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Description

Technical Field

[0001] The present invention relates to an electrical
power tool and more specifically, to an electrical power
tool having a vibration control mechanism.

Background Art

[0002] Conventionally, electrical power tools having vi-
bration control mechanism have been proposed. For ex-
ample, Japanese Patent Application Publication No.
2004-299036 discloses an electrical power tool including
a casing that has a handle, a motor housing, and a gear
housing connected with one another. An electrical motor
is accommodated in the motor housing. The gear housing
has a motion conversion housing, a vibration’ control
housing, and an impact housing. A motion conversion
mechanism that converts a rotation motion of the elec-
trical motor into a reciprocation motion is provided in the
motion conversion housing. A cylinder extending a direc-
tion perpendicular to the rotation axis of the electrical
motor is provided in the impact housing. A tool support
portion is provided on the front side of the cylinder and
is capable of attaching or detaching a working tool.
[0003] A piston is provided in the cylinder and is slid-
ably provided along the inner periphery of the cylinder.
The piston reciprocates along the inner periphery of the
cylinder by the motion conversion mechanism. A striking
member is provided in the front section of the cylinder
and is slidably provided along the inner periphery of the
cylinder. An air chamber is formed in the cylinder between
the piston and the striking member. An intermediate
member is provided in the front side of the striking mem-
ber and is slidably provided back-and-forth within the cyl-
inder. The working tool mentioned above is positioned
at the front side of the intermediate element.
[0004] The vibration control housing is provided on the
side of the impact housing and communicates with the
impact housing by way of an air channel. A space formed
by the piston, the cylinder, the impact housing, the coun-
terweight, and the vibration control housing is formed as
a sealed space. A counterweight and two springs are
provided in the vibration control housing. The counter-
weight is capable of moving a reciprocation motion par-
allel to the reciprocation motion of the piston. The two
springs are positioned at the ends of the counterweight.
[0005] The rotational driving force of the electrical mo-
tor is transmitted to the motion conversion mechanism,
and the motion conversion mechanism moves the piston
in the cylinder in the reciprocation motion. The recipro-
cation motion of the piston repeatedly increases and de-
creases the pressure of the air in the air chamber, thereby
applying an impact force to the striking member. The
striking member moves forward and collides with the rear
end of the intermediate member, thereby applying the
impact force to the working tool. The workpiece is frac-

tured by the impact force applied to the working tools.
[0006] During the operation of the electrical power tool,
when the piston moves forward, the counterweight
moves rearward because the space formed by the piston,
the cylinder, the impact housing, the counterweight, and
the vibration control housing is a sealed space. Con-
versely, when the piston moves rearward, the counter-
weight moves forward. Thus, in this structure, the coun-
terweight reciprocates in conjunction with the reciproca-
tion motion of the piston.
[0007] However, in the electrical power tool described
above, when the counterweight vibrates, the friction be-
tween the two springs and the vibration control housing
prevents the counterweight from vibrating efficiently.
Thus, the vibration caused by the striking member cannot
be reduced efficiently. The vibration control housing is
provided on the side of the impact housing, the electrical
power tool, thereby leading to an increased size in the
electrical power tool.
[0008] EP 1 464 449 A discloses an electrical power
tool with the features of the pre-characterising portion of
Claim 1. Other electrical power tools related to the
present invention but employing counterweights held in
the direction of reciprocating motion are disclosed in JP
S61 178188 A and JP H01 214401 A.

Disclosure of Invention

[0009] In view of the foregoing, it is an object of the
present invention to provide an electrical power tool that
is capable of efficiently reducing the vibration resulting
from the striking member and that does not lead to an
increased size even with the use of a counterweight
mechanism.
[0010] This and other objects of the present invention
will be attained by the electrical power tool defined in
Claim 1. Further advantageous features are set out in
the dependent claims.
[0011] With this arrangement, the counterweight hold-
ing member and the counterweight can be vibrated
smoothly in the same directions as the directions of the
reciprocation motion. Accordingly, a vibration generated
by the reciprocation motion of the motion conversion
mechanism can be reduced by a vibration of the coun-
terweight, thereby improving the operation of the electri-
cal power tool.
[0012] Preferably, the support members include two
support members positioned opposing each other. With
this arrangement, the counterweight holding member
and the counterweight can be vibrated smoothly in the
same directions as the directions of the reciprocation mo-
tion. The vibration generated by the reciprocation motion
of the motion conversion mechanism can be reduced by
the vibration of the counterweight, thereby improving the
operation of the electrical power tool.
[0013] Preferably, the counterweight holding member
has end portions corresponding to the support members.
At least one of the end portions is movably supported
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with respect to the support members. With this arrange-
ment, the counterweight holding member and the coun-
terweight can be vibrated smoothly in the same directions
as the directions of the reciprocation motion.
[0014] Preferably, the counterweight and the counter-
weight holding member are configured to vibrate to re-
duce a vibration generated by the reciprocation motion
of the motion conversion mechanism. At least one of the
support members is configured to restrict a vibration of
the counterweight and the counterweight holding mem-
ber.
[0015] With this arrangement, the vibration of the coun-
terweight holding member and the counterweight can be
controlled and the resonance frequency of the counter-
weight mechanism (the counterweight holding member,
the counterweight, and support members) can be adjust-
ed.
[0016] Preferably, the counterweight holding member
has end portions corresponding to the support members.
At least one of the end portions of the counterweight hold-
ing member has a slip prevention section for preventing
the counterweight holding member from slipping out from
the support members. With this arrangement, the coun-
terweight holding member can be prevented from slip-
ping out from the support members.
[0017] Preferably, the support members, the counter-
weight holding member, and the counterweight are inter-
posed between the motor and the motion conversion
mechanism.
[0018] With this arrangement, the counterweight hold-
ing member and the counterweight can be vibrated
smoothly in the same directions as the directions of the
reciprocation motion.’ The vibration generated by the re-
ciprocation motion of the motion conversion mechanism
can be reduced by the vibration of the counterweight,
thereby improving the operation of the electrical power
tool.
[0019] Preferably, the counterweight includes a base
and two legs. The base extends in a direction perpendic-
ular to the direction in which the counterweight holding
member extends. The base is fixed to the counterweight
holding member, and has ends. Each of two legs is con-
nected to each of the ends of the base respectively and
extends along and is separated from the counterweight
holding member.
[0020] With this arrangement, the length of the coun-
terweight holding member needed to obtain a desired
resonance frequency can be reduced, thereby providing
a compact overall size of the counterweight mechanism.
[0021] Preferably, the motion conversion mechanism
includes a cylinder, a piston, a motion conversion section,
and striking member. The cylinder has an inner periph-
ery. The a piston is slidably provided on the inner periph-
ery of the cylinder. The motion conversion section is con-
figured to convert the rotation of the electrical motor into
a reciprocation motion of the piston. The striking member
is driven by the reciprocation motion of the piston.
[0022] With this arrangement, an impact force can be

applied to a working tool by providing the working tool to
the head of the electrical power tool. Also, the counter-
weight mechanism is most effective against vibrations
generated by the reciprocation motion of a component,
such as the striking member, having a certain amount
of’mass.
[0023] Preferably; the supporting member is config-
ured to change a state that the supporting member sup-
ports the counterweight holding member when the coun-
terweight moves from an initial position thereof toward
at least one direction of the reciprocation motion.
[0024] With this arrangement, the vibration of the elec-
trical power tool due to impact can be efficiently reduced
and the operation of the electrical power tool can be im-
proved. Since the counterweight mechanism has a sim-
ple structure, a large number of parts such as expensive
cylinders are not needed. The vibration of the electrical
power tool can be reduced without leading to a increased
size, higher expenses, reduced visibility, and the like in
the electrical power tool.
[0025] Preferably, each of the support members in-
cludes a first support member and a second support
member. The first support member is configured to block
the counterweight holding member from moving toward
the one direction. The second support member is posi-
tioned closer to the counterweight than the first support
member to the counterweight and is configured to block
the counterweight holding member in another direction
opposite to the one direction. The first support member
and the second support member are positioned to apply
an initial force in the one direction to the counterweight
holding member.
[0026] With this arrangement, a spring constant of the
counterweight holding member in a moving direction of
the counterweight can be decreased depending on in-
crease of the displacement of the counterweight when
the counterweight is moved from its initial position toward
at least one direction of the reciprocation motion. Accord-
ingly, the electrical power tool with low vibration, a com-
pact size, and low cost can be provided.
[0027] Preferably, the counterweight holding member
includes a bent section. The counterweight holding mem-
ber is supported by the first support member and the
second support member at the bent section. With this
arrangement, when the counterweight holding member
is supported by the first support members and the second
support members, the counterweight holding member is
prevented from separating from each of the support
members. Accordingly, the unexpected initial deforma-
tions during the production process of the counterweight
holding member can be corrected.
[0028] Preferably, the counterweight holding member
is movably supported with respect to the first support
member. With this arrangement, the counterweight hold-
ing member and the counterweight can be vibrated
smoothly in the same directions as the directions of the
reciprocation motion.
[0029] Preferably, the first support member is config-
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ured to restrict a vibration of the counterweight and the
counterweight holding member. With this arrangement,
the vibration of the counterweight holding member and
the counterweight can be controlled and characteristic
vibration frequency and damping of the counterweight
mechanism can be adjusted arbitrarily. Accordingly, a
vibration control mechanism (the counterweight mecha-
nism) suited for various types of electrical power tools
can be provided.
[0030] Preferably, one first support member of one
support member movably supports the counterweight
and another first support member of another support
member is configured to restrict a vibration of the coun-
terweight and the counterweight holding member. With
this arrangement, the counterweight holding member
and the counterweight can be vibrated smoothly in the
same directions as the directions of the reciprocation mo-
tion. The vibration of the counterweight holding member
and the counterweight can be controlled and character-
istic vibration frequency and damping of the counter-
weight mechanism can be adjusted arbitrarily. Accord-
ingly, a vibration control mechanism (the counterweight
mechanism) suited for various types of electrical power
tools can be provided.
[0031] Preferably, the counterweight holding member
has a slip prevention section for preventing the counter-
weight holding member from slipping out from the first
support member. With this arrangement, the counter-
weight holding member can be prevented from slipping
out from the first support members.
[0032] Preferably, the counterweight holding member
has a part positioned between the first support members.
The counterweight has a center of gravity positioned at
a center of the part. With this arrangement, the counter-
weight holding member and the counterweight can be
vibrated smoothly in the same directions as the directions
of the reciprocation motion without swinging the counter-
weight.

