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(57) Abstract: An electrical power tool (1) includes a motor (21), a casing (2), a piston (54), an intermediate shaft (41), a motion
conversion mechanism (51A, 52, 52B; 51B, 53, 53B), and a plurality of types of anti-vibration mechanism (31,32,33; 55,40b). The
motor (21) has a drive shaft (22). The casing (2) accommodates at least the motor (21). The piston (54) is driven by a rotary motion
of the drive shaft (22). The intermediate shaft (41) extends parallel to the drive shaft (22) and is driven to rotate by the rotary motion
& of the drive shaft (22), the intermediate shaft (41) defining an axial direction. The motion conversion mechanism (51A, 52, 52B;
& 51B, 53, 53B) is disposed on the intermediate shaft (41) and is capable of moving in association with the intermediate shaft (41) for
converting the rotary motion of the drive shaft (22) to a reciprocating motion. The motion conversion mechanism (51A, 52, 52B;
51B, 53, 53B) includes a first motion conversion mechanism (51A,52,52B) that is connected to the piston (54) and moves the piston
in a reciprocating motion in directions substantially parallel to the axial direction of the intermediate shaft (41). The plurality of
types of anti-vibration mechanism (31,32,33; 55,40b) is accommodated in the casing.
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DESCRIPTION

ELECTRICAL POWER TOOL
TECHNICAL FIELD

The present 1invention relates to an electrical power
tool and more specifically, to an electrical power tool
having a vibration control mechanism.

BACKGROUND ART

Conventionally, electrical power tools having
vibration control mechanisms have been proposed. For
example, Japanese Patent Application Publication No. 2005-
040880 discloses an electrical power tool including a casing
that has a handle, a motor casing, and a gear casing
connected with one another. An electrical motor is
accommodated in the motor housing. A motion conversion
mechanism that converts a rotation motion of the electrical
motor into a reciprocation motion is provided in the gear
casing. A cylinder extending a direction perpendiculﬁr to
the rotation axis of the electrical motor is provided in the
gear casing. A tool support portion is provided on the
front side of the cylinder and is capable of attaching or
detaching a working tool.

A piston is provided in the cylinder and is slidably
provided along the inner periphery of the chinder. 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. BAn 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 member and is

slidably provided back-and-forth within the cylinder. The
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working tool mentioned above is positioned at the front side
of the intermediate member.

The rotational driving force of the electrical motor
is transmitted to the motion conversion mechanism, and the
motion conversion mechanism moves the piston in the cylinder
in the reciprocation motion. The reciprocation motion of
the piston repeatedly increases and decreases 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 1s fractured by the impact force
applied to the working tool.

DISCI.OSURE OF INVENTION

However, in the electrical power tool described above,
a vibration is generated by driving the striking member,
thereby reducing operability of the electrical power tool.

In view of the foregoing, it is an object of the
present invention to provide an electrical power tool that
is capable of reducing the vibration resulting from the
striking member and improves the operation of the electrical
power tool.

This and other object of the present invention will be
attained by an electrical power tool including a motor, a
casing, a casing, a piston, an intermediate shaft, a motion

conversion mechanism, and a plurality of types of anti-

vibration mechanism. The motor has a drive shaft. The
casing accommodates at least the motor. The piston 1is
driven by a rotary motion of ‘the drive shaft. The

intermediate shaft extends parallel to the drive shaft and
is driven to rotate by the rotary motion of the drive shaft,

the intermediate shaft defining an axial direction. The
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motion conversion mechanism is disposed on the intermediate
shaft and is capable of moving in association with the
intermediate shaft for converting the rotary motion of the
drive shaft to a reéiprocating motion. The motion
conversion mechanism includes a first motion conversion
mechanism that i1s connected to the piston and moves the
piston in a reciprocating motion in directions substantially
parallel to the axial direction of the intermediate shaft.
The plurality of types of anti-vibration mechanism 1is
accommodated in the casing.

Preferably, the plurality of anti-vibration méchanisms
includes a compulsive anti-vibration mechanism and a passive
anti-vibration mechanism.

Preferably, the compulsive anti-vibration mechanism
includes a first counterweight capable of reciprocating in
directions substantially parallel to the axial direction of
the intermediate shaft in opposite phase to and in
interlocking relation to the reciprocating motion of the
piston. The passive anti-vibration mechanism includes a
second counterweight capable of reciprocating in directions
of the reciprocating motion of the piston due to a vibration
applied to the motor and the casing.

