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Description
FIELD OF THE INVENTION

[0001] The invention relates to an impact tool for per-
forming a linear hammering operation on a workpiece,
and more particularly to a technique for cushioning a re-
action force received from the workpiece during hammer-
ing operation.

BACKGROUND OF THE INVENTION

[0002] EP 0064 038 A1, which represents the closest
state of the art, discloses an impact tool comprising a
tool body, a hammer actuating member, that is disposed
in a tip end region of the tool body and performs a pre-
determined hammering operation on a workpiece by lin-
ear movement in its axial direction, a striking element
that linearly moves in the axial direction of the hammer
actuating member and thereby strikes the hammer actu-
ating member, a weight part configured as steel balls to
which a reaction force is transmitted from the hammer
actuating member in areaction force transmitting position
in which the weight part is placed in contact with the ham-
mer actuating member via intervening members, when
the hammer actuating member performs the hammering
operation on the workpiece, wherein the weight part
moves from the reaction force transmitting position in a
direction different from the axial direction of the hammer
actuating member by the transmitted reaction force and
wherein the weight part changes in its state between a
first state in which the reaction force is not yet transmitted
to the weight part and a second state in which the weight
partis caused to move by the transmission of the reaction
force in the direction different from the axial direction of
the hammer actuating member.

[0003] Japanese non-examined laid-open Patent Pub-
lication No.2007-50495 (and EP 1754 575 A2), discloses
a technique for cushioning an impact force (reaction
force) caused by rebound of a tool bit after its striking
movement in an impact tool. This impact tool has an im-
pact absorbing mechanism which includes a weight that
is placed in contact with the impact bolt duringhammering
operation and a coil spring that biases the weight in a
direction that holds the weight in contact with the impact
bolt. The impact absorbing mechanism is designed such
that, when a rearward reaction force acts upon the impact
bolt by rebound of the tool bit after striking movement of
the tool bit, the weight is caused to move rearward by
the reaction force transmitted from the impact bolt and
the coil spring elastically deforms rearward by the move-
ment of the weight.

[0004] With this known impact absorbing mechanism,
the impact force caused by rebound of the tool bit after
its striking movement can be absorbed by the rearward
movement of the weight and by the elastic deformation
of the coil spring which is caused by the movement of
the weight, so that vibration of the impact tool can be
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reduced. In this known impact absorbing mechanism,
however, further improvement of the impact force ab-
sorbing structure is required.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is an object of the invention to
provide an impact tool which is improved in its structure
for absorbing an impact force caused by rebound of a
tool bit after its striking movement.

[0006] Above described object can be achieved by the
impact tool of claim 1. An impact tool according to the
invention includes a tool body, a hammer actuating mem-
ber that is disposed in a tip end region of the tool body
and performs a predetermined hammering operation on
aworkpiece by linear movementin its axial direction, and
astriking elementthat linearly moves in the axial direction
of the hammer actuating member and thereby strikes the
hammer actuating member. The "predetermined ham-
mering operation" in this invention includes not only a
hammering operation in which the hammer actuating
member performs only a linear striking movement, but a
hammer drill operation in which it performs a linear strik-
ing movement and a rotation in the circumferential direc-
tion. Further, the "hammer actuating member" in this in-
vention typically represents a tool bit and an impact bolt
that transmits a striking force in the state of contact with
the tool bit.

[0007] The impact tool according to the invention fur-
ther includes a weight part and an elastically deformable
elastic element. When the hammer actuating member
performs the hammering operation on the workpiece, a
reaction force is transmitted from the hammer actuating
member to the weight partin a reaction force transmitting
positioninwhich the weight part is placed in direct contact
with the hammer actuating member or in which the weight
partis placed in contact with the hammer actuating mem-
ber via a hard metal intervening member. The weight part
moves from the reaction force transmitting position in a
direction different from the axial direction of the hammer
actuating member by the transmitted reaction force. Fur-
ther, the weight part changes in its state between a first
state in which the reaction force is not yet transmitted to
the weight part and a second state in which the weight
partis caused to move by the transmission of the reaction
force in the direction different from the axial direction of
the hammer actuating member. The elastic element ex-
erts a biasing force such that the weight part is placed in
the first state, and when the weight part changes from
the first state to the second state by the reaction force,
the elastic element elastically deforms by being pushed
by the weight part and thereby absorbs the reaction force
transmitted to the weight part. The "different direction" in
this invention includes not only a radial direction of the
hammer actuating member or an obliquely rearward di-
rection including a radial component, but all directions
other than the axial direction of the hammer actuating
member. Further, the "elastic element" in this invention
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typically comprises a spring, but it may comprise a rub-
ber.

[0008] During hammering operation, the hammer ac-
tuating member is caused to rebound by receiving the
reaction force from the workpiece after its striking move-
ment. According to this invention, with the construction
in which the reaction force received by the hammer ac-
tuating member from the workpiece is transmitted to the
weight part in a reaction force transmitting position in
which the weight part is placed in direct contact with the
hammer actuating member or in which the weight part is
placed in contact with the hammer actuating member via
a hard metal intervening member, the reaction force is
almost 100% transmitted. In other words, the reaction
force is transmitted by exchange of momentum between
the hammer actuating member and the weight part. By
this transmission of the reaction force, the weight part is
caused to move in a direction different from the axial di-
rection of the hammer actuating member. The weight
moving in this direction elastically deforms the elastic el-
ement, and the reaction force of the weight is absorbed
by such elastic deformation. Specifically, according to
this invention, the reaction force caused by rebound of
the hammer actuating member can be absorbed by the
movement of the weight part in a direction different from
the axial direction of the hammer actuating member and
by the elastic deformation of the elastic element which
is caused by the movement of the weight part. As aresult,
vibration of the impact power tool can be reduced.
According to this invention, with the construction in which
the weight part is moved in a direction different from the
axial direction of the hammer actuating member or from
the striking direction, the impact absorbing mechanism
formed by the weight part and the elastic element can be
reduced in size in the axial direction of the hammer ac-
tuating member.

