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IMPACT ROTARY TOOL

An object of the present disclosure is to contrib-

ute to reducing the dimension of a tool along the axis of
a drive shaft thereof. An impact rotary tool (1) includes a
drive shaft (4), a speed reducer mechanism (5), an output
shaft (13), a hammer (11), a spring (12), and a bearing
member (6). The speed reducer mechanism (5) transmits
rotational force of a shaft of a motor (31) to the drive shaft
(4). The output shaft (13) receives rotational force from
the drive shaft (4) and transmits the rotational force to a
tip tool (B1). The hammer (11) is supported rotatably by
the drive shaft (4) and strikes the output shaft (13). The
spring (12) biases the hammer (11) toward the output
shaft (13). The bearing member (6) supports the drive
shaft (4) rotatably. The bearing member (6) is disposed
closer to the output shaft (13) than the speed reducer
mechanism (5) is along an axis (A1) of the drive shaft (4).
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Description
Technical Field

[0001] The present disclosure generally relates to an
impact rotary tool and more particularly relates to an im-
pact rotary tool for generating impact torque.

Background Art

[0002] Patent Literature 1 discloses an impact rotary
tool. The impact rotary tool includes an impact mecha-
nism section. The impact mechanism section includes:
a drive shaft connected to a motor via a speed reducer;
an anvil; a hammer to strike the anvil; and a hammer
spring to bias the hammer toward the anvil. The shaft
portion of the drive shaft has its rear end held by a bear-
ing, which is fixed in a case that houses the speed re-
ducer, and has its front end held rotatably by a rear hole
provided through the anvil.

Citation List

Patent Literature

Patent Literature 1: JP 2009-172732 A
Summary of Invention

[0003] There has been an increasing demand for fur-
ther reducing the size of an impact rotary tool. Among
other things, a demand for reducing the dimension of the
tool along the axis of the drive shaft thereof has been on
the rise.

[0004] In view of the foregoing background, it is there-
fore an object of the present disclosure to provide an
impact rotary tool that would contribute to reducing the
dimension of the tool along the axis of the drive shaft
thereof.

[0005] An impact rotary tool according to an aspect of
the present disclosure includes a drive shaft, a speed
reducer mechanism, an output shaft,ahammer, a spring,
and a bearing member. The speed reducer mechanism
transmits rotational force of a shaft of a motor to the drive
shaft. The output shaft receives rotational force from the
drive shaft and transmits the rotational force to a tip tool.
The hammer is supported rotatably by the drive shaft and
strikes the output shaft. The spring biases the hammer
toward the output shaft. The bearing member supports
the drive shaft rotatably. The bearingmember is disposed
closer to the output shaft than the speed reducer mech-
anism is along an axis of the drive shaft.

Brief Description of Drawings
[0006]

FIG. 1 is a cross-sectional view of a main part of an
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impact rotary tool according to an exemplary embod-
iment;

FIG. 2 is a view illustrating the appearance of the
impact rotary tool;

FIG. 3 a partially cutaway view illustrating the ap-
pearance of a main part of the impact rotary tool;
FIG. 4 is an exploded perspective view illustrating a
drive shaft, an increased diameter portion, an ex-
tended portion, and a bearing member of the impact
rotary tool;

FIG.5is a perspective view illustrating the drive shaft
and increased diameter portion of the impact rotary
tool;

FIG. 6A is a perspective view illustrating a main part
of the impact rotary tool as viewed obliquely from in
front of the impact rotary tool; and

FIG. 6B is a perspective view illustrating the main
part of the impactrotary tool as viewed obliquely from
behind the impact rotary tool.

Description of Embodiments
(1) Overview

[0007] The drawings to be referred to in the following
description of embodiments are all schematic represen-
tations. Thus, the ratio of the dimensions (including thick-
nesses) of respective constituent elements illustrated on
the drawings does not always reflect their actual dimen-
sional ratio.

[0008] As shown in FIG. 1, an impact rotary tool 1 ac-
cording to an exemplary embodiment includes a drive
shaft 4, a speed reducer mechanism 5, an output shaft
13, a hammer 11, a spring 12, and a bearing member 6.
[0009] The speed reducer mechanism 5 transmits the
rotational force of the shaft (rotary shaft 310) of a motor
31 to the drive shaft 4. In this embodiment, the speed
reducer mechanism 5 is a planetary gear mechanism
and transforms the rotational velocity and torque of the
rotary shaft 310 of the motor 31 into a rotational velocity
and torque required for the operation of turning a screw.
[0010] The output shaft 13 receives rotational force
from the drive shaft 4 and transmits the rotational force
to a tip tool B 1. The hammer 11 is supported rotatably
by the drive shaft 4 and strikes the output shaft 13. Spe-
cifically, the hammer 11 strikes an impact receiver 14
(i.e., anvil) of the output shaft 13 as the drive shaft 4
rotates. The spring 12 biases the hammer 11 toward the
output shaft 13. The bearing member 6 supports the drive
shaft 4 rotatably. In this embodiment, the bearing mem-
ber 6 is a bearing C1, for instance. In this embodiment,
the bearing member 6 is disposed closer to the output
shaft 13 than the speed reducer mechanism 5 is along
an axis A1 of the drive shaft 4 as shown in FIG. 1.
[0011] According to this configuration, the bearing
member 6 is disposed closer to the output shaft 13 than
the speed reducer mechanism 5 is, and therefore, there
is no need to leave a space for disposing the bearing
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member 6 on an opposite side from the output shaft 13
with respect to the speed reducer mechanism 5. This
contributes to reducing the dimension of the tool along
the axis A1 of the drive shaft 4.

(2) Details
(2.1) Overall configuration

[0012] Next, an overall configuration of an impact ro-
tary tool 1 according to this embodiment will be described
in detail.