With this arrangement, vibration related to the
reciprocating motion of the piston can be reduced by the
counterweight.

Preferably, the counterweight has a mass substantially
the same as that of the piston.

Preferably, the motion conversion mechanism further
includes a second motion conversion mechanism. The first
counterweight is connected to the second motion conversion
mechanism so as to be capable of reciprocating in opposite

phase to the reciprocating motion of the piston.
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With this arrangement, vibration related to the
reciprocating motion of the piston can be reduced by the
counterweight effectively.

Preferably, the first motion conversion mechanism has
a configuration substantially the same as that of the second
motion conversion mechanism.

With this arrangement, vibration related to the
reciprocating motion of the piston can be reduced
effectively.

Preferably, each of the first counterweight and the
piston has a center of gravity. The first motion conversion
mechanism and the second motion conversion mechanism are
aligned along a straight line parallel to a straight line
connecting the centers of gravity of the first counterweight
and the piston.

Preferably, each of the first counterweight and the
piston has a center of gravity positioned on a straight line
parallel to the axial direction of the intermediate shaft.

With these arrangements, the first motion conversion
mechanism and the first motion mechanism can be disposed on
a same axis, and the piston and the counterweight can be
disposed on a same axis. Accordingly, vibration related to
the reciprocating motion of the piston can be reduced
effectively.

Preferably, the first motion conversion mechanism has
a first end part that is capable of pivoting reciprocatingly
along the axial direction of the intermediate shaft, and a
second end part located at a position opposite to the first
end part with respect to the intermediate shaft. The piston
is connected to the first end part so as to be capable of
reciprocating. The first counterweight is connected to the

second end part so as to be capable of reciprocating.
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With this arrangement, the counterweight can be
located on an opposite side of the intermediate shaft £from
the piston and the length of casing can be shortened.

Preferably, the piston, the first counterweight, the
first end part, and the second end part provide a sum of
momentums which is approximately 0 when the piston, the
first counterweight, the first end part, and the second end
part reciprocate.

With this arrangement, vibration related to the
reciprocating motion of the piston can be reduced by the
counterweight effectively.

Preferably, the passive anti-vibration mechanism has a
neutral position in non-operational phase of the motor. The
passive anti-vibration mechanism includes an elastically
deforming member configured to bias the second counterweight
to return to the neutral position.

With this arrangement, vibration related to the
driving of the striking member can be reduced, thereby
improving the operability of the electrical power tool.

Preferably, the casing includes a motor casing
accommodating the motor, and a gear casing accommodating the
piston, the i1ntermediate shaft, the motion conversion
mechanism, and the first counterweight. The passive anti-
vibration mechanism is disposed between the motor casing and
the gear casing.

With this arrangement, the dynamic vibration absorber
can be provided between the motor casing and the gear casing,
and the motor casing and the gear casing can be designed
with a compact radial dimension.

Preferably, the casing has an outer periphery. The
anti-vibration mechanism is provided on the outer periphery

of the casing.
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With this arrangement, the dynamic vibration absorber
are provided on the casing, enabling electrical power tool
to be made compact without excessively increasing length
thereof.

Preferably, the passive anti-vibration mechanism
includes a holding casing connected to the outer periphery
of the casing. The elastically deforming member is disposed
inside the holding casing and extending in a direction
parallel to the axial direction of the intermediate shaft.
The second counterweight is disposed inside the holding
casing and is supported by the elastically deforming member.

Preferably, the ©passive anti-vibration mechanism
further includes a holding member connected to the casing.
The elastically deforming member extends from the holding
member in a direction substantially orthogonal to the axial
direction of the intermediate shaft. The  second
counterweight is attached to the elastically deforming
member.

With this arrangement, the second counterweight can be
reciprocate according to vibration generating on the
electrical power tool against the biasing force of the
elastically deforming member.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a side cross-sectional view of an electrical
power tool according to a first embodiment of the present
invention;

Fig. 2 1s a cross-sectional view of the electrical
power tool along the line II-II shown in Fig. 1;

Fig. 3 1is a cross-sectional view of the electrical
power tool along the line III-III shown in Fig. 1;

Fig. 4 is a view illustrating motion of a piston and

counterweight in the electrical power tool according to the
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first embodiment;

Fig. 5 is a side cross-sectional view of an electrical
power tool according to a second embodiment of the present
invention;

Fig. 6 1is a partial cross-sectional view of the
electrical power tool along the line VI-VI shown in Fig. 5;
and

Fig. 7 is a side cross-sectional view of an electrical
power tool according to a third embodiment of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

