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(54) IMPACT TOOL

(567)  Itisan objectof the invention to provide a further
rational technique for reducing vibration in a non-pressed
state foranimpact tool. A representative electric hammer
(100) has a driving mechanism (160) for driving a tool bit
(119), a vibration suppressing mechanism (190) having
a movable weight, and a controller (112) for controlling
driving of an electric motor (110). In a pressed state that
the tool bit (119) is pressed against a workpiece by a
user, the controller (112) drives the electric motor (110)
at a first rotation speed, and in a non-pressed state that
the tool bit (119) is not pressed against the workpiece by
the user, the controller (112) drives the electric motor
(110) at a second rotation speed lower than the first ro-
tation speed.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an impact tool
which performs a hammering operation on a workpiece
by linearly driving a tool accessory along a prescribed
hammering axis.

BACKGROUND ART

[0002] Japanese laid-open patent publication No.
2008-073836 A discloses an impact tool in which a coun-
ter weight is provided on a swinging member for recip-
rocally move a cylindrical piston. This impact tool is con-
figured such that the swinging member reciprocally
moves the cylindrical piston and thereby linearly drives
a tool bit to perform a hammering operation, and is con-
figured such that the counter weight reduces vibration
caused during the hammering operation.

SUMMARY OF THE INVENTION

[0003] An impact tool of this type is configured such
that, in a non-pressed state that a tool bit is not pressed
against a workpiece, in order to secure user’s safety and
to promptly proceed to a hammering operation when the
user switches to a pressed state by pressing the tool bit
against the workpiece, a driving mechanism is placed in
a driving state while impact driving of the tool bit is pre-
vented when it is still in the non-pressed state in which
the hammering operation is not yet started. Thus, the
above-described impact tool is configured such that the
swinging member is moved by driving of the driving
mechanism even in the non-pressed state. Therefore, in
the non-pressed state, unnecessary vibration may be
caused by reciprocating movement of the counter weight.
In view of this point, a countermeasure focusing on vi-
bration of an impact tool in a non-pressed state is desired
to be provided.

[0004] Accordingly, itis an object of the presentinven-
tion to provide a further rational technique for reducing
vibration in a non-pressed state.

[0005] The above-described problem is solved by the
present invention. According to a preferred aspect of the
present invention, an impact tool is provided which per-
forms a hammering operation on a workpiece by linearly
driving a tool accessory along a prescribed hammering
axis. The impact tool has a brushless motor, a driving
mechanism that drives the tool accessory by an output
of the brushless motor, a vibration suppressing mecha-
nism having a movable weight, and a controller that con-
trols driving ofthe brushless motor. In a pressed state
which is defined as a state that a prescribed pressing
force is applied to the tool accessory, the controller drives
the brushless motor at a first rotation speed. Further, in
a non-pressed state which is defined as a state that the
prescribed pressing force is not applied to the tool ac-
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cessory, the controller drives the brushless motor at a
second rotation speed lower than the first rotation speed.
[0006] In the impact tool according to this aspect, in
the non-pressed state, since the brushless motor is driv-
en at the second rotation speed, movement of the weight
can be suppressed compared with in the pressed state.
Thus, vibration caused by movement of the weight in the
non-pressed state can be suppressed.

[0007] Theimpacttool may be configured to cause the
tool accessory not only to perform hammering motion by
linearly driving the tool accessory along the prescribed
hammering axis, but to perform rotating motion by rotat-
ing the tool accessory around the hammering axis, or it
may be configured to simultaneously perform the ham-
mering motion and the rotating motion. The impact tool
specifically includes an electric hammer and an electric
hammer drill. The driving mechanism may typically con-
sist of a piston which is caused to reciprocate by the
output of the brushless motor, and a striking element
which is moved via pressure fluctuations caused in the
air chamber by reciprocating movement of the piston and
collides with the tool accessory.

[0008] When performing a hammering operation with
the impact tool, the user presses the tool accessory
against a workpiece. By this user’s operation, the impact
tool is placed in the pressed state. Upon completion of
the hammering operation, the user moves the tool ac-
cessory away from the workpiece. By this user’s opera-
tion, the impact tool is placed in the non-pressed state.
[0009] The controller is typically formed by disposing
a switching element for controlling a plurality of coils pro-
vided in the brushless motor, a central processing unit
(CPU) and a condenser on a substrate. The controller is
configured to determine whether the impact tool is placed
in the pressed state or the non-pressed state and then
switch the rotation speed of the brushless motor. As a
structure for determining whether the impact tool is
placed in the pressed state or the non-pressed state, a
structure based on detection of a load on the brushless
motor, or a structure using a sensor for detecting a region
of the driving mechanism which is moved together with
the tool accessory when it is switched to the pressed
state may be appropriately used.

[0010] Further, the first rotation speed and the second
rotation speed are preset in the controller, and the con-
troller is configured to select the first rotation speed in
the pressed state and to select the second rotation speed
in the non-pressed state. The structure of switching be-
tween the first rotation speed and the second rotation
speed may be a structure of instantaneously or gradually
switching from one to the other speed. Further, the sec-
ond rotation speed may be set to zero.

[0011] According to a further aspect of the impact tool
of the presentinvention, the vibration suppressing mech-
anism is a counter weight which is configured such that
the weight is mechanically connected to a prescribed re-
gion of the driving mechanism and the weight is caused
to directly reciprocate by movement of the driving mech-
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anism. Alternatively, the vibration suppressing mecha-
nism is a dynamic vibration reducer which has a weight
elastic member connected to the weight and is configured
such that the weight is caused to reciprocate by move-
ment of the driving mechanism.

[0012] Intheimpacttool according to this aspect, when
the impact tool performs a hammering operation, vibra-
tion can be effectively suppressed by the counter weight
or the dynamic vibration reducer.

[0013] The counter weight may be typically configured
such that the weight is mechanically connected to a pre-
scribed region of the driving mechanism via a cam mech-
anism or a link mechanism. Alternatively, the weight may
be directly connected to part of the driving mechanism.
With this structure, the weight can be caused to perform
steady and periodic motion in a prescribed phase.
[0014] Further, the dynamic vibration reducer may be
configured to vibrate the weight elastic member or the
weightby movement of the driving mechanism. Typically,
it may be configured to vibrate the weight elastic member
by mechanically connecting the weight elastic member
to a prescribed region of the driving mechanism via a
cam mechanism or a link mechanism and to thereby vi-
brate the weight. Alternatively, it may be configured to
vibrate the weight via fluctuations of air pressure by
movement of the driving mechanism.

[0015] The weight elastic member may typically be a
coil spring. The weight elastic member may consist of a
single elastic body, or it may consist of a first elastic body
connected to one side of the weight and a second elastic
body connected to the other side of the weight.

[0016] According to a further aspect of the impact tool
of the present invention, the weight may be configured
to be moved linearly in the direction of the hammering
axis. Alternatively, the weight may be configured to be
rotated around the hammering axis. In the impact tool
according to this aspect, a moving direction of the weight
appropriate to the impact tool can be selected, so that
the design freedom of the vibration suppressing mecha-
nism can be ensured.

[0017] According to a further aspect of the impact tool
of the present invention, the impact tool may further has
a housing for housing at least part of the driving mecha-
nism, a handle to be held by a user, and a handle elastic
member. The handle is connected to the housing via the
handle elastic member, so that the handle and the hous-
ing can be configured to be movable with respect to each
other.

[0018] In the impact tool according to this aspect, vi-
bration which is caused in the housing during hammering
operation and transmitted to the handle can be sup-
pressed.

[0019] Further, typically, the handle elastic member
may be a coil spring or rubber. The handle and the hous-
ing are only enough to be movable with respect to each
other via the handle elastic member. For example, an-
other component may be disposed between the handle
and the handle elastic member or between the housing
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and the handle elastic member.

[0020] According to a further aspect of the impact tool
of the present invention, the controller may be disposed
within the handle. In the impact tool according to this
aspect, the weight can be distributed to the handle with
the controller, so that the vibration proofing effect can be
enhanced.

[0021] According to a further aspect of the impact tool
of the presentinvention, the impact tool may further have
a sensor that detects behavior of the impact tool during
a prescribed operation. With this structure, the controller
can control driving of the brushless motor based on a
detectionresult of the sensor. Intheimpact tool according
to this aspect, the controller for controlling driving of the
brushless motor is utilized to further control the driving
of the brushless motor based on the detection result of
the sensor, so that the controller can more finely control
the brushless motor.

[0022] The sensor typically includes an acceleration
sensor. When the acceleration sensor detects aninclined
state of the impact tool, the controller can detect the be-
havior of the impact tool. For example, when the pre-
scribed operation by the impacttool is a "drilling operation
by rotating the tool accessory", the controller can detect
behavior thatthe toolaccessory is lockedin a hole formed
by the drilling operation and the impact tool is caused to
rotate on the tool accessory. Upon detection of such be-
havior, the controller can control to stop the brushless
motor.