Brief Description of Drawings

[0033]

Fig. 1 is a cross-sectional view showing an impact
tool according to a first embodiment of the present
invention;
Fig. 2 is a rear-view of a counterweight mechanism
of the impact tool according to the first embodiment
of the present invention;
Fig. 3 is a cross-sectional view showing an impact
tool according to a second embodiment of the
present invention;
Fig. 4 is an exploded view of a counterweight mech-
anism of the impact tool according to the second
embodiment of the present invention;
Fig. 5 is an enlarged view of the counterweight mech-
anism of the impact tool according to the second
embodiment of the present invention;

Fig. 6 is a cross-sectional view showing an impact
tool according to a third embodiment, of the present
invention;
Fig. 7 is a cross-sectional view showing an impact
tool according to a fourth embodiment of the present
invention;
Fig. 8 is a cross-sectional view showing an impact
tool which is not an embodiment of the present in-
vention but an example useful to understand it;
Fig. 9 is a cross-sectional view showing an impact
tool according to a fifth embodiment of the present
invention;
Fig. 10 is a cross-sectional view of the impact tool
taken along a line X-X in Fig. 9;
Fig. 11 is a cross-sectional view showing an impact
tool according to a sixth embodiment of the present
invention;
Fig. 12 is an exploded view of a counterweight mech-
anism of the impact tool according to the seventh
embodiment of the present invention;
Fig. 13 is an enlarged view of the counterweight
mechanism of the impact tool according to the sixth
embodiment of the present invention;
Fig. 14 is a view showing the counterweight mech-
anism of the impact tool according to the sixth em-
bodiment of the present invention;
Fig. 15 is a view showing a relationship (load-dis-
placement curve), between a displacement (horizon-
tal axis) of a counterweight and a load (vertical axis)
applied to a weight holding member due to the dis-
placement, of the impact tool according to the sixth
embodiment of the present invention;
Fig. 16 is an explanatory diagram showing the rela-
tionship between load and displacement of a general
coil spring and soft-spring characteristics;
Fig. 17A is a view showing a relationship (frequency
response curve), between a frequency (horizontal
axis) of a vibration caused by a reciprocation motion
of a striking member (the frequency of a vibration
source) and an amplitude magnification ratio (verti-
cal axis) of the counterweight caused by the vibration
of the striking member, for the counterweight mech-
anism (a dynamic vibration absorber) of the impact
tool according to the sixth embodiment of the present
invention:
Fig. 17B is a view showing a relationship, between
the frequency (horizontal axis) of the vibration source
and the phase difference (vertical axis) between a
vibration force and the vibration of the counterweight,
for the counterweight mechanism (the dynamic vi-
bration absorber) of the impact tool according to the
sixth embodiment of the present invention;
Fig. 18A is a view showing a relationship (frequency
response curve) for a conventional counterweight
mechanism (a dynamic vibration absorber) between
a frequency (horizontal axis) of a vibration caused
by a reciprocation motion of a striking member (the
frequency of a vibration source) and an amplitude
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magnification ratio (vertical axis) of a counterweight
caused by the vibration of the striking member;
Fig. 18B is a view showing a relationship for a con-
ventional counterweight mechanism (the dynamic vi-
bration absorber) between the frequency (horizontal
axis) of the vibration source and the phase difference
(vertical axis) between a vibration force and the vi-
bration of the counterweight;
Fig. 19 is a cross-sectional view showing an impact
tool according to an seventh embodiment of the
present invention;
Fin. 20 is a cross-sectional, view showing an impact
tool according to a eighth embodiment of the present
invention;
Fig. 21 is a cross-sectional view showing an impact
tool according to a ninth embodiment of the present
invention;
Fig. 22 is a cross-sectional view of the impact tool
taken along a line XXII-XXII in Fig. 21.

Best Mode for Carrying Out the Invention

[0034] An electrical power tool according to a first em-
bodiment of the present invention will be described while
referring to Figs. 1 and 2. The electrical power tool of the
first embodiment’is applied to an impact tool 1. In Fig. 1,
the left side will be described as the front side of the
impact tool 1 and the right side will be described as the
back side of the impact tool 1. The impact tool 1 includes
a casing having a handle 10, a motor housing 20, and a
gear housing 30 connected with one another.
[0035] A power cable 11 is attached to the handle 10.
The handle 10 houses a switch mechanism 12. A trigger
13 that can be manipulated by the.user is mechanically
connected to the switch mechanism 12. The switch
mechanism 12 is connected to an external power source
(not shown) through the power cable 11. By operating
the trigger 13, an electrical motor 21 described later can
be connected to and disconnected from the external pow-
er source. Also, the handle 10 includes a grip 14 that is
gripped by the user when the impact tool 1 is used.
[0036] The motor housing 20 is positioned at a lower
front side of the handle 10. The electrical motor 21 is
accommodated in the motor housing 20. The electrical
motor 21 includes an output shaft 22 that outputs a driving
force of the electrical motor. A pinion gear 23 is provided
on the end of the output shaft 22 and is positioned in the
gear housing 30. A control unit 24 for controlling a rotation
speed of the electrical motor 21 is located on the motor
housing 20 behind the electrical motor 21.
[0037] The gear housing 30’ includes a motion conver-
sion housing 31 and a hammer housing 32. The motion
conversion housing 31 is positioned above the motor
housing 20 and a rear end of the motion conversion hous-
ing 31 is connected to the handle 10. The hammer hous-
ing 32 is positioned above the motor housing 20.
[0038] A crank shaft 34 that extends parallel to the out-
put shaft 22 is rotatably supported on the rear side of the

pinion gear 23 in the motion conversion housing 31. A
first gear 35 that meshingly engaged with the pinion gear
23 is coaxially fixed to the lower end of the crank shaft
34. A motion conversion mechanism 36 is provided at
the upper side of the crank shaft 34. The motion conver-
sion mechanism 36 includes a crank weight 37, a crank
pin 38, and a connecting rod 39. The crank weight 37 is
fixed to the upper end of the crank shaft 34. The crank
pin 38 is fixed to the end portion of the crank weight 37.
The crank pin 38 is inserted into the rear end of the con-
necting rod 39.
[0039] A rotation transmission shaft 51 extending par-
allel to the output shaft 22 is rotatably supported on the
front side of the pinion gear 23 in the motion conversion
housing 31. A second gear 52 that meshingly engaged
with the pinion gear 23 is coaxially fixed to the lower end
of a rotation transmission shaft 51. A first bevel gear 51A
is coaxially fixed to the upper end of the rotation trans-
mission shaft 51.
[0040] A cylinder 40 extending in a direction perpen-
dicular to the output shaft 22 is provided in the hammer
housing 32. The center axis of the cylinder 40 and the
rotation axis of the output shaft 22 are positioned on a
same plane. The rear end of the cylinder 40 opposes the
electrical motor 21 in the axial direction of the output shaft
22. A piston 43 is provided in the cylinder 40 and is slid-
ably provided along the inner periphery of the cylinder.
40. The piston 43 reciprocates in the axial direction of
the cylinder 40. The piston 43 includes a piston pin 43A
that inserted into the front end of the connecting rod 39.
A striking member 44 is provided in the front section of
the cylinder 40 and is slidably provided along the inner
periphery of the cylinder 40 in the axial direction thereof.
An air chamber 45 is formed among the cylinder 40, the
piston 43, and the hammer 44.
[0041] A rotating cylinder 50 is rotatably supported in
the hammer housing 32. The rotating cylinder 50 sur-
rounds the front section of the outer perimeter of the cyl-
inder 40. The rotating cylinder 50 extends forward of the
cylinder 40, and a tool support portion 15 is provided at
the end of the rotating cylinder 50 and is capable of at-
taching or detaching a working tool (not shown). A second
bevel gear 50A that meshingly engaged with the first bev-
el gear 51A is provided on the rear end portion of the
rotating cylinder 50. The center axis of the rotating cyl-
inder 50 and the rotation axis of the output shaft 22 are
positioned on a same plane. Also, an intermediate mem-
ber 46 is provided in the front side of the striking member
44 and is slidably provided against the rotating cylinder
50. The intermediate member 46 reciprocates in the axial
direction of the rotating cylinder 50.
[0042] A counterweight mechanism 70 is provided in
the motion conversion housing 31 and in opposition to
the handle 10. The counterweight mechanism 70 is po-
sitioned between a center of gravity G of the impact tool
1 and the grip 14 of the handle 10 and is positioned above
the control unit 24. The counterweight mechanism 70 will
be described while referring to Figs. 1 and 2. The coun-
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terweight mechanism 70 includes a pair of support mem-
bers 71, a pair of support members 72, a counterweight
holding member 73, and a counterweight 74. The support
members 71 and 72 are positioned on a plane perpen-
dicular to the reciprocating direction of the piston 43. The
support members 71 oppose the support members 72
on the plane. The pair of support members 71 is made
from rubber and is fixed to the upper section of the motion
conversion housing 31. The pair of support members 72
is made from steel roller and is fixed to the motion con-
version housing 31.
[0043] The counterweight holding member 73 is made
from a leaf spring. The upper end portion of the counter-
weight’ holding member 73 has an L-shaped, is posi-
tioned between the pair of support members 71 and is
supported by the support members 71 with line contacts.
Since the pair of support members 71 is made from rub-
ber, the upper end portion of the counterweight holding
member 73 is supported by the support members 71
while being capable of moving up and down with respect
to the support members 71. The lower end portion of the
counterweight holding member 73 is positioned between
the pair of support members 72 and is supported by the
support members 72 with line contacts. Since the pair of
support members 72 is made from the steel roller, the
lower end portion of the counterweight holding member
73 is supported by the support members 72 while being
capable of moving up and down with respect to the sup-
port members 72. The counterweight 74 is fixed roughly
in the vertical center of the counterweight holding mem-
ber 73 using a bolt 75. The counterweight 74 is doubly
supported at its both ends by the counterweight holding
member 73. As shown in Fig. 2, the counterweight 74
includes a base 74A and two legs 74B. The base 74A
extends in a direction perpendicular to the extending di-
rection of the counterweight holding member 73 and is
fixed to the counterweight holding member 73. Each of
the two legs 74B is connected to the ends of the base
74A and extends along and is separated from the coun-
terweight holding member 73. Hence, the counterweight
74 has an H-shaped.
[0044] Next, the operation of the impact tool 1 accord-
ing to the first embodiment will be described. The working
tool (not shown) is pressed against a workpiece (not
shown) with the handle 10 gripped by the user. Next, the
trigger 12 is pulled to supply power to and rotate the elec-
trical motor 21. This rotation driving force is transmitted
to the’ crank shaft 34 by way of the pinion gear 23 and
the first gear 35. The rotation of the crank shaft 34 is
converted into reciprocation motion of the piston 43 in
the cylinder 40 by the motion converter mechanism 36
(the crank weight 37, the crank pin 38, and the connecting
rod 39). The reciprocation motion of the piston 43 leads
to repeated increments and decrements the pressure of
the air in the air chamber 45, thereby causing a recipro-
cation motion of the striking member 44. The striking
member 44 moves forward and collides with the rear end
of the intermediate member 46, thereby applying an’ im-

