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Description
FIELD OF THE INVENTION

[0001] The invention relates to an impact tool accord-
ing to the preamble of claim 1, which performs a prede-
termined operation on a workpiece by at least linear
movement of a tool bit in an axial direction of the tool bit.
Such animpacttoolis knownfrom US2011/0000693 A1.

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] EP 2 444 206 A1 (corresponds to JP
2011-000684 (A)) and US 2009/0020302 A1 and DE 10
2006 061 625 A1 (corresponds to US 2011-0000693 A1)
each disclose an impact tool according to the preamble
of claim 1.

[0005] US 964,875, US 1,959,458, DE 10 2007 059
896 A1, FR 2 938 461 and DE-US 1 938 738 disclose
other impact mechanisms.

[0006] 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

[0007] The objectis solved by animpacttool according
to claim 1. Further developments are given in the de-
pendent claims.

[0008] According to the invention as disclosed in claim
1, the length of the tool body in the axial direction of the
tool bit is defined by the tool holder and the impact cyl-
inder. By provision of this construction, 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
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the tool holder and the impact cylinder but by a mecha-
nism 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. Further, unlike the known
angular attachment, the impact force of the striking ele-
ment can be directly transmitted to the tool bit, so that
power transmission can be made without loss.

[0009] According to a preferred embodiment of the im-
pact tool, the impact tool further has a compressed-air
feeding cylinder for supplying compressed air to the air
chamber of the cylinder. The compressed-air feeding cyl-
inder extends in a different direction from an extending
direction of the impact cylinder. Further, the manner of
"extending in a different direction" here represents the
manner in which the compressed-air feeding cylinder ex-
tends in a direction perpendicular or angled to the ex-
tending direction of the impact cylinder.

[0010] 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.

[0011] According to the invention, the impact tool has
a handgrip which is connected to the tool body and de-
signed to be held by a user in order to operate the impact
tool, and a width direction of the handgrip preferably co-
incides with the extending direction ofthe impact cylinder.
Further, the "width direction of the handgrip" here repre-
sents a direction transverse to the extending direction of
a grip part of the handgrip 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. According to
this preferred embodiment, by provision of the construc-
tion in which the width direction of the handgrip 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 direction of the impact
cylinder or in a direction transverse to the axial direction
of the tool bit. Specifically, the extending direction of the
arm intersects with the axial direction of the tool bit.
Therefore, when performing an operation, for example,
on an inner wall surface of a U-shaped drainage ditch
(made of concrete), the arm of the user holding the hand-
grip does not get in the way of the operation.

[0012] According to a further preferred embodiment of
the impact tool, the axial direction of the tool bit, the ex-
tending direction of the compressed-air feeding cylinder
and the extending direction of the handgrip intersect one
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another.

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

[0014] According to the invention, the impact tool fur-
ther has a motion converting mechanism that converts
rotation into linear motion and thereby generates com-
pressed air in the air chamber of the impact cylinder.
Further, a rotating shaft of the motion converting mech-
anism is preferably disposed in parallel to the impact cyl-
inder in a predetermined region along the extending di-
rection of the impact cylinder. In this case, the rotating
shaft of the motion converting mechanism preferably in-
tersects with the extending direction of the impact cylin-
der.

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

[0016] According to the invention, the impact tool has
a handgrip designed to be held by a user in order to op-
erate the impact tool, and the extending directions of the
impact cylinder and the handgrip are preferably a parallel
to each other.

[0017] According to this preferred embodiment, with
the construction in which the extending direction of the
handgrip coincides with the extending direction of the
impact cylinder, when holding the handgrip with the us-
er's hand, the user's arm (forearm) extends in the ex-
tending direction of the impact cylinder or in a direction
transverse to the axial direction of the tool bit. Specifically,
the extending direction of the arm intersects with the axial
direction of the tool bit. Therefore, when performing an
operation, for example, on an inner wall surface of a U-
shaped ditch, the arm of the user holding the handgrip
does not get in the way of the operation.

