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(54) ROTARY HAMMER

(57) A rotary hammer (101) includes a spindle, a mo-
tor, a first intermediate shaft (41), a striking mechanism
(6), a second intermediate shaft (42) and a rotation-trans-
mitting mechanism (7). The motor has a motor shaft (25)
extending in parallel to the spindle. The first intermediate
shaft (41) extends in parallel to the spindle. The striking
mechanism (6) is configured to perform a hammering
operation. The second intermediate shaft (42) extends
in parallel to the first intermediate shaft (41). The rota-
tion-transmitting mechanism 7 is configured to perform
a drilling operation. The first intermediate shaft (41) is
configured to transmit power only for performing the ham-
mering operation and not for the drilling operation. The
second intermediate shaft (42) is configured to transmit
power only for performing the drilling operation and not
for the hammering operation.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a rotary ham-
mer that is configured to linearly drive a tool accessory
and to rotationally drive the tool accessory.

BACKGROUND

[0002] A rotary hammer is configured to linearly drive
a tool accessory coupled to a tool holder along a driving
axis to perform a hammering operation. The rotary ham-
mer is also configured to rotationally drive the tool ac-
cessory around the driving axis to perform a drilling op-
eration. In typical known rotary hammers, a motion-con-
verting mechanism for converting rotation of an interme-
diate shaft into linear motion is employed to perform the
hammering operation, and a rotation-transmitting mech-
anism for transmitting rotation to the tool holder via the
intermediate shaft is employed to perform the drilling op-
eration. For example, in a rotary hammer disclosed in
Japanese Unexamined Patent Application Publication
No. 2016-000447, a motion converting mechanism and
a rotation-transmitting mechanism share a common in-
termediate shaft which is rotated by a motor shaft. In a
rotary hammer disclosed in European Patent No.
2700477, two separate (discrete) intermediate shafts are
provided respectively for a motion-converting mecha-
nism and a rotation-transmitting mechanism.

SUMMARY

[0003] In the rotary hammer of Japanese Unexamined
Patent Application Publication No. 2016-000447, with the
structure in which one intermediate shaft is shared, the
intermediate shaft and thus the whole length of the rotary
hammer tends to be increased in a direction of the driving
axis. In the rotary hammer of European Patent No.
2700477, with the structure in which the two intermediate
shafts are connected in series on a power-transmission
path, a spindle rotates the intermediate shaft of the mo-
tion-converting mechanism at an increased speed after
the intermediate shaft of the rotation-transmitting mech-
anism once rotates the spindle at a reduced speed.
Therefore, efficiency may be deteriorated.
[0004] Accordingly, it is an object of the present inven-
tion to provide a technique that may contribute a reduc-
tion of a length of a rotary hammer in a direction of a
driving axis, while reducing deterioration in efficiency.
[0005] According to one aspect of the present inven-
tion, a rotary hammer is provided that includes a final
output shaft, a motor, a first intermediate shaft, a first
driving mechanism, a second intermediate shaft and a
second driving mechanism.
[0006] The final output shaft is configured to removably
hold a tool accessory. The final output shaft is configured
to be rotatable around a driving axis. The motor has a

motor shaft. The motor shaft extends in parallel to the
final output shaft. The first intermediate shaft extends in
parallel to the final output shaft. The first intermediate
shaft is configured to be rotated by rotation of the motor
shaft. The first driving mechanism is configured to con-
vert rotation of the first intermediate shaft into linear mo-
tion to perform a hammering operation of linearly driving
the tool accessory along the driving axis. The second
intermediate shaft extends in parallel to the first interme-
diate shaft. The second intermediate shaft is configured
to be rotated by rotation of the motor shaft. The second
driving mechanism is configured to transmit rotation of
the second intermediate shaft to the final output shaft to
perform a drilling operation of rotationally driving the tool
accessory around the driving axis.
[0007] Further, the first intermediate shaft is configured
to transmit power only for performing the hammering op-
eration and not for the drilling operation. The second in-
termediate shaft is configured to transmit power only for
performing the drilling operation and not for the hammer-
ing operation. The manner in which the first intermediate
shaft "transmits power only for performing the hammer-
ing operation and not the drilling operation" simply means
that the first intermediate shaft does not transmit power
for performing the drilling operation, and thus the first
intermediate shaft may transmit power for another pur-
pose other than performing the drilling operation. Simi-
larly, the manner in which the second intermediate shaft
"transmit power only for performing the drilling operation
and not the hammering operation" simply means that the
second intermediate shaft does not transmit power for
performing the hammering operation, and thus the sec-
ond intermediate shaft may transmit power for another
purpose other than performing the hammering operation.
[0008] The rotary hammer of this aspect includes two
separate intermediate shafts (first and second interme-
diate shafts) that extend in parallel to the driving axis and
that are configured to transmit power for the hammering
operation and the drilling operation, respectively. There-
fore, the first and second intermediate shafts can be
shortened, compared with a case in which one common
intermediate shaft is employed. Thus, the length of the
whole rotary hammer in the direction of the driving-axis
can be reduced. Further, the first and second intermedi-
ate shafts are respectively specialized for power trans-
mission for the hammering operation and power trans-
mission for the drilling operation. Thus, a power-trans-
mission path exclusively for (dedicated to) the hammer-
ing operation and the power-transmission path exclu-
sively for (dedicated to) the drilling operation are provid-
ed, not in series, but in parallel. Therefore, power trans-
mission from the first intermediate shaft to the first driving
mechanism and power transmission from the second in-
termediate shaft to the second driving mechanism and
thus to the final output shaft can be separately optimized
by respectively using the first and second intermediate
shafts.
[0009] In one aspect of the present invention, the motor
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shaft may have a driving gear. The first intermediate shaft
may have a first driven gear that directly meshes with the
driving gear. The second intermediate shaft may have a
second driven gear that directly meshes with the driving
gear. In this case, the first and second driven gears can
mesh with the driving gear of the motor shaft from two
directions, so that it is less likely that the driving gear is
subjected to a bending load from one specific direction.
In this aspect, in a plane that is orthogonal to the driving
axis, an obtuse angle may be formed between a first line
segment connecting a rotation axis of the motor shaft
and a rotation axis of the first intermediate shaft and a
second line segment connecting the rotation axis of the
motor shaft and a rotation axis of the second intermediate
shaft. In this case, the size can be reduced, compared
with a case in which the first and second driven gears
are arranged on a straight line centering the driving gear.
[0010] In one aspect of the present invention, the rotary
hammer may further include a torque limiter. The torque
limiter may be disposed on the second intermediate
shaft. The torque limiter may be configured to interrupt
transmission of power in response to torque acting on
the second intermediate shaft exceeding a threshold. In
this case, the torque limiter can be rationally arranged,
utilizing a free space on the second intermediate shaft
exclusively for power transmission for the drilling opera-
tion.
[0011] In one aspect of the present invention, the
torque limiter may include a drive-side cam, a driven-side
cam and a ball. The driven-side cam may be configured
engage with the drive-side cam. The ball may be rollably
disposed within a track extending in an axial direction of
the second intermediate shaft between an inner periph-
ery of one of the drive-side cam and the driven-side cam
and an outer periphery of the second intermediate shaft.
The one of the drive-side cam and the driven-side cam
may be configured to, in response to the torque acting
on the second intermediate shaft exceeding the thresh-
old, move in the axial direction away from the other of
the drive-side cam and the driven-side cam to be disen-
gaged therefrom, while being guided by the ball. In this
case, friction which may be caused between the one of
the drive-side cam and the driven-side and the second
intermediate shaft during operation of the torque limiter
can be reduced, and operation torque can be stabilized.
[0012] In one aspect of the present invention, the
torque limiter may include a biasing member that is con-
figured to bias one of the drive-side cam and the driven-
side cam toward the other of the drive-side cam and the
driven-side cam.
[0013] In one aspect of the present invention, an ex-
tension direction of the driving axis may be defined as a
front-rear direction of the rotary hammer. An extension
direction of an axis that is orthogonal to both the driving
axis and a rotation axis of the motor shaft may be defined
as an up-down direction. A direction that is orthogonal to
both the front-rear direction and the up-down direction
may be defined as a left-right direction. In the front-rear