pact force to the working tool (not shown).
[0045] Also, the rotation driving force of the electrical
motor 21 is transmitted to the pinion gear 23, the second
gear 52, and the rotation transmission shaft 51. The ro-
tation of the rotation transmission shaft 51 is transmitted
to the rotating cylinder 50 by way of the first bevel gear
51A and the second bevel gear 50A, resulting in rotation
of the rotating cylinder 50. The rotation of the rotating
cylinder 50 applies a rotation force to the working tool
(not shown). The workpiece (not shown) is fractured by
the rotation force and the impact force described above
applied to the working tool (not shown).
[0046] During the operation of the impact tool 1 de-
scribed above, a vibration with a roughly’ constant fre-
quency resulting from the reciprocation motion of the
striking member 44 is generated in the impact tool 1. The
vibration is transmitted to the support members 71 and
72 by way of the motion conversion housing 31. The vi-
bration transmitted to the support members 71 and 72 is
transmitted to the counterweight holding member 73 and
the counterweight 74, leading to the counterweight 74
vibrating in a direction that the piston 43 reciprocates.
The vibration of the impact tool 1 can be reduced by the
vibration of the counterweight 74, thereby improving the
operation of the impact tool 1.
[0047] More specifically, the vibration of a frequency
band having a constant width centering on a resonance
frequency is reduced by the vibration of the counter-
weight 74. The resonance frequency is determined by
the counterweight 74 and the counterweight holding
member 73 which is a leaf spring. The resonance fre-
quency is set up to be roughly identical to the frequency
of the vibration generated by the impact of the impact
tool 1. A resonance frequency (resonance point) f is
f=1/(2π)((k1+k2)/m)1/2, where the spring constants of the
counterweight holding member 73 made from the leaf
spring are k1 (the spring constant of the counterweight
holding member 73 positioned higher than the counter-
weight 74), k2 (the spring constant of the counterweight
holding member 73 positioned lower than the counter-
weight 74), and the’mass of the counterweight 74 is m.
Practically, the actual resonance frequency band will be
slightly wider and slightly lower than the theoretical res-
onance frequency band due to the influence of damping
and the like. Thus, the resonance point determined from
the above equation is set to be slightly higher than the
vibration frequency of the impact tool 1.
[0048] Since the counterweight 74 is doubly supported
on both ends by the counterweight holding member 73
as described above, rotation moment that would be gen-
erate with a cantilevered counterweight can be prevent-
ed. Also, the ends of the counterweight holding member
73 are movably supported with respect to the support
members 71 and 72. Hence, no friction is generated be-
tween the motion conversion housing 31 and the coun-
terweight 74 and the counterweight holding member 73
made from the leaf spring. Accordingly, the counter-
weight holding member 73 and the counterweight 74 can
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be vibrated smoothly in the same directions as the direc-
tions for the reciprocation motion of the piston 43. Thus,
the vibration of the impact tool 1 caused by the recipro-
cation motion of the striking member 44 can be efficiently
reduced, thereby improving the operation of the impact
tool 1. Also, since the upper end of the counterweight
holding member 73 is the L-shaped, the counterweight
holding member 73 can be prevented from slipping out
from the support members 71. Furthermore, the coun-
terweight 74 is the H-shaped. As a result, the length of
the counterweight holding member 73 needed to obtain
a desired resonance frequency can be reduced, thereby
providing a compact overall size for the counterweight
mechanism 70.
[0049] Since the counterweight mechanism 70 is po-
sitioned above the control unit 24 and is disposed in op-
position to the handle 10, the open space above the con-
trol unit 24 can be used effectively and enlargement of
the impact tool 1 by providing the counterweight mech-
anism 70 can be prevented. The counterweight mecha-
nism 70 is positioned between the grip 14 and the center
of gravity G of the impact tool 1. Therefor, the rotation
moment centering on the center of gravity G caused by
the reciprocation motion of the piston 43 can be reduced.
Also, since springs supporting the counterweight 74 are
not placed at ends of the counterweight 74 in the direc-
tions of the reciprocation motion of the piston 43, as in
conventional impact tools, frication between the housing,
and the springs and the counterweight 74 can be pre-
vented. Thus, the vibration of the counterweight 74 can
be stabilized and efficiently absorbed.
[0050] Next, an electrical power tool according to a
second embodiment of the present invention will be de-
scribed while referring to Figs. 3 through 5. The electrical
power tool of the present invention is applied to an impact
tool 101. Like parts and components that are the same
as those of the first embodiment will be assigned the
same reference numerals to avoid duplicating descrip-
tions, and only different aspects will be described. The
impact tool 101 according to the second embodiment
does not include the rotating cylinder 50 and the control
unit 24 used in the impact tool 1 of the first embodiment.
Therefore, no rotation is applied to the working tool during
the operation of the impact tool 1, and the electrical motor
21 rotates at a fixed speed.
[0051] As in the impact tool 1 of the first embodiment,
a counterweight mechanism 170 is provided in the motion
conversion housing 31 and is disposed in opposition to
the handle 10. The counterweight mechanism 170 in-
cludes a support member 171, a pair of support members
172, a counterweight holding member 173, and a coun-
terweight 174. The support member 171 will be described
while referring to Figs. 4 and 5. The support member 171
includes a bolt 171A, a washer 171B, and a spacer 171C.
The pair of support members 172 is made from rubber.
The counterweight holding member 173 is made from a
leaf spring and is formed with a bolt insertion hole 173a.
The upper end portion of the counterweight holding mem-

ber 173 is fixed to the motion conversion housing 31 by
inserting the bolt 171A through the washer 171B, the
spacer 171C, and the bolt insertion hole 173a. The lower
end portion of the counterweight holding member 173 is
positioned between the pair of the support members 172
and is supported by the support members 172 with line
contacts. Since the support members 172 is made from
rubber, the lower end portion of the counterweight hold-
ing member 173 is supported by the support members
172 while being capable of moving up and down with
respect to the support members 172. The counterweight
174 is fixed roughly in the vertical center of the counter-
weight holding member 173.
[0052] The counterweight mechanism 170 of the sec-
ond embodiment also can be efficiently reduced the vi-
bration of the impact tool 101 caused by the reciprocation
motion of the striking member 44. Also, as described
above, the counterweight mechanism 170 includes the
bolt 171A, the washer 171B, and the spacer 171C. Thus,
by adjusting the tightness of the bolt 171A, the load ap-
plied to the upper end portion of the counterweight hold-
ing member 173 can be controlled. Hence, the vibration
of the counterweight holding member 173 and the coun-
terweight 174 can be controlled and the resonance fre-
quency of the counterweight mechanism 170 can be ad-
justed. Other advantages of the impact tool 101 are sim-
ilar to the advantages of the impact tool 1 according to
the first embodiment.
[0053] Next, an electrical power tool according to a
third embodiment of the present invention will be de-
scribed while referring to Fig. 6. The electrical power tool
of the present invention is applied to an impact tool 201.
Like parts and components that are the same as those
of the first embodiment will be assigned the same refer-
ence numerals to avoid duplicating descriptions, and only
different aspects will be described.
[0054] A counterweight mechanism 270 is provided in
the motion conversion housing 31 and is disposed in op-
position to the handle 10. The counterweight mechanism
270 is positioned above the control unit 24 and is also
positioned above a line that passes through the center
of gravity G of the impact tool 201 and that extends par-
allel to the directions of the reciprocation motion of the
piston 43. The counterweight mechanism 270 includes
a pair of support members 271, a pair of support mem-
bers 272, a counterweight holding member 273, and a
counterweight 274. The pair of support members 271 is
made from rubber and is fixed to the upper section of the
motion conversion housing 31. The pair of support mem-
bers 272 is also made from rubber and is fixed to the
motion conversion housing 31.
[0055] The counterweight holding member 273 is
made from a leaf spring. The upper end portion of the
counterweight holding member 273 is positioned be-
tween the pair of support members 271 and is supported
by the support members 271 with line contacts. Since
the pair of support members 271 is made from rubber,
the upper end portion of the counterweight holding mem-
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ber 273 is supported by the support members 271 while
being capable of moving up and down with respect to the
support members 271. The lower end of the counter-
weight holding member 273 is positioned between the
pair of support members 272 and is supported by the
support members 272 with line contact. Since the pair of
support members 272 is made from rubber, the lower
end portion of the counterweight holding member 273 is
supported by the support members 272 while being ca-
pable of moving up and down with respect to the support
members 272. Thus, the counterweight 274 is doubly
supported on both ends by the counterweight holding
member 273. The counterweight 274 is fixed to roughly
in the vertical center of the counterweight holding mem-
ber 273.
[0056] The counterweight mechanism 270 according
to the third embodiment also can efficiently reduce the
vibration of the impact tool 201 caused by the reciproca-
tion motion of the striking member 44. Also, as described
above, the counterweight mechanism 270 is positioned
above the line that passes through the center of gravity
G of the impact tool 201 and that extends parallel to the
directions of the reciprocation motion of the piston 43.
Therefore, the rotation moment centering on the center
of gravity G caused by the reciprocation motion of the
piston 43 can be reduced. Other advantages of the im-
pact tool 201 are similar to the advantages of the impact
tool 1 of the first embodiment.
[0057] Next, an electrical power tool according to a
fourth embodiment of the present invention will be de-
scribed while referring to Fig. 7. The electrical power tool
of the present invention is applied to an impact tool 301.
Like parts and components that are the same as those
of the first embodiment will be assigned the same refer-
ence numerals to avoid duplicating descriptions, and only
different aspects will be described.
[0058] The crank shaft 34 is positioned at the front side
of the pinion gear 23. A third gear 34A is coaxially fixed
to the crank shaft 34 on the lower side of the first gear
35. The rotation transmission shaft 51 is positioned at
the front side of the crank shaft 34. The second gear 52
is meshingly engaged with the third gear 34A. The rota-
tion of the electrical motor 21 is transmitted to the rotation
transmission shaft 51 by way of the pinion gear 23, the
first gear 35, the third gear 34A, and the second gear 52.
The rotation of the rotation transmission shaft 51 is trans-
mitted to the rotating cylinder 50 by way of the first bevel
gear 51A and the second bevel gear 50A, resulting in
rotation of the rotating cylinder 50. The rotation of the
rotating cylinder 50 applies a rotation force to a working
tool (not shown).
[0059] A counterweight mechanism 370 is provided in
a space above the electrical motor 21. The space is cre-
ated by positioning the crank shaft 34 on the front side
of the pinion gear 23. The counterweight mechanism 370
includes a support member 371, a support member 372,
a counterweight holding member 373, and a counter-
weight 374. The support members 371 and 372 have a