[0023] According to a further aspect of the impact tool
of the presentinvention, the brushless motor may be driv-
en by a battery, and the handle may have a mounting
part for the battery.

[0024] In the impact tool according to this aspect, the
weight can be distributed to the handle with the battery,
so that the vibration proofing effect can be enhanced.
Particularly in the structure in which the handle and the
housing are connected to each other via an elastic mem-
ber, transmission of vibration to the handle is sup-
pressed. Therefore, for example, a connection terminal
of the mounting part and a connection terminal of the
battery can be prevented from being welded with each
other.

[0025] According to the invention, a further rational
technique for reducing vibration in a non-pressed state
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

FIG. 1 is a sectional view showing an electric ham-
mer according to a first embodiment of the invention.

FIG. 2 is a sectional view showing a connecting
mechanism according to the first embodiment.

FIG. 3 is an enlarged view showing a driving mech-
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anism according to the first embodiment.

FIG. 4 is a sectional view showing an electric ham-
mer according to a second embodiment of the inven-
tion.

FIG. 5 is an enlarged view showing a driving mech-
anism according to the second embodiment.

FIG. 6 is a sectional view showing an electric ham-
mer drill according to a third embodiment of the in-
vention.

FIG. 7 is a sectional view showing a vibration sup-
pressing mechanism according to the third embod-
iment.

FIG. 8 is a sectional view showing an electric ham-
mer drill according to a fourth embodiment of the
invention.

DETAILED DESCRIPTION OF THE REPRESENTA-
TIVE EMBODIMENT OF THE INVENTION

[0027] First to fourth embodiments of an impact tool
according to the presentinvention are now described with
reference to FIGS. 1 to 8. In the description of the second
to fourthembodiments, components or mechanisms hav-
ing structures or functions identical or similar to those of
the first embodiment are given the same designations
and reference signs and may not be described.

(First Embodiment)

[0028] The first embodiment of the present invention
is now described with reference to FIGS. 1 to 3. FIG. 2
is a partially cutaway sectional view taken along line I-I
in FIG. 1. An electric hammer 100 is explained as a rep-
resentative example of the impact tool according to the
present invention. As shown in FIG. 1, the electric ham-
mer 101 is configured to perform a chipping operation on
a workpiece (such as concrete) by causing a tool bit 119
coupled to a front end region of a body 101 to perform
hammering motion in its longitudinal direction. Specifi-
cally, the tool bit 119 extends along its hammering axis.
[0029] AsshowninFIG. 1, the tool bit 119is removably
coupled to the body 101 via a cylindrical tool holder 131.
The tool bit 119 is inserted into a bit insertion hole of the
tool holder 131 and held such that it is prevented from
rotating around an axis of the tool holder 131 with respect
to the tool holder 131. The tool bit 119 is an example
embodiment that corresponds to the "tool accessory" ac-
cording to the present invention.

[0030] As shown in FIG. 1, the body 101 mainly in-
cludes a body housing 103, a barrel 104 and an outer
housing 105. The body housing 103 mainly includes a
motor housing 103a that houses an electric motor 110,
and a gear housing 103b that houses a first motion con-
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verting mechanism 120 and a second motion converting
mechanism 160. The barrel 104 is configured as a cylin-
drical member for housing a striking mechanism 140 and
part ofthe tool holder 131 and connected to the body
housing 103. The motor housing 103a, the gear housing
103b and the barrel 104 are made of aluminum. The bar-
rel 104, the gear housing 103b and the motor housing
103a are arranged in this order in the longitudinal direc-
tion of the tool bit 119 and joined to each other to be
fixedly assembled together. The barrel 104 is arranged
closest to the tool bit 119 and the motor housing 103 a
is arranged farthestfrom the tool bit 119 in the longitudinal
direction of the tool bit 119. The motor housing 103a and
the gear housing 103b may be formed in one piece. The
body housing 103 is an example embodiment that cor-
responds to the "housing" according to the present in-
vention.

[0031] The outer housing 105 is arranged on the out-
side of the body housing 103 as shown in FIG. 1. The
outer housing 105 has a cylindrical shape extending in
the longitudinal direction of the tool bit 119 and is ar-
ranged to entirely cover the body housing 103. The outer
housing 105 has an upper housing 106 and a lower hous-
ing 107. A pair of handgrips 109 for operating the electric
hammer 100 in chipping operation are provided on the
upper housing 106. The handgrips 109 are symmetrically
arranged with respect to an axis extending in the longi-
tudinal direction of the tool bit 119 and extend straight in
a direction crossing the axis. Each of the handgrips 109
has one end fixed to the upper housing 106 in a cantilever
form. The handgrip 109 is an example embodiment that
corresponds to the "handle" according to the presentin-
vention. In use of the electric hammer 100, the user per-
forms a chipping operation while holding the handgrips
109 with hands and pointing the tool bit 119 downward.
Therefore, for the sake of convenience, in the longitudinal
direction of the tool bit 119 (the longitudinal direction of
the body 101), the tool bit 119 side is defined as the lower
side and the handgrip 109 side is defined as the upper
side. The handgrip 109 is an example embodiment that
corresponds to the "handle" according to the presentin-
vention.

[0032] The lower housing 107 is integrally connected
to the body housing 103.

[0033] As shown in FIG. 2, a guide shaft 108A is dis-
posed between the upper housing 106 and the motor
housing 103a. The guide shaft 108A has a shaft support
part 106a which is integrally connected to the upper hous-
ing 106. An upper end of the guide shaft 108A is fitted in
arecess 106b of the shaft support part 106a, and a lower
end of the guide shaft 108A is fitted in a recess 103a1 of
the motor housing 103a. Further, a middle region of the
guide shaft 108Ais inserted through an annular part 106¢
of the shaft support part 106a. The guide shaft 108A has
a flange 108A1 in a region below the annular part 106c.
A coil spring 108b is disposed between the flange 108A1
and the recess 103a1 of the motor housing 103a. In the
electric hammer 100, four such guide shafts 108A and
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four such coil springs 108b are provided.

[0034] Thus, the upper housing 106 and the motor
housing 103a are connected via the coil springs 108b.
The coil spring 108b is an example embodiment that cor-
responds to the "handle elastic member" according to
the present invention. With this structure, the handgrip
109 and the body housing 103 are configured to be mov-
able with respect to each other.

[0035] The upper housing 106 and the lower housing
107 are connected via an annular bellows 108a. The bel-
lows 108a is made of vinyl or rubber and configured to
be expandable and contractable. The bellows 108a pre-
vents entry of dust into the handgrips 109 and the body
housing 103. The coil springs 108b and the bellows 108a
form a connecting mechanism 108.

[0036] An electric switch 109e for driving and stopping
the electric motor 110 and an operation part 109d for
switching on and off the electric switch 109e are provided
in one of the handgrips 109 as shown in FIG. 1. The
operation part 109d of the electric hammer 100 is formed
by a switch lever. The operation part 109d is provided to
be turned in a direction crossing the longitudinal direction
of the handgrip 109. When the operation part 109d is not
operated, the operation part 109d is held in a position to
protrude outward (upward) from an outer surface of the
handgrip 109 by a biasing force of a built-in spring (not
shown) provided in the electric switch 109e. When the
operation part 109d is pressed with a user’s finger, the
operation part 109d is turned inward into the handgrip
109 and the electric switch 109e is switched on, so that
the electric motor 110 is driven.

[0037] The electric motor 110 is formed by a brushless
motor. As shown in FIG. 3, a controller 112 for controlling
driving of the electric motor 110 is disposed between an
outer surface of the body housing 103 and an inner sur-
face of the outer housing 105. The controller 112 is
formed by disposing a switching element for controlling
a plurality of coils provided in the electric motor 110, a
central processing unit (CPU) and a condenser on a sub-
strate. The electric motor 110 and the controller 112 are
example embodiments that correspond to the "brushless
motor" and the "controller", respectively, according to the
present invention.

[0038] The user performs a hammering operation on
a workpiece while pressing the tool bit 119 against the
workpiece. This state that a prescribed pressing force is
applied to the tool bit 119 is defined as a pressed state
of the electric hammer 100. After performing a hammer-
ing operation on a prescribed workpiece, the user may
move the electric hammer 100 toward other workpiece.
In such a case, while the user is moving the electric ham-
mer 100, the electric motor 110 is kept on, but the tool
bit 119 is not pressed against the workpiece. This state
that the prescribed pressing force is not applied to the
tool bit 119 is defined as a non-pressed state of the elec-
tric hammer 100. Thus, the user can perform a hammer-
ing operation on a plurality of workpieces by switching
the electric hammer 100 between the pressed state and
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the non-pressed state. The pressed state and the non-
pressed state are example embodiments that corre-
spond to the "pressed state" and the "non-pressed state",
respectively, according to the present invention.