[0009] Accordingto afurther embodiment of the inven-
tion, the weight part comprises at least two weights dis-
posed side by side along a circumferential direction on
the hammer actuating member, and when the reaction
force is transmitted from the hammer actuating member
to the weights, the weights are moved by the reaction
force in a direction transverse to the axial direction of the
hammer actuating member. The "transverse direction"
typically represents a radially outward direction of the
hammer actuating member, but it is only necessary to
include a component of the radially outward direction.
Therefore, the "elastic element" in this invention prefer-
ably comprises a generally C-shaped plate spring that is
disposed on the outside of the at least two weights and
biases the weights radially inward at the same time. The
elastic element may however be designed to bias the
weights individually. Further, in this invention, the move-
ment of the weights in a direction transverse to the axial
direction of the hammer actuating member can be effect-
ed by direct contact of the weight with the hammer actu-
ating member, or by contact of the weight with the ham-
mer actuating member via an intervening member, via
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their tapered surfaces.

According to this embodiment, the weights disposed on
the outside of the hammer actuating member can be
moved by utilizing a space on the outside (the radially
outer side) of the hammer actuating member. Therefore,
the impact absorbing mechanism can be further reduced
in size in the axial direction of the hammer actuating
member.

[0010] According to afurther embodiment of the inven-
tion, the weight part comprises a large number of bead-
like weights disposed in circumferential and axial direc-
tions of the hammer actuating member. The large
number of the weights can be biased by the hammer
actuating member such that adjacent ones of the weights
are held in contact with each other while some of the
weights are held in contact with the hammer actuating
member. When the reaction force is transmitted from the
hammer actuating member to the some weights, the re-
action force is successively transmitted starting from the
some weights to the adjacent weights. As a result, the
weights are moved as a whole in a direction that elasti-
cally deforms the elastic member while each moving in
random directions. The "bead-like weights" in this inven-
tion typically represent steel balls, but their shape is not
limited to a spherical shape and widely includes polyhe-
dral, fusiform and other shapes. Further, the direction of
deformation of the "elastic element" in this invention is
typically the axial direction of the hammer actuating mem-
ber.

According to this embodiment, with the construction in
which the weight part comprises a large number of bead-
like weights, the reaction force transmitted from the ham-
mer actuating member can be dispersed over the
weights, and loss of the reaction force is increased by
transmission of the reaction force between the adjacent
weights. Therefore, the effect of damping the reaction
force is increased, so that the reaction force upon the
elastic element can be reduced. As a result, durability of
the elastic element can be increased.

[0011] Accordingtotheinvention, animpacttoolis pro-
vided which is improved in its structure for absorbing an
impact force caused by rebound of a tool bit after its strik-
ing movement.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG.1is a sectional side view schematically showing
an entire electric hammer drill according to a first
embodiment of this invention, under loaded condi-
tions in which a hammer bit is pressed against a
workpiece.

FIG. 2 is a sectional view showing an essential part
of this invention.

FIG. 3 is a sectional view taken along line A-Ain FIG.
2, in the state in which an impact absorbing mecha-
nism is not yet actuated.
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FIG. 4 is a sectional view taken along line A-Ain FIG.
2, in the state in which the impact absorbing mech-
anism is being actuated.

FIG. 5is a sectional view showing an impact absorb-
ing mechanism according to a second embodiment
of this invention.

FIG. 6 is a schematic view for illustrating propagation
of a stress wave between a large number of steel
balls.

REPRESENTATIVE EMBODIMENT OF THE INVEN-
TION

(First Embodiment of the Invention)

[0013] A first embodiment of the invention is now de-
scribed with reference to FIGS. 1to4. FIG. 1is a sectional
side view showing an entire electric hammer drill 101 as
a representative example of an impact tool according to
the invention, underloaded conditions in whichahammer
bit is pressed against a workpiece. As shown in FIG. 1,
the hammer drill 101 of this embodiment includes a body
103 that forms an outer shell of the hammer drill 101, a
hammer bit 119 detachably coupled to the tip end region
(on the left side as viewed in FIG. 1) of the body 103 via
a tool holder 137, and a handgrip 109 that is connected
to the body 103 on the side opposite the hammer bit 119
and designed to be held by a user. The body 103 is a
feature that corresponds to the "tool body" according to
the invention. The hammer bit 119 is held by the tool
holder 137 such that it is allowed to reciprocate with re-
spect to the tool holder 137 in its axial direction and pre-
vented from rotating with respect to the tool holder 137
in its circumferential direction. In the present embodi-
ment, for the sake of convenience of explanation, the
side of the hammer bit 119 is is taken as the front and
the side of the handgrip 109 as the rear.