[0013] In the following description, an exemplary em-
bodiment will be described with the three axes that inter-
sect with each other at right angles (namely, an X-axis,
a Y-axis, and a Z-axis) defined as shown in FIGS. 1-4.
Specifically, in the exemplary embodiment to be de-
scribed below, an axis aligned with the axis A1 (refer to
FIG. 1) of the drive shaft 4 of the impact rotary tool 1 is
herein defined to be the "X-axis." Also, an axis aligned
with an arrangement direction of a barrel 21 and a base
23 of a housing 2 (to be described later) of the impact
rotary tool 1 is herein defined to be the "Y-axis." In the
following description, the direction aligned with the X-axis
will be hereinafter simply referred to as a "forward/back-
ward direction." The negative side of the X-axis will be
hereinafter referred to as "forward" and the positive side
of the X-axis will be hereinafter referred to as "backward."
Also, the direction aligned with the Y-axis will be herein-
after simply referred to as an "upward/downward direc-
tion." The positive side of the Y-axis will be hereinafter
referred to as "upward" and the negative side of the Y-
axis will be hereinafter referred to as "downward."
[0014] Note that the X-, Y-, and Z-axes are all virtual
axes and the arrows indicating these X-, Y-, and Z-axes
on the drawings are just shown there as an assistant to
description and are insubstantial ones. It should also be
noted that these directions do not define the direction in
which the impact rotary tool 1 is supposed to be used.
[0015] The impact rotary tool 1 is a portable electric
tool which may be gripped by the user with one of his or
herhands. The impactrotary tool 1 includes a motor block
3 (refer to FIG. 3), a drive block 10 (transmission mech-
anism; refer to FIGS. 1 and 3), and the housing 2 (refer
to FIG. 2). The drive block 10 transmits the rotational
force of the rotary shaft 310 (refer to FIG. 1) of the motor
31 in the motor block 3 to the tip tool B1. The housing 2
houses the motor block 3 and the drive block 10.
[0016] Theimpactrotarytool1 furtherincludesaholder
7 (socket attachment; refer to FIGS. 1-3) to hold thereon
a bit (such as a screwdriver bit) serving as the tip tool
B1. The tip tool B1 is attached removably onto the holder
7. The drive block 10 drives the tip tool B1 using the
rotational force generated by the motor 31. The drive
block 10 according to this embodiment includes an im-
pact mechanism IM1 (refer to FIG. 1). Note that the drive
block 10 will be described in detail in the next section.
[0017] The impact rotary tool 1 according to this em-
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bodimentmay be animpact screwdriver allowing the user
to perform the work of fastening a screw B2 (refer to FIG.
2) with the impacting force applied by the impact mech-
anism IM1.

[0018] A rechargeable battery pack 9 (refer to FIG. 2)
is attached removably to the impact rotary tool 1. The
impact rotary tool 1 is powered by the battery pack 9. In
this embodiment, the battery pack 9 is not a constituent
element of the impact rotary tool 1. However, this is only
an example and should not be construed as limiting. Al-
ternatively, the impact rotary tool 1 may include the bat-
tery pack 9 as a constituent element. The battery pack 9
includes an assembled battery formed by connecting a
plurality of secondary batteries (such as lithium-ion bat-
teries) in series, and a battery pack case 90 that houses
the assembled battery. The battery pack 9 includes a
communications connector for transmitting battery infor-
mation about the battery pack 9. Examples of the battery
information include various pieces of information about
the temperature, battery level, rated voltage, rated ca-
pacity, and number of times of charging.

[0019] As shown in FIG. 2, the housing 2 includes the
barrel 21, a grip 22, and the base 23. The barrel 21 has
the shape of a hollow cylinder. The grip 22 protrudes, in
one direction (downward) aligned with the radius of the
barrel 21, from an outer peripheral surface of the barrel
21.The grip 22 is formed in the shape of a hollow cylinder
elongated in the one direction. The internal space of the
grip 22 communicates with the internal space of the barrel
21. The barrel 21 is connected to one longitudinal end
(i.e., upper end) of the grip 22 and the base 23 is con-
nected to the other longitudinal end (i.e., the lower end)
of the grip 22. The battery pack 9 is attached removably
to the base 23.

[0020] As showninFIG. 2, the impact rotary tool 1 fur-
ther includes a switch circuit module 81, an operating
member 82, a forward/reverse switch 83, and a control
circuit module 84.

[0021] The switch circuit module 81 is disposed in the
internal space of the grip 22. The switch circuit module
81 is electrically connected to the control circuit module
84. The control circuitmodule 84 is housed in the base 23.
[0022] The switch circuit module 81 includes a main
switch. The main switch is used to open or close a power
supply path for supplying power from the battery pack 9
to the motor 31. The operating member 82 is a trigger
lever to be operated by the user of the impact rotary tool
1 with one of his or her fingers. The operating member
82 is operatively coupled to the switch circuit module 81.
The operating member 82 is pulled toward the grip 22
when operated by the user with one of his or her fingers.
[0023] The switch circuit module 81 turns the main
switch OFF when the operating member 82 is pulled to
a depth equal to or less than a predetermined value but
turns the main switch ON when the operating member
82 is pulled to a depth greater than the predetermined
value. This allows the switch circuit module 81 to selec-
tively supply or cut off power from the battery pack 9 to
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the motor 31. In addition, when the operating member
82 is pulled to a depth greater than the predetermined
value, the switch circuit module 81 also transmits an op-
erating signal, corresponding to the depth of the operat-
ing member 82 pulled, to the control circuit module 84.
This causes the magnitude of the power supplied to the
motor 31 to be varied according to the depth to which the
operating member 82 has been pulled, thus changing
the rotational velocity of the rotary shaft 310 of the motor
31.

[0024] In addition, the switch circuit module 81 is also
connected to the forward/reverse switch 83. The for-
ward/reverse switch 83 is a direction switch allowing the
user to change the rotational direction of the rotary shaft
310 of the motor 31. The forward/reverse switch 83 is
providedin the vicinity of the boundary between the barrel
21 and the grip 22.

[0025] The control circuit module 84 is connected to
the switch circuit module 81 and the motor 31. With the
battery pack 9 attached to the impact rotary tool 1, the
control circuit module 84 is connected to a pair of power
terminals and a communications connector of the battery
pack 9. This allows the control circuit module 84 to be
supplied with power from the battery pack 9 via the pair
of power terminals. In addition, the control circuit module
84 acquires the battery information from the battery pack
9 via the communications connector. Furthermore, the
control circuit module 84 controls the motor 31 in accord-
ance with the operating signal supplied from the switch
circuit module 81. More specifically, the control circuit
module 84 controls the rotational velocity, rotational di-
rection, and other parameters of the rotary shaft 310 of
the motor 31.

[0026] The motor block 3 is housed in the internal
space of the barrel 21 of the housing 2 to be located on
the positive side of the X-axis. The motor block 3 is fixed
tothe housing 2. The barrel 21 has a plurality of ventilation
holes 211, 212 (refer to FIG. 2) around the motor block 3.
[0027] As shownin FIG. 3, the motor block 3 includes
the motor 31, a fan 32, and a driver circuit module 33.
[0028] The motor 31 is a brushless motor. The motor
31 includes a motor body 311 (refer to FIG. 3) and the
rotary shaft 310 (refer to FIG. 1) held rotatably by the
motor body 311.

