging position.

The turbulent flow generated at the leading edge 34D is
flowed toward the trailing edge 35D on the front surface 36D.
In this case, the turbulence is gradually weakened. However,
the degree of turbulence is again enhanced because the turbu-
lence is again generated near the trailing edge 35D and on the
front surface 36D. Thus, efficient combustion can result. In-
cidentally, in the fourth embodiment, a coupling structure of
the fan to the rotation shaft, and remaining construction of
the combustion-type driving tool and its operation are the same
as those of the first embodiment. Further, the position of the
through-holes 38D is not limited to near the trailing edge 35D
of the fan blade 33D, but to a portion other than near the
trailing edge 35D.

A fifth embodiment will be described with reference to
Fig. 7. Protrusions 39E protruding from a front surface 36E and
in a direction approximately perpendicular to the rotational
plane are provided near a trailing edge 35E of each fan blade
33E. Generally, if the protrusion is provided on the rotational
plane, turbulence is generated at an downstream side of the

protrusion in the rotational direction. Thus, in the present
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embodimenf, turbulence 1is generated at an downstream side of
the protrusions 39E in the rotational direction. The turbulent
flow generated at the leading edge 34E will impinge on the
protrusions 39E, to further disturb the flow. Thus, the degree
of turbulence is further enhanced. Thus, efficient combustion
can result. Incidentally, in the fifth embodiment, a coupling
structure of the fan to the rotation shaft, and remaining con-
struction of the combustion-type driving tool and its operation
are the same as those of the first embodiment. Further, the po-
sition of the protrusions 39E is not limited to the front sur-
face 36E of the fan blade 33E, but the protrusions can be pro-
vided at the rear surface 37E of the fan blade or both the
front and rear surfaces. Furthermore, the position of the pro-
trusions 39E is not limited to near the trailing edge 35E, but
can be positioned other than near the trailing edge 35E.

A sixth embodiment will be described with reference to
Fig. 8. A fold-up section 40F is provided by bending a leading
edge portion 34F of the fan blade 33F toward the front surface
36F of the fan blade 33E. Generation of turbulence at a posi-
tion ranging from an immediate upstream side of the fold-up
section 40F to the leading edge area in the rotational direc-
tion of the fan blade 33F is increased. Thus, efficient combus-
tion can result. As a modification, additional fold-up section
can also be provided at the trailing edge 35F in addition to

the leading edge. Further, additional fold-up section can also
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be provided at an outer peripheral edge 41F of the fan 30F.
Incidentally, in the sixth embodiment, a coupling structure of
the fan to the rotation shaft, and remaining construction of
the combustion-type driving tool and its operation are the same
as those of the first embodiment.

A seventh embodiment will be described with reference to
Fig. 9. A fan 30G includes six fan blades 33G. Generally, tur-
bulent flow is generated from the leading edge of the fan blade,
and the turbulent flow flows along the surface of the fan blade
and is directed downward of the fan blade. The turbulent flow
is diffused into the combustion chamber. Thus, the number of
turbulence generating regions is increased in accordance with
an increase in the number of fun blades. Consequently, degree
of turbulence is improved. Thus, efficient combustion can re-
sult.

Fig. 10 shows the relationship between the number of fan
blades and the combustion speed. Even though the combustion
speed can be increased in accordance with the improvement on
turbulence by increasing the number of fan blades, production
or machining steps 1s increased. However, as is apparent from
Fig.10, increase in combustion speed cannot be recognized even
if the number of fan blades is increased to not less than 8.
Thus, not more than 8 fan blades can improve combustion per-
formance without inadvertently increasing production steps. In-

cidentally, in the seventh embodiment, a coupling structure of
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the fan to the rotation shaft, and remaining construction of
the combustion-type driving tool and its operation are the same
as those of the first embodiment.

While the invention has been described in detail and with
reference to the specific embodiments thereof, it would be ap-
parent to those skilled in the art that various changes and
modifications may be made therein without departing from the
sprit and scope of the invention. For example, as described
above, the fans 30A, 30B and 30C according to the first through
third embodiments can improve the generation of turbulence by
suitably arranging configuration of a fan blade. On the other
hand, the fans 30D, 30E, 30F according to the fourth through
sixth embodiments can improve the generation of turbulence by
machining the fan blade. Therefore, at least one of the machin-
ing achieved in one of the fans 30D, 30E, 30F can be effected
to one of the fans 30A, 30B and 30C.