direction, a side of the rotary hammer on which the tool
accessory is coupled may be defined as a front side. In
the up-down direction, a side of the rotary hammer on
which the rotation axis of the motor shaft is located with
respect to the driving axis may be defined as a lower
side. A rotation axis of the first intermediate shaft may
be located rightward of the driving axis. Further, a rotation
axis of the second intermediate shaft may be located
leftward of the driving axis. In this case, weight balance
in the left-right direction can be improved, compared with
a case in which the first and second intermediate shafts
are both disposed leftward or rightward of the driving axis.
[0014] In one aspect of the present invention, the rotary
hammer may further include a housing and a partition
member. The partition member may be fixedly mounted
in the housing. The partition member may be configured
to partition an interior of the housing into a first volume
and a second volume in an axial direction of the final
output shaft. The final output shaft, the first intermediate
shaft, the first driving mechanism, the second intermedi-
ate shaft and the second driving mechanism may be
housed in the first volume. The motor may be housed in
the second volume. The partition member may hold a
first bearing of the motor shaft, a second bearing of the
first intermediate shaft and a third bearing of the second
intermediate shaft.
[0015] In one aspect of the present invention, the rotary
hammer may further include a first clutch mechanism and
a second clutch mechanism. The first clutch mechanism
may be provided on the first intermediate shaft. The first
clutch mechanism may be configured to enable and dis-
able power transmission for the hammering operation.
The second clutch mechanism may be provided on the
second intermediate shaft. The second clutch mecha-
nism may be configured to enable and disable power
transmission for the drilling operation. In this case, the
first and second clutch mechanisms can be used to sep-
arately interrupt power for the hammering operation and
power for the drilling operation as needed, respectively.
[0016] In one aspect of the present invention, the rotary
hammer may further include an operation member con-
figured to change an action mode of the rotary hammer.
The operation member may be configured to be manually
operated by a user. Further, each of the first and second
clutch mechanisms may be configured to be switched
between a power-transmission state and a power-inter-
ruption state in response to manual operation of the op-
eration member. In this case, a user can cause the first
and second clutch mechanisms to operate, by simply
manually operating the single operation member to
change the action mode, depending on a desired oper-
ation.
[0017] In one aspect of the present invention, the rotary
hammer may further include a first switching member
and a second switching member, The first switching
member may be configured to move in response to man-
ual operation of the operation member and switch the
first clutch mechanism between the power-transmission
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state and the power-interruption state. The second
switching member may be configured to move in re-
sponse to manual operation of the operation member
and switch the second clutch mechanism between the
power-transmission state and the power-interruption
state.
[0018] In one aspect of the present invention, the op-
eration member may include a first contact part and a
second contact part. The first contact part may be con-
figured to come into contact with the first switching mem-
ber and thereby move the first switching member. The
second contact part may be configured to come into con-
tact with the second switching member and thereby move
the second switching member.
[0019] In one aspect of the present invention, the first
switching member and the second switching member
may be supported by an integral support member to be
movable relative to the support member.
[0020] In one aspect of the present invention, the rotary
hammer may further include a handle extending along
an axis crossing the driving axis. In an axial direction of
the final output shaft, the handle may be located on a
side opposite of the tool accessory with respect to the
first intermediate shaft and the second intermediate
shaft.
[0021] In one aspect of the present invention, in the
axial direction of the final output shaft, the handle may
be located on a side opposite of the tool accessory with
respect to the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a sectional view of a rotary hammer.
FIG. 2 is a partial, enlarged view of the rotary ham-
mer.
FIG. 3 is a sectional view taken along line III-III in
FIG. 2.
FIG. 4 is a sectional view of a modification of a bear-
ing support.
FIG. 5 is a sectional view taken along line V-V in FIG.
2.
FIG. 6 is a sectional view taken along line VI-VI in
FIG. 5.
FIG. 7 is a sectional view taken along line VII-VII in
FIG. 5.
FIG. 8 is a sectional view taken along line VIII-VIII in
FIG. 5.
FIG. 9 is a partial, enlarged view of FIG. 7.
FIG. 10 is a partial, enlarged view of FIG. 8.
FIG. 11 is an explanatory drawing, corresponding to
FIG. 10, for illustrating operation of a torque limiter.
FIG. 12 is a partial bottom view of the rotary hammer
with a front housing removed therefrom, showing a
mode-changing mechanism, wherein a hammer-drill
mode has been selected.
FIG. 13 is a view showing the mode-changing mech-

anism similar to FIG. 12, wherein a hammer mode
has been selected.
FIG. 14 is a view showing the mode-changing mech-
anism similar to FIG. 12, wherein a drill mode has
been selected.
FIG. 15 is a sectional view taken along line XV-XV
in FIG. 5.
FIG. 16 is a sectional view taken along line XVI-XVI
in FIG. 5.
FIG. 17 is a sectional view taken along line XVII-XVII
in FIG. 5.
FIG. 18 is an explanatory drawing for illustrating a
method for selecting a reference guide shaft.
FIG. 19 is an explanatory drawing for assembling a
lock plate.
FIG. 20 is an explanatory drawing for assembling
the lock plate.
FIG. 21 is an explanatory drawing for assembling
the lock plate.
FIG. 22 is a partial, enlarged view of FIG. 7.
FIG. 23 is an explanatory drawing, corresponding to
FIG. 22, for illustrating operation of an idle-striking
prevention mechanism.
FIG. 24 is an explanatory drawing for illustrating a
first modification of a cushioning ring.
FIG. 25 is an explanatory drawing for illustrating a
second modification of the cushioning ring.
FIG. 26 is an explanatory drawing for illustrating the
second modification of the cushioning ring.
FIG. 27 is an explanatory drawing for illustrating a
third modification of the cushioning ring.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] An embodiment of the present invention is now
described with reference to the drawings. In this embod-
iment, a rotary hammer 101 is described as an example
of a power tool having a hammer mechanism. The rotary
hammer 101 is a hand-held power tool which may be
used for processing operations such as chipping and drill-
ing. The rotary hammer 101 is capable of performing the
operation (hereinafter referred to as a hammering oper-
ation) of linearly driving a tool accessory 91 along a spec-
ified driving axis A1. The rotary hammer 101 is also ca-
pable of performing the operation (hereinafter referred
to as a drilling operation) of rotationally driving the tool
accessory 91 around the driving axis A1.
[0024] First, the general structure of the rotary hammer
101 is described with reference to FIG. 1. As shown in
FIG. 1, an outer shell of the rotary hammer 101 is mainly
formed by a body housing 10 and a handle 17 connected
to the body housing 10.
[0025] The body housing 10 is a hollow body which
may also be referred to as a tool body or an outer shell
housing. The body housing 10 houses a spindle 31, a
motor 2 and a driving mechanism 5. The spindle 31 is an
elongate circular cylindrical member. An axial end portion
of the spindle 31 has a tool holder 32. The tool holder 32
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is configured to removably hold the tool accessory 91. A
longitudinal axis of the spindle 31 defines a driving axis
A1 of the tool accessory 91. The body housing 10 extends
along the driving axis A1. The tool holder 32 is disposed
within one end portion of the body housing 10 in an ex-
tension direction of the driving axis A1 (hereinafter simply
referred to as a driving-axis direction).
[0026] The handle 17 is an elongate hollow body con-
figured to be held by a user. One axial end portion of the
handle 17 is connected to the other end portion (an end
portion located on the side opposite to the tool holder 32
side) of the body housing 10 in the driving-axis direction.
The handle 17 protrudes from the other end portion of
the body housing 10 and extends in a direction crossing
(more specifically, substantially orthogonal to) the driving
axis A1. Further, in this embodiment, the body housing
10 and the handle 17 are integrally formed by a plurality
of components which are connected together with screws
or the like. A power cable 179 extends from a protruding
end of the handle 17 and can be connected to an external
alternate current (AC) power source. The handle 17 has
a trigger 171 to be depressed (pulled) by a user, and a
switch 172 which is turned ON in response to a depress-
ing operation of the trigger 171.
[0027] In the rotary hammer 101, when the switch 172
is turned ON, the motor 2 is energized and the driving
mechanism 5 is driven, so that the hammering operation
and/or the drilling operation is performed.
[0028] The detailed structure of the rotary hammer 101
is now described. In the following description, for con-
venience sake, the extension direction of the driving axis
A1 (the longitudinal direction of the body housing 10) is
defined as a front-rear direction of the rotary hammer
101. In the front-rear direction, the side of one end portion
of the rotary hammer 101 in which the tool holder 30 is
disposed is defined as the front of the rotary hammer 101
and the opposite side (the side to which the handle 17 is
connected) is defined as the rear of the rotary hammer
101. The direction that is orthogonal to the driving axis
A1 and that corresponds to an axial direction of the han-
dle 17 is defined as an up-down direction of the rotary
hammer 101. In the up-down direction, the side of the
handle 17 connected to the body housing 10 is defined
as an upper side and the protruding end side of the handle
17 is defined as a lower side. Further, the direction that
is orthogonal to both the front-rear direction and the up-
down direction is defined as a left-right direction.
[0029] First, the structure of the body housing 10 is
described.
[0030] As shown in FIG. 1, the body housing 10 has a
circular cylindrical front end portion which is referred to
as a barrel part 131. A portion of the body housing 10
other than the barrel part 131 has a generally rectangular
box-like shape. The barrel part 131 is configured such
that an auxiliary handle (not shown) is removably attach-
able thereto. Further, when the auxiliary handle is not
attached to the barrel part 131, a user can also hold both
the barrel part 131 and the handle 17 at the same time.