[0029] The fan 32 has a plurality of blades. The fan 32
is coupled to the rotary shaft 310 of the motor 31. This
allows the fan 32 to turn along with the rotary shaft 310
of the motor 31.

[0030] The driver circuit module 33 is controlled by the
control circuit module 84 to drive the motor 31. The driver
circuit module 33 includes a circuit board, a plurality of
transistors mounted on the circuit board, and an encap-
sulantthat encapsulates the circuitboard and the plurality
of transistors together.

[0031] Therotaryshaft310 ofthe motor 31 is supported
by the drive block 10. The rotational force (driving force)
generated by a rotor of the motor body 311 is transmitted
from the rotary shaft 310 to the drive block 10.
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(2.2) Drive block

[0032] Next, the drive block 10 will be described in de-
tail. The drive block 10 is housed in the internal space of
the barrel 21 of the housing 2 to be located on the neg-
ative side of the X-axis with respect to the motor block 3.
[0033] AsshowninFIG. 1, the drive block 10 includes
the drive shaft 4, the speed reducer mechanism 5, the
bearing member 6, the hammer 11, the spring 12, the
output shaft 13, a case 15, two steel spheres 16, and a
tip-side bearing member 17.

[0034] The output shaft 13 is configured to receive the
rotational force of the drive shaft 4 and transmit the ro-
tational force to the tip tool B1. The output shaft 13 is
disposed in front of the drive shaft 4 (i.e., provided on the
negative side of the X-axis with respect to the drive shaft
4) to have the center axis thereof substantially aligned
with the center axis of the drive shaft 4. As shown in FIG.
1, the output shaft 13 is formed such that a spindle 13A
and an impact receiver 14 (anvil) are continuous and in-
tegral with each other. In the impact rotary tool 1, the tip
of the spindle 13A also serves as a part of the holder 7,
thus allowing the tip tool B1 to be fixed on the tip of the
spindle 13A.

[0035] The tip-side bearing member 17 is configured
as a bearing. The spindle 13A is supported rotatably by
the tip-side bearing member 17. The outer peripheral sur-
face of the spindle 13A has a groove to which an O-ring
G1 is fitted. The spindle 13A is held stably by an inner
ring of the tip-side bearing member 17 via the O-ring G1.
In addition, the spindle 13A is also coupled to the drive
shaft4. Thus, the spindle 13A rotates along with the drive
shaft 4. Note that the drive shaft 4 is supported rotatably
by the bearing member 6 (to be described later).

[0036] The rotary shaft 310 of the motor 31 is coupled
to the speed reducer mechanism 5. The rotational force
of the rotary shaft 310 of the motor 31 is transmitted to
the drive shaft 4 via the speed reducer mechanism 5. In
the drive block 10, the impact mechanism IM1 is formed
by the drive shaft 4, the hammer 11, the spring 12, the
output shaft 13, and the two steel spheres 16. The rota-
tional force of the rotary shaft 310 of the motor 31 is trans-
mitted by the impact mechanism IM1 to the spindle 13A
of the output shaft 13.

[0037] The speed reducer mechanism 5 transmits the
rotational force of the rotary shaft 310 of the motor 31 to
the drive shaft 4. Specifically, the speed reducer mech-
anism 5 is a planetary gear mechanism for transforming
the rotational velocity and torque of the rotary shaft 310
of the motor 31 into a rotational velocity and torque re-
quired for performing the operation of turning a screw.
The speed reducer mechanism 5 includes a ring gear
51, a sun gear 52, and three planetary gears 53. As
shown in FIG. 1, the sun gear 52 is formed continuously
and integrally with the rotary shaft 310 of the motor 31.
The three planetary gears 53 mesh with the sun gear 52
outside of the sun gear 52. As shown in FIG. 6B, the ring
gear 51 meshes with, and supports, the three planetary
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gears 53.

[0038] The hammer 11 is supported rotatably by the
drive shaft 4 and strikes the impact receiver 14 of the
output shaft 13. The hammer 11 includes a substantially
circular columnar hammer body 110, which is com-
pressed in the X-axis direction as a whole. The hammer
body 110 has a through hole 1 1 1 to pass the drive shaft
4 therethrough in the X-axis direction. The hammer body
110 has a groove 112 on an inner peripheral surface of
the through hole 111. The two steel spheres 16 are in-
terposed between the groove 112 and a groove 43 pro-
vided on the outer peripheral surface of the body 40 of
the drive shaft 4.

[0039] The groove 112, the groove 43, and the two
steel spheres 16 together form a cam mechanism. As
the two spheres 16 roll inside the groove 43, the hammer
11 is not only movable along the axis A1 of the drive shaft
4, but also rotatable, with respect to the drive shaft 4. In
the drive block 10, as the hammer 11 rotates with respect
to the drive shaft 4, the hammer 11 moves along the axis
A1 of the drive shaft 4 either toward the spindle 13A of
the output shaft 13 (i.e., moves forward) or away from
the spindle 13A of the output shaft 13 (i.e., moves back-
ward) according to the angle of the rotation of the hammer
11.

[0040] Note that a lubricant is applied to, for example,
the speed reducer mechanism 5 and other members.
The lubricant is used to reduce the friction and abrasion,
for example, of the drive block 10. The lubricant has elec-
trical insulation properties. The lubricant may be a syn-
thetic hydrocarbon oil grease, for example.

[0041] As shown in FIGS. 1, 4, 6A, and 6B, the drive
shaft4 includes a body 40, an increased diameter portion
41, and an extended portion 42.

[0042] The body 40 supports the hammer 11 rotatably.
The body 40 is formed in the shape of a circular column
having a longitudinal axis aligned with the X-axis direc-
tion. The body 40 may be a metallic part, for example.
The body 40 has an insert recess 400, which is provided
through an end surface thereof on the negative side of
the X-axis (i.e., afrontend surface) and which isrecessed
in the positive direction of the X-axis. A projection 130
(refer to FIG. 1) protruding backward from a rear end
surface of the output shaft 13 (i.e., a rear end surface of
the impact receiver 14) is inserted into the insert recess
400, thereby coupling the output shaft 13 to the drive
shaft 4. This allows the output shaft 13 to rotate along
with the drive shaft 4. In addition, the body 40 has the
groove 43 to allow the two steel spheres 16 to roll therein
as described above.