[0039] When the user performs a hammering opera-
tion while pressing the electric hammer 100, the control-
ler 112 controls the electric motor 110 to be driven in a
prescribed range of rotation speed. Specifically, the con-
troller 112 controls the electric motor 110 to rotate in the
prescribed range of rotation speed such that the rotation
speed of the electric motor 110 does not significantly fluc-
tuate by load on the electric motor 110 during hammering
operation. The prescribed range of rotation speed at
which the electric motor 110 is driven in the pressed state
is defined as afirst rotation speed. The first rotation speed
is an example embodiment that corresponds to the "first
rotation speed" according to the present invention.
[0040] When the user places the electric hammer 100
in the non-pressed state, the controller 112 controls the
electric motor 110 to be driven at lower rotation speed
than the first rotation speed. This lower rotation speed
than the first rotation speed, at which the electric motor
110 is driven in the non-pressed state, is defined as a
second rotation speed. The second rotation speed is an
example embodiment that corresponds to the "second
rotation speed" according to the present invention.
[0041] The controller 112 is configured to detect load
on the electric motor 110 and thereby determine whether
the electric hammer 100 is placed in the pressed state
or the non-pressed state. More specifically, a threshold
is set for a current to be supplied to the electric motor
110, and the controller 112 is configured to determine
thatthe electrichammer 100 is placed in the non-pressed
state when the current does not exceed the threshold
and to determine that the electric hammer 100 is placed
in the pressed state when the current exceeds the thresh-
old.

[0042] The electric motor 110is driven by alternate cur-
rent supplied via a feeding part 180 as shown in FIG. 1.
The feeding part 180 is formed by a power cable. As
shown in FIG. 2, the electric motor 110 is arranged such
that a motor shaft 111 of the electric motor 110 extends
in a direction crossing a longitudinal axis of the tool bit
119 and parallel to a longitudinal axis of the handgrip
109. Rotation of the electric motor 110 is converted into
linear motion by the first motion converting mechanism
120 and transmitted to the striking mechanism 140, and
the tool bit 119 is struck in the longitudinal direction
(downward as viewed in FIG. 1) via the striking mecha-
nism 140. Further, rotation of the electric motor 110 is
converted into linear motion by the second motion con-
verting mechanism 160 and transmitted to a counter
weight 190. The counter weight 190 is configured to lin-
early move in the longitudinal direction of the tool bit 119
at a timing when an impact force is generated by striking
of the tool bit 119. With this structure, the counter weight
190 suppresses vibration caused in the electric hammer
100. The motor shaft 111, the first motion converting
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mechanism 120 and the second motion converting mech-
anism 160 are example embodiments that correspond
to the "rotary shaft", the "driving mechanism" and the
"vibration suppressing mechanism”, respectively, ac-
cording to the presentinvention. The counter weight 190
is an example embodiment that corresponds to the
"weight" and the "counter weight" according to the
present invention.

[0043] As shown in FIG. 3, the first motion converting
mechanism 120 is formed by a first crank mechanism
disposed below the electric motor 110 and including a
first crank shaft 121, a first connecting rod 123 and a
piston 125. The first motion converting mechanism 120
is driven by the electric motor 110 via a gear speed re-
ducing device 113 having a plurality of gears. The piston
125 forms a driving element for driving the striking mech-
anism 140 (see FIG. 1). The piston 125 is arranged to
slide within a cylinder 141 in the longitudinal direction of
the tool bit 119. The first crank shaft 121 is arranged in
parallel to the motor shaft 111 of the electric motor 110.
An eccentric shaft part 121 a is integrally formed with the
first crank shaft 121 and rotatably connected to the first
connecting rod 123.

[0044] AsshowninFIG. 1, the striking mechanism 140
mainly includes a cylinder 141, a striking element in the
form of a striker 143, and an intermediate element in the
form of an impact bolt 145. The striker 143 is slidably
disposed within the cylinder 141. The impact bolt 145 is
slidably disposed within the tool holder 131 and transmits
kinetic energy of the striker 143 to the tool bit 119. The
cylinder 141 is coaxially arranged with the tool holder 131
above the tool holder 131. An air chamber 141ais formed
between the piston 125 and the striker 143 within the
cylinder 141. The striker 143 is driven via pressure fluc-
tuations caused in the air chamber 141a by sliding move-
ment of the piston 125. Then the striker 143 collides with
the impact bolt 145 and strikes the tool bit 119 via the
impact bolt 145.

[0045] The cylinder 141 has a vent 141b as shown in
FIG. 1. The vent 141b is configured to provide commu-
nication between the inside of the cylinder 141 and the
inside of the barrel 104.

[0046] When the electrichammer 100 is in the pressed
state, the striker 143 is placed in an upper position via
the tool bit 119 and the impact bolt 145 and blocks com-
munication between the air chamber 141a and the vent
141b. Thus, when the piston 125 is driven, the pressure
of the air chamber 141a fluctuates, so that the striker 143
can be driven.

[0047] Immediately after the electric hammer 100 is
switched from the pressed state to the non-pressed state,
first, the striker 143 moves the tool bit 119 and the impact
bolt 145 downward. In this state, the air chamber 141a
is expanded to a region of the cylinder 141 having the
vent 141b. Thus, the air chamber 141a communicates
with the inside of the barrel 104 via the vent 141b. There-
fore, when the piston 125 moves in a direction of com-
pressing air of the air chamber 141a (downward), the air
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is released into the barrel 104 via the vent 141b. On the
other hand, when the piston 125 moves in a direction of
expanding air of the air chamber 141a (upward), the air
is led from the inside of the barrel 104 into the air chamber
141a via the vent 141b. Specifically, even if the piston
125is driven, pressure fluctuations enough to lift the strik-
er 143 from the lower position are not caused in the air
chamber 141a. Thus, in the unloaded state, the tool bit
119 is prevented from being driven.

[0048] AsshowninFIG. 3, the second motion convert-
ing mechanism 160 is formed by a second crank mech-
anism including a second crank shaft 161, an eccentric
shaft 163 and a second connecting rod 165. The second
crank shaft 161 is arranged on an extension of an axis
of the first crank shaft 121 of the first crank mechanism
and rotated by the eccentric shaft part 121a of the first
crank shaft 121. The eccentric shaft 163 is arranged in
parallel to the second crank shaft 161 in a position dis-
placed a prescribed distance in a radial direction from
the center of rotation of the second crank shaft 161. One
end of the second connecting rod 165 is connected to
the eccentric shaft 163 so as to be rotatable around the
eccentric shaft 163. The other end of the second con-
necting rod 165 is connected to a connecting shaft 166
provided on the counter weight 190 so as to be rotatable
around the connecting shaft 166. The connecting shaft
166 is arranged in parallel to the eccentric shaft 163. The
counter weight 190 is configured as a cylindrical member
which is slidably fitted onto the cylinder 141. The counter
weight 190 reciprocates between a front position closest
to the tool bit 119 and a rear position farthest from the
tool bit 119. The cylindrical counter weight 190 may be
shaped to partially surround the cylinder 141.

[0049] When performing a hammering operation on a
workpiece with the electric hammer 100 having the
above-described structure, the user holds a pair of the
handgrips 109 with hands and presses the tool bit 119
pointed downward against a workpiece. Specifically, the
user performs a hammering operation while keeping the
electric hammer 100 in the pressed state. When the user
presses the operation part 109d with a finger of the hand
holding the one handgrip 109 to turn on the electric switch
109e, the electric motor 110 is driven. Then the tool bit
119islinearly driven via the first motion converting mech-
anism 120 and the striking mechanism 140 and can per-
form a hammering operation on the workpiece. At this
time, the controller 112 determines that the electric ham-
mer 100 is placed in the pressed state and controls the
electric motor 110 to rotate at the first rotation speed.
[0050] The counterweight 190 is caused to reciprocate
in the longitudinal direction of the tool bit 119 via the sec-
ond motion converting mechanism 160. The counter
weight 190 is set to move substantially in opposite phase
to movement of the striker 143. Specifically, the counter
weight 190 moves upward when the striker 143 moves
downward, while the counter weight 190 moves down-
ward when the striker 143 moves upward. By this move-
ment, the counter weight 190 suppresses vibration
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caused in the electric hammer 100 during operation.
[0051] During hammering operation, the handgrips
109 (the upper housing 106) and the body housing 103
(the motor housing 103a) are moved in the longitudinal
direction of the tool bit 119 with respect to each other
while being guided by the guide shafts 108A under the
biasing force of the coil springs 108b. Specifically, the
coil springs 108b are expanded and contracted by the
kinetic energy of vibration caused during hammering op-
eration, so that transmission of vibration from the body
housing 103 to the handgrips 109 is suppressed. Thus,
in the electric hammer 100 having two vibration proofing
devices, or the vibration-proof handle and the counter
weight 190, vibration which is caused during hammering
operation and transmitted to the user holding the hand-
grips 109 is suppressed. As a result, the operability of
the electric hammer 100 is improved.

