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(54) IMPACT TOOL

(57)  [Problem] To provide an impact tool, the body
of which is shortened in the direction of the long axis of
atool bit. [Solution] Animpact tool in which a tool bit (119)
moves linearly in at least the direction of the long axis
thereof, thereby working a workpiece in a prescribed
manner. Said impact tool has the following: a tool holder
(137) that holds the tool bit (119) so as to allow relative
movement in the direction of the long axis thereof; an
impactor (143) that moves linearly in the direction of the
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long axis of the tool bit (119) and applies an impact force
thereto; and an impact cylinder (141) that is provided with
an air chamber (141a) that causes compressed air to act
upon the impactor (143), contains the impactor (143) so
as to allow relative movement, and is coupled to the tool
holder (137). The tool holder (137) and the impact cylin-
der (141) extend in the direction of the long axis of the
tool bit (119), and the length of the body of the tool in the
direction of the long axis of the tool bit (119) is determined
by the tool holder (137) and the impact cylinder (141).
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Description
FIELD OF THE INVENTION

[0001] The invention relates to an impact tool which
performs a predetermined operation on a workpiece by
at least linear movement of a tool bit in an axial direction
of the tool bit.

BACKGROUND OF THE INVENTION

[0002] US patent No. 4751970 discloses an angular
attachment that is attached to a front end of a hammer
drill and can transmit rotation and linear movement of a
hammer drill body to a tool bit which is oriented at a dif-
ferent angle at an output of the attachment. The angular
attachment is designed such that an output part of the
tool bit intersects at 90 degrees with an output part of the
hammer drill body. Therefore, in performing a drilling op-
eration, for example, on an inner wall surface of a U-
shaped drainage ditch (made of concrete), although a
conventional hammer drill cannot be inserted into the U-
shaped ditch since its body is much longer in its entire
length in the axial direction of a tool bit than the inner
width of the U-shaped ditch, the above-described known
hammer drill can be inserted into the U-shaped ditch by
using the angular attachment.

[0003] In the above-described known technique, al-
though the length of the tool bit in the axial direction is
shortened by attaching the angular attachment to the out-
put part of the hammer drill, efficient transmission of ro-
tation and linear movement to the tool bit is not realized
and the length of the tool body in the axial direction of
the tool bit is not shortened.

[0004] Prior Art Reference 1:

US patent No. 4751970
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] It is, accordingly, an object of the invention to
provide an impact tool having a tool body of which length
in an axial direction of a tool bit is downsized.

MEANS FOR SOLVING THE PROBLEMS

[0006] In order to solve the above-described problem,
according to a preferred embodiment of the invention, an
impact tool is provided which performs a predetermined
operation on a workpiece by at least linear movement of
a tool bit in an axial direction of the tool bit. The impact
tool has a tool holder that holds the tool bit so as to allow
relative movement in the axial direction, a striking ele-
ment that moves linearly in the axial direction of the tool
bit and applies an impact force to the tool bit, an impact
cylinder that is connected to the tool holder, houses the
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striking element so as to allow relative movement and
has an air chamber that causes compressed air to act
upon the striking element, and a tool body that houses
the tool holder and the impact cylinder. The tool holder
and the impact cylinder extend in the axial direction of
the tool bit, and the length of the tool body in the axial
direction of the tool bit is defined by the tool holder and
the impact cylinder.

[0007] According to the preferred embodiment of the
impact tool of the invention, the length of the tool body
in the axial direction of the tool bit is defined by the tool
holder and the impact cylinder. By provision of this con-
struction, compared with the known impact tool in which
the length of the tool body in the axial direction of the tool
bit is defined not only by the tool holder and the impact
cylinder but by a mechanism for fluctuating pressure of
the air chamber, the length of the tool body in the axial
direction of the tool bit can be shortened, so that it can
be suitably used for an operation in a limited space. Fur-
ther, unlike the known angular attachment, the impact
force of the striking element can be directly transmitted
to the tool bit, so that power transmission can be made
without loss.

[0008] According toafurther embodimentofthe impact
tool of the invention, the impact tool further has a com-
pressed-air feeding cylinder for supplying compressed
air to the air chamber of the cylinder. The compressed-
air feeding cylinder extends in a different direction from
an extending direction of the impact cylinder. Further, the
manner of "extending in a different direction" here repre-
sents the manner in which the compressed-air feeding
cylinder extends in a direction perpendicular or angled
to the extending direction of the impact cylinder.

[0009] Generally, in an impact tool, a tool holder that
holds a tool bit, an impact cylinder that houses a striking
element for applying an impact force to the tool bit and
has an air chamber for applying compressed air to the
striking element, and a piston that generates compressed
air in the air chamber and a driving mechanism for the
piston are arranged in series in the axial direction of the
tool bit. According to this embodiment, with the construc-
tion in which the compressed-air feeding cylinder for ap-
plying compressed air to the air chamber of the impact
cylinder extends in a different direction from the extend-
ing direction of the impact cylinder, the length of the im-
pact tool in the axial direction of the tool bit can be short-
ened.