[0043] The increased diameter portion 41 is a part
which protrudes radially outward from the body 40 to po-
sition the spring 12 between the hammer 11 and the in-
creased diameter portion 41 itself. The center axis of the
increased diameter portion 41 is aligned with the center
axis of the body 40. The increased diameter portion 41
may be a metallic part, for example. Furthermore, in this
embodiment, the increased diameter portion 41 may be
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formed continuously and integrally with the body 40, for
example. In addition, the increased diameter portion 41
has a protrusion 411 (refer to FIGS. 1 and 4) which pro-
trudes outward along the radius thereof. The protrusion
411 may be a flange-shaped part.

[0044] Specifically, the increased diameter portion 41
includes a first part 41A, a second part 41B, and three
pillars 41C.

[0045] The first part 41A has a disklike shape when
viewed in the X-axis direction. A peripheral edge portion
415 (refer to FIG. 5) thereof protrudes in the negative
direction of the X-axis along the entire circumference
thereof. The first part 41A is a cuplike part as a whole.
In other words, the first part 41A has a backwardly de-
pressed, positioning recess 410 (refer to FIG. 4). The
first part 41A has the shape of a circle, centered around
the body 40, when viewed from the negative side of the
X-axis. In addition, the protrusion 411 described above
is provided for the first part 41A. That is to say, the pe-
ripheral edge portion 415 of the first part 41A, which pro-
trudes in the negative direction of the X-axis along the
entire circumference, has the shape of a flange protrud-
ing radially outward. The flange-shaped protruding por-
tion is the protrusion 411.

[0046] The first part 41A is formed continuously and
integrally with a rear end portion of the body 40 and pro-
trudes radially outward from the rear end portion of the
body 40. On the bottom of the positioning recess 410,
placed is an annular sheet member T1 (refer to FIGS. 1
and 6A). An end portion of the spring 12 on the positive
side of the X-axis is housed in the positioning recess 410
to be in contact with the front surface of the sheet member
T1. That is to say, the spring 12 applies biasing force to
the bottom of the first part 41A via the sheet member T1.
This allows the end portion of the spring 12 on the positive
side of the X-axis to be positioned stably with respect to
the drive shaft 4.

[0047] As shown in FIGS. 4 and 5, the first part 41A
has three shaft insert holes 412, which are provided
through the bottom thereof. The frontend portions of three
shafts 530 (refer to FIG. 6B) of the three planetary gears
53 are respectively inserted into the three shaft insert
holes 412. The sheet member T1 is disposed to cover
the three shaft insert holes 412 from the negative side of
the X-axis. The sheet member T1 may be made of felt,
for example. The sheet member T1 catches the lubricant
applied to the speed reducer mechanism 5 and substan-
tially prevents the lubricant from flowing outside of the
speed reducer mechanism 5. In addition, the sheet mem-
ber T1 reduces the chances of the shafts 530 coming
into contact with, and scratching, surrounding parts
thereof while the planetary gear 53 is turning.

[0048] In addition, on the bottom of the positioning re-
cess 410, an annular elastic member S1 and an annular
sheetmember S2, covering the front surface of the elastic
member S1, are arranged inside the sheet member T1
as shown in FIG. 1. If the hammer 11 moved in the pos-
itive direction of the X-axis by overcoming the elastic
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force applied by the spring 12, then the rear end portion
of the hammer 11 would come into contact with the sheet
member S2, thus allowing the elastic member S1 to ab-
sorb the shock.

[0049] The second part41B is a disklike part, of which
the thickness is aligned with the X-axis direction. The
second part 41B is disposed such that its front surface
faces the rear surface of the first part 41A. The three
pillars 41C are parts that couple the first part 41A and
the second part 41B to each other with a predetermined
gap distance left between the first part 41A and the sec-
ond part 41B. That is to say, the first part 41A is formed
continuously and integrally with the second part 41B via
the three pillars 41C. The three planetary gears 53 are
housed in a gap SP1 (refer to FIG. 5) surrounded with
the first part 41A and the second part 41B. Note that the
three planetary gears 53 are housed in the gap SP1 with
their outer peripheral portion partially sticking out of the
gap SP1 to allow the three planetary gears 53 to mesh
with the ring gear 51. The gap SP1 is divided by the three
pillars 41C approximately evenly into three spaces in
which the three planetary gears 53 are respectively
housed.

[0050] The second part 41B has three shaft insert
holes 413 (refer to FIG. 5), which are provided through
the second part 41B to respective face one to one the
three shaft insert holes 412 of the first part 41A in the X-
axis direction. The respective rear end portions of the
three shafts 530 of the three planetary gears 53 are in-
serted into the three shaft insert holes 413.

[0051] Thus, the three planetary gears 53 are support-
ed rotatably by the increased diameter portion 41 by hav-
ing the three shafts 530 thereof inserted into the three
shaft insert holes 412 of the first part 41A and the three
shaft insert holes 413 of the second part 41B.

[0052] As shown in FIG. 5, the second part 41B has
aninsert hole 414 as a center hole thereof. Also, the body
40 formed continuously and integrally with the first part
41A has an undercut recess 401, which is provided
through a central area of the rear end surface thereof to
face the insert hole 414, as shown in FIG. 5. The rotary
shaft 310 of the motor 31 is inserted and passed through
the insert hole 414. In addition, the sun gear 52, formed
continuously and integrally with the rotary shaft 310, has
a tip portion thereof inserted into the undercut recess 401
without contacting with the inner peripheral surface there-
of, while meshing with the three planetary gears 53.
[0053] Note that an annular sheet member (made of
felt, for example), covering the three shaft insert holes
413 from the positive side of the X-axis, is also disposed
on the rear surface of the second part 41B. The annular
sheet member as well as the sheet member T1, substan-
tially prevents the lubricant from flowing out of the speed
reducer mechanism 5. In addition, the annular sheet
member also reduces the chances of the shafts 530 com-
ing into contact with, and scratching, surrounding parts
thereof while the planetary gears 53 are turning.