1 impact tool

2 casing

10 handle

11 power cable

12 switch mechanism
13 trigger

15 tool holder

16 side handle

20 motor casing

21 electrical motor
22 output shaft

22A extended shaft
22B first gear

30 weight casing
30A bearing

31 first weight

3la through-hocle

32 connecting member
33 welight-supporting member
33A screw

40 gear casing
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40A first gear casing
40B second gear casing
40C bearing

40D bearing

40a reduction chamber
40b groove

41 intermediate shaft
41A second gear

41B bearing

42 first clutch

43 second clutch

43A third gear

44 cylinder

44A fourth gear

44a space

45 lever

51 cam member

51la,51b groove

51A first cam

51B second cam

52 first motion conversion member

52A first arm
52B ball

53 second motion conversion member

53A second arm

53B ball

54 piston

54A cylinder part
54B connecting part
54a air chamber

54b air hole

55 second weight

PCT/JP2007/064037
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56 striking member
57 intermediate member
BEST MODE FOR CARRYING OQUT THE INVENTION

A first embodiment applying an electrical power tool
of the present invention to an impact tool will be described
with reference to Figs. 1 through 4. An impact tool 1 is
configured of a handle 10, and a casing 2 connected to the
handle 10. The casing 2 includes a motor casing 20, a
weight casing 30, and a gear casing 40.

The handle 10 extends from a side surface of the motor
casing 20 opposite the side of the weight casing 30. 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, the switch mechanism
12 can be connected to and disconnected from the external
power source. The side of the impact tool 1 on which the
handle 10 is provided with respect to the longitudinal
direction of the casing 2 will be defined as the rear side,
and the opposite side in the longitudinal direction will be
defined as the front side. Further, the distal end of the
handle 10 extending from the casing 2 in a direction
substantially orthogonal to the front-to-rear direction will
be defined as the bottom side, and the opposite side will be
defined as the top side.

The motor casing 20 is a resin-molded product that has
been molded integrally with the handle 10. The motor casing
20 houses an electrical motor 21. The electrical motor 21
has an output shaft 22, serving as a drive shaft for

outputting a rotational drive force. An extended shaft 22A
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is provided on the front end of the output shaft 22 for
extending the length of the drive shaft in order to
penetrate the weight casing 30. The extended shaft 222 is
supported by bearings 30A and 40C described later with the
front end of the extended shaft 22A positioned in the gear
casing 40. A first gear 22B is provided on the front end
part of the extended shaft 22A positioned in the gear casing
40.

The weight casing 30 1s configured of a dynamic
vibration absorber (passive anti-vibration mechanism)
provided on an endface of the motor casing 20 on the
opposite side from the handle 10. The bearing 30A 1is
provided on the weight casing 30, where the weight casing 30
joins the motor casing 20, for rotatably supporting the
extended shaft 22A.

A first weight 31 is disposed inside the weight casing
30. As shown in Fig. 2, the first weight 31 is supported in
the weight casing 30 by a pair of connecting members 32 and
a pair of weight-supporting members 33. More specifically,
the connecting members 32 are arranged in the weight casing
30 with one at each end of a vertical direction orthogonal
to the axial direction of the output shaft 22. The weight-
supporting members 33 are disposed between and connected to
the connecting members 32, with one end fixed to one
connecting member 32 and the other end fixed to the other
connecting member 32. The first weight 31 is fixed
substantially to a center position of each weight-supporting
member 33 with respect to the longitudinal direction of the
same by screws 33A.

The weight-supporting members 33 are configured of
leaf springs, both ends of which are fixed to the weight
casing 30 by the connecting members 32. Further, the first
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weight 31 is disposed substantially at the center of the
weight-supporting members 33. Therefore, the weight-
supporting members 33 can vibrate with the positions of the
connecting members 32 as nodes and the positions of the
first weight 31 as.antinodes.

A through-hole 3la is formed in the first weight 31 at
a position corresponding to the output shaft 22 when the
weight casing 30 is attached to the motor casing 20. At
this time, the extended shaft 22A penetrates the through-
hole 3la. The impact tool 1 has a center of gravity G
positioned inside the weight casing 30.

The gear casing 40 is provided on the side of the
weight casing 30 opposite the motor casing 20. The gear
casing 40 is configured of a substantially cylindrical first
gear casing 40A connected to the weight casing 30 and
forming the outermost covering; and a second gear casing 40B
disposed inside the first gear casing 40A for slidably
supporting a second weilght 55 (compulsive anti-vibration
mechanism) and a piston 54 described later.