[0010] According toafurther embodimentof the impact
tool of the invention, the impact tool has a handgrip which
is connected to the tool body and designed to be held by
a user in order to operate the impact tool, and a width
direction of the handgrip coincides with the extending
direction of the impact cylinder. Further, the "width direc-
tion of the handgrip" here represents a direction trans-
verse to the extending direction of a grip part ofthe hand-
grip to be held by the user’s hand, for example, in the
case of the handgrip which has the grip part having a
linearly extending region.
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[0011] According to this embodiment, by provision of
the construction in which the width direction of the hand-
grip coincides with the extending direction of the impact
cylinder, when holding the handgrip with the user’s hand,
the user’s arm (forearm) extends in the extending direc-
tion of the impact cylinder or in a direction transverse to
the axial direction of the tool bit. Specifically, the extend-
ing direction of the arm intersects with the axial direction
of the tool bit. Therefore, when performing an operation,
forexample, onaninner wall surface of a U-shaped drain-
age ditch (made of concrete), the arm of the user holding
the handgrip does not get in the way of the operation.
[0012] Accordingto afurtherembodimentof theimpact
tool of the invention, the axial direction of the tool bit, the
extending direction of the compressed-air feeding cylin-
der and the extending direction of the handgrip intersect
one another.

[0013] According to this embodiment, with the above-
described construction, the impact tool can be compact
as a whole.

[0014] Accordingto afurtherembodimentof theimpact
tool of the invention, the impact tool further has a motion
converting mechanism that converts rotation into linear
motion and thereby generates compressed air in the air
chamber of the impact cylinder. Further, a rotating shaft
of the motion converting mechanism is disposed in par-
allel to the impact cylinder in a predetermined region
along the extending direction of the impact cylinder. In
this case, the rotating shaft of the motion converting
mechanism preferably intersects with the extending di-
rection of the impact cylinder.

[0015] According to this embodiment, the motion con-
verting mechanism for generating compressed air in the
air chamber is disposed in parallel to the impact cylinder.
Therefore, the length of the impact tool in the axial direc-
tion of the tool bit can be shortened, compared with the
known impact tool in which the motion converting mech-
anism is disposed outside a region of the impact cylinder
in its longitudinal direction.

[0016] Accordingtoafurtherembodimentoftheimpact
tool of the invention, the impact tool has a handgrip de-
signed to be held by a user in order to operate the impact
tool, and the extending directions of the impact cylinder
and the handgrip are parallel to each other.

[0017] According to this embodiment, with the con-
struction in which the extending direction of the handgrip
coincides with the extending direction of the impact cyl-
inder, when holding the handgrip with the user’s hand,
the user’s arm (forearm) extends in the extending direc-
tion of the impact cylinder or in a direction transverse to
the axial direction of the tool bit. Specifically, the extend-
ing direction of the arm intersects with the axial direction
of the tool bit. Therefore, when performing an operation,
for example, on aninner wall surface of a U-shaped ditch,
the arm of the user holding the handgrip does not get in
the way of the operation.
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EFFECT OF THE INVENTION

[0018] Accordingtotheinvention, animpacttoolis pro-
vided with a tool body of which length in the axial direction
of a tool bit is downsized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a sectional plan view showing an entire
hammer drill according to a first embodiment of the
invention.

FIG. 2is a sectional view taken along line A-Ain FIG.
1.

FIG. 3 is a sectional view taken along line B-B in FIG.
2.

FIG. 4 is a sectional view showing a modification to
gear arrangement.

FIG. 5 is a sectional view showing a modification to
feeding of compressed air.

FIG. 6 is a sectional view taken along line C-C in
FIG. 5.

FIG. 7 is a sectional view showing a further modifi-
cation to feeding of compressed air.

FIG. 8 is a sectional view taken along line D-D in
FIG. 7.

FIG. 9 is a sectional view showing a further modifi-
cation to feeding of compressed air.

FIG.10is a sectional view showing an entire hammer
drill according to a second embodiment of the inven-
tion.

FIG.11 is an enlarged sectional view showing a mo-
tion converting mechanism, in a state in which a pis-
ton is moved rearward.

FIG.12 is a side view showing the motion converting
mechanism.

FIG.13 is a sectional view for showing a sectional
shape of an impact cylinder taken along line F-F in
FIG.12.

FI1G.14 is a sectional view showing a modification to
the second embodiment.

FIG.15 is an enlarged sectional view showing the
motion converting mechanism according to the mod-
ification of FIG. 14, in a state in which the piston is
moved rearward.

REPRESENTATIVE EMBODIMENT OF THE INVEN-
TION

(First Embodiment of the Invention)

[0020] A first embodiment of the invention is now de-
scribed with reference to FIGS. 1 to 3. In this embodi-
ment, an electric hammer drill is described as a repre-
sentative example of a power tool. As shown in FIGS. 1
and 2, a hammer drill 101 of this embodiment mainly
includes a body 103 that forms an outer shell of the ham-
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mer drill 101, a hammer bit 119 detachably coupled to
one end (front end region) of the body 103 in its longitu-
dinal direction via a tool holder 137, and a handgrip 109
that is provided as a main handle on the opposite side
of the body 103 from the hammer bit 119.

[0021] The hammer bit 119 is provided such that its
axis extends in a direction transverse to the longitudinal
direction ofthe body 103, and the hammer bit 119 is held
by a tool holding member in the form of the hollow tool
holder 137 such that it is allowed to linearly move in a
longitudinal direction of the tool holder 137 with respect
to the tool holder. Thus, the tool holder 137 extends in a
direction transverse to the longitudinal direction of the
body 103 or in a width direction of the body 103. The
body 103 and the hammer bit 119 are features that cor-
respond to the "tool body" and the "tool bit", respectively,
according to the invention.

[0022] The body 103 mainly includes an outer housing
105 and an inner housing in the form of a gear housing
107 which is largely covered by the outer housing 105.
The outer housing 105 includes a motor housing that
houses a driving motor 111, and the gear housing 107
houses a motion converting mechanism 113, a compres-
sion device 114, a striking mechanism 115 and a power
transmitting mechanism 117.