[0054] Theextended portion42isanannularpart. Spe-
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cifically, the extended portion 42 has the shape of a cir-
cular cylinder, which is compressed in the X-axis direc-
tion and of which both ends are opened. The extended
portion 42 may be a metallic part, for example. The ex-
tended portion 42 is provided separately from at least the
body 40. In this embodiment, the increased diameter por-
tion 41 is formed continuously and integrally with the body
40. Thus, the extended portion 42 is provided separately
from both the body 40 and the increased diameter portion
41. The body 40 and the increased diameter portion 41
are fitted and fixed into the extended portion 42 from the
negative side of the X-axis (i.e., from in front of the ex-
tended portion 42). In this case, the first part 41A is in-
serted to reach the rear opening of the extended portion
42 and fixed there to close the rear opening. Meanwhile,
the second part 41B, the three pillars 41C, and the three
planetary gears 53 housed in the gap SP1 are arranged
behind the rear opening of the extended portion 42. In
such a state, the three planetary gears 53 mesh with the
ring gear 51. As a result, the extended portion 42 is ex-
tended from the edge portion of the increased diameter
portion 41 toward the hammer 11 as shown in FIG. 1.
The center axis of the extended portion 42 is aligned with
the center axis of the body 40.

[0055] The extended portion 42 is fitted and fixed into
the bearing member 6. In this embodiment, the bearing
member 6 is configured as a bearing C1 as will be de-
scribed later. Thus, the extended portion 42 is disposed
inside the inner ring 61 of the bearing C1 and supported
by the bearing C1 to rotate along with the inner ring 61
as shown in FIGS. 1, 6A, and 6B. Thus, the body 40 is
supported rotatably by the bearing member 6 via the in-
creased diameter portion 41 and the extended portion 42.
[0056] As the sun gear 52, which is continuous and
integrated with the rotary shaft 310 of the motor 31, turns,
the three planetary gears 53 also turn inside the ring gear
51 along the circumference of the ring gear 51. As a re-
sult, the body 40, the increased diameter portion 41, and
the extended portion 42 rotate along with each other.
[0057] AsshowninFIGS. 1and4,the extended portion
42 has an outer projection 421, which protrudes outward
along the radius thereof. The outer projection 421 is a
flange-shaped part. Specifically, the outer projection 421
protrudes outward from the front peripheral edge portion
of the extended portion 42 along the entire circumference
thereof. In addition, the extended portion 42 is positioned
by hooking the outer projection 421 onto the end surface
610, facing the output shaft 13, of the inner ring 61 from
one side where the output shaft 13 is located (i.e., from
in front of the extended portion 42). This makes it easier
to regulate the movement of the extended portion 42
away from the output shaft 13 (i.e., its backward move-
ment) with respect to the bearing member 6.

[0058] In addition, the extended portion 42 also has an
inner projection 422, which protrudes inward along the
radius thereof, as shown in FIGS. 1 and 4. Specifically,
the inner projection 422 protrudes inward from the rear
peripheral edge portion of the extended portion 42 along
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the entire circumference thereof. The increased diameter
portion 41 is positioned by hooking the protrusion 411
onto the inner projection 422 from the side where output
shaft 13 is located (i.e., from in front of the extended
portion 42). This makes it easier to regulate the move-
ment of the increased diameter portion 41 away from the
output shaft 13 (i.e., its backward movement) with re-
spect to the extended portion 42.

[0059] The bearing member 6 supports the drive shaft
4 rotatably. Particularly, the bearing member 6 supports
the drive shaft 4 rotatably in contact with the extended
portion 42. In this embodiment, the bearing member 6 is
disposed closer to the output shaft 13 than the speed
reducer mechanism 5 is along the axis A1 of the drive
shaft 4. In this embodiment, the bearing member 6 is
configured as the bearing C1. As shown in FIGS. 1, 4,
and 6B, the bearing member 6 includes the innerring 61,
an outerring 62, and a plurality of rolling elements (balls)
63 held between the inner ring 61 and the outer ring 62.
Note thatin the example illustrated in FIGS. 1,4, and 6B,
illustration of a holder for holding the plurality of rolling
elements 63 between the inner ring 61 and the outer ring
62 is omitted.

[0060] The bearing member 6 supports the drive shaft
4 rotatably with at least a part of the spring 12 (e.g., an
end portion thereof on the positive side of the X-axis in
this example) disposed inside the bearing member 6. In
other words, the bearing member 6 is arranged outside
of the spring 12 to surround the spring 12 with its inner
ring 61.

[0061] In addition, the bearing member 6 is interposed
between the hammer 11 and the speed reducer mecha-
nism 5 along the axis A1 of the drive shaft 4.

[0062] The spring 12 biases the hammer 11 toward the
output shaft 13. Specifically, the spring 12 is configured
as a conical coil spring, of which the diameter slightly
decreases in the positive direction of the X-axis. With the
body 40 of the drive shaft 4 inserted and passed there-
through, the spring 12 is interposed between the hammer
11 and the increased diameter portion 41 of the drive
shaft 4.

[0063] AsshowninFIG. 1, the impact mechanism IM1
further includes a plurality of steel spheres 18 (only two
of which are shown in FIG. 1) and a ring member 19, all
of which are interposed between the hammer 11 and the
spring 12. The hammer body 110 has, on end surface
thereof on the positive side of the X-axis (i.e., on a rear
end surface), a recess 113 to house an end portion of
the spring 12 on the negative side of the X-axis (refer to
FIG. 1). The recess 113 is an annular recess which is
depressed in the negative direction of the X-axis when
viewed from the positive side of the X-axis. The plurality
of steel spheres 18 are arranged inside the annular re-
cess 113 along the circumference thereof. In addition,
the ring member 19 is further arranged inside the recess
113 to cover the plurality of steel spheres 18 from behind
the steel spheres 18. The end portion of the spring 12 on
the negative side of the X-axis is housed in the recess
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113 while biasing the ring member 19 forward. This
makes the hammer 11 rotatable with respect to the spring
12. The hammer 11 receives the biasing force applied
from the spring 12 toward the impact receiver 14 of the
output shaft 13 in the direction aligned with the axis A1
of the drive shaft 4.

[0064] The case 15 houses the drive shaft4, the speed
reducer mechanism 5, the bearing member 6, the ham-
mer 11, the spring 12, the output shaft 13, the two steel
spheres 16, and other members inside. The case 15 has
substantially the same shape as an end portion of the
barrel 21 of the housing 2 on the negative side of the X-
axis (i.e., a frontend portion of the barrel 21). The case
15 is formed in a slightly smaller size than the frontend
portion of the barrel 21 so that the case 15 is fitted into
the frontend portion of the barrel 21 with almost no gap
left between the case 15 and the barrel 21.

[0065] AsshowninFIG. 1,thecase 15includesacover
15A and an attachment base 15B.