EFFECT OF THE INVENTION

[0018] According to the invention as defined in claim
1, an impact tool is provided 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.

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

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

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

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.

FIG. 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
(First Embodiment)

[0020] A first embodiment is now described with refer-
ence to FIGS. 1 to 3. In this embodiment, an electric
hammer drill is described as a representative 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 hammer drill 101, a ham-
mer bit 119 detachably coupled to one end (front end
region) of the body 103 in its longitudinal 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 of the 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.
[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
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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 of the gear housing 107
which is exposed to the outside through the side surface
of the 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-
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
in the 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,
acrankpin 126 thatis eccentrically disposed on the crank
shaft 125, a crank arm 127 that is loosely connected to
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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 111 a and 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 129is slidably 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". The air compression cylinder 131 has a com-
pression chamber 131 a partitioned by the gear housing
107 and the piston 129. The piston 129 generates com-
pressed air by reducing (decreasing) a volume of the
compression chamber 131a and supplies the com-
pressed air to an air chamber 141a of the impact cylinder
141 through an air passage 133 formed in the gear hous-
ing 107. The air compression cylinder 131 extends in a
same direction as the longitudinal direction of the body
103 and in a direction transverse to both the axial direc-
tion of the hammer bit 119 and the extending direction
of the handgrip 109. Specifically, the axial direction of
the hammer bit 119, the extending 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 141 a extendingin the axial direction of the ham-
mer bit 119 and partitioned by the striker 143 and an inner
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 131aand supplied to the air cham-
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
this return 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] Inthis embodiment, one end of the air passage
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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 141 a 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
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 ininterrupting
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 airin the com-
pression chamber 131 a and supplies the compressed
air to the air chamber 141 a of the impact cylinder 141
viathe air passage 133. As aresult, the striker 143 moves
forward within the impact cylinder 141 and collides with
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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
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
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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)
ofthedrivingmotor 111 isrelatively 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.
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[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-
pliedinto the air chamber 141ain the radial direction from
the side or from a direction transverse to the longitudinal
direction of the impact cylinder 141. With this construc-
tion, 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
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-
structionin which the impactcylinder 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 embodiment is now described with
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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 141 a. 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)

[0049] A second embodiment is now described with
reference to FIGS. 10 to 13. Further, the description of
the second embodiment is focused on the points of dif-
ference in order to avoid overlapping descriptions with
the first embodiment, and components in this embodi-
ment which are substantially identical to those in the first
embodiment are given like numerals as in the first em-
bodiment. As shown in the drawings, in this embodiment,
the piston 129 which is one of components forming the
motion converting mechanism 113 and performs linear
movement is slidably disposed within the bore of the im-
pact cylinder 141. Therefore, the striker 143 is driven via
pressure fluctuations of the air chamber 141a which 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 embodiment is not pro-
vided. The impact cylinder 141 is separately formed from
the tool holder 137. The impact cylinder 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 hous-
ing 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
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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 a feature that corresponds to the "rotation axis".
[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 orderto 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 181 a 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
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
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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
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
109in the striking direction (along the extending direction
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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 teachings can be applied to a
hammer in which the hammer bit 119is caused to perform
only linear movement in the axial direction.

Description of Numerals
[0061]

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

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

141 a 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
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157 large bevel gear
157a clutch teeth

159 torque limiter
159a clutch teeth

161 biasing spring
163 aucxiliary 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 for performing a predetermined op-
eration on a workpiece by at least linear movement
of a tool bit, comprising

a driving motor (111) having a rotation axis,

a tool holder (137) that is adapted to hold a tool bit
(119) so as to allow relative movement of the tool bit
in an axial direction of the tool bit,

a striking element (143) that is adapted to move lin-
early in the axial direction of the tool bit and to apply
an impact force to the tool bit,

an impact cylinder (141) that is connected to the tool
holder (137), the impact cylinder housing the striking
element (143) to allow relative movement, the impact
cylinder having an airchamber (141a) thatis adapted
to cause compressed air to act upon the striking el-
ement,