[0023] The handgrip 109 is configured as a D-shaped
handle having a grip 109a which is designed to be held
by a user. The grip 109a extends in a vertical direction
transverse to the longitudinal direction of the body 103
and has upper and lower ends connected to the outer
housing 105. An axis of the hammer bit 119 extends in
a horizontal direction transverse to the longitudinal direc-
tion of the body 103 and to the extending direction of the
handgrip 109.

[0024] Further, as shown in FIG. 1, the hammer drill
101 has an auxiliary handle in the form of a side grip 110
separately from the above-described handgrip 109. The
side grip 110 is arod-like member extending in a direction
transverse to the axial direction of the hammer bit 119.
One axial end of the side grip 110 is removably mounted
on a generally cylindrical barrel 107a which houses the
tool holder 137, and a fixed position of the side grip 110
to the barrel 107a can be adjusted in a circumferential
direction around the axis of the hammer bit 119. The bar-
rel 107a is provided as a region ofthe gear housing 107
which is exposed to the outside through the side surface
ofthe outer housing 105.

[0025] As shown in FIG. 2, the driving motor 111 is
disposed such that its axis of rotation runs vertically in a
direction (a vertical direction in FIG. 2) generally perpen-
dicular to the longitudinal direction of the body 103. Ro-
tating power of the driving motor 111 is converted into
linear motion via the motion converting mechanism 113
and then drives the compression device 114. Com-
pressed air generated by the compression device 114 is
ledtoanimpactcylinder 141 and drives the striking mech-
anism 115. Thus, an impact force is generated in the
axial direction (the vertical direction in FIG. 1) of the ham-
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mer bit 119 via the striking mechanism 115.

[0026] The power transmitting mechanism 117 reduc-
es the speed of the rotating output of the driving motor
111 and then transmits it to the hammer bit 119 via the
tool holder 137, so that the hammer bit 119 is caused to
rotate in the circumferential direction. Further, the driving
motor 111 is driven by depressing an operating member
inthe form of a trigger 147 which is disposed on the hand-
grip 109, and the direction of rotation of the driving motor
111 can be changed by sliding a normal/reverse selector
switch 149 disposed adjacent to the trigger 147. A direc-
tion in which the normal/reverse selector switch 149 is
slid can be arbitrarily set.

[0027] As shown in FIG. 2, the motion converting
mechanism 113 mainly includes a driving gear 121 that
is formed on a motor shaft 111a of the driving motor 111
and rotationally driven in a horizontal plane, a driven gear
123 that is engaged with the driving gear 121, a crank
shaft 125 that rotates together with the driven gear 123,
acrank pin 126 that is eccentrically disposed on the crank
shaft 125, a crank arm 127 that is loosely connected to
the crank pin 126 and a driving element in the form of a
piston 129 that is mounted to the crank arm 127 via a
connecting shaft 128. The motor shaft 111aand the crank
shaft 125 are disposed side by side in parallel to each
other. The crank shaft 125, the crank pin 126, the crank
arm 127 and the piston 129 which are described above,
form the crank mechanism.

[0028] The piston 129isslidably disposed within abore
of an air compression cylinder 131 and the piston 129
and the air compression cylinder 131 form the compres-
sion device 114. The air compression cylinder 131 is a
feature that corresponds to the "compressed-air feeding
cylinder" according to the invention. The air compression
cylinder 131 has a compression chamber 131a parti-
tioned by the gear housing 107 and the piston 129. The
piston 129 generates compressed air by reducing (de-
creasing) a volume of the compression chamber 131a
and supplies the compressed air to an air chamber 141
a of the impact cylinder 141 through an air passage 133
formed in the gear housing 107. The air compression
cylinder 131 extends in a same direction as the longitu-
dinal direction of the body 103 and in a direction trans-
verse to both the axial direction of the hammer bit 119
and the extending direction of the handgrip 109. Specif-
ically, the axial direction of the hammer bit 119, the ex-
tending direction of the air compression cylinder 131 and
the extending direction of the handgrip 109 intersect one
another.

[0029] The striking mechanism 115 mainly includes a
striking element in the form of a striker 143 that is slidably
disposed within a bore of the impact cylinder 141, and
an intermediate element in the form of an impact bolt 145
that is slidably disposed within the tool holder 137 and
serves to transmit kinetic energy of the striker 143 to the
hammer bit 119. The impact cylinder 141 has the air
chamber 141a extending in the axial direction of the ham-
mer bit 119 and partitioned by the striker 143 and an inner
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wall surface 107b of the gear housing 107 which faces
the striker 143. When compressed air is generated by
movement of the piston 129 in a direction (to the left as
viewed in FIGS. 1 and 2) that reduces the volume of the
compression chamber 131a and supplied to the aircham-
ber 141a of the impact cylinder 141, the striker 143 is
moved forward by this compressed air and then collides
with (strikes) the impact bolt 145 and transmits an impact
force to the hammer bit 119 via the impact bolt 145.
[0030] When the piston 129 is moved in a direction that
increases the volume of the compression chamber 131a,
a negative pressure is formed in the air chamber 141a
of the impact cylinder 141. Therefore, the striker 143 is
sucked by this negative pressure, moved toward the in-
ner wall surface 107b and returned to its retracted posi-
tion. In order to avoid the striker 143 from colliding with
the inner wall surface 107b facing the striker 143 during
thisreturn and to secure a predetermined space between
the striker 143 and the inner wall surface 107b, a cush-
ioning spring 144 is mounted on the inner wall surface
107b.