[0066] The cover 15A may be made of an alloy, for
example. The cover 15A has the shape of a cylinder,
both ends of which in the X-axis direction are opened.
As shown in FIG. 1, the cover 15A has a first opening
151 (as a front opening) and a second opening 152 (as
a rear opening) at both ends thereof in the X-axis direc-
tion. The cover 15A is formed to have its diameter grad-
ually decreased from a middle in the X-axis direction to-
ward the first opening 151 such that the shorter the dis-
tance to the first opening 151 is, the smaller the diameter
of the cover 15A is. The aperture area of the first opening
151 is smaller than the aperture area of the second open-
ing 152.

[0067] The cover 15A houses the hammer 11 to sur-
round the hammer 11 entirely. In addition, the cover 15A
also houses the drive shaft 4 and the spring 12 to sur-
round the drive shaft 4 and the spring 12 entirely. Fur-
thermore, the cover 15A also houses the output shaft 13
to surround the output shaft 13 with a part of the output
shaft 13 (i.e., its tip on the negative side of the X-axis)
sticking out of the first opening 151.

[0068] The attachment base 15B has electrical insula-
tion properties. The attachment base 15B may be made
of a synthetic resin, for example. The attachment base
15B substantially has the shape of a circular cylinder
which is compressed in the X-axis direction as a whole.
One end portion of the attachment base 15B on the neg-
ative side of the X-axis is opened. A bottom portion 153
(refer to FIG. 1) of the attachment base 15B has a shaft
hole 154, which penetrates through the bottom portion
153 in the X-axis direction. The rotary shaft 310 of the
motor 31is disposed with its tip portion protruding through
the shaft hole 154 from the bottom portion 153 toward
the negative side of the X-axis.

[0069] The attachment base 15B has an inner periph-
eral surface, of which the inside diameter decreases
stepwise toward the bottom portion 153. Such a stepwise
inner peripheral surface defines a first housing portion
H1 and a second housing portion H2, of which the inside
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diameter is smaller than that of the first housing portion
H1. In other words, the attachment base 15B includes
the first housing portion H1 and the second housing por-
tion H2 inside.

[0070] The first housing portion H1 is configured to
house the bearing member 6. The second housing por-
tion H2 is configured to house the speed reducer mech-
anism 5. The first housing portion H1 is a spatial region,
which is defined inside the attachment base 15B closer
to the opening thereof. The second housing portion H2
is a spatial region, which is defined inside the attachment
base 15B closer to the bottom portion 153. That is to say,
the first housing portion H1, the second housing portion
H2, and the bottom portion 153 are arranged side by side
in this order in the positive direction of the X-axis.
[0071] The attachment base 15B holds the ring gear
51 of the speed reducer mechanism 5in the second hous-
ing portion H2. The ring gear 51 may be insert-molded
with respect to the attachment base 15B, for example.
That is to say, the ring gear 51 is fixed to the attachment
base 15B.

[0072] The attachment base 15B also holds the bear-
ing member 6 in the first housing portion H1. The bearing
member 6 is arranged such that an end portion thereof
on the negative side of the X-axis slightly protrudes in
the negative direction of the X-axis with respect to the
first housing portion H1 (refer to FIG. 1). The protruding
portion of the bearing member 6 is held by the cover 15A.
[0073] Specifically, the cover 15A is formed such that
the inside diameter of the inner peripheral surface thereof
adjacent to the second opening 152 (i.e., the rear open-
ing) decreases stepwise toward the front end thereof. In
other words, the cover 15A has, on its inner peripheral
surface adjacentto the second opening 152, afirstrecess
R1 and a second recess R2, of which the inside diameter
is larger than the inside diameter of the first recess R1.
The second recess R2 is located on the positive side of
the X-axis with respect to the first recess R1.

[0074] The cover 15A is assembled onto the attach-
ment base 15B by fitting an outer peripheral wall W1 of
the attachmentbase 15B (refer to FIG. 1) into the second
recess R2. The outer peripheral surface of the outer pe-
ripheral wall W1 has a groove, into which an O-ring G2
is fitted. Providing the O-ring G2 allows the cover 15A to
be assembled with good stability onto the attachment
base 15B while reducing the chances of foreign matter
(such as powder dust or water) entering the case 15
through the gap between the outer peripheral wall W1
and the inner peripheral surface of the second recess R2.
[0075] In addition, the cover 15A and the attachment
base 15B hold the bearing member 6 to sandwich the
outer ring 62 of the bearing member 6 between the first
recess R1 and the first housing portion H1 as shown in
FIG. 1. Consequently, the bearing member 6 may be
positioned with good stability inside the case 15.
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(2.3) Advantages

[0076] In this embodiment, the bearing member 6 is
disposed closer to the output shaft 13 than the speed
reducer mechanism 5 is (i.e., disposed forward of the
speed reducer mechanism 5; stated otherwise, located
on the negative side of the X-axis with respect to the
speed reducer mechanism 5) as indicated by the virtual
line Y1 (one-dot chain) and the open arrows in FIG. 1.
Thus, there is no need to leave a space for disposing the
bearing member 6 on an opposite side from the output
shaft 13 with respect to the speed reducer mechanism 5
(i.e., behind the speed reducer mechanism 5; stated oth-
erwise, on the positive side of the X-axis with respect to
the speed reducer mechanism 5). In addition, this makes
it easier to dispose the bearing member 6 at the same
position as the spring 12 along the axis A1. This contrib-
utes to reducing the dimension of the tool along the axis
A1 of the drive shaft 4.

[0077] Particularly when work needs to be performed
above the ceiling or when a built-in kitchen, a toilet, or a
modular bath needs to be installed, for example, the
workspace tends to be relatively narrow. Thus, there has
been a significantly increasing demand, among installers
who often have to perform the work of fastening screws
using an impact rotary tool in such a narrow workspace,
for reducing the dimension of the tool along the axis of
the drive shaft. The impact rotary tool 1 according to this
embodiment adopts the above-described arrangement
and structure for the bearing member 6, thus reducing
the dimensions of the tool and thereby immensely con-
tributing to meeting such a demand.

[0078] In addition, according to this embodiment, the
bearing member 6 supports the drive shaft 4 rotatably
with at least a part of the spring 12 disposed inside the
bearing member 6. That is to say, the bearing member
6 is arranged outside of the spring 12 to surround the
spring 12. Thus, disposing the bearing member 6 in the
space surrounding the spring 12, which often tends to be
a vacant space in the drive block 10, enables making
effective use of the space surrounding the spring 12, thus
making it easier to reduce the dimension of the tool along
the axis A1. Furthermore, according to this embodiment,
the bearingmember 6 is interposed between the hammer
11 and the speed reducer mechanism 5 along the axis
A1 of the drive shaft 4, thus enabling making more effec-
tive use of the space surrounding the spring 12 and there-
by making it easier to reduce the dimension of the tool
along the axis A1.