[0031] The internal space of the body housing 10 is
partitioned into two volumes by a bearing support 15
which is disposed within the body housing 10. The bear-
ing support 15 is arranged to cross the driving axis A1,
is fitted into an inner periphery of the body housing 10
and is fixedly held by the body housing 10 (i.e. so as to
be immovable relative to the body housing 10). The vol-
ume behind the bearing support 15 is a volume (space)
for mainly housing the motor 2. The volume in front of
the bearing support 15 is a volume (space) for mainly
housing the spindle 31 and the driving mechanism 5. In
the following description, the portion of the body housing
10 that corresponds to the volume (space) for housing
the motor 2 is referred to as a rear housing 11, and the
portion (including the barrel part 131) of the body housing
10 that corresponds to the volume (space) for housing
the spindle 31 and the driving mechanism 5 is referred
to as a front housing 13.
[0032] The rear housing 11 and the front housing 13
are both formed of plastic (synthetic polymer). The rear
housing 11 is formed by a plurality of members connected
together. The front housing 13 is a single cylindrical mem-
ber.
[0033] In this embodiment, the bearing support 15 is
also formed of plastic (synthetic polymer). A vibration-
isolating structure described below may be used to re-
duce transmission of vibration, which is generated in the
driving mechanism 5, to the body housing 10 and the
bearing support 15 fixedly mounted to the body housing
10. For this reason, the bearing support 15 need not re-
quire as much strength as metal. Therefore, the rotary
hammer 101 of the present embodiment has a lower
weight than an embodiment in which the bearing support
15 is formed of metal. Further, as shown in FIG. 2, the
bearing support 15 is fitted into a rear end portion of the
front housing 13 such that substantially the whole of its
outer peripheral surface is in contact with an inner pe-
ripheral surface of the front housing 13.
[0034] The bearing support 15 is a member for sup-
porting bearings of various shafts. Therefore, high dimen-
sional accuracy is required for the outer periphery of the
bearing support 15 which is fitted into the body housing
10. For this purpose, if the bearing support 15 is formed
of metal (such as aluminum alloy), it may be preferable
that the metal bearing support 15 is machined based on
a single circle to secure the dimensional accuracy. In this
embodiment, however, because the bearing support 15
is made of plastic, the shape of the bearing support 15
can be more freely selected. Specifically, as shown in
FIG. 3, the sectional shape of the bearing support 15
taken along a plane orthogonal to the driving axis A1 is
based on three circles, rather than a single circle. There-
fore, the outer periphery (specifically, the portion that
makes contact with the body housing 10) of the bearing
support 15 is not on a circumference of a single circle.
The outer periphery of the bearing support 15 partially
overlaps with the circumferences of the three circles.
[0035] As shown in FIG. 2, an annular groove is formed
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in the outer peripheral surface of the bearing support 15
that is in contact with the inner peripheral surface of the
body housing 10. A rubber O-ring 151 is fitted in this
groove. Lubricant is provided within the front housing 13
in which the driving mechanism 5 is housed. The O-ring
151 serves as a seal member for sealing a gap between
the body housing 10 and the bearing support 15. The O-
ring 151 can prevent the lubricant from leaking into the
rear housing 11 through the gap between the body hous-
ing 10 and the bearing support 15. In place of the O-ring
151 separately formed from the bearing support 15, for
example, as shown in FIG. 4, an elastic element 152
formed of thermoplastic elastomer may be integrally
molded on the outer periphery of the plastic bearing sup-
port 15. In this case, the bearing support 15 with the elas-
tic element 152 can be easily assembled in the body
housing 10.
[0036] As shown in FIGS. 3 and 5, an air vent hole 153
is formed in the bearing support 15 to provide communi-
cation between the internal space of the front housing 13
and the internal space of the rear housing 11 so that the
internal pressure of the front housing 13 is adjusted to
match the internal pressure of the rear housing 11. Fur-
ther, a filter 154 is fitted in the air vent hole 153 to prevent
the lubricant from leaking into the rear housing 11 through
the air vent hole 153 (see FIG. 17).
[0037] The internal structures of the body housing 10
are now described.
[0038] First, the motor 2 is described. In this embodi-
ment, an AC motor, which may be powered by an external
AC power source, is employed as the motor 2. As shown
in FIG. 1, the motor 2 has a body 20 including a stator
and a rotor, and a motor shaft 25 configured to rotate
together with the rotor. The stator is fixed to the rear hous-
ing 11 by screws. In this embodiment, a rotation axis A2
of the motor shaft 25 extends below the driving axis A1
and in parallel to the driving axis A1. A virtual plane VP
(hereinafter referred to as a reference plane VP) (see
FIGS. 3 and 5), which contains the driving axis A1 and
the rotation axis A2, extends in the up-down direction of
the rotary hammer 101.
[0039] The motor shaft 25 is supported via two bear-
ings 251 and 252 so as to be rotatable around the rotation
axis A2 relative to the body housing 10. The front bearing
251 is held on a rear surface side of the bearing support
15, and the rear bearing 252 is held by the rear housing
11 (specifically, an inner housing which houses the motor
2 within the rear housing 11). A fan 27 for cooling the
motor 2 is fixed to a portion of the motor shaft 25 between
the body 20 and the front bearing 251. A front end portion
of the motor shaft 25 extends through the bearing support
15 and protrudes into the front housing 13. A pinion gear
255 is fixed to this protruding end portion of the motor
shaft 25.
[0040] Next, power-transmission paths from the motor
shaft 25 to the driving mechanism 5 are described.
[0041] As shown in FIGS. 5 and 6, in this embodiment,
the rotary hammer 101 includes two intermediate shafts,