[0031] In this embodiment, one end of the air passage
133 is open at the bottom of the compression chamber
131a of the air compression cylinder 131 and the other
end is open at a head (a part facing the striker 143) of
the air chamber 141a of the impact cylinder 141. With
such a construction, compressed air is fed in the longi-
tudinal direction of the impact cylinder 141 through the
air passage 133. Further, in this embodiment, the impact
cylinder 141 is integrally formed by an extension of the
tool holder 137 extending in its longitudinal direction. It
may however be constructed such that the tool holder
137 and the impact cylinder 141 are separately formed
and connected to each other.

[0032] Theimpactcylinder 141 and thus the tool holder
137 are caused to rotate via the power transmitting mech-
anism 117 by the driving motor 111. As shown in FIG. 2,
the power transmitting mechanism 117 mainly includes
afirstintermediate gear 151 thatengages with the driving
gear 121 driven by the driving motor 111, a second in-
termediate gear 153 that engages with the first interme-
diate gear 151, a small bevel gear 155 that rotates to-
gether with the second intermediate gear 153 and a large
bevel gear 157 that engages with the small bevel gear
155. A first intermediate shaft 152 having the first inter-
mediate gear 151 fitted thereon and a second interme-
diate shaft 154 having the second intermediate gear 153
and the small bevel gear 155 fitted thereon are disposed
in parallel to the motor shaft 111a of the driving motor
111 and rotatably supported on the gear housing 107.
The large bevel gear 157 having a rotation axis perpen-
dicular to that of the small bevel gear 155 is rotatably
fitted on the impact cylinder 141 and connected to the
impact cylinder 141 via a torque limiter 159 (see FIG. 1).
[0033] The torque limiter 159 has clutch teeth 159a
which engage with clutch teeth 157a of the large bevel
gear 157, and is normally biased in a direction of engage-
ment between the clutch teeth 157a, 159a by a biasing
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spring (compression coil spring) 161. When resistance
torque on the hammer bit 119 reaches a set value, the
torque limiter 159 moves in a direction away from the
large bevel gear 157 against the biasing force of the bi-
asing spring 161. Thus, the clutch teeth 157a, 159a are
disengaged from each other, which results in interrupting
transmission of rotation from the large bevel gear 157 to
the impact cylinder 141. Further, as shown in FIG. 3, the
motor shaft 111a, the crank shaft 125 and the first and
second intermediate shafts 152, 154 are disposed on the
same straightline P extending in the longitudinal direction
of the body 103.

[0034] The hammer drill according to this embodiment
is constructed as described above. Therefore, when the
driving motor 111 is driven by depressing the trigger 147,
the motion converting mechanism 113 is driven. Then,
the piston 129 is rectilinearly slid within the air compres-
sion cylinder 131 and thus compresses the air in the com-
pression chamber 131a and supplies the compressed air
to the air chamber 141 a of the impact cylinder 141 via
the air passage 133. As a result, the striker 143 moves
forward within the impact cylinder 141 and collides with
theimpactbolt 145, so thatthe kinetic energy ofthe striker
143 which is caused by the collision is transmitted to the
hammer bit 119.

[0035] Further, the rotating output of the driving motor
111 istransmitted totheimpact cylinder 141 via the power
transmitting mechanism 117. Therefore, the impact cyl-
inder 141, the tool holder 137 and the hammer bit 119
held by the tool holder 137 are caused to rotate together.
In this manner, the hammer bit 119 performs a drilling
operation on a workpiece by linear motion in the axial
direction and rotation in the circumferential direction.
[0036] Inthis embodiment,inthe hammerdrill 101 con-
structed such that the striker 143 is driven by the com-
pressed air in the air chamber 141a of the impact cylinder
141, the air compression cylinder 131 is provided sepa-
rately from the impact cylinder 141 and the striker 143 is
driven by supplying the compressed air generated in the
compression chamber 131a of the air compression cyl-
inder 131 to the air chamber 141a of the impact cylinder
141. Further, the air compression cylinder 131 is dis-
posed such that it extends in a direction transverse to
the extending direction of the impact cylinder 141. By
provision of this construction, the length of the body 103
in the striking direction or the axial direction of the ham-
mer bit 119 is defined by the extending lengths of the tool
holder 137 for holding the hammer bit 119 and the impact
cylinder 141. The impact cylinder 141 houses the striker
143 for applying the impact force to the hammer bit 119
and has the air chamber 141a for applying the com-
pressed air to the striker 143.

[0037] According to this embodiment, compared with
a known hammer drill having the construction in which
the striker 143 is driven via pressure fluctuations of the
air chamber 131a caused by linear movement of the pis-
ton 129 in the impact cylinder 141, the length of the body
103 in the striking direction of the hammer bit 119 can
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be shortened. Therefore, in performing a drilling opera-
tion, for example, on an inner wall surface of a U-shaped
drainage ditch (made of concrete), the tool body 103 can
be inserted into the U-shaped ditch with the axis of the
hammer bit 119 extending in the width direction of the
ditch.

[0038] In the hammer drill 101 according to this em-
bodiment, the impact force of the striker 143 is linearly
transmitted to the hammer bit 119. With this construction,
compared with a construction in which the impact force
of the striker is transmitted to the hammer bit via an an-
gular attachment attached to the front end of the hammer
drill, the impact force of the striker 143 can be transmitted
to the hammer bit 119 without loss.