a motion converting mechanism (113) that is adapt-
ed to convert rotation output of the driving motor
(111)into linear motion and to thereby generate com-
pressed air in the air chamber (141a) of the impact
cylinder,

a handgrip (109, 109a) designed to be held by a user
in order to operate the impact tool,

a tool body (103) that has a front end and a rear end
inits longitudinal direction, the tool body (103) having
an outer housing (105), wherein the outer housing
(105) houses the driving motor (111),

wherein the tool holder (137) is provided at the region
of the front end of the tool body (103) and the hand-
grip (109, 109a) is provided at the rear end of the
tool body (103),

wherein both the tool holder (137) and the impact
cylinder (141) extend in the axial direction of the tool
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bit (119), wherein the axial direction of the tool bit
(119) extends in a direction transverse to the longi-
tudinal direction,

characterized in that

the tool body (103) has a gear housing (107) largely
covered by the outer housing (105),

wherein the gear housing (107) houses the motion
converting mechanism (113) and the impact cylinder
(141),

wherein the length of the tool body (103) in the axial
direction of the tool bit (119) is the sum of the length
of the tool holder (137), the length of the impact cyl-
inder (141), the width of end walls of the outer hous-
ing (105) and the gear housing (107), respectively,
at the end of the impact cylinder (141) opposite the
tool bit (119), and optionally the width of an air pas-
sage (133) formed in the end wall of the gear housing
(107).

The impact tool as defined in claim 1, further com-
prising a compressed-air feeding cylinder (131) for
supplying compressed air to the air chamber of the
impact cylinder, wherein the compressed-air feeding
cylinder extends in a direction different from an ex-
tending direction of the impact cylinder (141).

The impacttool as defined in claim 2, wherein a width
direction of the handgrip coincides with the extending
direction of the impact cylinder (141).

The impact tool as defined in claim 3, wherein the
extending direction of the compressed-air feeding
cylinder intersects the axial direction of the tool bit,
and the extending direction of the compressed-air
feeding cylinder intersects the extending direction of
the handgrip.

The impact tool as defined in claim 1, wherein the
motion converting mechanism (113) is disposed in
parallel to the impact cylinder (141) in a predeter-
mined region along the extending direction of the
impact cylinder,

The impact tool as defined in claim 5, wherein the
rotating axis of a rotating shaft (125) of the motion
converting mechanism (113) intersects with the ex-
tending direction of the impact cylinder (141).

The impact tool as defined in claim 5 or 6, wherein
the extending directions of the impact cylinder (141)
and the handgrip (109, 109a) are parallel.

Patentanspriiche

Schlagwerkzeug zum Ausfiihren eines vorbestimm-
ten Arbeitsvorganges an einem Werkstulick durch zu-
mindest lineare Bewegung eines Werkzeugbits, mit
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einem Antriebsmotor (111), der eine Drehachse auf-
weist,

einem Werkzeughalter (137), der zum Halten eines
Werkzeugbits (119) so angepasst ist, dass er eine
relative Bewegung des Werkzeugpbits in eine axiale
Richtung des Werkzeugbits ermdglicht,

einem Schlagelement (143), das dazu angepasstist,
sich linear in der axialen Richtung des Werkzeugbits
zu bewegen und eine Schlagkraft dem Werkzeugbit
aufzubringen,

einem Schlagzylinder (141), der mit dem Werkzeug-
halter (137) verbunden ist, wobei der Schlagzylinder
das Schlagelement (143) so aufnimmt, dass er eine
relative Bewegung ermdglicht, und der Schlagzylin-
der eine Luftkammer (141a) aufweist, die zum Be-
wirken, dass komprimierte Luft auf das Schlagele-
ment wirkt, angepasst ist,

einem Bewegungsumwandlungsmechanismus
(113), der dazu angepasst ist, eine Drehausgabe
des Antriebsmotors (111) in eine lineare Bewegung
umzuwandeln, und dabei komprimierte Luft in der
Luftkammer (141a) des Schlagzylinders erzeugt,
einem Handgriff (109, 109a), der so gestaltet ist,
dass ihn ein Benutzer zum Betédtigen des Schlag-
werkzeugs halten kann,