namely a first intermediate shaft 41 and a second inter-
mediate shaft 42. The driving mechanism 5 is configured
to perform the hammering operation using power trans-
mitted from (via) the first intermediate shaft 41 and per-
form the drilling operation using power transmitted from
(via) the second intermediate shaft 42. In other words,
the first intermediate shaft 41 is a shaft provided exclu-
sively for (dedicated to) power transmission for hammer-
ing operations, and the second intermediate shaft 42 is
a shaft provided exclusively for (dedicated to) power
transmission for drilling operations.
[0042] Both of the first intermediate shaft 41 and the
second intermediate shaft 42 extend within the front
housing 13 in parallel to the driving axis A1 and the ro-
tation axis A2. The first intermediate shaft 41 is supported
via two bearings 411 and 412 so as to be rotatable around
a rotation axis A3 relative to the body housing 10. The
front bearing 411 is held by the front housing 13. The
rear bearing 412 is held on a front surface side of the
bearing support 15. Similarly, the second intermediate
shaft 42 is supported via two bearings 421 and 422 so
as to be rotatable around a rotation axis A4 relative to
the body housing 10. The front bearing 421 is held by
the front housing 13. The rear bearing 422 is held on the
front surface side of the bearing support 15. As described
above, the bearing 251 of the motor shaft 25 is also sup-
ported by the bearing support 15. Therefore, a precise
positional relationship between the motor shaft 25, the
first intermediate shaft 41 and the second intermediate
shaft 42 can be realized.
[0043] The first intermediate shaft 41 is arranged on
the right side of the reference plane VP. The second in-
termediate shaft 42 is arranged on the left side of the
reference plane VP. With such a structure, the balance
of weight in the left-right direction can be improved, com-
pared with an embodiment in which the first intermediate
shaft 41 and the second intermediate shaft 42 are both
disposed on the same (right or left) side.
[0044] Further, in a plane orthogonal to the driving axis
A1, an obtuse angle is formed by a first line segment
connecting the rotation axis A2 of the motor shaft 25 and
the rotation axis A3 of the first intermediate shaft 41 and
a second line segment connecting the rotation axis A2
and the rotation axis A4 of the second intermediate shaft
42.
[0045] A first driven gear 414 is fixed to a rear end
portion of the first intermediate shaft 41 adjacent to and
in the front of the bearing 412. A gear member 423 having
a second driven gear 424 is disposed adjacent to and in
front of the bearing 422 on a rear end portion of the sec-
ond intermediate shaft 42. The first driven gear 414 and
the second driven gear 424 each mesh with the pinion
gear 255 of the motor shaft 25. With the above-described
positional relationship between the rotational axes A2,
A3 and A4, the first driven gear 414 and the second driven
gear 424 mesh with the pinion gear 255 from generally
opposite directions. As a result, the pinion gear 255 is
less likely to be subjected to a bending load in one specific
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direction. Further, as compared with an embodiment in
which the first and second driven gears 414 and 424 are
arranged on a straight line centering the pinion gear 255,
the overall size of the driving mechanism 5 in the direction
of the straight line can be reduced, while necessary com-
ponents can be rationally provided on the first and second
intermediate shafts 41 and 42.
[0046] The gear member 423 has a circular cylindrical
shape. The gear member 423 is disposed on the outer
peripheral side of the second intermediate shaft 42 (spe-
cifically, on the outer peripheral side of a drive-side mem-
ber 74). A spline part 425 is provided on an outer periph-
ery of a cylindrical front end portion of the gear member
423. The spline part 425 includes a plurality of splines
(external teeth) extending in a direction of the rotation
axis A4 (i.e. front-rear direction). Rotation of the second
driven gear 424 (the gear member 423) may be trans-
mitted to the second intermediate shaft 42 via a second
transmitting member 72 and a torque limiter 73, which
will be described in detail below.
[0047] As described above, in this embodiment, two
power-transmission paths branch from the motor shaft
25 and respectively serve as a first power-transmission
path that is exclusive for hammering operations and a
second power-transmission path that is exclusive for drill-
ing operations.
[0048] The spindle 31 is now described. The spindle
31 is a final output shaft of the rotary hammer 101. As
shown in FIG. 2, the spindle 31 is arranged along the
driving axis A1 within the front housing 13, and supported
to be rotatable around the driving axis A1 relative to the
body housing 10. The spindle 31 is configured as an elon-
gate, stepped circular cylindrical member.
[0049] A front half of the spindle 31 forms the tool hold-
er 32, to or in which the tool accessory 91 can be remov-
ably coupled (mounted). The tool accessory 91 is insert-
ed into an insertion hole 330 formed in a front end portion
of the tool holder 32 and held in the insertion hole 330,
such that a longitudinal axis of the tool accessory 91 co-
incides with the driving axis A1, and the tool accessory
91 is movable relative to the tool holder 32 in the direction
of the longitudinal axis of the tool holder 32, while its
rotation around the longitudinal axis is restricted. A rear
half of the spindle 31 forms a cylinder 33 which slidably
holds a piston 65 described below. In this embodiment,
the spindle 31 is a single (integral) member that includes
the tool holder 32 and the cylinder 33. The spindle 31,
however, may be formed by connecting a plurality of
members. The spindle 31 is formed of iron (or iron-based
alloy, for example). The spindle 31 is supported by a bear-
ing 316 held within the barrel part 131 and a bearing 317
held by a movable support 18 described below.
[0050] The driving mechanism 5 is now described. As
shown in FIGS. 6 to 8, in this embodiment, the driving
mechanism 5 includes a striking mechanism 6 and a ro-
tation-transmitting mechanism 7. The striking mecha-
nism 6 is a mechanism for performing the hammering
operation, and is configured to convert rotation of the first

intermediate shaft 41 into linear motion and linearly (re-
ciprocally) drive the tool accessory 91 along the driving
axis A1. The rotation-transmitting mechanism 7 is a
mechanism for performing the drilling operation, and is
configured to transmit rotation of the second intermediate
shaft 42 to the spindle 31 and rotationally drive the tool
accessory 91 around the driving axis A1. The structures
of the striking mechanism 6 and the rotation-transmitting
mechanism 7 are now described in detail in this order.
[0051] In this embodiment, as shown in FIGS. 6 and
7, the striking mechanism 6 includes a motion-converting
member (mechanism) 61, a piston 65, a striker 67 and
an impact bolt 68.
[0052] The motion-converting member 61 is disposed
on (around) the first intermediate shaft 41. The motion-
converting member 61 is configured to convert rotation
of the first intermediate shaft 41 into linear reciprocating
motion and transmit it to the piston 65. More specifically,
the motion-converting member 61 includes a rotary body
611 and an oscillating member 616. The rotary body 611
is supported by a bearing 614 so as to be rotatable around
the rotation axis A3 relative to the body housing 10. The
oscillating member 616 is rotatably mounted on (around)
the rotary body 611 and is configured to oscillate (pivot
or rock back and forth) in the extension direction of the
rotation axis A3 (i.e. front-rear direction) while the rotary
body 611 is rotating. The oscillating member 616 has an
arm 617 extending upward away from the rotary body
611.
[0053] The piston 65 is a bottomed circular cylindrical
member. The piston 65 is disposed within the cylinder
33 of the spindle 31 so as to be slidable along the driving
axis A1. The piston 65 is connected to the arm 617 of
the oscillating member 616 via a connecting pin and re-
ciprocally moves in the front-rear direction while the os-
cillating member 616 is oscillating .
[0054] The striker 67 is a striking element for applying
a striking force to the tool accessory 91. The striker 67
is disposed within the piston 65 so as to be slidable along
the driving axis A1. An internal space of the piston 65
behind the striker 67 is defined as an air chamber which
serves as an air spring. The impact bolt 68 is an inter-
mediate element for transmitting kinetic energy of the
striker 67 to the tool accessory 91. The impact bolt 68 is
disposed within the tool holder 32 in front of the striker
67 so as to be movable along the driving axis A1. In this
embodiment, the impact bolt 68 is held to be slidable in
the front-rear direction by a guide sleeve 36 and a re-
striction ring (blocking ring) 35 which are disposed within
the tool holder 32.
[0055] When the piston 65 is moved in the front-rear
direction along with oscillating movement of the oscillat-
ing member 616, the air pressure within the air chamber
fluctuates and the striker 67 slides in the front-rear direc-
tion within the piston 65 by the action of the air spring.
More specifically, when the piston 65 is moved forward,
the air within the air chamber is compressed and its in-
ternal pressure increases. Thus, the striker 67 is pushed
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forward at high speed by the action of the air spring and
strikes the impact bolt 68. The impact bolt 68 transmits
the kinetic energy of the striker 67 to the tool accessory
91. Thus, the tool accessory 91 is linearly driven along
the driving axis A1. On the other hand, when the piston
65 is moved rearward, the air within the air chamber ex-
pands and its internal pressure decreases, so that the
striker 67 is retracted (moves) rearward. The tool acces-
sory 91 moves rearward with the impact bolt 68 by being
pressed against a workpiece. In this manner, the striking
mechanism 6 repetitively performs the hammering oper-
ation.
[0056] In this embodiment, rotation of the first interme-
diate shaft 41 is transmitted to the motion-converting
member 61 (specifically, the rotary body 611) via a first
transmitting member 64 and an intervening member 63.
The intervening member 63 and the first transmitting
member 64 are now described in this order.
[0057] As shown in FIGS. 6 and 9, the intervening
member 63 is a circular cylindrical member. The inter-
vening member 63 is coaxially disposed around the first
intermediate shaft 41, between the first intermediate
shaft 41 and the motion-converting member 61 (specifi-
cally, the rotary body 611). The intervening member 63
is immovable in the front-rear direction relative to the first
intermediate shaft 41, while being selectively rotatable
around the rotation axis A3 relative to the first interme-
diate shaft 41.
[0058] More specifically, a front end portion (a portion
adjacent to the rear of the front bearing 411) of the first
intermediate shaft 41 is configured as a maximum-diam-
eter part having a maximum outer diameter. A spline part
416 is provided on an outer periphery of the maximum-
diameter part. The spline part 416 includes a plurality of
splines (external teeth) extending in the rotation axis A3
direction (i.e. front-rear direction). The intervening mem-
ber 63 is held to be immovable in the front-rear direction
between the spline part 416 and the first driven gear 414
fixed to the rear end portion of the first intermediate shaft
41. Further, a portion of the first intermediate shaft 41
that is adjacent to the rear of the spline part 416 is con-
figured as a large-diameter part 417, which has a slightly
larger outer diameter than the portion of the first interme-
diate shaft 41 that extends rearward from the large-di-
ameter part 417.
[0059] A spline part 631 is provided on an outer pe-
riphery of the intervening member 63. The spline part
631 extends substantially over the entire length of the
intervening member 63. The spline part 631 includes a
plurality of splines (external teeth) extending in the rota-
tion axis A3 direction (i.e. front-rear direction). Further,
the diameter of the spline part 631 of the intervening
member 63 is larger than the diameter of the spline part
416 of the first intermediate shaft 41.
[0060] A spline part 612 is formed on an inner periphery
of the rotary body 611. The spline part 612 includes
splines (internal teeth) which are engaged (meshed) with
the spline part 631. The intervening member 63 is always