[0039] During drilling operation, the user operates the
hammer drill 101 while holding the main handle in the
form of the handgrip 109 and the auxiliary handle in the
form of the side grip 110. In this embodiment, the impact
cylinder 141 is designed to extend in the width direction
of the handgrip 109 or in a direction transverse to the
extending direction of the grip 109a. With this construc-
tion, when holding the grip 109a of the handgrip 109 with
the user’'s hand, the user’s arm (forearm) extends in a
direction transverse to the extending direction of the im-
pact cylinder 141. Therefore, when performing an oper-
ation, forexample, on an inner wall surface of a U-shaped
ditch, the arm of the user holding the handgrip 109 does
not get in the way of the operation.

[0040] In this embodiment, a rear end region of the
outer housing 105 in the striking direction is designed as
an auxiliary grip 163 (see FIG. 1) which can be pressed
with a user's whole palm in case that the side grip 110
is found to be hard to use, or that the side grip 110 is not
provided. By provision of this construction, when per-
forming a drilling operation, the user can hold the hand-
grip 109 with one hand and press the auxiliary handle
163 in the striking direction with the other hand.

[0041] The size (outer diameter) of the driving motor
111 determines the external dimensions of the motor
housing 105a of the outer housing 105 which covers the
driving motor 111. In this embodiment, as shown in FIG.
3, the driving gear 121, the driven gear 123 of the motion
converting mechanism 113 and the first intermediate
gear 151 of the power transmitting mechanism 117 are
disposed in series on a straight line P which extends in
a radial direction through a center of the second interme-
diate gear 153 (the small bevel gear 155) and in parallel
to a rear surface 105b of the outer housing 105 in the
striking direction (to the longitudinal direction of the piston
129). By provision of such gear arrangement, if the size
(outer diameter) of the driving motor 111 is relatively
small, the motor housing 105a of the outer housing 105
can be prevented from bulging rearward of the rear sur-
face 105b of the outer housing 105 in the striking direc-
tion. As aresult, such gear arrangement doesn’tinterfere
with shortening the length of the body 103 in the striking
direction.

[0042] On the other hand, if the size (outer diameter)
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ofthe driving motor 111 is relatively large, the motor hous-
ing 105a of the outer housing 105 may bulge rearward
of the rear surface 105b of the outer housing 105 in the
striking direction, so that such gear arrangement inter-
feres with shortening the length of the body 103 in the
striking direction. Therefore, a modification as shown in
FIG. 4 is provided in order to avoid bulging of the motor
housing 105a when the size (outer diameter) of the driv-
ing motor 111 is relatively large.

[0043] In this modification, the driving gear 121, the
driven gear 123 of the motion converting mechanism 113
and the first intermediate gear 151 of the power trans-
mitting mechanism 117 are disposed on a straight line
P1 which is displaced a predetermined distance E in the
striking direction from the straight line P extending in a
radial direction through the center of the second interme-
diate gear 153 (the small bevel gear 155) and in parallel
to the rear surface 105b of the outer housing 105 in the
striking direction. With this construction, the motor hous-
ing 105a can be prevented from bulging rearward of the
rear surface 105b of the outer housing 105 in the striking
direction.

[0044] A modification to a feeding passage of com-
pressed air in this embodiment is now described with
reference to FIGS. 5 and 6. In the above-described em-
bodiment, compressed air is supplied into the air cham-
ber 141a through the head of the impact cylinder 141. In
this modification, however, the air passage 133 for sup-
plying compressed air is formed through a sidewall of the
impact cylinder 141 such that the compressed air is sup-
plied into the air chamber 141 a in the radial direction
from the side or from a direction transverse to the longi-
tudinal direction of the impact cylinder 14 1. With this con-
struction, compared with the construction in which com-
pressed air is supplied through the head of the impact
cylinder 141, the length of the air passage 133 required
can be shorter, and thus the length of the tool body 103
in the striking direction can be further shortened that
much.

[0045] Further, inthis modification, the air passage 133
is directly connected to the impact cylinder 141, so that
the impact cylinder 141 cannot be rotated. Therefore, the
impact cylinder 141 is formed separately from the tool
holder 137 and fixed to the gear housing 107. Further,
the tool holder 137 has an extension 137a which is fitted
on the impact cylinder 141 and can rotate with respect
to the impact cylinder 141, and the large bevel gear 157
is fitted on the extension 137a and can rotate together
with the extension 137a. By provision of this construction,
even though the impact cylinder 141 is fixed to the gear
housing 107, the rotating output of the driving motor 111
can be transmitted to the tool holder 137 for holding the
hammer bit 119.

[0046] A further modification to the feeding passage of
compressed air in this embodiment is now described with
reference to FIGS. 7 and 8. In this modification, a ring-
like member 165 and a connecting pipe 167 form the air
passage133. The ring-like member 165 is fitted on the
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impact cylinder 141 such that it can rotate with respect
to the impact cylinder 141, and has an annular groove
165a formed in its inner circumferential surface and ex-
tending in its circumferential direction. The connecting
pipe 167 serves to provide communication between the
compression chamber 131a of the air compression
chamber 131 and the annular groove 165a of the ring-
like member 165. Further, the annular groove 165a com-
municates with the air chamber 141a via a plurality of
vent holes 169 which are formed in the wall of the impact
cylinder 141 and arranged in the circumferential direc-
tion. Therefore, according to this modification, in the con-
struction in which the impact cylinder 141 rotates together
(is integrally formed) with the tool holder 137, the com-
pressed air of the air compression chamber 131 can be
supplied to the air chamber 141a from the side or from
a direction transverse to the longitudinal direction of the
impact cylinder 141. Therefore, like the modification as
viewed in FIG. 4, the length of the tool body 103 in the
striking direction can be further shortened.