The bearing 40C described above is provided in the
second gear casing 40B for rotatably supporting the extended
shaft 22A. A reduction chamber 40a defined by the first
gear casing 40A and second gear casing 40B functions to
accommodate a rotation transmitting mechanism described
later. A pair of grooves 40b (see Fig. 3) for slidably
supporting the second weight 55 described later is formed in
the second gear casing 40B at the location of the second
weight 55.

An intermediate shaft 41 is disposed in the first gear
casing 40A below the second gear casing 40B. The
intermediate shaft 41 is parallel to the output shaft 22 and
is rotatably supported about its axis by the first gear
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casing 40A and second gear casing 40B through a bearing 41B
and the like. Further, a side handle 16 is provided on the
front end of the first gear casing 40A.

A second gear 41A is fixed coaxially to the
intermediate shaft 41 on the rear end (the end of the
electrical motor 21 side) of the intermediate shaft 41 for
meshingly engaging with the first gear 22B. A first clutch
42 and a second clutch 43 are sequentially juxtaposed on the
front side of the second gear 41A. The first clutch 42 and
second clutch 43 rotate together with the intermediate shaft
41 and are capable of sliding in the axial direction thereof.
A third gear 43A capable of meshingly engaging with a fourth
gear 44A described later is provided on the front side of
the second clutch 43, i.e. the side opposite the <first
clutch 42.

A cylinder 44 is provided in the first gear casing 40A
at a position near the distal end and upper side of the
intermediate shaft 41. The cylinder 44 extends parallel to
the intermediate shaft 41 and is rotatably supported in the
second gear casing 40B through a bearing 40D and the like.
The fourth gear 44A is rotatably fixed around the outside of
the cylinder 44 near the third gear 43A and 1s capable of
rotating coaxially with the cylinder 44. Through the
engagement of the third gear 43A and the fourth gear 44A,
the cylinder 44 can rotate relative to the gear casing 40
about its axial center.

A space 44a is defined inside the cylinder 44 and is
open on the front and rear sides of the cylinder 44. The
piston 54 is disposed inside the space 44a through the rear
opening in the cylinder 44 and is capable of éliding in a
reciprocating direction and a circumferential direction. A

tool holder 15 is provided on the front end of the cylinder



10

15

20

25

30

WO 2008/010467

13

44 for moanting a working tool (not shown). The tool holder
15 allows the working tool to be inserted into the space 44a
through the opening in the front side of the cylinder 44 and
fixed in this inserted state.

The piston 54 is integrally configured of a cylinder
part 54A, and a connecting part 54B. The cylinder part 54A
is substantially cylindrical in shape with an open front end
and a closed rear end. An air chamber 54a is defined inside
the piston 54. A plurality of air holes 54b are formed in
side surface of the piston 54, which are the wall portion
defining the air chamber 54a. The outer diameter of the
cylinder part 54A is substantially identical in size to the
inner diameter of the space 44a on the rear side thereof.
The connecting part 54B is provided on the rear end of the
cylinder part b54A and 1is coupled to a first arm 52A
described later.

A striking member 56 is disposed in the air chamber
54a of the piston 54 and 1is capable of slidingly
reciprocating. The striking member 56 is configured to move
forward by the pressure of compressed air generated in the
air chamber 54a when the piston 54 moves from the rear side
to the front side. An intermediate member 57 is slidably
disposed in the space 44a of the cylinder 44 in the area
between the piston 54 and the tool holder 15 and 1s capable
of contacting both the striking member 56 and a working tool
(not shown) held by the tool holder 15. Hence, when the
striking member 56 strikes the intermediate member 57, the
impact force of the striking member 56 is applied to the
working tool via the intermediate member 57.

A cam member 51 is provided on the intermediate shaft
41 between the secoﬁd gear 41A and the first clutch 42. The

cam member 51 includes substantially spherical first and

PCT/JP2007/064037
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second cams 51A and 51B. The first and second cams 51A and
51B are aligned in the axial direction of the intermediate
shaft 41, with the first cam 51A disposed on the first
clutch 42 side, and the second cam 51B disposed on the
second gear 41A side. The cam member 51 is normally not
connected to the intermediate shaft 41. Hence, as long as
the cam member 51 is not connected to the first clutch 42
described later, the cam member 51 will not rotate together
with the intermediate shaft 41.