U-shape, and the opening of the support member 371
opposes the opening of the support member 372 with
each other. The counterweight holding member 373 is
made from a leaf spring, and each end thereof is inserted
into the openings of the support members 371 and 372,
respectively. The counterweight holding member 373 is
supported by the support members 371 and 372 with line
contacts. The counterweight 374 is fixed to roughly in the
vertical center of the counterweight holding member 373.
Thus, the counterweight 374 is doubly supported on both
ends by the counterweight holding member 373.
[0060] The counterweight mechanism 370 according
to the fourth embodiment also can efficiently reduce the
vibration of the impact tool 301 caused by the reciproca-
tion motion of the striking member 44. Also, as described
above, the counterweight mechanism 370 is positioned
in a space above the electrical motor 21 created by po-
sitioning the crank shaft 34- on the front side of the pinion
gear 23. Accordingly, the open space above the electrical
motor 21 can be used efficiently and enlargement of -the
impact tool 301 by providing the counterweight mecha-
nism 370 can be prevented. Other advantages of the
impact tool 301 are similar to the advantages of the im-
pact tool 1 according to the first embodiment.
[0061] Next, an electrical power tool which is not an
embodiment of the present, invention but an example
useful for its understanding will be described while refer-
ring to Fig. 8. The electrical power tool of the present
invention is applied to an impact tool 401. Like parts and
components that are the same as those of the first em-
bodiment will be assigned the same reference numerals
to avoid duplicating descriptions, and only different as-
pects will be described.
[0062] A counterweight mechanism 470 is provided
above the control unit 24 and is disposed in opposition
to the handle 10. The counterweight mechanism 470 in-
cludes two support members 471, four springs 473, and
two counterweights 474. The two support members 471
extend parallel to the directions of the reciprocation mo-
tion of the piston 43 and are fixed to the motion conversion
housing 31. Each of the two counterweights 474 is slid-
ably supported by the support members 471, respective-
ly. Each of the four springs 473 is positioned on each
ends of the counterweights 474 and is interposed be-
tween the counterweights 474 and the motion conversion
housing 31.
[0063] The counterweight mechanism 470 according
to this embodiment can reduce efficiently the vibration of
the impact tool 401, which is caused by the reciprocation
motion of the striking member 44, by the vibration of the
counterweights 474.
[0064] Next, an electrical power tool according to a fifth
embodiment of the present invention will be described
while’ referring to Figs. 9 and 10. The electrical power
tool of the present invention is applied to an impact tool
501. The impact tool 501 includes a casing having the
handle 10, the motor housing 20, a weight housing 60,
and a gear housing 80.
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[0065] The power cable 11 is attached to the handle
10. The handle 10 houses the switch mechanism 12. The
trigger 13 that can be manipulated by the user is me-
chanically connected to the switch mechanism 12. The
switch mechanism 12 is connected to an external power
source (not shown) through power cable 11. By operating
the trigger 13, the switch mechanism 12 can be connect-
ed to and disconnected from the external power source.
[0066] The motor housing 20 is provided on the front
side of the handle 10. The handle 10 and the motor hous-
ing 20 are formed integrally from plastic. The electrical
motor 21 is accommodated in the motor housing 20. The
electrical motor 21 includes the output shaft 22 and out-
puts rotational drive force.
[0067] The weight housing 60 is located on the front
side of the motor housing 20 and is made from resin. The
weight housing 60 includes a first weight housing 60A
opposing the motor housing 20 and a second weight
housing 60B opposing the gear housing 80. A first inter-
mediate shaft 61 is provided in the weight housing 60
and extends in a direction that the output shaft 22 ex-
tends. The first intermediate shaft 61 is rotatably support
by bearings 62 and 63. The’rear end portion of the first
intermediate shaft 61 is connected to the output shaft 22.
The front end portion of the first intermediate shaft 61 is
positioned in the gear housing 80 and is provided with a
fourth gear 61A.
[0068] A counterweight mechanism 570 is provided in
the weight housing 60. As shown in Fig. 10, which is a
cross-sectional view taken along the X-X line in Fig. 9,
the counterweight mechanism 570 includes support
members 571 and 572, a pair of counterweight holding
members 573, a counterweight 574, and a bolt 575. The
support members 571 and 572 are provided at the upper
and lower end portions of the second weight housing
60B, respectively. The pair of counterweight holding
members 573 is made from leaf springs. As shown in
Fig. 9, the upper and lower end portions of the counter-
weight holding members 573 have roughly an L-shaped,
and each of the distal ends of the upper and lower end
portions of the counterweight holding members 573 is
positioned in each of recesses 60c formed in the second
weight housing 60B, respectively. The upper end portion
of the counterweight holding members 573 is supported
by the support member 571, and the lower end portion
of the counterweight holding members 573 is supported
by the support member 572.
[0069] The counterweight 574 has a roughly circular
cross-section and is formed with a shaft insertion hole
574a formed at the center thereof. The counterweight
574 is fixed to the counterweight holding members 573
by bolts 575. Hence, the counterweight 574 is doubly
supported on its both ends by the pair of counterweight’
holding members 573. The first intermediate shaft 61 is
inserted through the shaft insertion hole 574a.
[0070] The gear housing 80 is located on the front side
of the second weight housing 60B and is made from resin.
A metal partition member 80A is disposed in the gear

housing 80 and’ partitions the gear housing 80 and the
weight housing 60. The gear housing 80 and the partition
member 80A forms a decelerating chamber 80a, which
is a mechanism chamber accommodating a rotation
transmission mechanism described later. A second in-
termediate shaft 82 is rotatably supported on the gear
housing 80 and the partition member 80A via a bearings
82B and 82C, and extends parallel to the output shaft
22. A side handle 16 is provided near the tool support
portion 15 of the gear housing 80, described later.
[0071] A fifth gear 81 meshingly engaged with the
fourth gear 61A is coaxially fixed to the second interme-
diate shaft 82 on the electrical motor 21 side thereof. A
gear 82A is formed on the front end portion of the second
intermediate shaft 82 to be meshingly engaged with a
sixth gear 83, described later. A cylinder 84 is provided
above the second intermediate shaft 82 in the gear hous-
ing 80. The cylinder 84 extends parallel to the second
intermediate shaft 82 and is rotatably supported on the
partition member 80A. The sixth gear 83 is fixed to the
outer periphery of the cylinder 84 and is meshingly en-
gaged with the gear 82A described above so that the
cylinder 84 can rotate around its central axial.
[0072] The tool support portion 15 mentioned above is
provided on the front side of the cylinder 84, and a working
tool (riot shown) is capable of attaching to or detaching
from the tool support portion 15. A clutch 86 is splined to
the intermediate section of the second intermediate shaft
82. The clutch 86 is urged by a spring toward the electrical
motor 21. The clutch 86 can be switched by means of a
change lever 87 positioned below the gear housing 80
between a hammer drill mode (the position shown in Fig.
9) and a drill mode (with the clutch 86 moved toward the
front). A motion converter 90 that converts rotational mo-
tion into reciprocation motion is rotatably provided on the
outer periphery of the second intermediate shaft 82 on
the electrical motor 21 side of the clutch 86. The motion
converter 90 has an arm 90A that is capable of recipro-
cating back-and-forth the impact tool 501 as a result of
the rotation of the second intermediate shaft 82.
[0073] When the clutch 86 is switched to the hammer
drill mode using the change lever 87, the clutch 86 en-
gages the second intermediate shaft 82 with the motion
converter 90. The motion converter 90 is connected to
and work with a piston 92 provided in the cylinder 84
through a piston pin 91. The piston 92’ is slidably mounted
in the cylinder 84 and is capable of a reciprocation motion
parallel to the second intermediate shaft 82. A striking
member 93 is provided in the piston 92 and is slidably
provided along the inner periphery of the cylinder 84. An
air chamber 94 is formed among the cylinder 84, the pis-
ton 92, and the striking member 93. An intermediate
member 95 is supported in the cylinder 84 on the opposite
side of the striking member 93 from the air chamber 94.
The intermediate member 95 is slidably provided against
the cylinder 84 along the direction of the motion of the
piston 92. A working tool (not shown) is positioned on
the opposite side of the intermediate member 95 from