[0047] A further modification to the feeding passage of
compressed air in this embodimentis now described with
reference to FIG. 9. In this modification, the air compres-
sion cylinder 131 is obliquely disposed such that its lon-
gitudinal axis is inclined at a predetermined angle with
respect to the longitudinal direction of the body 103. Fur-
ther, a front end of a tubular part 171 protrudes from the
bottom of the compression chamber 131a and is con-
nected to the gear housing 107. Further, the head of the
impact cylinder 141 is opposed to the inner wall surface
of the gear housing 107 with a predetermined clearance
such that the clearance forms an inner passage 173 to
the air chamber 141a. The inner passage 173 commu-
nicates with the compression chamber 131a of the air
compression cylinder 131 via the tubular part 171 con-
nected to the gear housing 107.

[0048] According to this modification, like the modifi-
cation as viewed in FIGS. 7 and 8, in the construction in
which the impact cylinder 141 rotates together (is inte-
grally formed) with the tool holder 137, the compressed
air of the air compression chamber 131 can be supplied
to the air chamber 141a from the side or from a direction
transverse to the longitudinal direction of the impact cyl-
inder 141. Therefore, the length of the tool body 103 in
the striking direction can be further shortened.

(Second Embodiment of the Invention)

[0049] A second embodiment of the invention is now
described with reference to FIGS. 10 to 13. Further, the
description of the second embodiment is focused on the
points of difference in order to avoid overlapping descrip-
tions with the first embodiment, and components in this
embodiment which are substantially identical to those in
the first embodiment are given like numerals as in the
first embodiment. As shown in the drawings, in this em-
bodiment, the piston 129 which is one of components
forming the motion converting mechanism 113 and per-
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forms linear movement is slidably disposed within the
bore of the impact cylinder 141. Therefore, the striker
143 is driven via pressure fluctuations of the air chamber
141awhich are caused by sliding movement of the piston
129, collides with (strikes) the impact bolt 145 which is
slidably fitted in the tool holder 137 and transmits the
impact force to the hammer bit 119 via the impact bolt
145. Thus, the air compression cylinder in the first em-
bodimentis not provided. The impact cylinder 141 is sep-
arately formed from the tool holder 137. The impact cyl-
inder 141 is fitted in the tool holder 137 such that it can
coaxially rotate with respect to the tool holder 137, and
fixed to the gear housing 107.

[0050] The driving motor 111 is disposed such that the
motor shaft 101a extends in the same direction as the
longitudinal direction of the body 103 or in a direction
transverse to the axial direction of the hammer bit 119
(the extending directions of the tool holder 137 and the
impact cylinder 141). In this embodiment, the motion con-
verting mechanism 113 for converting the rotating output
of the driving motor 111 into linear motion is disposed in
parallel to the impact cylinder 141 in a predetermined
region along the longitudinal direction of the impact cyl-
inder 141. In other words, the motion converting mech-
anism 113 and the impact cylinder 141 are disposed to
overlap each other when viewed from a direction (the
longitudinal direction of the body 103) transverse to the
axial direction of the hammer bit 119. Further, the rotation
axis of the crank shaft 125 intersects with the extending
direction of the impact cylinder 141. The crank shaft 125
is afeature that corresponds to the "rotation axis" in claim
5 of the invention.

[0051] The motion converting mechanism 113 has a
crank arm 181 formed by a generally U-shaped member.
Anescape groove 183 is formed in a peripheral wall (side
wall) of the impact cylinder 141 in order to install the crank
arm 181. A bottom region 181a of the U-shaped crank
arm 181 (shown by a two-dot chain line in FIG. 12) has
acircular section. The crank arm 181 is installed with the
bottom region 181a through the escape groove 183, and
in this state, one end of the crank arm 181 is connected
to a connecting shaft 128 of the piston 129 and the other
end is connected to the crank pin 126. The escape groove
183 has such a width and an axial length that the crank
arm 181 is allowed to move in the longitudinal direction
of the impact cylinder 141 while swinging on the connect-
ing shaft 128.

[0052] As described above, in this embodiment, the
crank arm 181 is U-shaped and allowed to move in the
escape groove 183 formed in the peripheral wall of the
impact cylinder 141. By provision of this construction, the
motion converting mechanism 113 can be disposed in
parallel to the impact cylinder 141 in a region along the
extending direction (the longitudinal direction) of the im-
pact cylinder 141. As a result, the length of the tool body
103 in the striking direction or the axial direction of the
hammer bit 119 is defined by the extending lengths of
the tool holder 137 for holding the hammer bit 119 and
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the impact cylinder 141 for housing the piston 129 and
the striker 143. Therefore, the length of the tool body 103
in the striking direction can be shortened, compared with
a known hammer drill in which the motion converting
mechanism 113 is disposed in a rear position outside a
region along the longitudinal direction of the impact cyl-
inder 141.

[0053] When performing a drilling operation with the
hammer drill 101 constructed as described above, for
example, on an inner wall surface of a U-shaped ditch,
like the first embodiment, the tool body 103 can be in-
serted into the U-shaped ditch with the axis of the ham-
mer bit 119 extending in the width direction of the ditch.
In this case, the impact force of the striker 143 is linearly
transmitted to the hammer bit 119. With this construction,
compared with the construction in which the impact force
of the striker is transmitted to the hammer bit via an an-
gular attachment attached to the front end of the hammer
drill, the impact force ofthe striker 143 can be transmitted
to the hammer bit 119 without loss.