The first and second cams 51A and b51B are shaped
symmetrically about a plane orthogonal to the axis of the
intermediate shaft 41. Grooves 5la and 51b are formed in
the surfaces of the first and second cams 51A and 51B,
respectively along the entire outer periphery of the
spherical surface. Each grooves 5la and 51b is formed on an
imaginary plane intersecting the axis of the intermediate
shaft 41. First and second motion conversion members 52
and 53 having similar shapes are provided on the first and
second cams 51A and 51B, respectively. More specifically,
the first motion conversion member 52 1is substantially
annular in shape and is provided with a plurality of balls
52B along the inside of the annular shape. The first motion
conversion member 52 is mounted on the first cam 51A, with
the balls 52B engaged in the groove 5la. The first arm 52A
extends from the top surface of first motion conversion
member 52 and couples with the rear end part (the connecting
part 54B) of the piston 54. The first cam 51A, first motion
conversion member 52, and balls 52B constitute a first
motion conversion mechanism.

As with the first motion conversion member 52, the
second motion conversion member 53 is mounted on the second

cam 51B with a plurality of balls 53B inserted into the
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groove 51b. A second arm 53A extends from the second motion
conversion member 53 and connects to the second weight 55.
The second cam 51B, second motion conversion member 53, and
balls 53B constitute the second motion conversion mechanism.
Hence, the first and second motion conversion mechanisms
have substantially the same shape and construction and are
disposed on the intermediate shaft 41 so that both
mechanisms are aligned along an axis parallel to the axis of
the intermediate shaft 41.

The second weight 55 is configured to have the same
mass as the piston 54. As shown in Fig. 3, parts on both
sides of the second weight 55 are inserted into the grooves
40b so that the second weight 55 can slide within the second
gear casing 40B. The second weight 55 is also arranged so
that an axis extending from the center of gravity of the
second weight 55 to the center of gravity of the piston 54
is parallel to the axial direction of the intermediate shaft
41.

A lever 45 is provided below the first gear casing 40A
at a position near the first and second clutches 42 and 43.
When operated by the user, the lever 45 can slide the first
and second clutches 42 and 43 forward or rearwérd. More
specifically, by sliding the first clutch 42 rearward with
the lever 45, the first clutch 42 couples with the cam
member 51 so that the cam member 51 rotates together with
the first clutch 42. Further, by sliding the second clutch
43 forward with the lever 45, the third gear 43A meshes with
the fourth gear 44A so that the cylinder 44 rotates together
with the second clutch 43. Since the first and second
clutches 42 and 43 always rotate together with the
intermediate shaft 41, the lever 45 <can control the

connected and unconnected states of the intermediate shaft
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41 with the cam member 51 and the cylinder 44.

With the impact tool 1 having the construction

“described above, the user first operates the lever 45 to

select whether the working tool is driven to rotate, driven
to strike, or both.

When the working tool is driven to both rotate and
strike, the first clutch 42 and cam member 51 are engaged,
and the third gear 43A of the second clutch 43 is meshed
with the fourth gear 44A of the cylinder 44.

When the cylinder 44 rotates, the working tool (not
shown) mounted in the end of the cylinder 44 rotates
together with the cylinder 44.

While the cam member 51 rotates around the
intermediate shaft 41, the first motion conversion member 52
does not rotate together with the first cam 51A around the
intermediate shaft 41 since the first motion conversion
member 52 is connected to the first cam 51A through the
balls 52B. However, the groove 5la in which the balls 52B
are accommodated 1is formed on the plane crossing the
intermediate shaft 41, enabling the first arm 52A to pivot
reciprocatingly in the axial direction of the intermediate
shaft 41. Hence, the piston 54 connected to the first arm
52A can also reciprocate. When the piston 54 moves from the
rear side to the front side, air in the air chamber 54a
formed between the cylinder part 54A and the striking member
56 is compressed, producing a reaction force that moves the
striking member 56 rapidly forward. The striking member 56
strikes the intermediate part 57, which in turn applies an
impact force to the working tool.

As with the first motion conversion member 52, the
second motion conversion member 53 also pivots without

rotating. However, since the second cam 51B 1is formed

PCT/JP2007/064037
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symmetrical to the first cam 51A, the phase of pivoting for
the second motion conversion member 53 is opposite that for
the first motion conversion member 52. Hence, when the
piston 54 moves forward, the second weight 55 moves rearward,
as shown in Fig. 1. When the piston 54 moves rearward, the
second weight 55 moves forward, as shown in Fig. 4. The
second weight 55 reciprocates in interlocking relation to
the piston 54. The piston 54 and second weight 55 have the
same mass and centers of gravity of the piston 54 and second
weight 55 are located on a same position in the
reciprocating direction. Further, the first and second
motion conversion members 52 and 53 have similar shapes and
are positioned on a straight 1line parallel to a line
connecting the centers of gravity of the piston 54 and
second weight 55. Hence, the momentum of the second weight
55 cancels momentum of the piston 54, thereby reducing
vibration generated when the piston 54 reciprocates.