[0052] When the user switches the electric hammer
100 from the pressed state to the non-pressed state, the
controller 112 detects that the current supplied to the
electric motor 110 is below a threshold and controls the
electric motor 110 to rotate at the second rotation speed.
[0053] Inthe non-pressed state, where the electric mo-
tor 110 is rotationally driven at the second rotation speed,
the first crank shaft 121 and the second crank shaft 161
are driven. Immediately after the electric hammer 100 is
switched from the pressed state to the non-pressed state,
the striker 143 is driven by driving of the piston 125. In
the non-pressed state, however, the tool bit 119 and the
impact bolt 145 are located in a lower position. Therefore,
the striker 143 moves down to the impactbolt 145 located
in this lower position. As a result, the striker 143 moves
down to below the vent 141b. Thus, the air chamber 141a
communicates with the inside of the barrel 104, so that
the tool bit 119 is prevented from being driven by driving
of the first crank shaft 121.

[0054] Further, although the counter weight 190 is
caused toreciprocate by driving of the second crank shaft
161, the electric motor 110 is driven at the second rotation
speed, so that vibration caused by the reciprocating
movement of the counter weight 190 can be reduced.
[0055] As described above, in the pressed state, the
electric hammer 100 can suppress vibration related to
hammering operation by the second motion converting
mechanism 160 and the coil springs 108b. Further, in the
non-pressed state, the electric motor 110 is driven at the
second rotation speed, so that vibration caused by the
reciprocating movement of the counter weight 190 can
be reduced. Specifically, the electric hammer 100 can
effectively suppress vibrations caused in the pressed
state and the non-pressed state.

(Second Embodiment)

[0056] The second embodiment of the present inven-
tion is now described with reference to FIGS. 4 and 5.
An electric hammer 200 of the second embodiment is
different from the electric hammer 100 of the first embod-
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iment mainly in the structures of the handle and the vi-
bration suppressing mechanism. The electric hammer
200 is an example embodiment that corresponds to the
"impact tool" according to the present invention.

[0057] As shown in FIG. 4, the body 101 mainly in-
cludes abody housing 203 and a handgrip 109 connected
to the body housing 203. The body housing 203 is an
example embodiment that corresponds to the "housing"
according to the present invention. A barrel 104 is con-
nected to the body housing 203 and houses a striking
mechanism 140. A side grip 109A to be held by a user
can be removably attached onto the barrel 104. The
structure of the side grip 109A is not described here for
convenience sake.

[0058] The handgrip 109 to be held by a user is ar-
ranged on a side opposite from the tool bit 119 in the
longitudinal direction of the tool bit 119 as shown in FIG.
4. In the second embodiment, for convenience sake, the
tool bit 119 side is defined as a lower side and the hand-
grip 109 side is defined as an upper side in the longitu-
dinal direction of the tool bit 119 (the longitudinal direction
of the body 101). Further, in the electric hammer 200
shown inFIG. 4, adirection crossing the vertical direction
isdefined as a transverse direction, and a direction cross-
ing the vertical direction and the transverse direction is
defined as a thickness direction.

[0059] An operation part 109d is provided in the hand-
grip 109 as shown in FIG. 4. The operation part 109d of
the electric hammer 200 is configured to be slidable in
the thickness direction to switch on and off an electric
switch 109e. When the electric switch 109e is switched
on, a controller 112 drives the electric motor 110.
[0060] The body housing 203 and the handgrip 109
are connected by a connectingmechanism 108 as shown
in FIG. 5. The connecting mechanism 108 has a bellows
108a and a coil spring 108b. With this structure, the body
housing 203 and the handgrip 109 can move with respect
to each other.

[0061] As shown in FIG. 5, the electric motor 110 is a
brushless motor andis arranged such that the motor shaft
111 extends in a direction crossing the longitudinal axis
ofthe tool bit 119. The electric motor 110 and the handgrip
109 are arranged on the longitudinal axis of the tool bit
119. Like in the first embodiment, the controller 112 is
configured to drive the electric motor 110 at the first ro-
tation speed in the pressed state and to drive the electric
motor 110 at the second rotation speed in the non-
pressed state. The controller 112 is housed in the hand-
grip 109. By this arrangement, in the electric hammer
200, the weight can be distributed to the handgrip 109,
so that the vibration proofing effect can be enhanced. A
cable for electrically connecting the controller 112 and
the electric motor 110 is wired between the controller 112
and the electric motor 110 through the inside of the bel-
lows 108a. In FIGS. 4 and 5, the cable is not shown for
convenience sake.

[0062] AsshowninFIGS. 4 and 5, rotation of the elec-
tric motor 110 is transmitted to a first motion converting
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mechanism 120 via a gear speed reducing device 113,
and thereafter converted into linear motion by the first
motion converting mechanism 120 and transmitted to the
striking mechanism 140. Then the tool bit 119 is struck
in the longitudinal direction via the striking mechanism
140. Further, rotation of the electric motor 110 is trans-
mitted to a second motion converting mechanism 160
via the first motion converting mechanism 120, and there-
after converted into linear motion by the second motion
converting mechanism 160 and transmitted to a dynamic
vibration reducer 290. The first motion converting mech-
anism 120, the gear speed reducing device 113 and the
striking mechanism 140 have the same structures as
those of the first embodiment, respectively, and are not
described.

[0063] AsshowninFIG.5, the second motion convert-
ing mechanism 160 mainly includes a second crank shaft
161 which is rotated by an eccentric shaft part 121a of a
first crank shaft 121 of the first motion converting mech-
anism 120, an eccentric shaft 163 integrally formed with
the second crank shaft 161, and an second connecting
rod 165 which is linearly moved in the longitudinal direc-
tion of the tool bit 119 by rotation of the eccentric shaft
163. The second connecting rod 165 drives the dynamic
vibration reducer 290.

[0064] As shown in FIG. 5, the dynamic vibration re-
ducer 290 mainly includes an annular weight 291 config-
ured to surround the outer circumferential surface of the
cylinder 141 entirely in the circumferential direction, and
biasing springs 292, 293 disposed on the upper and lower
sides of the weight 291. The biasing springs 292, 293
apply respective spring forces to the weight 291 in the
longitudinal direction of the tool bit 119 when the weight
291 moves in the longitudinal direction of the tool bit 119.
The weight 291, the dynamic vibration reducer 290 and
the biasing spring 292 or 293 are example embodiments
that correspond to the "weight", the "dynamic vibration
reducer" and the "weight elastic member", respectively,
according to the present invention.

[0065] The weight 291 is arranged to slide with its pe-
riphery in contact with an inner wall surface (cylindrical
surface) of the barrel 104. The upper and lower biasing
springs 292, 293 are compression coil springs. The upper
spring 293 is configured such that its one end is held in
contact with a flange of a slide sleeve 210 and the other
end is held in contact with the weight 291. The lower
spring 292 is configured such that its one end is held in
contact with the weight 291 and the other end is held in
contact with a ring-like member 211 fixed to the barrel
104. Thus, the slide sleeve 210 and the ring-like member
211 form spring receiving members.

[0066] Theslide sleeve 210 canslideinthelongitudinal
direction of the tool bit 119 with respect to the periphery
of the cylinder 141 and is held in contact with the second
connecting rod 165. Thus, the slide sleeve 210 is slid by
the second motion converting mechanism 160.

[0067] When the second connecting rod 165 moves
downward, the slide sleeve 210 is pushed downward by
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the second connecting rod 165 and compresses the bi-
asing springs 292, 293. When the second connecting rod
165 moves upward, the slide sleeve 210 is pushed up-
ward by the spring forces of the biasing springs 292, 293.
Specifically, during hammering operation, the second
motion converting mechanism 160 forcibly vibrates the
biasing springs 292, 293 and thereby the weight 291 is
driven. With this structure, vibration caused in the body
housing 203 is effectively suppressed. The dynamic vi-
bration reducer 290 is configured such that the weight
291 is driven in opposite phase to the striker 143.
[0068] When performing a hammering operation on a
workpiece with the electric hammer 200 having the
above-described structure, the user holds the handgrip
109 and presses the electric hammer 200. When the user
slides the operation part 109d with a finger of the hand
holding the handgrip 109 to turn on the electric switch
109e, the electric motor 110 is driven. Then the tool bit
119islinearly driven via the first motion converting mech-
anism 120 and the striking mechanism 140 and can per-
form a hammering operation on the workpiece. At this
time, the controller 112 determines that the electric ham-
mer 200 is placed in the pressed state and controls the
electric motor 110 to rotate at the first rotation speed.
[0069] Further, during hammering operation, the dy-
namic vibration reducer 290 is forcibly driven by the sec-
ond motion converting mechanism 160. Therefore, the
dynamic vibration reducer 290 effectively suppresses vi-
bration caused in the body housing 203 during hammer-
ing operation. Furthermore, the handgrip 109 moves with
respect to the body housing 203 via the coil springs 108b,
so that transmission of vibration to the handgrip 109 is
further effectively suppressed.