15 16 



EP 2 012 978 B1

10

5

10

15

20

25

30

35

40

45

50

55

the striking member 93. Hence, the striking member 93
strikes the working tool (not shown) through the interme-
diate member 95.
[0074] Rotation output of the motor 21 is transmitted
to the second intermediate shaft 82 by way of the first
intermediate shaft 61, the fourth gear 61A, and the fifth
gear 81. The rotation of the second intermediate shaft
82 is transmitted to the cylinder 84 by way of the meshing
between the gear 82A and the sixth gear 83 mounted to
the outer periphery of the cylinder 84. When the clutch
86 is in the hammer drill mode by operating the change
lever 87, the clutch 86 is connected to the motion con-
verter 90. Hence, the rotational driving force of the sec-
ond intermediate shaft 82 is transmitted to the motion
converter 90 through the clutch 86. The rotational driving
force is converted to the reciprocation motion of the piston
92 on the motion converter 90 by way of the piston pin
91. The reciprocation motion of the piston 92 causes the
pressure of the air inside the air chamber 94 formed be-
tween the striking member 93 and the piston 92 to re-
peatedly increase and decrease, thereby causing a re-
ciprocation motion of the striking member 93. When the
striking member 93 moves forward and collides with the
rear end of the intermediate member 95, the impact force
is applied to the working tool (not shown) through the
intermediate element 95. In this manner, the rotational
force and the impact force are simultaneously applied to
the working tool (not shown) in the hammer drill mode.
[0075] If the clutch 86 is in the drill mode, the clutch 86
disengages the connection between the second interme-
diate shaft 82 and the motion converter 90, and only the
rotational driving force of the second intermediate shaft
82 is transmitted to the cylinder 84 through the gear 82A
and the sixth gear 83. Accordingly, only rotational force
is applied to the working tool (not shown).
[0076] When the impact tool 501 according to fifth em-
bodiment is operated, a vibration having a roughly con-
stant frequency is generated in the impact tool 501 due
to the reciprocation motion of the striking member 93.
The vibration is transmitted to the support members 571
and 572 by way of the second weight housing 60B. The
vibration transmitted to the support members 571 and
572 is transmitted to the counterweight holding members
573 and the counterweight 574, and the counterweight
574 vibrates in the same directions as the directions of
the reciprocation motion of the piston 92. The vibration
of the impact tool 501 can be reduced by the vibration of
the counterweight 574, thereby improving the operation
of the impact tool 501.
[0077] Next, an electrical power tool according to a
sixth embodiment of the present invention will be de-
scribed while referring to Figs. 11 through 18B. The elec-
trical power tool of the present invention is applied to an
impact tool 601. Like parts and components that are the
same as those of the first embodiment will be assigned
the same reference numerals to avoid duplicating de-
scriptions, and only different aspects will be described.
A counterweight mechanism 670 is provided in the mo-

tion conversion housing 31 and is disposed in opposition
to the handle 10. Referring to Fig. 11 through Fig. 14, the
counterweight mechanism 670 will be described in detail
while referring to Figs. 11 through 14. The counterweight
mechanism 670 includes two support members 671 and
672, a counterweight holding member 673, and a coun-
terweight 674. The support members 671 and 672 are
located along a direction perpendicular to the directions
of the reciprocation motion of the piston 43. The coun-
terweight 67’4 is interposed between the support mem-
bers 671 and 672. The support members 671 and 672
include first support members 675 and 676 and second
support members 677 and 678 positioned closer to the
counterweight 674 than the first support members 675
and 676 to the counterweight 674.
[0078] As shown in Figs. 12 and 13, the first support
member 675 includes a bolt 675A, a washer 675B, and
a spacer 675C. The counterweight holding member 673
is formed with a bolt insertion hole 673a. The bolt 675A
is inserted through the washer 675B, the spacer 675C,
and the bolt insertion hole 673a. Hence, the upper end
portion of the counterweight holding member 673 is fixed
to the motion conversion housing 31. The bolt insertion
hole 673a (surrounding the bolt insertion hole .673a) of
the counterweight holding member 673 serves as a drop
prevention portion that prevents the counterweight hold-
ing member 673 from dropping out from the first support
member 675. The upper end portion of the counterweight
holding member 673 is blocked by the first support mem-
ber 675 from moving in one direction (toward the rear
side) of the directions (back-and-forth directions) for the
reciprocation motion of the piston 43.
[0079] The second support member 677 is positioned
below the first support member 675 and on the rear side
of the counterweight holding member 673. The upper
end portion of the counterweight holding member 673 is
blocked by the second support member 677 from moving
in another direction (toward the front side), opposite to
the one direction, of the directions (back-and-forth direc-
tions) for the reciprocation motion of the piston 43. The
first support member 676 is made from rubber and posi-
tioned on the lower end portion and on the rear side of
the counterweight holding member’673. The first support
member 676 blocks the lower end portion of the coun-
terweight holding member 673 from moving toward the
rear side. The second support member 678 is positioned
above the first support member 676 and on the front side
of the counterweight holding member’ 673. The second
support member 678 blocks the lower end portion of the
counterweight holding member 673 from moving toward
the front side. The first support members 675 and 676
and the second support members 677 and 678 are po-
sitioned so that a rearward offset load F is applied to the
counterweight holding member 673.
[0080] The counterweight holding member 673 is
made from a leaf spring and includes a bent section 673B.
The counterweight holding member 673 is supported by
the first support member 676 and the second support

17 18 



EP 2 012 978 B1

11

5

10

15

20

25

30

35

40

45

50

55

member 678 on the bent section 673B. The first support
member 676 is made from rubber. Hence, the lower end
portion of the counterweight holding member 673 is sup-
ported by the first support member 676 while being ca-
pable of moving up and down with respect to the first
support member 676. The counterweight 674 is formed
from two components and is fixed by a bolt 679 at roughly
the vertical center of the counterweight holding member
673. Thus, the counterweight 674 is doubly supported at
its both ends by the counterweight holding member 673.
The counterweight 674 has a center of gravity positioned
at a center of a part of the counterweight holding member
673 positioned between the first support members 675
and 676.
[0081] As shown in Fig. 12, the counterweight 674 in-
cludes a base 674A and two legs 674B. The base 674A
extends in a direction perpendicular to the extending di-
rection of the counterweight holding member 673. Each
of the two legs 674B is connected to the ends of the base
674A and extends along and is separated from the coun-
terweight holding member 673. Hence, the counter-
weight 674 is H-shaped. As shown in Fig. 14, the dis-
tances from the first support members 675 and 676 to
positions where the counterweight 674 is fixed to the
counterweight holding member 673 are identical and
each of the distances is indicated as a distance L1. The
distances from the second support members 677 and
678 to positions where the counterweight 674 is fixed to
the counterweight holding member 673 are identical and
each of the distances is indicated as a distance L2.
[0082] Next, the vibration of the counterweight mech-
anism 670 will be described while referring to Figs. 14
through 17. Fig. 15 shows a load-displacement curve that
indicates the relationship between the displacement (the
horizontal axis) of the counterweight 674 and the load
(the vertical axis) applied to the counterweight holding
member 673 due to the displacement of the counter-
weight 674. On the horizontal axis of Fig. 15, the rearward
displacement of the counterweight 674 is positive. On
the vertical axis of Fig. 15, the load applied to the coun-
terweight holding member 673 when displacing the coun-
terweight 674 rearward is positive Fig. 17A shows a fre-
quency response curve that indicates the relationship be-
tween the frequency (frequency of the vibration source,
the horizontal axis) caused by the reciprocation motion
of the striking member 44 and the amplitude magnifica-
tion ratio (the vertical axis) of the counterweight 674 re-
sulting from the vibration of the striking member 44. Fig.
17B shows the relationship between the frequency of the
vibration source (the horizontal axis) and the phase dif-
ference between the vibration force and the vibration of
the counterweight 674 (the vertical axis). Fig. 17A shows
a resonance point R1. At the resonance point, the phase
difference in Fig. 17B is 90 degrees.
[0083] When the counterweight 674 moves forward
from an its initial position and returns to the initial position
due to the vibration of the striking member 44, the coun-
terweight holding member 673 is supported by the first