Tn addition to the vibration related to the reciprocal
movement of the piston 54 in the operations of the impact
tool 1, the reciprocating motion of the striking member 56
generates vibration. The vibration are transferred to the
connecting member 32 via the weight casing 30 and are
subsequently transferred to the weight-supporting member 33
and the first weight 31 so that the first weight 31 vibrates
in the same direction that the piston 54 reciprocates. The
vibration of the first weight 31 can further reduce
vibrations in the impact tool 1 caused by the reciprocating
motion of the striking member 56, thereby improving the
operability of the impact tool 1.

Since the first weight 31 is disposed inside the
weight casing 30, the cylindrical weight casing 30 can be

designed with a compact radial dimension. In other woxds,
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the impact tool 1 can be configured without increasing the
diameter of the casing 2. Hence, the impact tool 1 can be
used to perform operations in difficult areas, such as near
walls and the like, without loss in operability.

Next, an electrical power tool according to a second
embodiment of the present invention will be described with
reference to Figs. 5 and 6. Fig. 5 shows an impact tool 101,
serving as the electrical power tool according to the second
embodiment. Except for the structure related to the dynamic
vibration absorber (the structure related to the weight
casing 30 in the first embodiment), the structure of the
impact tool 101 is identical to the impact tool 1 according
to the first embodiment. Accordingly, the value “100” has
been added to parts constituting the same structure as the
impact tool 1 in the first embodiment, and a detailed
description of these parts has been omitted.

As shown in Fig. 6, the impact tool 101 has a gear
casing 140, and a pair of weight casings 130 provided below.
the first gear casing 140A constituting the outermost
portion of the gear casing 140. Since the weight casings
130 are formed in substantially the same shape, only the
single weight casing 130 shown in Fig. 5 will be described.

As shown in Fig. 6, a space 130a is formed 1in the
weight casing 130 with a circular cross section taken
orthogonal to the front-to-rear direction. As shown in Fig.
5, a first weight 131, and a pair of weight-supporting
members 133 is disposed inside the space 130a. The first
weight 131 is capable of sliding in the front-to-rear
direction inside the space 130a. The weight-supporting
members 133 are configured of coil springs disposed one on
the front and rear sides of the first weight 131 for

elastically supporting the same.
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When the user operates the impact tool 101 having this
construction, vibration related to the reciprocating motion
of a piston 154 are suppressed or reduced by a second weilght
155 that has substantially the same mass as the piston 154,
but reciprocates in the opposite phase. In addition to
sliding related to the reciprocating piston 154 during
operations of the impact tool 101, reciprocating motion of a
striking member 156 occurring when the piston 154 impacts an
intermediate member 157 connected to the working tool (not
shown) and when the intermediate member 157 in turn strikes
the striking member 156 also produces vibration. The
vibration are transferred to the weight casing 130 via a
cylinder 144 housing the striking member 156, and the first
gear casing 140A supporting the cylinder 144.

Since the first weight 131 1s disposed in the space
within the weight casing 130 so as to be capable of sliding
in the front-to-rear direction, vibration transmitted to the
weight casing 130 causes the first weight 131 to slidably
reciprocate relative to the weight casing 130 in the front-
to-rear direction. However, the first weight 131 1is
elastically supported by the weight-supporting members 133,
which absorb kinetic energy related to the sliding of the
first weight 131. Hence, the first weight 131 reduces
vibrations in the impact tool 101 caused by the striking
member 156 and the like, while the weight-supporting members
133 absorb vibrations generated by the reciprocating first
weight 131, thereby improving operability of the impact tool
101.

In the impact tool 101 according to the second
embodiment, the weight casings 130 are provided on the gear
casing 140, enabling the impact tool 101 to be made more

compact without excessively increasing the front-to-rear
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length thereof. While the weight <casings 130 may
conceivably be mounted in different locations, such as on a

motor casing 120 or above the gear casing 140, these weight

casings 130 are preferably disposed at positions on the
bottom of the gear casing 140, as shown in Fig. 5. Hence,

when performing difficult operations near a wall or the like,
this positioning prevents the gear casing 140 from
interfering with the wall, thereby preventing a loss of
operability.