[0014] Thebody 103 includes a motor housing 105 that
houses a driving motor 111, and a gear housing 107 that
houses a motion converting mechanism 113, a striking
mechanism 115 and a power transmitting mechanism
117 which form a driving mechanism. The rotating output
of the driving motor 111 is appropriately converted to
linear motion by the motion converting mechanism 113
and then transmitted to the striking mechanism 115. As
aresult, animpact force is generated in the axial direction
of the hammer bit 119 via the striking mechanism 115.
Further, the speed of the rotating output of the driving
motor 111 is appropriately reduced by the power trans-
mitting mechanism 117 and then transmitted to the ham-
mer bit 119. As a result, the hammer bit 119 is caused
to rotate in the circumferential direction. The handgrip
109 is generally U-shaped in side view, having a lower
end and an upper end. The lower end of the handgrip
109 is rotatably connected to the rear end lower portion
of the motor housing 105 via a pivot 109a, and the upper
end is connected to the rear end upper portion of the
motor housing 105 via an elastic spring 109b for absorb-
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ing vibration. Thus, transmission of vibration from the
body 103 to the handgrip 109 is reduced.

[0015] The motion converting mechanism 113 mainly
includes a crank mechanism. The crank mechanism is
designed such that, when the crank mechanism is rota-
tionally driven by the driving motor 111, a driving element
in the form of a piston 129 forming a final movable mem-
ber of the crank mechanism linearly moves in the axial
direction of the hammer bit. The power transmitting
mechanism 117 mainly includes a gear speed reducing
mechanism formed by a plurality of gears and serves to
transmit rotation of the driving motor 111 to the tool holder
137. Thus the tool holder 137 is caused to rotate in the
vertical plane, and the hammer bit 119 held by the tool
holder 137 rotates.

[0016] As shown in FIG. 2 which shows an essential
part of the invention, the striking mechanism 115 mainly
includes a striker 143 that is slidably disposed within the
bore of the cylinder 141. The striker 143 is a feature that
corresponds to the "striking element" according to this
invention. The striker 143 is driven via the action of an
air spring of an air chamber 141a of the cylinder 141
which is caused by sliding movement of the piston 129.
The striker 143 then collides with (strikes) an intermedi-
ate element in the form of an impact bolt 145 that is sli-
dably disposed within the tool holder 137 and transmits
the striking force to the hammer bit 119 via the impact
bolt 145. The impact bolt 145 and the hammer bit 119
are features that correspond to the "hammer actuating
member" according to this invention. The impact bolt 145
includes a large-diameter portion 145a which is formed
in the front in the longitudinal direction and fitted in close
contact with the inner surface of the tool holder 137, a
first small-diameter portion 145b provided for defining a
predetermined extent of a space between the small-di-
ameter portion 145b and the inner circumferential surface
of the tool holder 137, and a second small-diameter por-
tion 145c on which a positioning member 151 which is
described below is loosely fitted and which is struck by
the striker 143. Further, a medium-diameter portion 145d
having alarger diameter than the first small-diameter por-
tion 145b and the second small-diameter portion 145c is
formed between the small-diameter portions and has a
tapered surface on its front and rear surfaces. Further, a
tapered surface 145e is formed between the large-diam-
eter portion 145a and the first small-diameter portion
145b. A contact surface of the large-diameter portion
145a which is placed in contact with a rear end surface
of the hammer bit 119 is spherically convex.

[0017] The hammer drill 101 includes a positioning
member 151 that is disposed between the impact bolt
145 and the cylinder 141 and serves to position the body
103 with respect to the workpiece under loaded condi-
tions shown in FIG. 1 in which the hammer bit 119 is
pressed against the workpiece by the user’s pressing
force applied forward to the body 103. The positioning
member 151 positions the body 103 with respect to the
workpiece by contact with the impact bolt 145 and the
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cylinder 141, between the impact bolt 145 and the cylin-
der 141 which is held prevented at least from rearward
movement with respect to the gear housing 107, when
the positioning member 151 is pushed rearward (to the
piston 129 side) together with the hammer bit 119. The
positioning member 151 is a unit part including a rubber
ring 153, a front hard metal washer 155 joined to the
axially front surface of the rubber ring 153, and a rear
hard metal washer 157 joined to the axially rear surface
of the rubber ring 153. The positioning member 151 is
loosely fitted onto the second small-diameter portion
145c¢ of the impact bolt 145.

[0018] In order to absorb the impact force (reaction
force) that is caused by rebound of the hammer bit 119
after the striking movement of the hammer bit 119 during
hammering operation on the workpiece, the hammer drill
101 according to this embodiment includes a weight part
163 that contacts the impact bolt 145 and a plate spring
165 that exerts a biasing force in such a manner as to
cause the weight part 163 to contact the impact bolt 145
and thereby allow transmission of the reaction force from
the impact bolt 145. The weight part 163 and the plate
spring 165 are features that correspond to the "weight
part" and the "elastic element", respectively, according
to this invention. The weight part 163 and the plate spring
165 form an impact absorbing mechanism 161, and the
impact absorbing mechanism 161 is disposed on the first
small-diameter portion 145b of the impact bolt 145.
[0019] The weightpart163isformed by two hard metal
weights 163a, 163b shaped like two halves of a cylindrical
body. The two weights 163a, 163b are disposed side by
side in the circumferential direction on the first small-di-
ameter portion 145b of the impact bolt 145 in such a
manner as to surround the first small-diameter portion
145b and thereby forms the generally cylindrical weight
part 163. The plate spring 165 is shaped like a generally
C-shaped ring having a slit in the longitudinal direction
and fitted on the two weights 163a, 163b under a prede-
termined initial load so as to bias the two weights 163a,
163b radially inward. Thus, the two weights 163a, 163b
forming the weight part 163 can move radially outward
under a biasing force of the plate spring 165. This radially
outward direction corresponds to the "direction different
from the axial direction" according to this invention. Fur-
ther, the plate spring 165 is fitted in a circumferential
groove formed in the outer circumferential surface of
each of the weights 163a, 163b and thereby prevented
from moving in the longitudinal direction with respect to
the weights 163a, 163b. Therefore, the relative positions
of the two weights 163a, 163b in the longitudinal direction
are held constant with respect to each other.