[0070] When the user switches the electric hammer
200 from the pressed state to the non-pressed state, the
controller 112 detects that the current supplied to the
electric motor 110 is below a threshold and controls the
electric motor 110 to rotate at the second rotation speed.
[0071] Inthe non-pressed state, where the electric mo-
tor 110 is rotationally driven at the second rotation speed,
the first crank shaft 121 and the second crank shaft 161
are driven. Like in the first embodiment, as shown in FIG.
4, a vent 141b is formed in the cylinder 141, so that the
tool bit 119 is prevented from being driven by driving of
the piston 125.

[0072] Further, although the dynamic vibration reducer
290 is driven by driving of the second crank shaft 161,
the electric motor 110 is driven at the second rotation
speed, so that vibration caused by driving of the dynamic
vibration reducer 290 can be reduced.

[0073] As described above, in the pressed state, the
electric hammer 200 can suppress vibration related to
hammering operation by the second motion converting
mechanism 160 and the coil springs 108b. Further, in the
non-pressed state, the electric motor 110 is driven at the
second rotation speed, so that vibration caused by driving
of the dynamic vibration reducer 290 can be reduced.
Specifically, the electric hammer 200 can effectively sup-
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press vibrations caused in the pressed state and the non-
pressed state.

(Third Embodiment)

[0074] The third embodiment of the present invention
is now described with reference to FIGS. 6 and 7. The
structure of the impact tool according to the third embod-
iment is explained based on an electric hammer drill 300
which is capable of performing a hammering operation
by linearly driving atool bit along a prescribed hammering
axis and a drilling operation of drilling a workpiece by
rotating the tool bit around the hammering axis. The elec-
tric hammer drill 300 is an example embodiment that cor-
responds to the "impact tool" according to the present
invention. The electric hammer drill 300 is configured to
be switched by a user among a hammer mode for ham-
mering operation, a drill mode for drilling operation and
a hammer drill mode for simultaneously performing ham-
mering and drilling operations. The structure for switching
the operation mode is not described for convenience
sake.

[0075] AsshowninFIG. 6, the body 101 of the electric
hammer drill 300 mainly includes a body housing 303
and a handgrip 109 connected to the body housing 303.
The body housing 303 is an example embodiment that
corresponds to the "housing" according to the present
invention. The body housing 303 houses an electric mo-
tor 110, a controller 112, a first motion converting mech-
anism 120, a striking mechanism 140, and a rotation
transmitting mechanism 151 and a dynamic vibration re-
ducer 390 (see FIG. 7). The handgrip 109 is arranged on
a side of the body housing 303 opposite from the tool bit
119 in the longitudinal direction of the tool bit 119. In the
third embodiment, for convenience sake, the tool bit 119
side is defined as a front side and the handgrip 109 side
is defined as a rear side in the longitudinal direction of
the tool bit 119 (the longitudinal direction of the body 101).
[0076] The handgrip 109 has a grip part 109a extend-
ing in a vertical direction of the hammer drill 300 (a di-
rection crossing the longitudinal direction of the tool bit
119) as shown in FIG. 6. The handgrip 109 is connected
to the body housing 303 by a connecting mechanism 108
in an upper connecting region 109b. A coil spring 108b
of the connecting mechanism 108 is arranged to extend
between a spring receiving part 108c provided in the body
housing 303 and a spring receiving part 108d provided
in the handgrip 109. Further, the handgrip 109 is con-
nected to the body housing 303 by a pivot 108ein a lower
connecting region 109c.

[0077] With this structure, the handgrip 109 and the
body housing 303 can rotate on the pivot 108e with re-
spect to each other under the biasing force of the caoil
spring 108b. With this structure, transmission of vibration
of the body housing 303 to the handgrip 109 can be sup-
pressed.

[0078] An operation part 109d is provided in the hand-
grip 109 as shown in FIG. 6. When the operation part
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109d is operated, the electric motor 110 is driven via the
controller 112. The operation part 109d of the hammer
drill 300 is a trigger which is depressed by a user. The
electric motor 110 is a brushless motor and is arranged
such that the motor shaft 111 extends in a direction cross-
ing the longitudinal axis of the tool bit 119. The electric
motor 110 is arranged in a position displaced from the
longitudinal axis of the tool bit 119. Specifically, the elec-
tric motor 110 is disposed in a lower part of the hammer
drill 300, and a cylinder 141 and a tool holder 131 which
are coaxially arranged with the tool bit 119 are disposed
in an upper part of the hammer drill 300.

[0079] AsshowninFIG. 6, like in the first embodiment,
the controller 112 is configured to drive the electric motor
110 at the first rotation speed in the pressed state and
to drive the electric motor 110 at the second rotation
speed in the non-pressed state. Further, the hammer drill
300 has an acceleration sensor 112a, and the controller
112 is configured to control driving of the electric motor
110 based on the detection result of the acceleration sen-
sor 112a. The acceleration sensor 112a is an example
embodiment that corresponds to the "sensor" according
to the present invention. When the acceleration sensor
112a detects an inclined state of the hammer drill 300,
the controller 112 can detect the behavior of the hammer
drill 300. The hammer drill 300 is configured such that
the controller 112 controls to stop driving of the electric
motor 110 when the acceleration sensor 112a exhibits
prescribed behavior in the drill mode or hammer drill
mode of the hammer drill 300. This prescribed behavior
includes such behavior that the tool bit 119 is locked in
a hole formed by drilling operation and the hammer drill
300 is caused to rotate on the tool bit 119. The hammer
drill 300 can be provided with a function of preventing
specific behavior in drilling operation simply by providing
the controller 112 for controlling driving of the brushless
motor (the electric motor 110) with an additional function
of controlling driving of the electric motor 110 based on
the detection result of the acceleration sensor 112a.
[0080] The acceleration sensor 112ais disposedinthe
controller 112 as shown in FIG. 6. The acceleration sen-
sor 112a may be disposed elsewhere in the body 101,
and a plurality of acceleration sensors 112a may be pro-
vided.

[0081] AsshowninFIG. 6, rotation of the electric motor
110 is transmitted to the first motion converting mecha-
nism 120 disposed in the upper part of the hammer drill
300, and thereafter converted into linear motion by the
first motion converting mechanism 120 and transmitted
to the striking mechanism 140. Then the tool bit 119 is
struck in the longitudinal direction via the striking mech-
anism 140. Further, rotation of the electric motor 110 is
transmitted to the tool holder 131 via the rotation trans-
mitting mechanism 151, and the tool bit 119 is rotated
around its axis via the tool holder 131. The first motion
converting mechanism 120 and the striking mechanism
140 have the same structures as those of the first em-
bodiment, respectively, and are not described. A cylinder
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side communication opening 141c is formed in the cyl-
inder 141 of the hammer drill 300 as shown in FIG. 6. A
barrel space (not shown) between the cylinder 141 and
the barrel 104 communicates with the air chamber 141a
via the cylinder side communication opening 141c. Fur-
ther, a closed space which forms a crank chamber 121b
is formed behind the piston 125. The first connecting rod
123 and the eccentric shaft part 121a of the first crank
shaft 121 are disposed in the crank chamber 121b.
[0082] The rotation transmitting mechanism 151 main-
ly includes a driven gear 153, a mechanical torque limiter
155, an intermediate shaft 157 and a small bevel gear
159 as shown in FIG. 6. The driven gear 153 is engaged
with a pinion gear provided on the motor shaft 111 and
rotated. The driven gear 153 is connected to the inter-
mediate shaft 157 via the mechanical torque limiter 155.
The mechanical torque limiter 155 is configured to inter-
rupt torque transmission between the driven gear 153
and the intermediate shaft 157 when acted upon by
torque exceeding a prescribed value. The small bevel
gear 159 is provided on an upper end of the intermediate
shaft 157 and engages with a large bevel gear 132 pro-
vided on a rear end of the tool holder 131. With this struc-
ture, the rotation transmitting mechanism 151 transmits
rotation of the electric motor 110 to the tool holder 131.
[0083] As shown in FIG. 7, the dynamic vibration re-
ducer 390 has a weight 391, a biasing spring 392 dis-
posed on the front side of the weight 391, and a biasing
spring 393 disposed on the rear side of the weight 391.
The weight 391, the dynamic vibration reducer 390 and
the biasing springs 392, 393 are example embodiments
that correspond to the "weight", the "dynamic vibration
reducer" and the "weight elastic member", respectively,
according to the present invention. Only one dynamic
vibration reducer 390 is shown in FIG. 7, but another
dynamic vibration reducer 390 is disposed on the oppo-
site side of the hammering axis from the one dynamic
vibration reducer 390.