support members 675 and 676 and the second support
members 677 and 678. Accordingly, the relationship be-
tween the displacement of the counterweight 674 and
the load applied to the counterweight holding member
673 depends on a spring constant KL2 corresponding to
the distance L2 (Fig. 14) of the counterweight holding
member 673 (A in the third quadrant in Fig. 15). While
the counterweight 674 is displaced rearward from the
initial position until the load applied to the counterweight
holding member 673 is identical to the offset load F ap-
plied by the first support members 675 and 676, the coun-
terweight holding member 673 is supported by the first
support members 675 and 676 and the second support
members 677 and 678. Thus, until a load identical to the
offset load F is applied to the counterweight holding mem-
ber 673, the relationship between the displacement of
the counterweight 674 and the load applied to the coun-
terweight holding member 673 depends on the spring
constant KL2 corresponding to the distance L2 (Fig. 14)
of the counterweight holding member 673 (B in the first
quadrant in Fig. 15). When a load greater than the offset
load F is applied to the counterweight holding member
673, the counterweight holding member 673 is supported
by first support members 675 and 676. Therefore, the
relationship between the displacement of the counter-
weight 674 and the load applied to the counterweight
holding member 673 depends on a spring constant KL1
corresponding to the distance L1 (Fig. 14) of the coun-
terweight holding member 673 (C in the first quadrant in
Fig. 15).
[0084] As described above, in the first quadrant, the
relationship between the displacement of the counter-
weight 674 of the counterweight mechanism 670 accord-
ing to this embodiment and the load applied to the coun-
terweight holding member 673 has characteristics similar
to those of a soft spring. As shown in Fig. 16, in a soft
spring characteristic S, the slope of the increment for the
load gradually decreases as displacement increases, in
constant to the straight line C indicating the relationship
between displacement and load in a general coil spring.
Since the counterweight mechanism 670 has soft spring
characteristics in the first quadrant, the frequency char-
acteristics of the counterweight mechanism 670 are such
that the resonance point R1 moves toward the low-fre-
quency side, as shown in Fig. 17A.
[0085] Fig. 18A shows a frequency response curve in-
dicating the relationship in a conventional counterweight
mechanism (a dynamic vibration absorber) between the
frequency of vibration resulting from reciprocation motion
of a striking member (the frequency of the vibration
source) and the amplitude magnification ratio of the coun-
terweight as a result of the vibration of the striking mem-
ber. The frequency response curve in Fig. 18A corre-
sponds to the frequency curve in Fig. 17A. Similarly, Fig.
18B shows the relationship between the frequency of the
vibration source and the phase difference between the
vibration force and the counterweight, and corresponds
to Fig. 17B. As shown in Fig. 18A, the frequency band
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excited in response to the frequency of the vibration is
narrow in the conventional counterweight mechanism.
Also, there is approximately 65 Hz variation in the char-
acteristic value (frequency) of the counterweight mech-
anism resulting from dimension tolerance and assembly
tolerance in the counterweight holding members, the
counterweight, and the like. Thus, the amplitude magni-
fication ratio decreases even when the characteristic val-
ue of the counterweight mechanism is slightly shifted
from the frequency of the vibration resulting from the im-
pact of the impact tool. Hence, the vibration of the impact
tool cannot be reduced. Also, the amplitude magnification
ratio at the resonance frequency of the counterweight
mechanism is high, resulting in greater counterweight
vibration than necessary. Accordingly, the counterweight
holding member must be made stronger.
[0086] As shown in Figs. 18A and 18B, the phase dif-
ference relative to the vibration force is 90 degrees delay
at the resonance point R2. When the vibration frequency
so resulting from the impact of the impact tool is lower
than the characteristic value ωn (the resonance frequen-
cy) of the counterweight mechanism, the phase differ-
ence approaches 0 degree (in-phase). On the other
hand, when the vibration frequency ω is higher than the
characteristic value ωn (the resonance frequency), the
phase difference becomes anti-phase. It is necessary to
drive the counterweight mechanism in anti-phase for ef-
ficiently reducing the vibration force. However, the exci-
tation frequency band for anti-phase is extremely narrow
in the conventional counterweight mechanism.
[0087] As shown in Figs. 17A and 17B, however, in the
counterweight mechanism 670 according to this embod-
iment, the band at which the counterweight 674 vibrates
in anti-phase with respect to the vibration force and the
excitation frequency band of the counterweight 674 can
be made broader, and a more suitable amplitude mag-
nification ratio can be provided. Thus, the vibration sup-
pression motion of the counterweight 674 against the vi-
bration of the impact tool 601 due to impact can be pre-
vented from the effects of dimension tolerance and as-
sembly tolerance in the counterweight holding member,
the counterweight, and the like and variations in the ro-
tating speed of the electrical motor 21. As a result, the
vibration of the impact tool 601 due to impact can be
efficiently reduced and the operation.of the impact tool
601 can be improved.
[0088] Since the counterweight mechanism 670 has a
simple structure, a large number of parts such as expen-
sive cylinders are not needed. The vibration of the impact
tool 601 can be reduced without leading to a increased
size, higher expenses, reduced visibility, and the like in
the impact tool 601. The spring constant of the counter-
weight holding member 673 in the moving direction of
the counterweight 674 can be decreased depending on
increase of the displacement of the counterweight 674
when the counterweight 674 is moved from its initial po-
sition to at least one side of the counterweight 674 (one
direction of the reciprocation motion). Accordingly, the

impact tool 601 with low vibration, a compact size, and
low cost can be provided.
[0089] The counterweight holding member 673 in-
cludes the bent section 673B. Hence, when the counter-
weight holding member 673 is supported by multiple sup-
port members, i.e., the first support members 675 and
676 and the second support members 677 and 678, the
counterweight holding member 673 is prevented from
separating from each of the support members. Accord-
ingly, the unexpected initial deformations during the pro-
duction process of the counterweight holding member
673 can be corrected. Also, the lower end of the coun-
terweight holding member 673 is supported by the sup-
port ’members 676 and 678 while being capable of mov-
ing up and down with respect to the first support member
676. Therefore, the counterweight holding member 673
and the counterweight 674 can be vibrated smoothly in
the same directions as the directions for the reciprocation
motion of the piston 43.
[0090] The first support member 675 is includes the
bolt 675A, the washer 675B, and the spacer 675C, as
described above. Thus, by adjusting the tightness of the
bolt 675A, the load applied to the upper end portion of
the counterweight holding member 673 can be control-
led. Hence, the vibration of the counterweight holding
member 673 and the counterweight 674 can be control-
led and characteristic vibration frequency and damping
of the counterweight mechanism 670 can be adjusted
arbitrarily. Accordingly, a vibration control mechanism
(the counterweight mechanism 670) suited for various
types of electrical power tools can be provided.
[0091] Furthermore, counterweight 674 includes the
base 674A and two legs 674B. The base 674A extends
in a direction perpendicular to the extending direction of
the counterweight holding member 673. Each of the two
legs 674B extends from the ends of the base 674A and
on either side of the counterweight holding member 673
with a predetermined distance. Hence, the counterweight
674 is H-shaped. As a result, the length of the counter-
weight holding member 673 needed to obtain a desired
resonance frequency can be reduced, thereby providing
a compact overall size for the counterweight mechanism
670. The counterweight 674 has a center of gravity po-
sitioned at a center of a part of the counterweight holding
member 673 positioned between the first support mem-
bers 675 and 676. Accordingly, the counterweight hold-
ing member 673 and the counterweight 674 can be vi-
brated smoothly in the same directions as the directions
for the reciprocation motion without swinging the coun-
terweight 674. The counterweight mechanism 670 ac-
cording to this embodiment is most effective against vi-
brations generated by the reciprocation motion of a com-
ponent, such as the striking member 44, having a certain
amount of mass.
[0092] Next, an electrical power tool according to an
seventh embodiment of the present invention will be de-
scribed while referring to Fig. 19. The electrical power
tool of the present invention is applied to an impact tool
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701. Like parts and components that are the same as
those of the seventh embodiment will be assigned the
same reference numerals to avoid duplicating descrip-
tions, and only different aspects will be described. The
impact tool 701 according to the seventh embodiment
does not include the rotating cylinder 50 and the control
unit 24 used in the impact tool 601 from the sixth embod-
iment. Therefore, no rotation is applied to the working
tool (not shown) during the operation of the impact tool
701, and the electrical motor 21 rotates at a fixed speed.
A counterweight mechanism 770 according to the sev-
enth embodiment has the same structure as the coun-
terweight mechanism 670 of the sixth embodiment ex-
cept for the difference in shape of a counterweight 774.
[0093] Accordingly, in the impact tool 701 according to
the seventh embodiment, the counterweight mechanism
770 is substantially similar to the counterweight mecha-
nism 670 of the sixth embodiment, and similar advantag-
es as those of the impact tool 601 of the sixth embodiment
are provided.
[0094] Next, an electrical power tool according to a
eighth embodiment of the present invention will be de-
scribed while referring to Fig. 20. The electrical power
tool of the present invention is applied to an impact tool
801. Like parts and components that are the same as
those of the seventh embodiment will be assigned the
same reference numerals to avoid duplicating descrip-
tions, and only different aspects will be described.
[0095] A counterweight mechanism 870 includes two
support members 871 and 872, the counterweight hold-
ing member 673, and the counterweight 674. The support
members 871 and 872 are located along the direction
perpendicular to the directions of the reciprocation mo-
tion of the piston 43. The counterweight 674 is interposed
between the support members 871 and 872. The support
member 871 includes a first support member 875 and a
second support member 877 being closer to the coun-
terweight 674 than the first support member 875 to the
counterweight 674. The support member 872 includes a
pair of first support members 876 and a second support
member 878 positioned closer to the counterweight 674
than the first support members 876 to the counterweight
674. In the ninth embodiment, the second support mem-
bers 877 and 878 are positioned closer to the counter-
weight 674 than the second support members 677 and
678 in the sixth embodiment.
[0096] The pair of first support members 876 is made
from rubber and supports the lower end of the counter-
weight holding member 673 from either side in the direc-
tions of the reciprocation motion of the piston 43. Since
the first support’members 876 are made from rubber, the
lower end of the counterweight holding member 673 is
elastically supported by the first support members 876
while being capable of moving up and down with respect
to the first support members 876. Therefore, vibration of
the counterweight 674 and the counterweight holding
member 673 can be controlled by the strength at which
the first support members 876 push against the counter-