[0020] Further, both end surfaces of each of the
weights 163a, 163b in the longitudinal direction are ta-
pered. The front tapered end surface of each weight is
held in contact with the tapered surface 145e of the im-
pact bolt 145, and the rear tapered end surface is held
in surface contact with the front tapered surface of the
medium-diameter portion 145d of the impact bolt 145 via
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the rubber ring 164. Thus, the two weights 163a, 163b
are placed in an initial state in which a reaction force can
be transmitted, with their end surfaces in the longitudinal
direction held in contact with the impact bolt 145 under
the radially inward biasing force of the plate spring 165.
This initial state corresponds to the "first state" in this
invention. The position at which the front end surfaces
of the weights 163a, 163b contact the tapered surface
145e of the impact bolt 145 corresponds to the "reaction
force transmitting position" in this invention. Further, the
rubber ring 164 is provided as a viscoelastic member that
absorbs transmission of a stress wave from the weight
part 163 to the impact bolt 145 during transmission of a
reaction force from the impact bolt 145 to the weight part
163, while absorbing transmission of a stress wave from
the impact bolt 145 to the weight part 163 during striking
movement.

[0021] Operation of the hammer drill 101 constructed
as described above is now explained. When the trigger
109c mounted on the handgrip 109 is depressed and the
driving motor 111 is is driven, the piston 129 of the crank
mechanism which forms the motion converting mecha-
nism 113 is caused to linearly slide within the cylinder
141 by the rotating output of the driving motor 111. The
striker 143 reciprocates within the cylinder 141 by the
action of an air spring within the cylinder 141 as a result
of the sliding movement of the piston 129. At this time,
the striker 143 collides with (strikes) the impact bolt 145
and transmits the kinetic energy caused by the collision
to the hammer bit 119. The rotating output of the driving
motor 111 is transmitted to the tool holder 137 via the
gear speed reducing mechanism forming the power
transmitting mechanism 117. As a result, the tool holder
137 and the hammer bit 119 held by the tool holder 137
rotate together. Thus, the hammer bit 119 performs a
striking movementin its axial direction and a rotary move-
ment in its circumferential direction, so that a hammer
drill operation is performed on a workpiece.

[0022] The above-described operation is performed
with the hammer bit 119 pressed against the workpiece
and with the hammer bit 119 and the tool holder 137
pushed rearward. This state is shown in FIGS. 1 and 2.
When the tool holder 137 is pushed rearward, the impact
bolt 145 is retracted and comes into contact with the front
end of the cylinder 141 via the positioning member 151.
Therefore, the cylinder 141 on the body 103 side receives
the force of pushing in the hammer bit 119. Thus, the
body 103 is positioned with respect to the workpiece, and
in this state, a hammer drill operation is performed.
[0023] After striking movement of the hammer bit 119
upon the workpiece, the hammer bit 119 is caused to
rebound by receiving the reaction force from the work-
piece. This rebound causes the impact bolt 145 to be
acted upon by a rearward reaction force. At this time, the
weights 163a, 163b of the weight part 163 are in contact
with the tapered surface 145e of the impact bolt 145.
Therefore, the reaction force of the impact bolt 145 is
transmitted to the weight part 163. In other words, mo-
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mentum is exchanged between the impact bolt 145 and
the weight part 163. By such transmission of the reaction
force, the impact bolt 145 is held substantially at rest in
the reaction force transmitting position, while the weights
163a, 163b of the weight part 163 are moved radially
outward from the initial position shown in FIGS. 2 and 3.
Specifically, the weights 163a, 163b are held in contact
with theimpactbolt 145 via theirtapered surfacesinclined
with respect the longitudinal direction of the impact bolt
145, so that the weights 163a, 163b are moved radially
outward by radial components of the reaction force trans-
mitted to the weights 163a, 163b. The state in which the
weights 163a, 163b are moved radially outward corre-
sponds to the "second state" in thisinvention. The radially
outward movement of the weights 163a, 163b causes
the plate spring 165 to elastically deform in such a man-
ner as to expand radially outward. This state is shown in
FIG. 4.

[0024] In this embodiment, the weight part 163 is de-
signed to move radially by utilizing the property of the
stress wave that spherically propagates. Specifically,
when a rearward reaction force is applied to the front end
of the impact bolt 145 by rebound of the hammer bit 119,
a stress wave originating in the point of contact (axial
center) of the impact bolt 145 with the hammer bit 119
spherically propagates rearward through the impact bolt,
and then the stress wave is transmitted to the weights
163a, 163b which are held in contact with the tapered
surface 145e inclined with respect the longitudinal direc-
tion of the impact bolt 145 via their tapered surfaces. By
such transmission of the stress wave via the tapered sur-
faces, the stress wave smoothly propagates and the
weights 163a, 163b are efficiently moved radially outward
by the radial components of the transmitted stress wave.
[0025] Inthis manner, the reaction force caused by re-
bound of the hammer bit 119 and the impact bolt 145 can
be efficiently absorbed by the radially outward movement
of the weight part 163 and by the elastic deformation of
the plate spring 165 which is caused by the movement
ofthe weightpart 163. As aresult, vibration of the hammer
drill 101 can be reduced.