[0084] The dynamic vibration reducer 390 is disposed
in a dynamic vibration reducer arrangement space. The
dynamic vibration reducer arrangement space includes
a first space 394 in which the biasing spring 392 is dis-
posed and a second space 395 in which the biasing
spring 393 is disposed. The weight 391 is disposed in
the dynamic vibration reducer arrangement space via a
cylindrical member 396. More specifically, a large-diam-
eter part of the weight 391 is held in contact with the
cylindrical member 396 so as to be reciprocally slidable.
The large-diameter part of the weight 391 prevents com-
munication between the first space 394 and the second
space 395.

[0085] The first space 394 has a dynamic vibration re-
ducer side first communication opening 394a which com-
municates with the barrel space. Thus, the first space
394 communicates with the air chamber 141a via the
dynamic vibration reducer side first communication
opening 394a and the barrel space. The second space
395 has a dynamic vibration reducer side second com-
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munication opening 395a which communicates with the
crank chamber 121b. Thus, the second space 395 com-
municates with the crank chamber 121b via the dynamic
vibration reducer side second communication opening
395a.

[0086] With this structure, the weight 391 reciprocates
in the back and forth direction by driving of the piston 125.
[0087] Specifically, when the piston 125 moves for-
ward and compresses air of the air chamber 141a, air is
sent to the first space 394 via the cylinder side commu-
nication opening 141c, the barrel space and the dynamic
vibration reducer side first communication opening 394a.
As aresult, the pressure of the first space 394 increases,
so that the weight 391 is moved rearward. When the pis-
ton 125 moves rearward and compresses air of the crank
chamber 121b, air is sent to the second space 395 via
the crank chamber 121b and the dynamic vibration re-
ducer side second communication opening 395a. As a
result, the pressure of the second space 395 increases,
so that the weight 391 is moved forward. Thus, the dy-
namic vibration reducer 390 is configured to move the
weight 391 in a phase opposite to the moving direction
of the piston 125. Based on this movement, the dynamic
vibration reducer 390 is designed such that the weight
391 is driven in a phase opposite to the moving direction
of the striker 143.

[0088] With this structure, vibration caused in the body
housing 303 particularly duringhammering operation can
be suppressed.

[0089] When performing a hammering operation on a
workpiece with the hammer drill 300 having the above-
described structure, the user holds the handgrip 109 and
presses the hammer drill 300. When the user operates
the operation part 109d with a finger of the hand holding
the handgrip 109, the electric motor 110 is driven. Then
the tool bit 119 is linearly driven via the first motion con-
verting mechanism 120 and the striking mechanism 140
and can perform a hammering operation on the work-
piece. At this time, the controller 112 determines that the
hammer drill 300 is placed in the pressed state and con-
trols the electric motor 110 to rotate at the first rotation
speed. The operation part 109d of the hammer drill 300
is a trigger.

[0090] Further, during hammering operation, the
weight 391 of the dynamic vibration reducer 390 is moved
in a phase opposite to the moving direction of the striker
143. Therefore, during hammering operation, the dynam-
ic vibration reducer 390 effectively reduces vibration
caused in the body housing 303. Furthermore, the hand-
grip 109 reciprocally rotates on the pivot 108e with re-
spect to the body housing 303 via the coil spring 108b,
so that transmission of vibration to the handgrip 109 is
further effectively suppressed.

[0091] When the user switches the hammer drill 300
from the pressed state to the non-pressed state, the con-
troller 112 detects that the current supplied to the electric
motor 110 is below a threshold and controls the electric
motor 110 to rotate at the second rotation speed.
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[0092] Inthe non-pressed state, where the electric mo-
tor 110 is rotationally driven at the second rotation speed,
the piston 125 is driven. Thus, the dynamic vibration re-
ducer 390 is driven, but in this state where the electric
motor 110 is rotationally driven at the second rotation
speed, vibration caused by driving of the dynamic vibra-
tion reducer 390 is reduced, compared with the state
where the electric motor 110 is driven at the first rotation
speed.

[0093] Further,the hammer drill 300 is configured such
that the ring-like member 141 d shown in FIG. 6 closes
the vent 141b of the cylinder 141 in the pressed state
and opens the vent 141b in the non-pressed state. With
this structure, the tool bit 119 is prevented from being
driven by driving of the piston 125. The structure relating
to this function is not described for convenience sake.
[0094] As described above, in the pressed state, the
hammer drill 300 can suppress vibration related to ham-
mering operation by the dynamic vibration reducer 390
and the coil spring 108b. Further, in the non-pressed
state, since the electric motor 110 is driven at the second
rotation speed, vibration caused by driving of the dynamic
vibration reducer 390 can be reduced. Specifically, the
hammer drill 300 can effectively suppress vibrations
caused in the pressed state and the non-pressed state.

(Fourth Embodiment)

[0095] The fourth embodimentof the presentinvention
is now described with reference to FIG. 8. Like the electric
hammer drill 300 of the third embodiment, an electric
hammer drill 400 of the fourth embodiment is configured
to be switched by a user among a hammer mode, a drill
mode and a hammer drill mode.

[0096] AsshowninFIG. 8, the body 101 of the electric
hammer drill 400 mainly includes a body housing 403
and a handgrip 109 connected to the body housing 403.
The body housing 403 houses an electric motor 110, a
controller 112, a first motion converting mechanism 120,
a striking mechanism 140, a rotation transmitting mech-
anism 151 and a counter weight 490. The handgrip 109
is arranged on a side of the body housing 403 opposite
from the tool bit 119 in the longitudinal direction of the
tool bit 119. In the fourth embodiment, for convenience
sake, the tool bit 119 side is defined as a front side and
the handgrip 109 side is defined as an rear side in the
longitudinal direction of the tool bit 119 (the longitudinal
direction of the body 101). Further, in a direction crossing
the longitudinal direction of the tool bit 119, the side on
which the tool bit 119 is arranged is defined as an upper
side and the side on which the controller 112 is arranged
is defined as a lower side.

[0097] The handgrip 109 has a grip part 109a extend-
ing in a vertical direction of the hammer drill 400 (a di-
rection crossing the longitudinal direction of the tool bit
119). The handgrip 109 has an upper connecting region
109b and a lower connecting region 109¢ which are con-
nected to the body housing 403 by respective connecting
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mechanisms 108.

[0098] With this structure, the handgrip 109 and the
body housing 403 can move with respect to each other
under the biasing force of the coil spring 108b, so that
transmission of vibration of the body housing 403 to the
handgrip 109 can be suppressed.

[0099] A battery mounting part 109f for mounting a bat-
tery (a feeding part 180) is provided on the underside of
the handgrip 109. By this arrangement, in the hammer
drill 400, the weight can be distributed to the handgrip
109, so that the vibration proofing effect can be en-
hanced. The battery mounting part 109f is an example
embodiment that corresponds to the "mounting part" ac-
cording to the present invention. A cable for electrically
connecting the feeding part 180 and the controller 112
is wired between the feeding part 180 and the electric
motor 110 through the inside of a lower bellows 108a. In
FIG. 8, the cable is not shown for convenience sake.
[0100] A trigger which forms an operation part 109d is
provided in the handgrip 109. When the operation part
109d is depressed, the electric motor 110 is driven via
the controller 112. The electric motor 110 is a brushless
motor. Like in the first embodiment, the controller 112 is
configured to drive the electric motor 110 at the first ro-
tation speed in the pressed state and to drive the electric
motor 110 at the second rotation speed in the non-
pressed state.

[0101] The electric motor 110 is arranged such thatthe
motor shaft 111 extends in a direction crossing the lon-
gitudinal axis of the tool bit 119. The electric motor 110
is arranged in a position displaced from the longitudinal
axis of the tool bit 119. Rotation of the electric motor 110
is transmitted to the first motion converting mechanism
120 disposed above the electric motor 110, and thereaf-
ter converted into linear motion by the first motion con-
verting mechanism 120 and transmitted to the striking
mechanism 140. Then the tool bit 119 is struck in the
longitudinal direction via the striking mechanism 140.
Further, rotation of the electric motor 110 is transmitted
to the tool holder 131 via the rotation transmitting mech-
anism 151, and the tool bit 119 is rotated around its axis
via the tool holder 131. Furthermore, rotation of the elec-
tric motor 110 is transmitted to a counter weight 490 via
the first motion converting mechanism 120.

[0102] The first motion converting mechanism 120
mainly includes a driven gear 117, an intermediate shaft
116, a swinging shaft 118, a movable cylinder 142 and
a striking mechanism 140. The driven gear 123 is inte-
grally formed with the intermediate shaft 116. The swing-
ing shaft 118 is configured to rotate together with the
intermediate shaft 116 and has a rotary member 118a
and a shaft member 118b. The rotary member 118a has
an outer surface inclined with respect to the extending
direction of the intermediate shaft 116. The shaft member
118b has an annular region which is connected to the
rotary member 118a via a steel ball, and a shaft-like re-
gion which protrudes upward from the annular region and
is rotatably connected to the movable cylinder 142. The
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movable cylinder 142 is a cylindrical member having a
bottom and is disposed within the tool holder 131 so as
to be reciprocally slidable. A striker 143 is disposed within
the movable cylinder 142 so as to be reciprocally slidable,
and an air chamber 142a is formed between the bottom
of the movable cylinder 142 and the striker 143. In the
tool holder 131, an impact bolt 145 is disposed in front
of the striker 143 so as to be reciprocally slidable.
[0103] In the first motion converting mechanism 120
having the above-described structure, the swinging shaft
118 reciprocally moves the movable cylinder 142 when
the intermediate shaft 116 is rotated by rotation of the
motor 110. Then the striker 143 is caused to collide with
the impact bolt 145 via pressure fluctuations of the air
chamber 142a by the reciprocating movement of the
movable cylinder 142, and the too bit 119 is moved for-
ward via the impact bolt 145.