weight holding member 673. Accordingly, characteristic
vibration frequency and damping of the counterweight
mechanism 870 can be adjusted arbitrarily. Accordingly,
a vibration control mechanism (the counterweight mech-
anism 870) suited for various types of electrical power
tools can be provided. Thus, in the counterweight mech-
anism 870 according to the eighth embodiment, the vi-
bration of the impact tool 801 caused by the reciprocation
motion of the striking member 44 can be reduced effi-
ciently. Other advantages of the impact tool 801 are sim-
ilar to the advantages of the impact tool 601 according
to the sixth embodiment.
[0097] Next, an electrical power tool according to a
ninth embodiment of the present invention will be de-
scribed while referring to Figs. 21 and 22. The electrical
power tool of the present invention is applied to an impact
tool 901. Like parts and components that are the same
as those of the sixth embodiment will be assigned the
same reference numerals to avoid duplicating descrip-
tions, and only different aspects will be described.
[0098] A counterweight mechanism 970 is provided in
the weight housing 60. As shown in Fig. 22, which is a
cross-sectional view taken along the XXII-XXII line in Fig.
21, the counterweight mechanism 970 includes two sup-
port members 971 and 972, a pair of counterweight hold-
ing members’ 973, a counterweight 974, and a bolt 975.
The support members 971 and 972 are provided at the
upper and lower end portions of the second weight hous-
ing 60B, respectively. The counterweight 974 is inter-
posed between the support members 971 and 972. The
support members 971 and 972 include first support mem-
bers 975 and 976 and second support members 977 and
978 positioned closer to the counterweight 974 than the
first support members 975 and 976 to the counterweight
974. The first support member 975 blocks the upper end
portion of the counterweight holding members 973 from
moving toward the rear side. The second support mem-
ber 977 is positioned below the outer support 975 and
on the front side of the counterweight holding members
973 and prevents the counterweight holding members
973 from moving toward the front side.
[0099] The first support member 976 is positioned at
the lower end of the counterweight holding members 973
and blocks the counterweight holding members 973 from
moving toward the rear side. The second support mem-
ber 978 is positioned above the first support member 976
and on the front side of the counterweight holding mem-
bers 973 and blocks the counterweight holding members
973 from moving toward the front side. The first support
members 975 and 976 and the second support members
977 and 978 are positioned so that a rearward offset load
F is applied to the counterweight holding members 973.
[0100] The pair of counterweight holding members 973
is made from leaf springs. As shown in Fig. 21, the upper
and lower ends of the counterweight holding members
973 have roughly an L-shaped, and each of the distal
ends of the upper and.lower end portions of the counter-
weight holding members 973 is positioned in each of the
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recesses 60c formed in the second weight housing 60B,
respectively. The counterweight 974 has a roughly cir-
cular cross-section and is formed with a shaft insertion
hole 974a formed at the center thereof. The counter-
weight 974 is fixed to the counterweight holding members
973 by bolts 979. Hence, the counterweight 974 is doubly
supported on its both ends by the pair of counterweight
holding members 973. The first intermediate shaft 61 is
inserted through the shaft insertion hole 974a. The dis-
tances from the first support members 975 and 976 to
the positions where the counterweight 974 is fixed to the
counterweight holding members 973 are the same, and
the distance from the inner supports. 977 and 978 to the
positions where the counterweight 974 is fixed to the
counterweight holding members 973 are the same.
[0101] In the counterweight mechanism 970 of the im-
pact tool 901 according to the ninth embodiment, char-
acteristics similar to the load-displacement curve in Fig.
15 and the frequency response curve in Fig 17A for the
counterweight mechanism 670 of the sixth embodiment
can be obtained. Accordingly, advantages of the counter
weight mechanism 970 similar to those of the counter-
weight mechanism 670 according to the sixth embodi-
ment can be obtained. Furthermore, since each of the
upper and lower end portions of the counterweight hold-
ing member 973 has the L-shaped and is positioned in
each of the recesses 60c, the counterweight holding
member 973 can be prevented from slipping out from the
first support members 975 and 976.
[0102] The impact tool of the present invention is not
restricted to the embodiments described above, and var-
ious changes and improvements may be effected within
the scope of the claims. For example, the pair of support
members 72 of the impact tool 1 according to the first
embodiment is made from steel roller, but the present
invention is not limited to the steel roller. Any component
having good sliding properties, e.g., an oil-impregnated
metal, can be used. The first support members 676 and
876 in the impact tools 601 and 801 of the sixth embod-
iment and the eighth embodiment are made from rubber,
but the present invention is not limited to the rubber. Any
component having good sliding properties, e.g., a steel
roller or an oil-impregnated metal, can be used. In the
embodiments described above, the electrical power tool
of the present invention is applied to the impact tool, but
it would also be possible for the present invention to be
applied to a saber saw.

Claims

1. An electrical power tool comprising:

a housing (20);
an electrical motor (21) accommodated in the
housing;
a motion conversion mechanism (36) configured
to convert a rotary motion of the electrical motor

into a reciprocation motion;
a counterweight holding member (73) capable
of being elastically deformed in the directions of
the reciprocation motion;
a counterweight (74) supported by the counter-
weight holding member and capable of recipro-
cating in the directions of reciprocation motion
together with the counterweight holding mem-
ber; and
support members (71, 72) positioned away from
the counterweight by a predetermined distance
for supporting the counterweight holding mem-
ber to the housing, the counterweight being in-
terposed between the support members,

characterized in that

the counterweight holding member extends in a
direction perpendicular to di rections of the re-
ciprocation motion and has end portions corre-
sponding to the support members, at least one
of the end portions being movably supported
with respect to the support members and mov-
able in the direction perpendicular to the direc-
tions of the reciprocating motion by motion of
the counterweight.

2. The electrical power tool as claimed in claim 1,
wherein the support members (71, 72) comprise two
support members positioned opposing each other.

3. The electrical power tool as claimed in claim 1,
wherein the counterweight (74) and the counter-
weight holding member (73) are configured to vibrate
to reduce a vibration generated by the reciprocation
motion of the motion conversion mechanism (36),
and
wherein at least one of the support members (71,
72) is configured to restrict a vibration of the coun-
terweight and the counterweight holding member.

4. The electrical power tool as claimed in claim 1,
wherein at least one of the supporting members (71,
72) is configured to change a state in which the sup-
porting member supports the counterweight holding
member (73) when the counterweight (74) moves
from an initial position thereof toward at least one
direction of the reciprocation motion.

5. The electrical power tool as claimed in claim 4,
wherein each of the support members (671, 672;
871, 872; 971, 972) includes a first support member
(675, 676; 875, 876; 975, 976) and a second support
member (677, 678; 877, 878; 977, 978), the first sup-
port member being configured to block the counter-
weight holding member (673, 873; 973) from moving
toward the one direction, the second support mem-
ber being positioned closer to the counterweight
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(674, 874; 974) than the first support member to the
counterweight and being configured to block the
counterweight holding member in another direction
opposite to the one direction, the first support mem-
ber and the second support member being posi-
tioned to apply an initial force in the one direction to
the counterweight holding member.

6. The electrical power tool as claimed in claim 5,
wherein the counterweight holding member (673) in-
cludes a bent section (673B), the counterweight
holding member being supported by the first support
member (675, 676) and the second support member
(677, 678) at the bent section.

7. The electrical power tool as claimed in claim 5,
wherein the counterweight holding member (673;
973) is movably supported with respect to the first
support member (675, 676; 975, 976).

8. The electrical power tool as claimed in claim 5,
wherein the first support member (675, 676) is con-
figured to restrict a vibration of the counterweight
(674) and the counterweight holding member (673).

9. The electrical power tool as claimed in claim 5,
wherein one first support member (675) of one sup-
port member movably supports the counterweight
(674) and another first support member (676) of an-
other support member is configured to restrict a vi-
bration of the counterweight and the counterweight
holding member (673).

10. The electrical power tool as claimed in claim 5,
wherein the counterweight holding member (73) has
a slip prevention section for preventing the counter-
weight holding member from slipping out from the
first support member (71).

11. The electrical power tool as claimed in claim 1 or 4,
wherein the support members (71, 72), the counter-
weight holding member (73), and the counterweight
(74) are interposed between the motor (21) and the
motion conversion mechanism (36).

12. The electrical power tool as claimed in claim 5,
wherein the counterweight holding member (73) has
a part positioned between the first support members
(71), the counterweight (74) having a center of grav-
ity positioned at a center of the part.

13. The electrical power tool as claimed in claim 1 or 4,
wherein the counterweight (74) comprises a base
(74A) and two legs (74B), the base extending in a
direction perpendicular to the direction in which the
counterweight holding member (73) extends, the
base being fixed to the counterweight holding mem-
ber, and having ends, each of two legs being con-

nected to each of the ends of the base respectively
and extending along and being separated from the
counterweight holding member.

14. The electrical power tool as claimed in claim 1 or 4,
wherein the motion conversion mechanism (36)
comprises:

a cylinder (40) having an inner periphery;
a piston (43) slidably provided on the inner pe-
riphery of the cylinder;
a motion conversion section (37, 38, 39) config-
ured to convert the rotation of the electrical mo-
tor into a reciprocation motion of the piston; and
a striking member (44) driven by the reciproca-
tion motion of the piston.

Patentansprüche

1. Elektrowerkzeug, umfassend:

ein Gehäuse (20);
einen im Gehäuse aufgenommenen Elektromo-
tor (21);
einen Bewegungsumsetzungs-Mechanismus
(36), der dazu eingerichtet ist, eine Rotations-
bewegung des Elektromotors in eine Hin- und
Herbewegung umzusetzen;
ein Gegengewicht-Halterungselement (73), das
in den Richtungen der Hin- und Herbewegung
elastisch deformiert werden kann;
ein Gegengewicht (74), das vom Gegenge-
wicht-Halterungselement gehalten wird und
sich zusammen mit dem Gegengewicht-Halte-
rungselement in den Richtungen der Hin- und
Herbewegung hin- und herbewegen kann; und
Halteelemente (71, 72), die in einem vorgege-
benen Abstand vom Gegengewicht entfernt po-
sitioniert sind, zum Halten des Gegengewicht-
Halterungselements gegen das Gehäuse, wo-
bei das Gegengewicht zwischen den Halteele-
menten angeordnet ist,

gekennzeichnet dadurch, dass

das Gegengewicht-Halterungselement in einer
zu den Richtungen der Hin- und Herbewegung
senkrechten Richtung verläuft und den Haltee-
lementen entsprechende Endabschnitte auf-
weist, wobei mindestens einer der Endabschnit-
te bezüglich der Halteelemente beweglich ge-
halten wird und in der zu den Richtungen der
Hin- und Herbewegung senkrechten Richtung
durch Bewegung des Gegengewichts beweg-
lich ist.

2. Elektrowerkzeug nach Anspruch 1, wobei die Halte-
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elemente (71, 72) zwei einander gegenüberliegend
angeordnete Halteelemente umfassen.

3. Elektrowerkzeug nach Anspruch 1, wobei das Ge-
gengewicht (74) und das Gegengewicht-Halte-
rungselement (73) dazu eingerichtet sind zu vibrie-
ren, um eine durch die Hin- und Herbewegung des
Bewegungsumsetzungs-Mechanismus (36) er-
zeugte Vibration zu verringern, und
wobei mindestens eines der Halteelemente (71, 72)
dazu eingerichtet ist, eine Vibration des Gegenge-
wichts und des Gegengewicht-Halterungselements
einzuschränken.

4. Elektrowerkzeug nach Anspruch 1, wobei mindes-
tens eines der Halteelemente (71, 72) dazu einge-
richtet ist, einen Zustand, in dem das Halteelement
das Gegengewicht-Halterungselement (73) hält, zu
ändern, wenn sich das Gegengewicht (74) von einer
Anfangsposition in mindestens eine Richtung der
Hin- und Herbewegung bewegt.