During the above-described transmission of the reaction
force, when the reaction force of the impact bolt 145 is
transmitted to the weight part 163 via the tapered surfac-
es, longitudinal components of the reaction force actrear-
ward upon the weight part 163. This rearward force is
however absorbed by deformation of the rubber ring 164.
Specifically, the rubber ring 164 can prevent the reaction
force transmitted from the impact bolt 145 to the weight
part 163 from being transmitted again to the impact bolt
145.

[0026] According to this embodiment, the weight part
163 is formed by the two weights 163a, 163b shaped like
two halves of a cylindrical body, and the impact absorbing
mechanism 161 is formed by biasing the weight part 163
radially inward by the generally C-shaped ring-like plate
spring 165 fitted on the outer circumferential surface of
the two weights 163a, 163b. Specifically, the impact ab-
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sorbing mechanism 161 is designed to be moved in a
radially outward direction transverse to the axial direction
of the hammer bit, so that the impact absorbing mecha-
nism 161 can be reduced in size in the axial direction of
the hammer bit.

Further, in this embodiment, the impact bolt 145 has the
second small-diameter portion 145b having a smaller di-
ameter than its front end region (the large-diameter por-
tion 145a) which is placed in contact with the hammer bit
119, and the impact absorbing mechanism 161 is dis-
posed on the second small-diameter portion 145b. With
this construction, the impact absorbing mechanism 161
can be disposed without need of radially increasing the
size of the tool holder 137.

(Second Embodiment of the Invention)

[0027] A second embodiment of the invention is now
described with reference to FIGS. 5 and 6. This embod-
iment is a modification to the impact absorbing mecha-
nism 161. Inthe other points, ithas the same construction
as the first embodiment. As shown in FIG. 5, the impact
absorbing mechanism 161 according to this embodiment
mainly includes a weight part 173 formed by a large
number of steel balls 173a made of hard metal, a case
174 that contains the steel balls 173a, and a coil spring
175 that exerts a biasing force such that the steel balls
173a within the case 174 are held in an initial state in
which the adjacent steel balls 173a are allowed to trans-
mit a reaction force by contact with each other. The large
number of the steel balls 173a and the weight part 173
are features that correspond to the "large number of
bead-like weights" and the "weight part", respectively,
according to this invention. Further, the coil spring 175
and the initial state are features that correspond to the
"elastic element" and the "first state", respectively, ac-
cording to this invention.

[0028] The case 174 is, for example, a tubular body
extending in the axial direction of the hammer bit and
formed by two tubes having different diameters which
are disposed concentrically to define an annular housing
space between the inner and outer tubes. The two tubes
are formed of a material having lower Young’s modulus
than the steel balls 173a, such as resin and rubber. Fur-
ther, the two tubes are connected together at an appro-
priate region in the circumferential direction as neces-
sary. The annular housing space have both ends open
in the axial direction of the hammer bit.

[0029] The case 174 constructed as described above
is disposed within an annular space between the cylinder
141 and the tool holder 137. The steel balls 173a dis-
posed within the housing space of the case 174 face a
rear end surface of the front metal washer 155 of the
positioning member 151 via the front opening of the hous-
ing space. Specifically, the front metal washer 155 has
a larger outside diameter than the rubber ring 153 and
the rear metal washer 157 which are also components
forming the positioning member 151. The front metal
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washer 155 thus has a protruding region that contacts
some steel balls 173a located in the front opening of the
housing space. A cover plate 177 made of hard metal is
disposed in the rear opening of the housing space. The
cover plate 177 is provided as an intermediary member
for transmitting the movement of the steel balls 173a in
the axial direction of the hammer bit to the coil spring
175. The cover plate 177 is fitted in the case 74 such that
it can move in the longitudinal direction of the case 174
(the axial direction of the hammer bit) with respect to the
case 174 and the inner surface (front surface) of the cover
plate 177 is held in contact with some steel balls 173a
located in the rear opening.

[0030] The coil spring 175 s elastically disposed under
a predetermined initial load between the cover plate 177
andthe tool holder 137, in the space between the cylinder
141 and the tool holder 137. Specifically, the coil spring
175 is disposed at the rear of the case 174. One end
(rear end) of the coil spring 175 in the longitudinal direc-
tion is held in contact with a spring receiving ring 179
fastened to the tool holder 137, and the other end (front
end) of the coil spring 175 in the longitudinal direction is
held in contact with the cover plate 177. The coil spring
175 biases the large number of the steel balls 173a within
the case 174 via the cover plate 177 under an initial load
such that adjacent ones of the steel balls 173a are held
in contact with each other and some of the steel balls
173a which are located in the front opening are held in
contact with the tapered surface 145e of the impact bolt
145 via the front metal washer 155 of the positioning
member 151. Thus, the steel balls 173a are placed in an
initial state in which transmission of a reaction force is
allowed. The position at which the steel balls 173a con-
tact the impact bolt 145 via the front metal washer 155
corresponds to the "reaction force transmitting position"
in this invention.

[0031] The hammer drill 101 according to this embod-
iment is constructed as described above. A hammer drill
operation by the hammer drill 101 is performed with the
hammer bit 119 pressed against the workpiece. When
the tool holder 137 is pushed rearward, the impact bolt
145 is pushed rearward and comes into contact with the
front metal washer 155 of the positioning member 151,
and the rear metal washer 157 comes into contact with
the front end of the cylinder 141. Therefore, the cylinder
141 on the body 103 side receives the force of pushing
in the hammer bit 119. Thus, the body 103 is positioned
with respect to the workpiece, and in this state, a hammer
drill operation is performed. At this time, as described
above, the steel balls 173 located in the front of the case
174 are held in contact with the rear surface of the front
metal washer 155 of the positioning member 151. This
state is shown in FIG. 5.