[0054] The handgrip 109 is configured as a D-shaped
handle having the grip 109a designed to be held by a
user. The grip 109a extends in a direction transverse to
the longitudinal direction of the body 103 and in parallel
to the extending direction of the impact cylinder 141, and
has upper and lower ends connected to the outer housing
105. With this construction, the handgrip 109 can be con-
figured to extend within the length of the hammer drill
101 in the striking direction.

[0055] The trigger 147 for starting and stopping the
driving motor 111 and the normal/reverse selector switch
149 are disposed on the handgrip 109. In this embodi-
ment, the trigger 147 and the normal/reverse selector
switch 149 are disposed in a front region (a lower region
as viewed in FIG. 10) of the handgrip 109 in the striking
direction (along the extending direction of the handgrip
109). Specifically, in this embodiment, the handgrip 109
is designed and configured to be held such thatthe user’s
thumb and index finger are set on the front region of the
handgrip 109 in the striking direction.

[0056] Further, a rear end region of the outer housing
105 in the striking direction is designed as an auxiliary
grip 163 which can be pressed with a user’s whole palm.
By provision of this construction, when performing a drill-
ing operation, the user can hold the handgrip 109 with
one hand and press the auxiliary handle 163 in the strik-
ing direction with the other hand.

[0057] In this embodiment, as for the power transmit-
ting mechanism 117 for transmitting the rotating output
of the driving motor 111 to the hammer bit 119, rotation
of an intermediate gear 185 which engages with the driv-
ing gear 121 driven by the driving motor 111 is transmitted
to an intermediate shaft 186 via a torque limiter 187, and
this rotation of the intermediate shaft 186 is transmitted
from a small bevel gear 188 to the tool holder 137 via a
large bevel gear 189 which engages with the small bevel
gear 188. The small bevel gear 188 is integrally formed
with an axial end of the intermediate shaft 186. The large
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bevel gear 189 is spline-fitted onto the tool holder 137
and rotates together with the tool holder 137. Specifically,
the power transmitting mechanism 117 according to this
embodiment has a single intermediate shaft, so that it is
made simplerin structure compared with the power trans-
mitting mechanism 117 of the first embodiment which
has two intermediate shafts.

[0058] A modification to the second embodiment is
now described with reference to FIGS. 14 and 15. In this
modification, a crank arm 191 is formed by a linear rod-
like member or a plate-like member. Further, the con-
necting shaft 128 of the piston 129 has an extension 128a
which extends outward of the impact cylinder 141 through
the escape groove 183, and the extension 128a is con-
nected to a crank arm 191. Therefore, according to this
modification, like in the second embodiment, the length
of the tool body 103 in the striking direction can be short-
ened compared with the known hammer drill.

[0059] In this modification, the trigger 147 for starting
and stopping the driving motor 111 and the normal/re-
verse selector switch 149 are disposed in a rear region
(an upper region as viewed in FIG. 14) of the handgrip
109 in the striking direction (along the extending direction
of the handgrip 109). Specifically, in this embodiment,
the handgrip 109 is designed and configured to be held
such that the user’s thumb and index finger are set on
the rear region of the handgrip 109 in the striking direc-
tion.

[0060] In the above-described embodiment, the ham-
mer drill 101 is described as a representative example
of an impact tool, but the invention can be applied to a
hammer in which the hammer bit 119is caused to perform
only linear movement in the axial direction.

[0061] In view of the aspect of the above-described
invention, the following features can be provided.

(1) "An impact tool which performs a predetermined
operation on a workpiece by at least linear move-
ment of a tool bit in an axial direction of the tool bit,
comprising:

a tool holder that holds the tool bit so as to allow
relative movement in the axial direction, a strik-
ing element that moves linearly in the axial di-
rection of the tool bit and applies an impact force
to the tool bit, an impact cylinder that is connect-
ed to the tool holder, houses the striking element
so as to allow relative movement and has an air
chamber which causes compressed air to act
upon the striking element, and a tool body that
houses the tool holder and the impact cylinder,
wherein:

both the tool holder and the impact cylinder
extend in the axial direction of the tool bit
and the length of the impact tool in the axial
direction of the tool bit is defined by the tool
holder and the impact cylinder."
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)

"The impact tool as defined in (1), further comprising
a compressed-air feeding cylinder for supplying
compressed air to the air chamber of the impact cyl-
inder, wherein the compressed-air feeding cylinder
extends in a different direction from an extending
direction of the impact cylinder."

©)

"The impact tool as defined in (1) or (2), comprising
a handgrip that is connected to the tool body and
designed to be held by a user in order to operate the
impact tool, wherein a width direction of the handgrip
coincides with the extending direction of the impact
cylinder."

4)

"The impact tool as defined in (3), wherein the axial
direction of the tool bit, the extending direction of the
compressed-air feeding cylinder and the extending
direction of the handgrip intersect one another."

®)

"The impact tool as defined in (1), further comprising
a motion converting mechanism that converts rota-
tion into linear motion and thereby generates com-
pressed air in the air chamber of the impact cylinder,
wherein a rotating shaft of the motion converting
mechanism is disposed in parallel to the impact cyl-
inder in a predetermined region along the extending
direction of the impact cylinder."

(6)

"The impact tool as defined in (5), wherein the rotat-
ing shaft intersects with the extending direction of
the impact cylinder."