spline-engaged with the rotary body 611, and held by the
rotary body 611. With such a structure, the rotary body
611 can move in the rotation axis A3 direction (i.e. front-
rear direction) relative to the intervening member 63 and
the first intermediate shaft 41, and rotate together with
the intervening member 63.
[0061] The first transmitting member 64 is disposed on
the first intermediate shaft 41. The first transmitting mem-
ber 64 is configured to be rotatable together with the first
intermediate shaft 41. The first transmitting member 64
is also configured to be movable in the rotation axis A3
direction (i.e. front-rear direction) relative to the first in-
termediate shaft 41 and the intervening member 63.
[0062] More specifically, the first transmitting member
64 is a generally circular cylindrical member disposed
around the first intermediate shaft 41. A first spline part
641 and a second spline part 642 are provided on an
inner periphery of the first transmitting member 64.
[0063] The first spline part 641 is provided on a rear
end portion of the first transmitting member 64. The first
spline part 641 includes a plurality of splines (internal
teeth) configured to be engaged (meshed) with the spline
part 631 of the intervening member 63. As described
above, the spline part 631 of the intervening member 63
is also engaged (meshed) with the spline part 612 of the
rotary body 611. Thus, the spline part 631 is effectively
utilized for engagement with the two members, that is,
the rotary body 611 and the first transmitting member 64.
The second spline part 642 is provided on a front half of
the first transmitting member 64. The second spline part
642 includes a plurality of splines (internal teeth) which
are always engaged (meshed) with the spline part 416
of the first intermediate shaft 41.
[0064] With such a structure, when the first spline part
641 is placed in a position (hereinafter referred to as an
engagement position) to be engaged with the spline part
631 of the intervening member 63, as shown by solid
lines in FIG. 9, the first transmitting member 64 is rotat-
able together with the intervening member 63 and trans-
mits power (rotational force) from the first intermediate
shaft 41 to the intervening member 63. In this embodi-
ment, the first spline part 641 has a larger diameter than
the second spline part 642. By such provision of the first
spline part 641 having a larger diameter, torque can be
efficiently transmitted.
[0065] On the other hand, when the first spline part 641
is placed in a position (hereinafter referred to as a spaced
apart position) to be spaced apart (separated) from (in-
capable of being engaged with) the spline part 631, as
shown by dotted lines in FIG. 9, the first transmitting
member 64 disables (interrupts, disconnects) power
transmission from the first intermediate shaft 41 to the
intervening member 63.
[0066] The diameter of the large-diameter part 417 of
the first intermediate shaft 41 is set to be slightly smaller
than the inner diameter of the intervening member 63.
Therefore, the gap between an inner periphery of the
intervening member 63 and an outer periphery of the
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large-diameter part 417 of the first intermediate shaft 41
is extremely small. This setting can realize smooth en-
gagement between the first spline part 641 and the spline
part 631 when the first transmitting member 64 moves
from the spaced apart (disengaged) position to the en-
gagement position. Further, a larger gap is secured be-
tween the inner periphery of the intervening member 63
and an outer periphery of a portion of the first intermediate
shaft 41 other than the large-diameter part 417. This set-
ting can reliably prevent co-rotation of the first interme-
diate shaft 41 and the intervening member 63 when pow-
er transmission from the first intermediate shaft 41 to the
intervening member 63 is interrupted.
[0067] As described above, in this embodiment, the
first transmitting member 64 and the intervening member
63 function as a first clutch mechanism 62 which trans-
mits power for the hammering operation or interrupts the
power transmission. In this embodiment, the first trans-
mitting member 64 is connected to a mode-changing
mechanism 80 (see FIG. 12). The first transmitting mem-
ber 64 is movable between the engagement position and
the spaced apart position in response to manual opera-
tion (rotation) of a mode-changing dial (action mode
changing knob) 800 (see FIG. 2). Thus, the first clutch
mechanism 62 is switchable between a power-transmis-
sion state and a power-interruption state, according to
operation of the mode-changing dial 800. The mode-
changing mechanism 80 will be described in detail below.
[0068] As shown in FIG. 8, in this embodiment, the
rotation-transmitting mechanism 7 includes a driving
gear 78 and a driven gear 79. The driving gear 78 is fixed
to a front end portion (a portion adjacent to the rear of
the front bearing 421) of the second intermediate shaft
42. The driven gear 79 is fixed to an outer periphery of
the cylinder 33 of the spindle 31 and meshes with the
driving gear 78. The driving gear 78 and the driven gear
79 form a speed-reducing (torque-increasing) gear
mechanism. The spindle 31 is rotated together with the
driven gear 79 while the driving gear 78 rotates together
with the second intermediate shaft 42. In this manner,
the drilling operation is performed in which the tool ac-
cessory 91 held by the tool holder 32 is rotationally driven
around the driving axis A1.
[0069] As described above, in this embodiment, rota-
tion of the second driven gear 424, which is rotated by
the motor shaft 25, is transmitted to the second interme-
diate shaft 42 via the second transmitting member 72
and the torque limiter 73. The torque limiter 73 and the
second transmitting member 72 are now described in this
order.
[0070] As shown in FIGS. 6 and 10, the torque limiter
73 is disposed on the second intermediate shaft 42. The
torque limiter 73 is a safety clutch mechanism which is
configured to interrupt power transmission when torque
acting on the second intermediate shaft 42 exceeds a
threshold. In this embodiment, the torque limiter 73 in-
cludes a drive-side member 74, a driven-side member
75, balls 76 and a biasing spring 77.