Next, an electrical power tool according to a third
embodiment of the present invention will be described with
reference to Fig. 7. Fig. 7 shows an impact tool 201, which
serves as the electrical power tool according to the third
embodiment. Except for the structure related to the motion
conversion mechanisms (the cam part 51 and related structure
according to the first embodiment), the impact tool 201 is
identical in structure to the impact tool 1 of the first
embodiment. Accordingly, the wvalue “200” has been added to
components identical to those in the first embodiment, and a
detailed description of these components will not be
repeated.

As shown 1in Fig. 7, a cam member 251 is disposed
between a second gear 241A and a first clutch 242 on an
intermediate shaft 241 functioning to transmit output from
an electrical motor 221 to a cylinder 244 and a piston 254.
The cam member 251 is configured to rotate coaxially with
the intermediate shaft 241 only when connected to the first
clutch 242. A substantially spherical cam 251A is provided
on the cam member 251. A groove 2bla is formed in the
surface of the cam 251A along the entire outer spherical
surface. The groove 25la is formed on an imaginary plane

intersecting the axis of the intermediate shaft 241. A
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motion conversion member 252 is provided on the cam 251A.
The motion conversion member 252 is substantially annular in
shape and is provided with a plurality of balls 252B along
the inner surface of the annular portion. The motion
conversion member 252 is mounted on the cam 251A with the
balls 252B engaged in the groove 25la. A first arm 252A
extends from the top surface of the motion conversion member
252 and couples with a rear end part (a connecting part
254B) of the piston 254. A second arm 253A extends from a
side surface of the motion conversion member 252 positioned
on the end opposite the first arm 252A relative to the
intermediate shaft 241 and couples with a second weight 255
described below. The length of the second arm 253A and the
position of the center of gravity thereof need not be
symmetrical to the first arm 252A with respect to the
annular portion of the motion conversion member 252.

The second weight 255 is disposed inside the first
gear casing 240A and is capable of sliding in the front-to-
rear direction on the opposite side of the intermediate
shaft 241 from the piston 254. The second weight 255 is
connected to the second arm 253A. Accordingly, the second
weight 255 and piston 254 are disposed on opposite sides of
the motion conversion member 252 and, therefore, move in
opposite phases. The second weight 255 is configured of a
mass that has been preset so that the sum of momentums among
the second weight 255, second arm 253A, first arm 252A, and
piston 254 equals 0 when the motion conversion member 252 is
driven.

When the user operates the impact tool 201 having the
construction described above, the vibration related to the
reciprocating piston 254 are suppressed and reduced by the

second weight 255 reciprocating in an opposite phase to the

PCT/JP2007/064037
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piston 254. Here, it is conceivable that the difference in
mass and center of gravity between the first arm 252A and
second arm 253A may produce vibration. However, the sum of
momentums can be adjusted to a value of 0 by adjusting the
mass of the second weight 255. Hence, the vibration related
to the piston 254 and second weight 255 driven by the motion
conversion member 252 can be suppressed or reduced.

Further, as described in the first embodiment, a first
welght 231 can suppress vibration generated by a striking
member 256 and the like that are not absorbed by the second
weight 255, thereby improving the operability of the impact
tool 201.

Since the piston 254 and second weight 255 are aligned
in the direction orthogonal to the front-to-rear direction
in the impact tool 201 according to the third embodiment,
the length of the first gear casing 240A in the front-to-
rear direction can be shortened. Accordingly, the impact
tool 201 can be made more compact.

While the electrical power tool of the invention has
been described in detail with reference to specific
embodiments thereof, it would be apparent to those skilled
in the art that many modifications and variations may be
made therein without departing from the spirit of the
invention, the scope of which is defined by the attached
claims. For example, the structure of the dynamic vibration
absorber according to the second embodiment may be combined
with the structure of the motion conversion member according
to the third embodiment. With this configuration, the
weight casing constituting the dynamic vibration absorber
need not be interposed between the gear casing and the motor
casing, and the length of the gear casing can be reduced.

Accordingly, the front-to-rear length of the electrical
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power tool can be further shortened, making the electrical
power tool more compact.