[0032] Inthis state, whenthe hammer bit 119 performs
a striking movement on the workpiece and the hammer
bit is caused to rebound by receiving a reaction force
from the workpiece, this rebound causes the impact bolt
145 to be acted upon by a rearward reaction force. At

10

15

20

25

30

35

40

45

50

55

this time, the steel balls 173a of the weight part 173 are
held in contact with the impact bolt 145 via the front metal
washer 155, so that the reaction force of the impact bolt
145 is transmitted to the steel balls 173a via the front
metal washer 155. FIG. 6 schematically illustrates prop-
agation of a stress wave caused in the steel balls 173a
by this transmission of the reaction force. As shown in
FIG. 6(l), a stress wave (shown by arcuate lines) which
is caused in a steel ball A by transmission of the reaction
force from the front metal washer 155 spherically prop-
agates through the steel ball A, starting from the contact
point (shown by a black dot) between the steel ball A and
the front metal washer 155. Then, the stress wave prop-
agates to steel balls B and C which are adjacent to and
in contact with the steel ball A, and thereafter likewise
propagates to the steel ball D adjacent to the steel balls
B and C. By such successive propagation of the stress
wave, the steel balls A to D move in a direction of prop-
agation of the stress wave (in the direction shown by the
arrow). This state is shown in FIG. 6 (ll).

[0033] Specifically, according to this embodiment,
when a reaction force is transmitted from the impact bolt
145 side to the steel balls 173a within the case 174, the
steel balls 173a are moved rearward as a whole while
each moving in random directions within the case 174.
Such movement of the steel balls 173a causes the cover
plate 177 to move rearward, and then the cover plate 177
pushes and elastically deforms the coil spring 175. The
random directions of movement of the steel balls 173a
correspond to the "different direction" according to this
invention, and the state of movement of the steel balls
173a in random directions correspond to the "second
state" according to this invention.

In this manner, the reaction force caused by rebound of
the hammer bit 119 and the impact bolt 145 can be effi-
ciently absorbed by the movement of the large number
of the steel balls 173a in random directions within the
case 174 and by the rearward elastic deformation of the
coil spring 175 which is caused by the movement of the
steel balls 173a. As a result, vibration of the hammer drill
101 can be reduced.

[0034] According to this embodiment, by forming the
weight part 163 using the large number of the steel balls
173a, loss of the reaction force (stress wave) is increased
by propagation between the adjacent steel balls 173a,
so that the damping effect is increased. Moreover, the
stress wave propagates at random in many directions
between the large number of the steel balls 173a, so that
the reaction force upon the coil spring 175 is reduced.
As aresult, the life of the coil spring 175 can be increased.
Further, the elastic deformation of the coil spring 175 is
reduced by reduction of the reaction force upon the coil
spring 175, so that the coil spring 175 can be reduced in
size by reducing its length in the axial direction of the
hammer bit by the reduction of the elastic deformation.
[0035] Further, in the above-described embodiments,
the electric hammer 101 is described as a representative
example of the impact tool. However, naturally, the in-
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vention is not limited to the hammer drill 101, but can
also be applied to a hammer. Further, in the above em-
bodiments, as for the path of transmission of the reaction
force upon the weight part 163 or 173, the reaction force
is described as being transmitted from the impact bolt
145, but it may be transmitted from the hammer bit 119.
[0036] Further, in the above-described embodiments,
the motion converting mechanism 113 for converting the
rotating output of the driving motor 111 to linear motion
is described as being formed by a crank mechanism in
order to linearly drive the hammer bit 119, but it is not
limited to the crank mechanism. For example, a motion
converting mechanism utilizing a swash plate that swings
in the axial direction can also be used.

Description of Numerals
[0037]

101 hammer drill (impact tool)

103 body (tool body)

105 motor housing

107 gear housing

109 handgrip

109a pivot

109b elastic spring

109c trigger

111 driving motor

113 motion converting mechanism
115 striking mechanism

117 power transmitting mechanism
119 hammer bit (hammer actuating member)
129 piston

137 tool holder

141 cylinder

141a air chamber

143 striker (striking element)

145 impact bolt (hammer actuating member)
145a large-diameter portion

145b first small-diameter portion
145c¢ second small-diameter portion
145d medium-diameter portion
145e tapered surface

151 positioning member

153 rubber ring

155 front metal washer (intervening member)
157 rear metal washer

161 impact absorbing mechanism
163 weight part

163a weight

164 rubber ring

165 plate spring (elastic element)
173 weight part

173a steel ball (bead-like weight)
174 case

175 coil spring (elastic element)
177 cover plate

179 spring receiving ring
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Claims

14

1.  An impact tool comprising:

a tool body (103),

a hammer actuating member (119, 145) that is
disposed in a tip end region of the tool body (103)
and performs a predetermined hammering op-
eration on a workpiece by linear movement in
its axial direction,

a striking element (143) that linearly moves in
the axial direction of the hammer actuating
member (119, 145) and thereby strikes the ham-
mer actuating member (119, 145),

aweight part (163; 173) to which a reaction force
is transmitted from the hammer actuating mem-
ber (119, 145) in a reaction force transmitting
position in which the weight part (163) is placed
in direct contact with the hammer actuating
member (119, 145) or in which the weight part
(173) is placed in contact with the hammer ac-
tuating member (119, 145) via a hard metal in-
tervening member (155), when the hammer ac-
tuating member (119, 145) performs the ham-
mering operation on the workpiece, and

an elastically deformable elastic element (165;
175), wherein

the weight part (163; 173) moves from the reac-
tion force transmitting position in a direction dif-
ferent from the axial direction of the hammer ac-
tuating member (119, 145) by the transmitted
reaction force,

the weight part (163; 173) changes in its state
between a first state in which the reaction force
is not yet transmitted to the weight part (163;
173) and a second state in which the weight part
(163; 173) is caused to move by the transmis-
sion of the reaction force in the direction different
from the axial direction of the hammer actuating
member (119, 145), and

the elastic element (165; 175) exerts a biasing
force such that the weight part (163; 173) is
placed in the first state, and when the weight
part (163; 173) changes from the first state to
the second state by the reaction force, the elastic
element (165; 175) elastically deforms by being
pushed by the weight part (163; 173) and there-
by absorbs the reaction force transmitted to the
weight part (163; 173).