[0071] The drive-side member 74 is a circular cylindri-
cal member. The drive-side member 74 is rotatably sup-
ported by a rear half of the second intermediate shaft 42.
The second driven gear 424 is rotatably supported by a
rear end portion of the drive-side member 74. Therefore,
the drive-side member 74 can rotate around the rotation
axis A4 relative to the second intermediate shaft 42 and
the second driven gear 424.
[0072] The drive-side member 74 includes cam re-
cesses 742 (see FIG. 11) and a spline part 743. The cam
recesses 742 are formed on a front end of the drive-side
member 74. The cam recesses 742 each have a cam
face inclined in a circumferential direction. The spline part
743 is provided on an outer periphery of the drive-side
member 74 behind the cam recesses 742. The spline
part 743 includes a plurality of splines (external teeth)
extending in a rotation axis A4 direction (i.e. front-rear
direction).
[0073] The driven-side member 75 is a circular cylin-
drical member. The driven-side member 75 is disposed
around the second intermediate shaft 42 in front of the
drive-side member 74. On an inner periphery of the driv-
en-side member 75, a plurality of grooves 751 are ar-
ranged in (around) a circumferential direction of the driv-
en-side member 75. The grooves 751 each extend in the
rotation axis A4 direction (i.e. front-rear direction). Fur-
ther, on an outer periphery of the second intermediate
shaft 42, a plurality of grooves 426 are arranged in
(around) a circumferential direction of the second inter-
mediate shaft 42. The grooves 751 each extend in the
rotation axis A4 direction (i.e. front-rear direction). The
balls 76 are respectively accommodated within tracks
defined by the corresponding grooves 426 and grooves
751 so as to be rollable along the respective tracks that
each extend in the front-rear direction, i.e. in parallel to
the driving axis A1. Thus, the driven-side member 75 is
engaged with the second intermediate shaft 42 via the
balls 76 in a radial direction and the circumferential di-
rection, and is rotatable together with the second inter-
mediate shaft 42. Further, the driven-side member 75 is
movable in the front-rear direction relative to the second
intermediate shaft 42 within a range in which the balls 76
can roll within the tracks.
[0074] The driven-side member 75 has cam projec-
tions 752 (see FIG. 11) provided on its rear end. The cam
projections 752 are shaped to substantially conform to
the cam recesses 742 of the drive-side member 74. The
cam projections 752 each have a cam face inclined in
the circumferential direction of the driven-side member
75. The biasing spring 77 is a compression coil spring.
The biasing spring 77 is disposed in a compressed state
between the driving gear 78 and the driven-side member
75. Therefore, the biasing spring 77 always biases the
driven-side member 75 in a direction toward the drive-
side member 74 (i.e. rearward), that is, in a direction that
causes the cam projections 752 to respectively engage
with the cam recesses 742. When the cam projections
752 are engaged with the cam recesses 742, torque can
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be transmitted from the drive-side member 74 to the driv-
en-side member 75 and thus the second intermediate
shaft 42 is rotated. The drive-side member 74 and the
gear member 423 are biased rearward via the driven-
side member 75 and are held in their rearmost positions
relative to the second intermediate shaft 42.
[0075] When the second intermediate shaft 42 is ro-
tating and a load exceeding the threshold is applied to
the second intermediate shaft 42 via the tool holder 32
(the spindle 31) due to jamming or binding of the tool
accessory 91 or other causes, the cam projections 752
disengage from the cam recesses 742, as shown in FIG.
11. More specifically, owing to the interaction of the cam
faces (inclined surfaces) of the cam projections 752 and
the cam recesses 742, the cam projections 752 disen-
gage from the cam recesses 742, against the biasing
force of the biasing spring 77, and abut on a front end
surface of the drive-side member 74. Thus, the driven-
side member 75 moves in a direction away from the drive-
side member 74 (i.e. forward). At this time, the driven-
side member 75 can smoothly move forward, while being
guided by the balls 76 that can roll between the driven-
side member 75 and the second intermediate shaft 42.
As a result, torque transmission from the drive-side mem-
ber 74 to the driven-side member 75 is interrupted and
thus rotation of the second intermediate shaft 42 is inter-
rupted.
[0076] As shown in FIGS. 6 and 10, the second trans-
mitting member 72 is disposed on the second interme-
diate shaft 42. The second transmitting member 72 is
configured to be rotatable together with the drive-side
member 74 of the torque limiter 73 and to be movable in
the rotation axis A4 direction (i.e. front-rear direction) rel-
ative to the drive-side member 74 and the gear member
423.
[0077] More specifically, the second transmitting mem-
ber 72 is a generally circular cylindrical member. The
second transmitting member 72 is disposed around the
drive-side member 74. A first spline part 721 and a sec-
ond spline part 722 are provided on an inner periphery
of the second transmitting member 72. The first spline
part 721 is provided on a front half of the second trans-
mitting member 72. The first spline part 721 includes a
plurality of splines (internal teeth) which are always en-
gaged (meshed) with the spline part 743 of the drive-side
member 74. The second spline part 722 is provided on
a rear end portion of the second transmitting member 72,
and has a larger inner diameter than the first spline part
721. The second spline part 722 includes a plurality of
splines (internal teeth) configured to be engaged
(meshed) with the spline part 425 of the gear member
423.
[0078] With such a structure, when the second spline
part 722 is placed in a position (hereinafter referred to
as an engagement position) to be engaged with the spline
part 425 of the gear member 423 in the front-rear direc-
tion, as shown by solid lines in FIG. 10, the second trans-
mitting member 72 is rotatable together with the gear