[0104] The tool holder 131 has a striker holding part
131a and an O-ring 131b fitted in the striker holding part
131a. Further, the striker 143 has a front end large-di-
ameter part.

[0105] When the hammer drill 400 is placed in the
pressed state, the striker 143 is placed in a rear position
via the tool bit 119 and the impact bolt 145. In this state,
the impact bolt 145 is located in an inside region of the
O-ring 131 b of the striker holding part 131a.

[0106] Immediately after the hammer drill 400 is
switched from the pressed state to the non-pressed state,
first, the striker 143 moves the tool bit 119 and the impact
bolt 145 forward. Thus, the impact bolt 145 is no longer
located in the inside region of the O-ring 131b. In this
state, when the striker 143 is moved forward by driving
of the movable cylinder 142, the front end large-diameter
part of the striker 143 moves over the O-ring 131b. In this
state, even if the pressure of the air chamber 142a de-
creases by the movement of the movable cylinder 142,
the front end large-diameter part is engaged with the O-
ring 131b, so that the striker 143 is prevented from mov-
ing. Thus, in the unloaded state, the tool bit 119 is pre-
vented from being driven.

[0107] The rotation transmitting mechanism 151 main-
ly includes a driven gear 154 which can rotate together
with the intermediate shaft 116, and a tool holder gear
133 which engages with the driven gear 154 and can
rotate together with the tool holder 131.

[0108] With the above-described structure, the driven
gear 154 is rotated by the intermediate shaft 116 and
rotationally drives the tool holder gear 133, so that the
rotation transmitting mechanism 151 can rotate the tool
bit 119 held by the tool holder 131.

[0109] The counter weight 490 has an upper end re-
gion 490a which is rotatably journaled to the body hous-
ing 403 and a lower end region 490b which is connected
to a lower end of the annular region of the shaft member
118b. Thus, the counter weight 490 is reciprocally rotated
in the back and forth direction by swinging of the shaft
member 118b. The upper end region 490a and the lower
end region 490b of the counter weight 490 are arranged
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on the opposite sides of the swinging axis of the shaft
member 118b. Thus, the counter weight 490 is moved in
a phase opposite to the moving direction of the movable
cylinder 142.

[0110] When performing a hammering operation on a
workpiece with the hammer drill 400 having the above-
described structure, the user holds the handgrip 109 and
presses the hammer drill 400. When the user operates
the operation part 109d with a finger of the hand holding
the handgrip 109, the electric motor 110 is driven. Then
the tool bit 119 is linearly driven via the first motion con-
verting mechanism 120 and the striking mechanism 140
and can perform a hammering operation on the work-
piece. At this time, the controller 112 determines that the
hammer drill 400 is placed in the pressed state and con-
trols the electric motor 110 to rotate at the first rotation
speed.

[0111] Further, during hammering operation, the coun-
ter weight 490 is driven by movement of the swinging
shaft 118. Therefore, during hammering operation, the
counter weight 490 effectively reduces vibration caused
in the body housing 403. Furthermore, the handgrip 109
reciprocally moves with respect to the body housing 403
via the coil spring 108b, so that transmission of vibration
to the handgrip 109 is further effectively suppressed.
[0112] When the user switches the hammer drill 400
from the pressed state to the non-pressed state, the con-
troller 112 detects that the current supplied to the electric
motor 110 is below a threshold and controls the electric
motor 110 to rotate at the second rotation speed.
[0113] Inthe non-pressed state, where the electric mo-
tor 110 is rotationally driven at the second rotation speed,
the swinging shaft 118 is swung by the intermediate shaft
116. Thus, the counter weight 490 is driven, but in this
state where the electric motor 110 is rotationally driven
at the second rotation speed, vibration caused by driving
of the counter weight 490 can be reduced.

[0114] As described above, in the pressed state, the
hammer drill 400 can suppress vibration related to ham-
mering operation by the counter weight 490 and the coil
spring 108b. Further, in the non-pressed state, since the
electric motor 110 is driven at the second rotation speed,
vibration caused by driving of the counter weight 490 can
be reduced. Specifically, the hammer drill 400 can effec-
tively suppress vibrations caused in the pressed state
and the non-pressed state.

[0115] Embodiments of the present invention are not
limited to the above-described structures of the first to
fourth embodiments, but may have other structures. Typ-
ically, the hammering axis of the tool bit 119 may be ar-
ranged in parallel to the output shaft of the electric motor
110.

[0116] Further, the structures of the first to fourth em-
bodiments may be appropriately used in combination.
For example, the structures relating to the counter weight
190 of the first embodiment, the dynamic vibration reduc-
er 290 ofthe second embodiment, the dynamic vibration
reducer 390 ofthe third embodiment and the counter
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weight 490 ofthe fourth embodiment may be appropri-
ately used in other embodiments.

(Correspondences between the features of the embodi-
ments and the features of the invention)

[0117] The above-described embodiments are repre-
sentative examples for embodying the present invention,
and the present invention is not limited to the structures
of the representative embodiments. Correspondences
between the features of the embodiments and the fea-
tures of the invention are as follow:

The electric hammer 100, the electric hammer 200,
the electric hammer drill 300 or the electric hammer
drill400 is an example embodiment that corresponds
to the "impact tool" according to the present inven-
tion. The tool bit 119 is an example embodiment that
corresponds to the "tool accessory" according to the
present invention. The body housing 103, the body
housing 203, the body housing 303 or the body hous-
ing 403 is an example embodiment that corresponds
to the "housing" according to the present invention.
The handgrip 109 is an example embodiment that
corresponds to the "handle" according to the present
invention. The coil spring 108b is an example em-
bodiment that corresponds to the "handle elastic
member" according to the present invention. The
electric motor 110 and the controller 112 are exam-
ple embodiments that correspond to the "brushless
motor" and the "controller", respectively, according
to the present invention. The pressed state and the
non-pressed state are example embodiments that
correspond to the "pressed state" and the "non-
pressed state", respectively, according to the
present invention. The first rotation speed is an ex-
ample embodiment that corresponds to the "first ro-
tation speed" according to the presentinvention. The
second rotation speed is an example embodiment
that corresponds to the "second rotation speed" ac-
cording to the present invention. The motor shaft
111, the first motion converting mechanism 120 and
the second motion converting mechanism 160 are
example embodiments that correspond to the "rotary
shaft", the "driving mechanism" and the "vibration
suppressing mechanism", respectively, according to
the present invention. The counter weight 190 is an
example embodiment that corresponds to the
"weight" and the "counter weight" according to the
present invention. The weight 291 or the weight 391
is an example embodiment that corresponds to the
"weight" according to the present invention. The dy-
namic vibration reducer 290 or the dynamic vibration
reducer 390 is an example embodiment that corre-
sponds to the "dynamic vibration reducer" according
to the present invention. The biasing spring 292, the
biasing spring 293, the biasing spring 392 or the bi-
asing spring 393 is an example embodiment that cor-
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respond to the "weight elastic member" according to
the present invention. The counter weight 490 is an
example embodiment that corresponds to the
"weight" and the "counter weight" according to the
present invention. The acceleration sensor 112a is
an example embodiment that corresponds to the
"sensor" according to the presentinvention. The bat-
tery mounting part 109f is an example embodiment
that corresponds to the "mounting part" according to
the present invention.

[0118] In view of the nature of the above-described in-
vention, the impact tool according to this invention can
be provided with the following features. Each of the fea-
tures can be used separately or in combination with the
other, or in combination with the claimed invention.

(Aspect 1)

[0119] The weight elastic member has a first elastic
body connected to one side of the weight, and a second
elastic body connected to the other side of the weight.

(Aspect 2)

[0120] The counter weight is configured such that one
end region of the counter weight is rotatably journaled to
the housing and the other end region is connected to the
driving mechanism.

(Aspect 3)

[0121] The sensor for detecting behavior of the impact
tool during the prescribed operation comprises an accel-
eration sensor.