2. The impact tool as defined in claim 1, wherein the

weight part (163) comprises at least two weights
(163a, 163b) disposed side by side along a circum-
ferential direction on the hammer actuating member
(119, 145), and when the reaction force is transmit-
ted from the hammer actuating member (119, 145)
to the weights (163a, 163b), the weights (163a,
163b) are moved by the reaction force in a direction
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transverse to the axial direction of the hammer ac-
tuating member (119, 145).

The impact tool as defined in claim 2, wherein the
elastic element (165) comprises a plate spring (165)
which is disposed on the outside of the at least two
weights (163a, 163b) and biases the weights (163a,
163b) radially inward.

The impact tool as defined in claim 1, wherein the
weight part (173) comprises a large number of bead-
like weights (173a) disposed in circumferential and
axial directions of the hammer actuating member
(119, 145), wherein the large number of the weights
(173a) are biased by the hammer actuating member
(119, 145) such that adjacent ones of the weights
(173a) are held in contact with each other while some
of the weights (173a) are held in contact with the
hammer actuating member (119, 145), and when the
reaction force is transmitted from the hammer actu-
ating member (119, 145) to the some weights (173a),
the reaction force is successively transmitted start-
ing from the some weights (173a) to the adjacent
weights (173a), whereby the weights (173a) are
moved as a whole in a direction that elastically de-
forms the elastic member (175) while each moving
in random directions.

Patentanspriiche

1.

Schlagwerkzeug, mit

einem Werkzeugkdrper (103),

einem Hammerbetatigungsbauteil (119, 145), das
an einem Spitzenendbereich des Werkzeugkoérpers
(103) angeordnetist und einen vorbestimmten Ham-
mervorgang an einem Werkstlick durch lineare Be-
wegung in seine axiale Richtung ausflhrt,

einem Schlagelement (143), das sich linear in der
axialen Richtung des Hammerbetatigungsbauteils
(119, 145) bewegt und dabei das Hammerbetati-
gungsbauteil (119, 145) schlagt,

einem Gewichtsteil (163; 173), an welches eine Re-
aktionskraft von dem Hammerbetatigungsbauteil
(119, 145) in einer Reaktionskraftiibertragungsposi-
tion, in welcher das Gewichtsteil (163) in direktem
Kontakt mit dem Hammerbetatigungsbauteil (119,
145) platziert ist oder in welchem das Gewichtsteil
(173) in Kontakt mit dem Hammerbetatigungsbauteil
(119, 145) uber ein zwischengeschaltetes Bauteil
(155) aus Hartmetall platziert ist, ibertragen wird,
wenn das Hammerbetatigungsbauteil (119, 145)
den Hammervorgang an dem Werkstlick austbt,
und

einem elastisch verformbaren elastischen Element
(165; 175), bei dem

das Gewichtsteil (163; 173) sich aus der Reaktions-
kraftiibertragungsposition in einer Richtung, die un-
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terschiedlich von der axialen Richtung des Hammer-
betatigungsbauteils (119, 145) ist, durch die tber-
tragene Reaktionskraft bewegt,

das Gewichtsteil (163; 173) seinen Zustand zwi-
schen einem ersten Zustand, in welchem die Reak-
tionskraft noch nicht an das Gewichtsteil (163; 173)
Ubertragen wird, und einem zweiten Zustand wech-
selt, in welchem das Gewichtsteil (163; 173) dazu
gebracht wird, sich durch die Ubertragung der Re-
aktionskraft in der Richtung, die unterschiedlich zu
der axialen Richtung des Hammerbetatigungsbau-
teils (119; 145) ist, zu bewegen, und

das elastische Element (165; 175) eine Vorspann-
kraft auslibt, so dass das Gewichtsteil (163; 173) in
dem ersten Zustand platziert ist, und wenn das Ge-
wichtsteil (163; 173) von dem ersten Zustand in den
zweiten Zustand durch die Reaktionskraft wechselt,
sich das elastische Element (165; 175) elastisch ver-
formt, indem es durch das Gewichtsteil (163; 173)
gedrickt wird, und dabei die Reaktionskraft, die an
das Gewichtsteil (163; 173) Gbertragen wird, absor-
biert.

Schlagwerkzeug nach Anspruch 1, bei dem das Ge-
wichtsteil (163) zumindest zwei Gewichte (163a,
163b) aufweist, die Seite an Seite entlang einer Um-
fangsrichtung des Hammerbetatigungsbauteils
(119, 145) angeordnet sind, und wenn die Reakti-
onskraft von dem Hammerbetatigungsbauteil (119,
145) an die Gewichte (163a, 163b) Ubertragen wird,
die Gewichte (163a, 163b) durch die Reaktionskraft
in einer Richtung quer zu der axialen Richtung des
Hammerbetatigungsbauteils (119, 145) bewegt wer-
den.