member 423. Therefore, the drive-side member 74,
which is spline-engaged with the second transmitting
member 72, also is rotatable together with the gear mem-
ber 423. On the other hand, when the second spline part
722 is placed in a position (hereinafter referred to as a
spaced apart position) to be spaced apart (separated)
from (incapable of being engaged with) the spline part
425, as shown by dotted lines in FIG. 10, the second
transmitting member 72 disables (interrupts) power
transmission from the gear member 423 to the drive-side
member 74.
[0079] As described above, in this embodiment, the
second transmitting member 72 and the gear member
423 function as a second clutch mechanism 71 which
transmits power for the drilling operation (tool holder ro-
tation) or interrupts this power transmission. In this em-
bodiment, like the first transmitting member 64, the sec-
ond transmitting member 72 is connected to the mode-
changing mechanism 80 (see FIG. 12), and is moved
between the engagement position and the spaced apart
position in response to manual operation (rotation) of the
mode-changing dial 800 (see FIG. 2). Thus, like the first
clutch mechanism 62, the second clutch mechanism 71
also is switched between the power-transmission state
and the power-interruption state in response to manipu-
lation of the mode-changing dial 800.
[0080] The mode-changing dial 800 and the mode-
changing mechanism 80 are now described.
[0081] As shown in FIGS. 12 to 14, the mode-changing
mechanism 80 is configured to change the action mode
of the rotary hammer 101 in accordance with (in response
to) movement (rotation) of the mode-changing dial 800.
In this embodiment, the rotary hammer 101 has three
action modes, namely a hammer-drill mode, a hammer
mode and a drill mode. In the hammer-drill mode, the
striking mechanism 6 and the rotation-transmitting mech-
anism 7 are both driven, so that the hammering operation
and the drilling operation are both performed. In the ham-
mer mode, power transmission for the drilling operation
is interrupted by the second clutch mechanism 71 and
only the striking mechanism 6 is driven, so that only the
hammering operation is performed. In the drill mode,
power transmission for the hammering operation is inter-
rupted by the first clutch mechanism 62 and only the ro-
tation-transmitting mechanism 7 is driven, so that only
the drilling operation is performed.
[0082] As shown in FIGS. 2 and 12 to 14, the mode-
changing dial 800 is provided on a lower portion of the
body housing 10 (specifically, the front housing 13) so
that the mode-changing dial 800 can be externally oper-
ated (manipulated) by a user. The mode-changing dial
800 includes a disc-like operation part 801 having a knob,
a first pin 803 and a second pin 805. The first pin 803
and the second pin 805 protrude from the operation part
801 toward the interior of the body housing 10.
[0083] The operation part 801 is held by the body hous-
ing 10 so as to be rotatable around a rotation axis ex-
tending in the up-down direction. A portion of the opera-
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tion part 801 is exposed to the outside through an opening
formed in a lower wall of the body housing 10 (the front
housing 13) so as to be turnable by the user. It is noted
that rotational positions corresponding to the hammer-
drill mode, the hammer mode and the drill mode, respec-
tively, are defined on the mode-changing dial 800. The
user can set a desired action mode by turning the mode-
changing dial 800 to the rotational position that corre-
sponds to the desired action mode. The first and second
pins 803 and 805 protrude upward from an upper surface
of the operation part 801. When the mode-changing dial
800 is turned, the first and second pins 803 and 805 move
along (trace) a circumference of a circle centered on the
rotation axis of the operation part 801.
[0084] The mode-changing mechanism 80 includes a
first switching member 81, a second switching member
82, a first spring 83 and a second spring 84.
[0085] The first switching member 81 has a pair of sup-
port holes (not shown). The first switching member 81 is
supported to be movable in the front-rear direction by a
support shaft 88 which is inserted through the support
holes. The support shaft 88 is fixed to the bearing support
15 and protrudes forward from the bearing support 15.
The support shaft 88 extends in parallel to the first and
second intermediate shafts 41 and 42. A retaining ring
881 is fixed to a central portion of the support shaft 88 in
an axial direction of the support shaft 88. The first switch-
ing member 81 is supported in front of the retaining ring
881. The second switching member 82 has a pair of sup-
port holes (not shown). The second switching member
82 is supported to be movable in the front-rear direction
by the support shaft 88, which is inserted through the
support holes. The second switching member 82 is dis-
posed behind the retaining ring 881.
[0086] The first and second switching members 81 and
82 are respectively engaged with the first and second
transmitting members 64 and 72. More specifically, an-
nular grooves 645 and 725 are formed on (in) the outer
peripheries of the first and second transmitting members
64 and 72, respectively. The first switching member 81
is engaged with the first transmitting member 64 via a
plate-like first engagement part 813 (see FIG. 14) dis-
posed in the groove 645. Similarly, the second switching
member 82 is engaged with the second transmitting
member 72 via a plate-like second engagement part 823
(see FIG. 10) disposed in the groove 725. The first trans-
mitting member 64 is rotatable relative to the first switch-
ing member 81 in a state in which the first engagement
part 813 is engaged with the groove 645. Similarly, the
second transmitting member 72 is rotatable relative to
the second switching member 82 in a state in which the
second engagement part 813 is engaged with the groove
725.
[0087] The first spring 83 is a compression coil spring.
The first spring 83 is disposed in a compressed state
between the front housing 13 and the first switching mem-
ber 81, and always biases the first switching member 81
rearward. Thus, the first transmitting member 64 en-

gaged with the first switching member 81 is also always
biased rearward toward the engagement position. The
second spring 84 is a compression coil spring. The sec-
ond spring 84 is disposed in a compressed state between
the retaining ring 881 fixed to the support shaft 88 and
the second switching member 82, and always biases the
second switching member 82 rearward. Thus, the second
transmitting member 72 engaged with the second switch-
ing member 82 is also always biased rearward toward
the engagement position. A rearmost position of the first
switching member 81 is a position where the first switch-
ing member 81 abuts on the retaining ring 881. A rear-
most position of the second switching member 82 is a
position where the second switching member 82 abuts
on a front surface of the bearing support 15.
[0088] When the mode-changing dial 800 is set to the
rotational position that corresponds to the hammer-drill
mode (hereinafter referred to as the hammer-drill posi-
tion) shown in FIG. 12, the first pin 803 is positioned ad-
jacent to the rear of the first switching member 81 located
in the rearmost position, and the second pin 805 is posi-
tioned adjacent to the rear of the second switching mem-
ber 82 located in the rearmost position. At this time, the
first transmitting member 64 is located in the engagement
position where the second spline part 642 is engaged
with the spline part 631 of the intervening member 63
(see FIG. 9), so that the first clutch mechanism 62 is in
the power-transmission state. Further, the second trans-
mitting member 72 is located in the engagement position
where the second spline part 722 is engaged with the
spline part 425 of the gear member 423 (see FIG. 10),
so that the second clutch mechanism 71 is also in the
power-transmission state.
[0089] When the motor 2 is energized, power (rotation-
al motion) is transmitted from the motor shaft 25 to the
striking mechanism 6 via the first intermediate shaft 41
and the hammering operation is performed. At the same
time, power (rotational motion) is transmitted from the
motor shaft 25 to the rotation-transmitting mechanism 7
via the second intermediate shaft 42 and the drilling op-
eration is also performed.
[0090] When the mode-changing dial 800 is manually
turned from the hammer-drill position shown in FIG. 12
to the rotational position that corresponds to the hammer
mode (hereinafter referred to as the hammer position)
shown in FIG. 13, the second pin 805 moves in the clock-
wise direction (when viewed from below) while abutting
the rear side of the second switching member 82 and
thereby the second switching member 82 moves forward
against the biasing force of the second spring 84. When
the mode-changing dial 800 is placed in the hammer po-
sition, the second switching member 82 is positioned at
its foremost position. At the same time, the movement of
the second switching member 82 causes the second
transmitting member 72 to move from the engagement
position to the spaced apart (disengaged) position (see
FIG. 10). Thus, the second clutch mechanism 71 is
switched to the power-interruption state.
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[0091] Furthermore, at the same time, the first pin 803
moves in the clockwise direction (when viewed from be-
low) without interfering with (contacting) the first and sec-
ond switching members 81 and 82, and is moved to a
position spaced apart (separated) from the first and sec-
ond switching members 81 and 82. Therefore, at this
time, the first switching member 81 and the first trans-
mitting member 64 do not move, and thus the first clutch
mechanism 62 remains in the power-transmission state.
[0092] In this state, when the motor 2 is energized,
power (rotational motion) is not transmitted from the mo-
tor shaft 25 to the second intermediate shaft 42, so that
a drilling operation is not performed. On the other hand,
power (rotational motion) is transmitted from the motor
shaft 25 to the striking mechanism 6 via the first interme-
diate shaft 41, so that only the hammering operation is
performed.
[0093] When the mode-changing dial 800 is manually
turned from the hammer-drill position shown in FIG. 12
to the rotational position that corresponds to the drill
mode (hereinafter referred to as the drill position) shown
in FIG. 14, the first pin 803 moves in a counterclockwise
direction (when viewed from below) around the rotation
axis of the operation part 801 and abuts on the first switch-
ing member 81 from the rear, whereby the first pin 803
moves the first switching member 81 forward against the
biasing force of the first spring 83. When the mode-
changing dial 800 is placed in the drill position, the first
switching member 81 has been moved to its foremost
position. At the same time, the movement of the first
switching member 81 causes the first transmitting mem-
ber 64 to move from the engagement position to the
spaced apart (disengaged) position (see FIG. 9). Thus,
the first clutch mechanism 62 is switched to the power-
interruption state.
[0094] At the same time, the second pin 805 moves in
the counterclockwise direction (when viewed from below)
around the rotation axis of the operation part 801 without
interfering with (contacting) the first and second switching
members 81 and 82 and is placed in (at) a position ad-
jacent to the second switching member 82. Therefore,
during this time, the second switching member 82 and
the second transmitting member 72 do not move, and
thus the second clutch mechanism 71 remains in the
power-transmission state.
[0095] In this state, when the motor 2 is energized,
power is not transmitted from the first intermediate shaft
41 to the motion-converting member 61, so that a ham-
mering operation is not performed. On the other hand,
power is transmitted from the motor shaft 25 to the rota-
tion-transmitting mechanism 7 via the second intermedi-
ate shaft 42, so that only the drilling operation is per-
formed.
[0096] As described above, the rotary hammer 101 of
this embodiment includes two separate (discrete) inter-
mediate shafts (i.e. the first intermediate shaft 41 and the
second intermediate shaft 42) which extend in parallel to
the driving axis A1 and transmit power for the hammering