Further, in the seventh embodiment, six fan blades 33G
are provided. However, this blade number is available to one
of the fans 30A through 30F of the first through sixth embodi-
ments, or to the fan according to the above described modifica-
tions. With such arrangement, the effect brought by the con-
figuration or machining of the fan blade and the effect of the
number of the fan blades provides a synergetic effect to gener-
ate more improved turbulence to increase the combustion speed,

thereby improving kinetic energy of the piston. Further, the
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increase in number of the fan blades in the ordinary fan can

still improve the turbulence.
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The claims defining the invention are as follows:

1. A combustion-type power tool providing a combustion chamber comprising:

a motor; and

a fan rotatably positioned in the combustion chamber and rotatably driven by the
motor, the fan having a plurality of fan blades defining an imaginary rotation plane, and
each fan blade having a leading edge and a trailing edge in a rotational direction of the
fan, an angle between the leading edge and the rotation plane being substantially equal to

an angle between the trailing edge and the rotation plane.

2. The combustion-type power tool as claimed in claim 1, wherein each fan
blade has a front surface and a rear surface, a through-hole extending between the front

surface and the rear surface being formed in each fan blade.

3. The combustion-type power tool as claimed in claim 1, wherein each fan

blade is provided with a protrusion.

4. The combustion-type power tool as claimed in claim 1, wherein the fan

comprises from six to eight fan blades.

5. A combustion-type power tool providing a combustion chamber comprising:

a motor; and

a fan rotatably positioned in the combustion chamber and driven by the motor, the
fan having a plurality of fan blades defining an imaginary rotation plane and each fan
blade having a leading edge and a trailing edge in a rotational direction of the fan, an
angle between the leading cdge and the rotation plane being greater than an angle

between the trailing edge and the rotation plane.
6.  The combustion-type power tool as claimed in claim 5, wherein each fan
blade has a front surface and a rear surface, a through-hole extending between the front

surface and the rear surface being formed in each fan blade.

7. The combustion-type power tool as claimed in claim 5, wherein each fan

blade is provided with a protrusion.
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8. The combustion-type power tool as claimed in claim 5, wherein the fan

comprises from six to eight fan blades.

9. A combustion-type power tool providing a combustion chamber comprising:

a motor; and

a fan rotatably positioned in the combustion chamber and driven by the motor, the
fan having a plurality of fan blades defining an imaginary rotation plane, and each fan
blade having a leading edge, an angle between the leading edge and the rotation plane

being not less than 15 degrees.

10.  The combustion-type power tool as claimed in claim 9, wherein each fan
blade has a front surface and a rear surface, a through-hole extending between the front

surface and the rear surface being formed in each fan blade.

11.  The combustion-type power tool as claimed in claim 9, wherein each fan

blade is provided with a protrusion.

12.  The combustion-type power tool as claimed in claim 9, wherein the fan

comprises from six to eight fan blades.

13. A combustion-type power tool providing a combustion chamber comprising:
a motor; and
a fan rotatably positioned in the combustion chamber and driven by the motor, the

fan having a plurality of fan blades each having a bending edge portion.
14.  The combustion-type power tool as claimed in claim 13, wherein each fan
blade has a front surface and a rear surface, a through-hole extending between the front

surface and the rear surface being formed in each fan blade.

15.  The combustion-type power tool as claimed in claim 13, wherein each fan

blade is provided with a protrusion.

16.  The combustion-type power tool as claimed in claim 13, wherein the fan

comprises from six to eight fan blades.
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17. A combustion-type power tool providing a combustion chamber comprising:

a motor; and

a fan rotatably positioned in the combustion chamber and driven by the motor, the
fan having a plurality of fan blades each having a front surface and a rear surface, a
through-hole extending between the front surface and the rear surface being formed in
each fan blade.

18. A combustion-type power tool providing a combustion chamber comprising:
a motor; and
a fan rotatably positioned in the combustion chamber and driven by the motor, the

fan having a plurality of fan blades each provided with a protrusion.

19. A combustion-type power tool providing a combustion chamber comprising:
a motor; and
a fan rotatably positioned in the combustion chamber and driven by the motor, the

fan comprising not less than six fan blades.

20. The combustion-type power tool as claimed in claim 19, wherein the fan

comprises not more than eight fan blades.

21. A combustion-type power tool substantially as hereinbefore described with

reference to figures 1 to 3, 4, 5, 6,7, 8 or 9 and 10 of the accompanying representations.

Dated 16 March, 2010
Hitachi Koki Co., Ltd
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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FIG. 2
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FIG. 9

OT0C TN L1

32G
336G

46

Y1100¢500¢

FIG. 10

11§

“
- - o
Ll ® o
o

1.05
0.85

(334S NOILSNEW00
40 31vY

08

12

10

NUMBER OF BLADE

-36-



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