Schlagwerkzeug nach Anspruch 2, bei dem das ela-
stische Element (165) eine Tellerfeder (165) auf-
weist, die an der AuRenseite der zumindest zwei Ge-
wichte (163a, 163b) angeordnetist und die Gewichte
(163a, 163b) radial nach innen vorspannt.

Schlagwerkzeug nach Anspruch 1, bei dem das Ge-
wichtsteil (173) eine groRBe Anzahl von kiigelchen-
férmigen Gewichten (173a) aufweist, die in einer
Umfangs- und axialen Richtung des Hammerbetati-
gungsbauteils (119, 145) angeordnet sind, wobei die
grolRe Anzahl der Gewichte (173a) durch das Ham-
merbetatigungsbauteil (119, 145) vorgespannt wer-
den, so dass benachbarte Gewichte (173a) in Kon-
takt miteinander gehalten werden, wahrend einige
der Gewichte (173a) in Kontakt mit dem Hammer-
betatigungsbauteil (119, 145) gehalten werden, und
wenn die Reaktionskraft von dem Hammerbetati-
gungsbauteil (119, 145) zu den einigen Gewichten
(173a) Ubertragen wird, wird die Reaktionskraft aus-
gehend von den einigen Gewichten (173a) sukzes-
sive zu den benachbarten Gewichten (173a) Uber-
tragen, wodurch die Gewichte (173a) insgesamt in
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eine Richtung bewegt werden, die das elastische
Bauteil (175) deformiert, wahrend sich jedes in zu-
fallige Richtungen bewegt.

Revendications

1.

Outil de percussion comprenant :

un corps d’outil (103),

un élément d’actionnement de marteau (119,
145) qui estdisposé dans une région d’extréemité
de pointe du corps d’outil (103) et effectue une
opération de martelage prédéterminée sur une
piéce a traiter par un mouvement linéaire dans
sa direction axiale,

un élément de frappe (143) qui se déplace li-
néairement dans la direction axiale de I'élément
d’actionnement de marteau (119, 145) et frappe
de la sorte I'élément d’actionnement de marteau
(119, 145),

une partie de poids (163 ; 173) a laquelle une
force de réaction est transmise depuis I'élément
d’actionnement de poids (119, 145) dans une
position de transmission de force de réaction
dans laquelle la partie de poids (163) est placée
en contact direct avec I'élément d’actionnement
de marteau (119, 145) ou dans laquelle la partie
de poids (173) est placée en contact avec I'élé-
ment d’actionnement de marteau (119, 145) via
un élément intermédiaire de métal dur (155),
lorsque I'élément d’actionnement de marteau
(119, 145) effectue 'opération de martelage sur
la piéce, et

un élément élastique (165 ; 175) a déformation
élastique, dans lequel :

la partie de poids (163 ; 173) se déplace de la
position de transmission de la force de réaction
dans une direction différente de la direction axia-
le del'élément d’actionnementde marteau (119,
145) sous I'effet de la force de réaction transmi-
se,

la partie de poids (163 ; 173) change d’étatentre
un premier état, dans lequel la force de réaction
n’est pas encore transmise a la partie de poids
(163 ; 173), et un second état, dans lequel la
partie de poids (163 ; 173 est amenée a se dé-
placer par transmission de la force de réaction
dans la direction différente de la direction axiale
de I'élément d’actionnement de marteau (119,
145), et

I'élément élastique (165 ; 175) exerce une force
de sollicitation telle que la partie de poids (163 ;
173) soitplacée dans le premier état et que, lors-
que la partie de poids (163 ; 173) passe du pre-
mier état au second état par laforce de réaction,
I'élément élastique (165 ; 175) se déforme élas-
tiquement par poussée de la partie de poids
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(163 ; 173) et absorbe de la sorte la force de
réaction transmise a la partie de poids (163 ;
173).

Outil de percussion selon la revendication 1, dans
lequel la partie de poids (163) comprend au moins
deux poids (163a, 163b) disposés cbte a cote le long
d’une direction circonférentielle sur I'élément d’ac-
tionnementde marteau (119, 145) et, lorsque la force
de réaction est transmise de I'élément d’actionne-
ment de marteau (119, 145) aux poids (163a, 163b),
les poids (163a, 163b) sont déplacés par la force de
la réaction dans une direction transversale a la di-
rection axiale de I'élément d’actionnement de mar-
teau (119, 145).

Outil de percussion selon la revendication 2, dans
lequel I'élément élastique (165) comprend unressort
plat (165) qui est disposé a I'extérieur des au moins
deux poids (163a, 163b) et presse les poids (163a,
163b) radialement vers l'intérieur.

Outil de percussion selon la revendication 1, dans
lequel la partie de poids (173) comprend un grand
nombre de poids (173a) en forme de billes disposés
dans les directions circonférentielle et axiale de I'élé-
ment d’actionnement de marteau (119, 145), dans
lequel le grand nombre des poids (173a) est sollicité
par I'élément d’actionnement de marteau (119, 145)
de sorte que ceux des poids (173a) qui sont adja-
cents soient maintenus en contact I'un avec l'autre,
tandis que certains des poids (173a) sont maintenus
en contact avec I'élément d’actionnement de mar-
teau (119, 145) et que, lorsque la force de réaction
est transmise de I'élément d’actionnement du mar-
teau (119, 145) a certains poids (173a), la force de
réaction soit successivement transmise de certains
poids (173a) aux poids adjacents (173a), de sorte
que les poids (173a) soient déplacés dans leur en-
semble dans une direction qui déforme élastique-
ment I'élément élastique (175), tandis que chacun
se déplace dans des directions aléatoires.
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