einem Werkzeugkodrper (103), der ein vorderes Ende
und ein hinteres Ende in seiner Langsrichtung auf-
weist, und der Werkzeugkérper (103) ein dueres
Gehause (105) aufweist, wobei das dulRere Gehau-
se (105) den Antriebsmotor (111) aufnimmt,

bei dem der Werkzeughalter (137) in dem Bereich
des vorderen Endes des Werkzeugkdrpers (103)
vorgesehenistund der Handgriff (109, 109a) an dem
hinteren Ende des Werkzeugkdrpers (103) vorgese-
hen ist,

bei dem sich sowohl der Werkzeughalter (137) als
auch der Schlagzylinder (141) in der axialen Rich-
tung des Werkzeugbits (119) erstrecken, wobei sich
die axiale Richtung des Werkzeugbits (119) in eine
Richtung transversal zur der Léangsrichtung er-
streckt,

dadurch gekennzeichnet, dass

der Werkzeugkorper (103) ein Getriebegehduse
(107) aufweist, das Uberwiegend durch das duf3ere
Gehause (105) abgedeckt ist,

bei dem das Getriebegehduse (107) den Bewe-
gungsumwandlungsmechanismus (113) und den
Schlagzylinder (141) aufnimmt,

bei dem die Lange des Werkzeugkdrpers (103) in
der axialen Richtung des Werkzeugbits (119) die
Summe der Lange des Werkzeughalters (137), der
Lange des Schlagzylinders (141), der Breite von
Endwanden des duRBeren Gehauses (105) bzw. des
Getriebegehduses (107) an dem Ende des Schlag-
zylinders (141), das dem Werkzeugbit (119) gegen-
Uberliegt, und optional der Breite einer Luftpassage
(133) ist, die in der Endwand des Getriebegehauses
(107) ausgebildet ist.
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2

Schlagwerkzeug nach Anspruch 1, das weiter einen
Kompressionsluftzufihrungszylinder (131) zum Zu-
fihren von komprimierter Luft zu der Luftkammer
des Schlagzylinders aufweist, bei dem sich der
Kompressionsluftzufiihrungszylinder in einer von ei-
ner Erstreckungsrichtung des Schlagzylinders (141)
unterschiedlichen Richtung erstreckt.

Schlagwerkzeug nach Anspruch 2, bei dem eine
Breitenrichtung des Handgriffes mit der Erstre-
ckungsrichtung des Schlagzylinders (141) zusam-
menfallt.

Schlagwerkzeug nach Anspruch 3, bei dem die Er-
streckungsrichtung des Kompressionsluftzufiih-
rungszylinders die axiale Richtung des Werkzeug-
bits kreuzt und die Erstreckungsrichtung des
Kompressionsluftzufihrungszylinders die Erstre-
ckungsrichtung des Handgriffes kreuzt.

Schlagwerkzeug nach Anspruch 1, bei dem der Be-
wegungsumwandlungsmechanismus (113) parallel
zu dem Schlagzylinder (141) in einem vorbestimm-
ten Bereich entlang der Erstreckungsrichtung des
Schlagzylinders angeordnet ist.

Schlagwerkzeug nach Anspruch 5, bei dem die
Drehachse einer Drehwelle (125) des Bewegungs-
umwandlungsmechanismus (113) mit der Erstre-
ckungsrichtung des Schlagzylinders (141) kreuzt.

Schlagwerkzeug nach Anspruch 5 oder 6, bei dem
die Erstreckungsrichtungen des Schlagzylinders
(141) und des Handgriffs (109, 109a) parallel sind.