)

"The impact tool as defined in (5) or (6), comprising
a handgrip that is connected to the tool body and
designed to be held by a user in order to operate the
impact tool, wherein the extending directions of the
impact cylinder and the handgrip are parallel to each
other."

8)

"The impact tool as defined in (2), comprising an air
passage that supplies compressed air generated in
the compressed-air feeding cylinder to the air cham-
ber of the impact cylinder, wherein the air passage
is provided and configured to supply the compressed
air in a longitudinal direction of the air chamber
through a head of the impact cylinder."

©)

"The impact tool as defined in (2), comprising an air
passage that supplies compressed air generated in
the compressed-air feeding cylinder to the air cham-
ber of the impact cylinder, wherein the air passage
is provided and configured to supply the compressed
air in a radial direction of the air chamber through a
sidewall region of the impact cylinder."

(10)

"The impact tool as defined in any one of (1) to (9),
comprising a tool body, a motor that is housed in the
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tool body, and an intermediate gear that is housed
in the tool body and transmits a rotating output of the
motor to the tool bit, wherein:

the motor and the intermediate gear are dis-
posed such thattheir rotation axes extend in par-
allel to each other and intersect with an axis of
the tool bit,

a rear surface of the tool body in a striking di-
rection of the striking element extends generally
transverse to the striking direction, and

a rotation axis of the motor is displaced forward
in the striking direction of the striking element
with respect to a straight line extending through
the center of the intermediate gear and in par-
allel to the rear surface in the striking direction."

(11)

"The impacttool as definedin (7), comprising a motor
that drives the tool bit, and an operation member that
is formed on the handgrip and operated to start and
stop the motor, wherein the operation member is dis-
posed on a rear part of an extending region of the
handgrip in the striking direction of the striking ele-
ment."

(12)

"The impacttool as definedin (7), comprising a motor
that drives the tool bit, and an operation member that
is formed on the handgrip and operated to start and
stop the motor, wherein the operation member is dis-
posed on a front part of the extending region of the
handgrip in the striking direction of the striking ele-
ment."

Description of Numerals

[0062]

101 hammer drill (impact tool)

103 body

105 outer housing

105a motor housing

105b rear surface in the striking direction
107 gear housing

107a barrel

107b inner wall surface

109 handgrip

109a grip

110 side grip

111 driving motor

111a motor shaft

113 motion converting mechanism
114 compression device

115 striking mechanism

117 power transmitting mechanism
119 hammer bit (tool bit)

121 driving gear

123 driven gear
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125 crank shaft

126 crank pin

127 crank arm

128 connecting shaft

128a extension

129 piston

131 air compression cylinder
131 a compression chamber
133 air passage

137 tool holder

137a extension

141 impact cylinder

141a air chamber

143 striker (striking element)
144 cushioning spring

145 impact bolt

147 trigger

149 normal/reverse selector switch
151 first intermediate gear
152 first intermediate shaft
153 second intermediate gear
154 second intermediate shaft
155 small bevel gear

157 large bevel gear

157a clutch teeth

159 torque limiter

159a clutch teeth

161 biasing spring

163 auxiliary grip

165 ring-like member

165a annular groove

167 connecting pipe

169 vent hole

171 tubular part

173 inner passage

181 crank arm

181a U-shaped bottom region
183 escape groove

185 intermediate gear

186 intermediate shaft

187 torque limiter

188 small bevel gear

189 large bevel gear

191 crank arm

Claims

An impact tool which performs a predetermined op-
eration on a workpiece by at least linear movement
of a tool bit in an axial direction of the tool bit com-
prising:

atool holder that holds the tool bit so as to allow
relative movement in the axial direction,

a striking element that moves linearly in the axial
direction of the tool bit and applies an impact
force to the tool bit,
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10

an impact cylinder that is connected to the tool
holder, the impact cylinder housing the striking
elementto allow relative movement, wherein the
impact cylinder has an air chamber that causes
compressed air to act upon the striking element,
and

a tool body that houses the tool holder and the
impact cylinder,

characterized in that

both the tool holder and the impact cylinder ex-
tend in the axial direction of the tool bit, and
the length of the tool body in the axial direction
of the tool bit is defined by the tool holder and
the impact cylinder.

The impact tool as defined in claim 1, further com-
prising a compressed-air feeding cylinder for supply-
ing compressed air to the air chamber of the impact
cylinder, wherein the compressed-air feeding cylin-
der extends in a different direction from an extending
direction of the impact cylinder.

The impact tool as defined in claim 2, comprising a
handgrip that is connected to the tool body and de-
signed to be held by a user in order to operate the
impact tool, wherein a width direction of the handgrip
coincides with the extending direction of the impact
cylinder.

The impact tool as defined in claim 3, wherein the
axial direction of the tool bit, the extending direction
of the compressed-air feeding cylinder and the ex-
tending direction of the handgrip intersect one an-
other.

The impact tool as defined in claim 1, further com-
prising amotion converting mechanismthatconverts
rotation into linear motion and thereby generates
compressed air in the air chamber of the impact cyl-
inder, wherein a rotating shaft of the motion convert-
ing mechanism is disposed in parallel to the impact
cylinder in a predetermined region along the extend-
ing direction of the impact cylinder.

The impact tool as defined in claim 5, wherein the
rotating shaft intersects with the extending direction
of the impact cylinder.

The impact tool as defined in claim 5 or 6, comprising
a handgrip that is connected to the tool body and
designed to be held by a user in order to operate the
impact tool, wherein the extending directions of the
impact cylinder and the handgrip are parallel to each
other.
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