[0079] Furthermore, the drive shaft4 includes the body
40, the increased diameter portion 41, and the extended
portion 42, thus making it easier to provide such a con-
figuration in which the bearing member 6 is disposed
closer to the output shaft 13 than the speed reducer
mechanism 5 is.

[0080] In particular, according to this embodiment, the
extended portion 42 is provided separately from the body
40, thus achieving the following advantage. Specifically,
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in the manufacturing process of an impact rotary tool 1,
the hammer 11 needs to be smoothly slid (moved with
thrusting force) with respect to the body 40 by subjecting
the surface of the body 40 to surface treatment (such as
polishing treatment). If the extended portion 42 and the
body 40 were formed continuously and integrally with
each other, then the extended portion 42 would impede
the surface treatment being conducted on the body 40.
In contrast, providing the extended portion 42 separately
from the body 40 as in this embodiment makes it easier
to conduct the surface treatment on the body 40, for ex-
ample.

[0081] In addition, according to this embodiment, the
extended portion 42 includes the flange-shaped outer
projection 421 and is positioned by hooking the outer
projection 421 onto the end surface 610 of the inner ring
61 from the front. Furthermore, the extended portion 42
includes the inner projection 422 and the increased di-
ameter portion 41 is positioned by hooking the flange-
shaped protrusion 411 onto the inner projection 422 from
in front of the extended portion 42.

[0082] In short, the two parts of the drive shaft 4, name-
ly, the increased diameter portion 41 formed continuously
and integrally with the body 40 and the extended portion
42, may be coupled to each other in this orderin the same
direction (in the backward direction) with respect to the
bearing member 6. This enables having the assembling
work done more efficiently during the manufacturing
process.

[0083] Furthermore, the two parts of the drive shaft 4,
namely, the increased diameter portion 41 formed con-
tinuously and integrally with the body 40 and the extend-
ed portion 42, are coupled to each other with their back-
ward movement regulated with respect to the bearing
member 6. While the work of fastening a screw is per-
formed using the impact rotary tool 1, the impact rotary
tool 1 receives a load applied in the positive direction of
the X-axis (i.e., in the backward direction) from the target
of the screw fastening work. In this respect, the impact
rotary tool 1 has a coupling structure for regulating the
backward movement of the increased diameter portion
41 and the extended portion 42, thus enabling providing
an exceptionally reliable tool.

(3) Variations

[0084] Note that the embodiment described above is
only an exemplary one of various embodiments of the
present disclosure and should not be construed as lim-
iting. Rather, the exemplary embodiment may be readily
modified in various manners depending on a design
choice or any other factor without departing from the
scope of the present disclosure.

[0085] Next, variations of the exemplary embodiment
will be enumerated one after another. In the following
description, the exemplary embodiment described above
will be hereinafter sometimes referred to as a "basic ex-
ample." Note that each of the variations to be described
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below may be adopted as appropriate in combination with
either the basic example or any other variation.

[0086] Inthe basic example described above, the body
40 and the increased diameter portion 41 are formed
continuously and integrally in the drive shaft 4. However,
this is only an example and should not be construed as
limiting. Alternatively, the body 40 and the increased di-
ameter portion 41 may be provided separately from each
other. For example, the increased diameter portion 41
and the extended portion 42 may be formed continuously
and integrally with each other but provided separately
from the body 40. Still alternatively, the body 40, the in-
creased diameter portion 41, and the extended portion
42 may be all formed continuously and integrally with
each other.

[0087] Inthebasic example described above, the outer
projection 421 of the extended portion 42 is formed along
the entire circumference of the peripheral edge portion
thereof. However, this is only an example and should not
be construed as limiting. Alternatively, a plurality of outer
projections 421 may be formed intermittently along the
circumference of the peripheral edge portion.

[0088] Likewise, in the basic example described
above, the inner projection 422 of the extended portion
42 is formed along the entire circumference of the pe-
ripheral edge portion thereof. However, this is only an
example and should not be construed as limiting. Alter-
natively, a plurality of inner projections 422 may be
formed intermittently along the circumference of the pe-
ripheral edge portion.

[0089] Likewise, in the basic example described
above, the protrusion 411 of the increased diameter por-
tion 41 is formed along the entire circumference of the
peripheral edge portion thereof. However, this is only an
example and should not be construed as limiting. Alter-
natively, a plurality of protrusions 411 may be formed
intermittently along the circumference of the peripheral
edge portion.

[0090] In the basic example described above, the im-
pactrotary tool 1 is an impact screwdriver as an example.
However, the impact rotary tool 1 does not have to be an
impact screwdriver but may also be an impact wrench,
for example.

(4) Recapitulation

[0091] As can be seen from the foregoing description,
an impact rotary tool (1) according to a first aspect in-
cludes a drive shaft (4), a speed reducer mechanism (5),
an output shaft (13), a hammer (11), a spring (12), and
a bearing member (6). The speed reducer mechanism
(5) transmits rotational force of a shaft (rotary shaft 310)
of a motor (31) to the drive shaft (4). The output shaft
(13) receives rotational force from the drive shaft (4) and
transmits the rotational force to a tip tool (B1). The ham-
mer (11) is supported rotatably by the drive shaft (4) and
strikes the output shaft (13). The spring (12) biases the
hammer (11) toward the output shaft (13). The bearing
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member (6) supports the drive shaft (4) rotatably. The
bearing member (6) is disposed closer to the output shaft
(13) than the speed reducer mechanism (5) is along an
axis (A1) of the drive shaft (4). According to the first as-
pect, the bearing member (6) is disposed closer to the
output shaft (13) than the speed reducer mechanism (5)
is, thus contributing to reducing the dimension of the tool
along the axis (A1) of the drive shaft (4).

[0092] In an impact rotary tool (1) according to a sec-
ond aspect, which may be implemented in conjunction
with the first aspect, the bearing member (6) supports
the drive shaft (4) rotatably with at least a part of the
spring (12) disposed inside the bearing member (6). The
second aspect makes it easier to reduce the dimensions
of the tool.