[0122] Itis explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es orindications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Description of the Numerals

[0123]

100 electric hammer
101 body

103 body housing
103a motor housing
103a1 recess

103b gear housing



104
105
106
106a
106b
106¢
107
108
108A
108A1
108a
108b
108¢
108d
108e
109
109A
109a
109b
109¢
109d
109e
109f
110
111
112
112a
113
116
117
118
118a
118b
119
120
121
121a
121b
123
125
131
131a
131b
132
133
140
141
141a
141b
141c
141d
142
142a
143
145
151
153
154

25

barrel

outer housing

upper housing

shaft support part
recess

annular part

lower housing
connecting mechanism
guide shaft

flange

bellows

coil spring (handle elastic member)
spring receiving part
spring receiving part
pivot

handgrip

side grip

grip part

upper connecting region
lower connecting region
operation part

electric switch

battery mounting part
electric motor

motor shaft

controller

acceleration sensor
gear speed reducing device
intermediate shaft
driven gear

swinging shaft

rotary member

shaft member

tool bit

first motion converting mechanism
first crank shaft
eccentric shaft part
crank chamber

first connecting rod
piston

tool holder

striker holding part
O-ring

large bevel gear

tool holder gear

striking mechanism
cylinder

air chamber

vent

cylinder side communication opening

ring-like member

movable cylinder

air chamber

striker

impact bolt

rotation transmitting mechanism
driven gear

driven gear
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155 mechanical torque limiter

157 intermediate shaft

159 small bevel gear

160 second motion converting mechanism

161 second crank shaft

163 eccentric shaft

165 second connecting rod

166 connecting shaft

170 bearing holder

170a needle bearing

180 feeding part

190 counter weight

200 electric hammer

203 body housing

210 slide sleeve

21 ring-like member

290 dynamic vibration reducer

291 weight

292 biasing spring (weight elastic member)

293 biasing spring (weight elastic member)

300 electric hammer drill

303 body housing

390 dynamic vibration reducer

391 weight

392 biasing spring (weight elastic member)

393 biasing spring (weight elastic member)

394 first space

394a dynamic vibration reducer side first communi-
cation opening

395 second space

395b dynamic vibration reducer side second com-
munication opening

396 cylindrical member

400 electric hammer drill

403 body housing

490 counter weight

490a upper end region

490b lower end region

Claims

1. An impact tool, which performs a hammering oper-
ation on a workpiece by linearly driving a tool acces-
sory (119) along a prescribed hammering axis, com-
prising:

a brushless motor (110),

a driving mechanism (120) that drives the tool
accessory by an output of the brushless motor
(110),

a vibration suppressing mechanism (160; 290;
390) having a movable weight (190; 291; 391;
490), and

a controller (112) that controls driving of the
brushless motor (110), wherein:

in a pressed state which is defined as a state
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that a prescribed pressing force is applied
to the tool accessory (119), the controller
(112) drives the brushless motor (110) at a
first rotation speed, and

in a non-pressed state which is defined as
a state that the prescribed pressing force is
not applied to the tool accessory (119), the
controller (112) drives the brushless motor
(110) at a second rotation speed lower than
the first rotation speed.

The impact tool as defined in claim 1, wherein the
vibration suppressing mechanism (160; 290; 390)
comprises a counter weight (190; 291; 391; 490)
which is configured such that the weight (190; 490)
is mechanically connected to a prescribed region of
the driving mechanism (120) and the weight is
caused to directly reciprocate by movement of the
driving mechanism, or a dynamic vibration reducer
(290; 390) which has a weight elastic member (292,
293; 392, 393) connected to the weight (291; 391)
and is configured such that the weight (190; 291;
391; 490) is caused to reciprocate by movement of
the driving mechanism (120).

The impact tool as defined in claim 1 or 2, wherein
the weight (190; 291; 391; 490) is configured to be
moved linearly or rotated with respect to the direction
of the hammering axis.

The impact tool as defined in any one of claims 1 to
3, further comprising:

a housing (103; 203; 303; 403) for housing at
least part of the driving mechanism (120),

a handle (109) to be held by a user, and

a handle elastic member (108b), wherein:

the handle (109)is connected to the housing
(103; 203; 303; 403) via the handle elastic
member (108b), so that the handle (109)
and the housing (103; 203; 303; 403) can
be configured to be movable with respect
to each other.

The impact tool as defined in claim 4, wherein a con-
necting member (108a) is provided between the han-
dle (109) and the housing (103; 203; 403), wherein
the connecting member (108a) covers the handle
elastic member (108b) and the connecting member
(108a) is expandable and contractable.

The impact tool as defined in claim 4 or 5, wherein
the controller (112) is disposed within the handle
(109).

The impact tool as defined in any one of claims 1 to
6, further comprising:
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a sensor (112a) that detects behavior of the im-
pacttool during aprescribed operation, wherein:

the controller (112) controls driving of the
brushless motor (110) based on a detection
result of the sensor (112a).

The impact tool as defined in claim 7, wherein an
acceleration sensor (112a) is provided as the sensor
(112a).

The impact tool as defined in any one of claims 4 to
8, wherein the brushless motor (110) is driven by a
battery, and the handle (109) has a mounting part
(109f) for the battery.



EP 3 184 259 A1

FIG. 1
[ —
I
I
103a i
|
109 4094
K{jia .
]
[}
|
109e
112 :
]
160 |
1
180 |
|
103//) '
190 !
E
I
143 —
140 |
]
145 !

100

«—108

107
103b
120

125

141a
141
141b

141b

104
/

16

119



EP 3 184 259 A1

FIG. 2
100
101
106\\»
106b 106b
111 — 103a
110
108A . 108A
106a
106¢ — 106¢
108A1 108A1
108b
105\\_6
i @ - os
N 108
B 108a

17



EP 3 184 259 A1

FIG. 3
;
105 103a 101 7°
\/ 110 j
111
N
106 — 2
109 113
120
170
170a
“-_, K—/‘IOS
zgz EE : 108a
2
161 ’ 1212 2]
160 e Y
165
103b
190
141 125

18



EP 3 184 259 A1

FIG. 4

109

-
(o=
w0 O
0
o

290

141a

143 o
140

145

131

19

200

180

I

103a

110

101

160

109A

141b
104

119



EP 3 184 259 A1

FIG. 5
112 200
109e 1)0
108 Iy
I . . 108a
— : 108b
103a
203
111
113
163
121 : 161
120 160
121a
165
123
293 210
125

291 141a

104 o 141
141b

200 ):/(:*@ 143
211

292

20



EP 3 184 259 A1

FIG. 6

303 140 120 300
131 I 101
[
Y P ki / N l
S/ T 5 RS N -
////7/;.7/////; ) ; 5 N AL B

e .

Vi)

N
=y

N

)

@
4
9
7
@

S
sy
%)

9
@

9
9
)
17
4
%)
%

X,

-

/,

& Ny

el ]

Ny i
"%J-WAA,J

N
—
/;v—'/
Ll

=
(AR il !

21



FIG. 7

EP 3 184 259 A1

101
303 390 596
302 393
394 391/ 395 108
394a 395a 108a
108b
j; i
”H I [}:g J.
. | UK
&\
%Q:E T
121 \

121b

22

300

N
AR

214
&7

109



EP 3 184 259 A1

FIG. 8

0 gz S

109a 7 TN g : 119

23



10

15

20

25

30

35

40

45

50

55

EP 3 184 259 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 16 20 5945

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2010/175903 Al (IKUTA HIROKI [JP] ET 1-9 INV.
AL) 15 July 2010 (2010-07-15) B25D17/04
* the whole document * B25D17/24
----- B25D11/00
X EP 1 637 289 Al (MAKITA CORP [JP]) 1-9
22 March 2006 (2006-03-22)
* the whole document *
X EP 2 279 831 Al (BLACK & DECKER INC [US]) |1-9
2 February 2011 (2011-02-02)
* the whole document *
A EP 2 324 961 A2 (MAKITA CORP [JP]) 1-9
25 May 2011 (2011-05-25)
* the whole document *
A EP 2 944 428 Al (MAKITA CORP [JP]) 1-9

18 November 2015 (2015-11-18)
* the whole document *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

B25D

Place of search

The Hague

Date of completion of the search

19 April 2017

Examiner

Coja, Michael

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

24




EP 3 184 259 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 16 20 5945

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

19-04-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2010175903 Al 15-07-2010  NONE

EP 1637289 Al 22-03-2006 DE 602004003383 T2 04-10-2007
EP 1637289 Al 22-03-2006

EP 2279831 Al 02-02-2011 EP 2279831 Al 02-02-2011
GB 2472277 A 02-02-2011
US 2011024144 Al 03-02-2011

EP 2324961 A2 25-05-2011 CN 102069484 A 25-05-2011
EP 2324961 A2 25-05-2011
JP 5412249 B2 12-02-2014
JP 2011104736 A 02-06-2011
RU 2010147257 A 27-05-2012
US 2011114347 Al 19-05-2011

EP 2944428 Al 18-11-2015 EP 2944428 Al 18-11-2015
JP 2015217470 A 07-12-2015
US 2015328759 Al 19-11-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

25




EP 3 184 259 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2008073836 A [0002]

26



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