The electrical power tool according to the present
invention can be applied to a wide variety of tools
performing hammering or striking operations, such as a

hammer drill and a jackhammer.
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CLAIMS

1. An electrical power tool comprising:

a motor having a drive shaft;

a casing accommodating at least the motor;

a piston driven by a rotary motion of the drive shaft;

an intermediate shaft extending parallel to the drive
shaft and driven to rotate by the rotary motion of the drive
shaft, the intermediate shaft defining an axial direction;

a motion conversion mechanism disposed on the
intermediate shaft and capable of moving in association with
the intermediate shaft for converting the rotary motion of
the drive shaft to a reciprocating motion, the motion
conversion mechanism comprising a first motion conversion
mechanism that is connected to the piston and moves the
piston in a reciprocating motion in directions substantially
parallel to the axial direction of the intermediate shaft;
and

a plurality of types of anti-vibration mechanism
accommodated in the casing.

2. The electrical power tool as claimed in claim 1,
wherein the plurality of anti-vibration mechanisms comprises
a compulsive anti-vibration mechanism and a passive anti-
vibration mechanism.

3. The electrical power tool as claimed in claim 2,
wherein the compulsive anti-vibration mechanism includes a

first counterweight capable of reciprocating in directions

. substantially parallel to the axial direction of the

intermediate shaft in opposite phase to and in interlocking

relation to the reciprocating motion of the piston, and
wherein the passive anti-vibration mechanism includes

a second counterweight capable ‘of reciprocating in

directions of the reciprocating motion of the piston due to
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a vibration applied to the motor and the casing.

4. The electrical power tool as claimed in claim 3,
wherein the counterweight has a mass substantially the same
as that of the piston.

5. The electrical power tool as claimed in claim 3,
wherein the motion conversion mechanism further comprises a
second motion conversion mechanism,

wherein the first counterweight 1s connected to the
second motion conversion mechanism so as to be capable of
reciprocating in opposite phase to the reciprocating motion
of the piston.

6. The electrical power tool as claimed in claim 5,
wherein the first motion conversion mechanism has a
configuration substantially the same as that of the second
motion conversion mechanism.

7. The electrical power tool as claimed in claim 3,
wherein each of the first counterweight and the piston has a
center of gravity, the first motion conversion mechanism and
the second motion conversion mechanism being aligned along a
straight line parallel to a straight line connecting the
centers of gravity of the first counterweight and the piston.

| 8. The electrical power tool as claimed in claim 3,
wherein each of the first counterweight and the piston has a
center of gravity positioned on a straight line parallel to
the axial direction of the intermediate shaft.

9. The electrical power tool as claimed in claim 3,
wherein the first motion conversion mechanism has a first
end part that is capable of pivoting reciprocatingly along
the axial direction of the intermediate shaft, and a second
end part located at a position opposite to the first end
part with respect to the intermediate shaft;

wherein the piston is connected to the first end part
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so as to be capable of reciprocating; and

wherein the first counterweight is connected to the
second end part so as to be capable of reciprocating.

10. The electrical power tool as claimed in claim 9,
wherein the piston, the first counterweight, the first end
part, and the second end part provide a sum of momentums
which 1s approximately O when the piston, the first
counterweight, the first end part, and the second end part
reclprocate.

11. The electrical power tool as claimed in claim 3,
wherein the passive anti-vibration mechanism has a neutral
position in non-operational phase of the motor, wherein the
passive anti-vibration mechanism further comprises an
elastically deforming member configured to bias the second
counterweight to return to the neutral position.

12. The electrical power tool as claimed in claim 11,
wherein the casing comprises a motor casing accommodating
the motor, and a gear casing accommodating the piston, the
intermediate shaft, the motion conversion mechanism, and the
first counterweight; and

the passive anti-vibration mechanism is disposed
between the motor casing and the gear casing.

13. The electrical power tool as claimed in claim 11,
wherein the casing has an outer periphery, the anti-
vibration mechanism being provided on the outer periphery of
the casing.

14. The electrical power tool as claimed in claim 13,
wherein the ©passive anti-vibration mechanism further
comprises a holding casing connected to the outer periphery
of the casing, the elastically deforming member disposea
inside the holding casing and extending in a direction

parallel to the axial direction of the intermediate shaft,



10

WO 2008/010467

27

the second counterweight being disposed inside the holding
casing and is supported by the elastically deforming member.

15. The electrical power tool as claimed in claim 11,
wherein the ©passive anti-vibration mechanism further
comprises a holding member connected to the casing, the
elastically deforming member extending from the holding
member in a direction substantially orthogonal to the axial
direction of the intermediate shaft, the second
counterweight being attached to the elastically deforming

member.

PCT/JP2007/064037
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