[0093] In an impact rotary tool (1) according to a third
aspect, which may be implemented in conjunction with
the first or second aspect, the bearing member (6) is in-
terposed between the hammer (11) and the speed re-
ducer mechanism (5) along the axis (A1) of the drive
shaft (4). The third aspect makes it easier to reduce the
dimensions of the tool.

[0094] In animpact rotary tool (1) according to a fourth
aspect, which may be implemented in conjunction with
any one of the first to third aspects, the drive shaft (4)
includes a body (40) supporting the hammer (11) rotat-
ably, an increased diameter portion (41), and an extend-
ed portion (42) having an annular shape. The increased
diameter portion (41) protrudes radially outward from the
body (40) and is arranged to position the spring (12) be-
tween the hammer (11) and the increased diameter por-
tion (41) itself. The extended portion (42) is extended
from an edge portion of the increased diameter portion
(41) toward the hammer (11). The bearing member (6)
is in contact with the extended portion (42) to support the
drive shaft (4) rotatably. The fourth aspect makesit easier
to provide an arrangement in which the bearing member
(6) is disposed closer to the output shaft (13) than the
speed reducer mechanism (5) is.

[0095] In an impact rotary tool (1) according to a fifth
aspect, which may be implemented in conjunction with
the fourth aspect, the increased diameter portion (41) is
provided continuously and integrally with the body (40).
The fifth aspect may reduce an increase in the number
of parts required.

[0096] In an impact rotary tool (1) according to a sixth
aspect, which may be implemented in conjunction with
the fourth or fifth aspect, the extended portion (42) is
provided separately from at least the body (40). The sixth
aspect makes it easier to conduct surface treatment
(such as polishing treatment) on the body (40), for ex-
ample, than in an arrangement in which the extended
portion (42) is formed continuously and integrally with
the body (40).

[0097] In an impact rotary tool (1) according to a sev-
enth aspect, which may be implemented in conjunction
with any one of the fourth to sixth aspects, the bearing
member (6) is configured as a bearing (C1). The extend-
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ed portion (42) is disposed inside an inner ring (61) of
the bearing (C1) and supported by the bearing (C1) to
rotate along with the inner ring (61). The seventh aspect
makes it easier to provide an arrangement in which the
bearing member (6) is disposed closer to the output shaft
(13) than the speed reducer mechanism (5) is.

[0098] In an impact rotary tool (1) according to an
eighth aspect, which may be implemented in conjunction
with the seventh aspect, the extended portion (42) in-
cludes anouter projection (421) protruding outward along
a radius thereof. The extended portion (42) is positioned
by hooking the outer projection (421) thereof onto an end
surface (610), facing the output shaft (13), of the inner
ring (61) from one side where the output shaft (13) is
located. The eighth aspect makes it easier to regulate
the movement of the extended portion (42) away from
the output shaft (13) with respect to the bearing member
(6).

[0099] In animpact rotary tool (1) according to a ninth
aspect, which may be implemented in conjunction with
any one of the fourth to eighth aspects, the extended
portion (42) is provided separately from the increased
diameter portion (41). The extended portion (42) includes
aninner projection (422) protruding inward along a radius
thereof. The increased diameter portion (41) includes a
protrusion (411) protruding outward along a radius there-
of. The increased diameter portion (41) is positioned by
hooking the protrusion (411) thereof onto the inner pro-
jection (422) from one side where the output shaft (13)
is located. The ninth aspect makes it easier to regulate
the movement of the increased diameter portion (41)
away from the output shaft (13) with respect to the ex-
tended portion (42).

[0100] Note thatthe constituent elements according to
the second to ninth aspects are not essential constituent
elements for the impact rotary tool (1) but may be omitted
as appropriate.

Reference Signs List

[0101]

1 Impact Rotary Tool

4 Drive Shaft

40 Body

41 Increased Diameter Portion
411 Protrusion

42 Extended Portion

421 Outer Projection

422  Inner Projection

5 Speed Reducer Mechanism
6 Bearing Member

61 Inner Ring

610  End Surface

11 Hammer

12 Spring

13 Output Shaft

31 Motor
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310  Rotary Shaft

A1 Axis

B1 Tip Tool

C1 Bearing

Claims

1.  Animpact rotary tool comprising:

5.

a drive shaft;

a speed reducer mechanism configured to
transmit rotational force of a shaft of a motor to
the drive shaft;

an output shaft configured to receive rotational
force from the drive shaft and transmit the rota-
tional force to a tip tool;

a hammer supported rotatably by the drive shaft
and configured to strike the output shaft;

a spring biasing the hammer toward the output
shaft; and

a bearing member supporting the drive shaft ro-
tatably,

the bearing member being disposed closer to
the output shaft than the speed reducer mech-
anism is along an axis of the drive shaft.

The impact rotary tool of claim 1, wherein

the bearing member supports the drive shaft rotata-
bly with at least a part of the spring disposed inside
the bearing member.

The impact rotary tool of claim 1 or 2, wherein

the bearing member is interposed between the ham-
mer and the speed reducer mechanism along the
axis of the drive shaft.

The impact rotary tool of any one of claims 1 to 3,
wherein
the drive shaft includes:

a body supporting the hammer rotatably;

an increased diameter portion protruding radi-
ally outward from the body and arranged to po-
sition the spring between the hammer and the
increased diameter portion itself; and

an extended portion having an annular shape
and extended from an edge portion of the in-
creased diameter portion toward the hammer,
and

the bearing member is in contact with the ex-
tended portion to support the drive shaft rotata-
bly.

The impact rotary tool of claim 4, wherein
the increased diameter portion is provided continu-
ously and integrally with the body.
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The impact rotary tool of claim 4 or 5, wherein
the extended portion is provided separately from at
least the body.

The impact rotary tool of any one of claims 4 to 6,
wherein

the bearing member is configured as a bearing,
and

the extended portion is disposed inside an inner
ring of the bearing and supported by the bearing
to rotate along with the inner ring.

The impact rotary tool of claim 7, wherein

the extended portion includes an outer projec-
tion protruding outward along a radius thereof,
and

the extended portion is positioned by hooking
the outer projection thereof onto an end surface,
facing the output shaft, of the inner ring from one
side where the output shaft is located.

9. The impact rotary tool of any one of claims 4 to 8,

wherein

the extended portionis provided separately from
the increased diameter portion,

the extended portion includes an inner projec-
tion protruding inward along a radius thereof,
the increased diameter portion includes a pro-
trusion protruding outward along a radius there-
of, and

the increased diameter portion is positioned by
hooking the protrusion onto the inner projection
from one side where the output shaft is located.
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