5. Elektrowerkzeug nach Anspruch 4, wobei jedes der
Halteelemente (671, 672; 871, 872; 971, 972) ein
erstes Halteelement (675, 676; 875, 876; 975, 976)
und ein zweites Halteelement (677, 678; 877, 878;
977, 978) enthält, wobei das erste Halteelement da-
zu eingerichtet ist, eine Bewegung des Gegenge-
wicht-Halterungselements (673, 873; 973) in die ei-
ne Richtung zu blockieren, wobei das zweite Halte-
element näher am Gegengewicht (674, 874; 974)
als das erste Halteelement zum Gegengewicht po-
sitioniert ist und dazu eingerichtet ist, das Gegenge-
wicht-Halterungselement in einer der einen Richtung
entgegengesetzten anderen Richtung zu blockie-
ren, wobei das erste und das zweite Halteelement
so positioniert sind, dass sie eine Anfangskraft in der
einen Richtung auf das Gegengewicht-Halterungs-
element ausüben.

6. Elektrowerkzeug nach Anspruch 5, wobei das Ge-
gengewicht-Halterungselement (673) einen ge-
krümmten Abschnitt (673B) enthält, wobei das Ge-
gengewicht-Halterungselement am gekrümmten
Abschnitt von dem ersten Halteelement (675, 676)
und dem zweiten Halteelement (677, 678) gehalten
wird.

7. Elektrowerkzeug nach Anspruch 5, wobei das Ge-
gengewicht-Halterungselement (673; 973) bezüg-
lich des ersten Halteelements (675, 676; 975, 976)
beweglich gehalten wird.

8. Elektrowerkzeug nach Anspruch 5, wobei das erste
Halteelement (675, 676) dazu eingerichtet ist, eine
Vibration des Gegengewichts (674) und des Gegen-
gewicht-Halterungselements (673) einzuschränken.

9. Elektrowerkzeug nach Anspruch 5, wobei ein erstes
Halteelement (675) eines Halteelements das Ge-
gengewicht (674) beweglich hält und ein anderes
erstes Halteelement (676) eines anderen Halteele-
ments dazu eingerichtet ist, eine Vibration des Ge-
gengewichts und des Gegengewicht-Halterungsele-
ments (673) einzuschränken.

10. Elektrowerkzeug nach Anspruch 5, wobei das Ge-
gengewicht-Halterungselement (73) einen Lösungs-
verhinderungsabschnitt zum Verhindern, dass das
Gegengewicht-Halterungselement sich vom ersten
Halteelement (71) löst, aufweist.

11. Elektrowerkzeug nach Anspruch 1 oder 4, wobei die
Halteelemente (71, 72), das Gegengewicht-Halte-
rungselement (73) und das Gegengewicht (74) zwi-
schen dem Motor (21) und dem Bewegungsumset-
zungs-Mechanismus (36) angeordnet sind.

12. Elektrowerkzeug nach Anspruch 5, wobei das Ge-
gengewicht-Halterungselement (73) ein Teil auf-
weist, das zwischen den ersten Halteelementen (71)
positioniert ist, wobei das Gegengewicht (74) einen
Schwerpunkt aufweist, der in der Mitte des Teils po-
sitioniert ist.

13. Elektrowerkzeug nach Anspruch 1 oder 4, wobei das
Gegengewicht (74) eine Basis (74A) und zwei Beine
(74B) umfasst, wobei die Basis in einer Richtung ver-
läuft, die zu der senkrecht ist, in der das Gegenge-
wicht-Halterungselement (73) verläuft, wobei die Ba-
sis am Gegengewicht-Halterungselement fixiert ist
und Enden aufweist, wobei jedes der zwei Beine je-
weils mit jedem der Enden der Basis verbunden ist
und entlang des Gegengewicht-Halterungsele-
ments verläuft und von diesem getrennt ist.

14. Elektrowerkzeug nach Anspruch 1 oder 4, wobei der
Bewegungsumsetzungs-Mechanismus (36) um-
fasst:

einen Zylinder (40) mit einem Innenrand;
einen Kolben (43), der gleitfähig am Innenrand
des Zylinders vorgesehen ist;
einen Bewegungsumsetzungs-Abschnitt (37,
38, 39), der dazu eingerichtet ist, die Rotation
des Elektromotors in eine Hin- und Herbewe-
gung des Kolbens umzusetzen; und
ein Schlagelement (44), das durch die Hin- und
Herbewegung des Kolbens angetrieben wird.

Revendications

1. Outil à alimentation électrique comportant :

un boîtier (20),
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un moteur électrique (21) reçu dans le boîtier,
un mécanisme de conversion de mouvement
(36) configuré pour convertir un mouvement ro-
tatif du moteur électrique en un mouvement de
va-et-vient,
un élément de maintien de contrepoids (73) pou-
vant être déformé élastiquement dans les direc-
tions du mouvement de va-et-vient,
un contrepoids (74) supporté par l’élément de
maintien de contrepoids et pouvant être animé
d’un mouvement de va-et-vient dans les direc-
tions du mouvement de va-et-vient en associa-
tion avec l’élément de maintien de contrepoids,
et
des éléments de support (71, 72) positionnés
écartés du contrepoids d’une distance prédéter-
minée pour supporter l’élément de maintien de
contrepoids par rapport au boîtier, le contre-
poids étant intercalé entre les éléments de sup-
port,

caractérisé en ce que

un élément de maintien de contrepoids s’étend
dans une direction perpendiculaire aux direc-
tions du mouvement de va-et-vient et a des por-
tions d’extrémité correspondant aux éléments
de support, au moins l’une des portions d’extré-
mité étant supportée de manière mobile par rap-
port aux éléments de support et mobile dans la
direction perpendiculaire aux directions du mou-
vement de va-et-vient par un mouvement du
contrepoids.

2. Outil à alimentation électrique selon la revendication
1, dans lequel les éléments de support (71, 72) com-
portent deux éléments de support positionnés oppo-
sés l’un à l’autre.

3. Outil à alimentation électrique selon la revendication
1, dans lequel le contrepoids (74) et l’élément de
maintien de contrepoids (73) sont configurés pour
vibrer afin de réduire une vibration générée par le
mouvement de va-et-vient du mécanisme de con-
version de mouvement (36), et
dans lequel au moins l’un des éléments de support
(71, 72) est configuré pour restreindre une vibration
du contrepoids et de l’élément de maintien de con-
trepoids.

4. Outil à alimentation électrique selon la revendication
1, dans lequel au moins l’un des éléments de support
(71, 72) est configuré pour changer un état dans le-
quel l’élément de support supporte l’élément de
maintien de contrepoids (73) lorsque le contrepoids
(74) se déplace à partir d’une position initiale de ce-
lui-ci vers au moins une direction du mouvement de
va-et-vient.

5. Outil à alimentation électrique selon la revendication
4, dans lequel chacun des éléments de support (671,
672 ; 871, 872 ; 971, 972) inclut un premier élément
de support (675, 676 ; 875, 876 ; 975, 976) et un
second élément de support (677, 678 ; 877, 878 ;
977, 978), le premier élément de support étant con-
figuré pour empêcher le déplacement de l’élément
de maintien de contrepoids (673 ; 873 ; 973) vers la
première direction, le second élément de support
étant positionné plus près du contrepoids (674 ;
874 ; 974) que le premier élément de support par
rapport au contrepoids et étant configuré pour blo-
quer l’élément de support de contrepoids dans une
autre direction opposée à la première direction, le
premier élément de support et le second élément de
support étant positionnés pour appliquer une force
initiale dans la première direction à l’élément de
maintien de contrepoids.

6. Outil à alimentation électrique selon la revendication
5, dans lequel l’élément de maintien de contrepoids
(673) inclut une partie coudée (673B), l’élément de
maintien de contrepoids étant supporté par le pre-
mier élément de support (675, 676) et le second élé-
ment de support (677, 678) sur la partie coudée.

7. Outil à alimentation électrique selon la revendication
5, dans lequel l’élément de maintien de contrepoids
(673 ; 973) est supporté de manière mobile par rap-
port au premier élément de support (675, 676 ; 975,
976).

8. Outil à alimentation électrique selon la revendication
5, dans lequel le premier élément de support (675,
676) est configuré pour restreindre une vibration du
contrepoids (674) et de l’élément de maintien de con-
trepoids (673).

9. Outil à alimentation électrique selon la revendication
5, dans lequel un premier élément de support (675)
d’un élément de support supporte le contrepoids
(674) de manière mobile et un autre premier élément
de support (676) d’un autre élément de support est
configuré pour restreindre une vibration du contre-
poids et l’élément de support de contrepoids (673).

10. Outil à alimentation électrique selon la revendication
5, dans lequel l’élément de maintien de contrepoids
(73) a une partie anti-glissement pour empêcher
l’élément de maintien de contrepoids de glisser du
premier élément de support (71).

11. Outil à alimentation électrique selon la revendication
1 ou 4, dans lequel les éléments de support (71, 72),
l’élément de maintien de contrepoids (73) et le con-
trepoids (74) sont intercalés entre le moteur (21) et
le mécanisme de conversion de mouvement (36).
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12. Outil à alimentation électrique selon la revendication
5, dans lequel l’élément de maintien de contrepoids
(73) a une partie positionnée entre les premiers élé-
ments de support (71), le contrepoids (74) ayant un
centre de gravité positionné au centre de ladite par-
tie.

13. Outil à alimentation électrique selon la revendication
1 ou 4, dans lequel le contrepoids (74) comporte une
base (74A) et deux pattes (74B), la base s’étendant
dans une direction perpendiculaire à la direction
dans laquelle s’étend l’élément de maintien de con-
trepoids (73), la base étant fixée à l’élément de main-
tien de contrepoids et ayant des extrémités, chacune
des pattes étant reliée à chacune des extrémités de
la base respectivement et s’étendant le long de l’élé-
ment de maintien de contrepoids et étant séparée
de celui-ci.

14. Outil à alimentation électrique selon la revendication
1 ou 4, dans lequel le mécanisme de conversion de
mouvement (36) comporte :

un cylindre (40) ayant une périphérie intérieure,
un piston (43) agencé de manière coulissante
sur la périphérie intérieure du cylindre,
une partie de conversion de mouvement (37,
38, 39) configurée pour convertir la rotation du
moteur électrique en un mouvement de va-et-
vient du piston, et
un élément percuteur (44) entraîné par le mou-
vement de va-et-vient du piston.
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