Revendications

Outil a percussion pour réaliser une opération pré-
déterminée sur une piéce de travail par au moins un
mouvement linéaire d’'une méeche d’outil, compre-
nant

un moteur d’entrainement (111) présentant un axe
de rotation,

un supportd’outil (137) qui est adapté pour maintenir
une meche d’outil (119) de sorte a permettre le mou-
vement relatif de la méche d’outil dans une direction
axiale de la méche d’outil,

un élément de frappe (143) qui est adapté pour se
déplacer linéairement dans la direction axiale de la
meche d’outil et pour appliquer une force d’impact a
la méche d’outil,

uncylindre a percussion (141) qui estrelié au support
d’outil (137), le cylindre a percussion logeant I'élé-
ment de frappe (143) pour permettre le mouvement
relatif, le cylindre a percussion présentant une cham-
bre d’air (141 a) qui est adaptée pour amener ['air
compressé a agir sur I'élément de frappe,



19 EP 2 700 476 B1 20

un mécanisme de conversion de mouvement (113)
qui est adapté pour convertir la sortie de rotation du
moteur d’entrainement (111) en mouvement linéaire
et pour générer par la méme l'air compressé dans
la chambre d’air (141a) du cylindre a percussion,
une poignée (109, 109a) congue pour étre tenue par
un utilisateur afin d’actionner I'outil a percussion,
un corps d'outil (103) qui présente une extrémité
avant et une extrémité arriére dans sa direction lon-
gitudinale, le corps d’outil (103) présentant un loge-
ment extérieur (105), dans lequel le logement exté-
rieur (105) loge le moteur d’entrainement (111),
dans lequel le support d’outil (137) est prévu sur la
région de I'extrémité avant du corps d’outil (103) et
la poignée (109, 109a) est prévue sur I'extrémité ar-
riere du corps d’outil (103),

dans lequel a la fois le support d’outil (137) et le
cylindre a percussion (141) s’étendent dans la direc-
tion axiale de la méche d’outil (119), dans lequel la
direction axiale de la méche d’outil (119) s’étend
dans une direction transversale a la direction longi-
tudinale,

caractérisé en ce que

le corps d’outil (103) présente un logement d’engre-
nage (107) couvert largement par le logement exté-
rieur (105),

dans lequel le logement d’engrenage (107) loge le
mécanisme de conversion de mouvement (113) et
le cylindre a percussion (141),

dans lequel la longueur du corps d’outil (103) dans
la direction axiale de la méche d’outil (119) est la
somme de la longueur du support d’outil (137), la
longueur du cylindre a percussion (141), la largeur
de parois d’extrémité du logement extérieur (105) et
du logementd’engrenage (107) respectivement, sur
I'extrémité du cylindre a percussion (141) en regard
de la méche d’outil (119), et en option la largeur d’'un
passage d’air (133) formé dans la paroi d’extrémité
du logement d’engrenage (107).

Outil a percussion selon la revendication 1, compre-
nant en outre un cylindre d’alimentation a air com-
pressé (131) pour fournir de I'air compressé a la
chambre d’air du cylindre a percussion, dans lequel
le cylindre d’alimentation a air compressé s’étend
dans une direction différente d’une direction d’exten-
sion du cylindre a percussion (141).

Outil a percussion selon la revendication 2, dans le-
quel une direction de largeur de la poignée coincide
avec la direction d’extension du cylindre a percus-
sion (141).

Outil a percussion selon la revendication 3, dans le-
quel la direction d’extension du cylindre d’alimenta-
tion a air compressé croise la direction axiale de la
meéche d’outil, et la direction d’extension du cylindre
d’alimentation a air compressé croise la direction
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d’extension de la poignée.

Outil a percussion selon la revendication 1, dans le-
quel le mécanisme de conversion de mouvement
(113) est disposé parallelement au cylindre a per-
cussion (141) dans une région prédéterminée le long
de la direction d’extension du cylindre a percussion.

Outil a percussion selon la revendication 5, dans le-
quel 'axe de rotation d’un arbre de rotation (125) du
meécanisme de conversion de mouvement (113) croi-
se la direction d’extension du cylindre a percussion
(141).

Outila percussion selon larevendication 5ou 6, dans
lequel les directions d’extension du cylindre a per-
cussion (141) et de la poignée (109, 109a) sont pa-
ralléles.
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