operation and the drilling operation, respectively. There-
fore, the first intermediate shaft 41 and the second inter-
mediate shaft 42 can be shortened, compared with an
embodiment in which one common intermediate shaft is
shared for power transmission for both the hammering
operation and the drilling operation. Thus, the overall
length of the rotary hammer 101 can be reduced in the
driving-axis direction. Further, by shortening the first in-
termediate shaft 41 and the second intermediate shaft
42, the center of gravity of the rotary hammer 101 can
be located closer to the handle 17, which is connected
to the rear end portion of the body housing 10, thereby
improving ease of operation.
[0097] Further, the first intermediate shaft 41 and the
second intermediate shaft 42 are respectively dedicated
for power transmission for the hammering operation and
power transmission for the drilling operation. In other
words, a power-transmission path exclusively for the
hammering operation and a (separate) power-transmis-
sion path exclusively for the drilling operation (rotation of
the spindle 31) are provided, not in series, but in parallel.
Therefore, power transmission from the first intermediate
shaft 41 to the striking mechanism 6 and power trans-
mission from the second intermediate shaft 42 to the ro-
tation-transmitting mechanism 7 and thus to the spindle
31, which is a final output shaft, can be separately opti-
mized.
[0098] The first intermediate shaft 41 exclusively for
the hammering operation requires a certain length be-
cause the motion-converting member 61 is mounted on
the first intermediate shaft 41. On the other hand, the
driving gear 78 which is mounted on the second interme-
diate shaft 42 exclusively for the drilling operation is not
required to be as long. Therefore, in this embodiment, a
free space (section) on the second intermediate shaft 42
is effectively utilized to arrange (place) the torque limiter
73 in a space-saving manner. The torque transmitted by
the second intermediate shaft 42 is less than the torque
on the spindle 31, which serves as the final output shaft.
Therefore, the torque limiter 73 can be smaller and lighter
in the present embodiment than in an embodiment in
which a torque limiter is mounted on the spindle 31. Fur-
ther, during operation of the torque limiter 73, the rolling
balls 76 can guide movement of the driven-side member
75 in the direction of the rotation axis A4. This structure
can reduce friction between the driven-side member 75
and the second intermediate shaft 42, and thus stabilize
operating torque.
[0099] Further, in this embodiment, the first clutch
mechanism 62 and the second clutch mechanism 71 are
respectively provided on the first intermediate shaft 41
and the second intermediate shaft 42. Therefore, power
for the hammering operation and power for the drilling
operation can be separately (independently) interrupted
as needed. Further, both the first clutch mechanism 62
and the second clutch mechanism 71 may be switched
between the power-transmission state and the power-
interruption state, in response to operation (manipula-
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tion) of the same operation member (i.e. the mode-
changing dial 800). Therefore, a user can cause the first
clutch mechanism 62 and the second clutch mechanism
71 to operate, by simply operating (turning) the mode-
changing dial 800 to change the action mode, depending
on the desired processing (work) operation.
[0100] As shown in FIGS. 6 and 12 to 14, a lock plate
45 is provided in the rotary hammer 101. The lock plate
45 is configured to restrict (block) rotation of the second
intermediate shaft 42 in the hammer mode, in order to
prevent the tool accessory 91 (which is held by the tool
holder 32) from freely rotating during a hammering op-
eration.
[0101] The lock plate 45 is configured to be engaged
with the second transmitting member 72, when it is placed
in the spaced apart position, to thereby restrict (block)
rotation of the second transmitting member 72. The lock
plate 45 is an elongate metal member. The lock plate 45
is biased rearward by a biasing spring 46 and held by
ribs 137 (only partially shown in FIGS. 5 and 19 to 21),
which are provided in the front housing 13 so as to be
slidable in the front-rear direction. The biasing spring 46
is a compression coil spring. A front end portion of the
biasing spring 46 is fitted into a recess 138 (see FIGS.
19 to 21) provided in the front housing 13.
[0102] The lock plate 45 includes a spring-receiving
(spring holding) part 451, a contact part 453 and a locking
part 455. The spring-receiving part 451 is a projection
provided on a front end portion of the lock plate 45. The
spring-receiving part 451 is inserted into a rear end por-
tion of the biasing spring 46. The contact part 453 is dis-
posed radially outward of the torque limiter 73 and the
second transmitting member 72. The contact part 453
extends rearward along an inner peripheral surface of
the front housing 13. The lock plate 45 is biased rearward
by the biasing spring 46 and is held at a position (initial
position) where a rear end surface of the contact part 453
abuts on a front end surface of a projection 157, which
protrudes forward from the front surface of the bearing
support 15. The locking part 455 is a generally rectan-
gular portion arranged in front of the second transmitting
member 72. A plurality of recesses 727 are formed in a
front end portion of the second transmitting member 72.
The recesses 727 are arranged at equal intervals in a
circumferential direction. The recesses 727 each have a
generally rectangular shape recessed rearward from a
front end of the second transmitting member 72.
[0103] As described above, in the hammer-drill mode
and the drill mode, the second transmitting member 72
is placed in the engagement position. At this time, as
shown in FIGS. 12 and 14, the locking part 455 of the
lock plate 45 is located at a position spaced apart forward
from the second transmitting member 72. Therefore, the
second transmitting member 72 can rotate together with
the first driven gear 414, without interfering with the lock
plate 45.
[0104] In the hammer mode, as shown in FIG. 13, the
second transmitting member 72 is placed at the spaced

apart position forward of the engagement position, and
the locking part 455 of the lock plate 45 is engaged with
(in) one of the recesses 727 of the second transmitting
member 72. Thus, rotation of the second transmitting
member 72 is restricted (blocked), so that rotation of the
drive-side member 74, the driven-side member 75 and
the second intermediate shaft 42 are also restricted
(blocked). Accordingly, rotation of the spindle 31 via the
driving gear 78 and the driven gear 79 is also restricted
(blocked).
[0105] When the locking part 455 does not face (op-
pose) one of the recesses 727 and the second transmit-
ting member 72 moves forward from the engagement
position to the spaced apart position, a front end surface
of the second transmitting member 72 abuts on the lock-
ing part 455 and moves the lock plate 45 forward against
the biasing force of the biasing spring 46. Thereafter,
when the tool accessory 91 is rotated and the second
transmitting member 72 is rotated via the spindle 31 and
the second intermediate shaft 42 to a position where the
locking part 455 faces (opposes) one of the recesses
727, the lock plate 45 is urged by the biasing spring 46
to move rearward and the locking part 455 engages with
(in) the opposing one of the recesses 727.
[0106] In this embodiment, the rotary hammer 101 also
has a vibration-isolating structure that reduces (attenu-
ates) the transmission of vibration (in particular, vibration
in the driving-axis direction (front-rear direction)), which
is caused by driving of the driving mechanism 5, to the
body housing 10 and the handle 17. The vibration-isolat-
ing structure of the rotary hammer 101 is now described.
[0107] In this embodiment, as shown in FIG. 2, the
spindle 31 and the striking mechanism 6 (specifically, the
motion-converting member 61, the piston 65, the striker
67, and the impact bolt 68) are disposed within the body
housing 10 so as to be movable in the driving-axis direc-
tion (i.e. front-rear direction) relative to the body housing
10. More specifically, a movable support 18 is disposed
within the body housing 10. The movable support 18 is
movable in the front-rear direction relative to the body
housing 10, in a state in which the movable support 18
is biased forward relative to the body housing 10. The
spindle 31 and the striking mechanism 6 are supported
by the movable support 18, and thus the spindle 31 and
the striking mechanism 6 are movable together with the
movable support 18 relative to the body housing 10.
[0108] As shown in FIGS. 5, 7, 15 and 16, the movable
support 18 includes a spindle-support part 185, a rotary-
body-support part 187, a first-shaft-insertion part 181 and
a second-shaft-insertion part 182. In this embodiment,
the movable support 18 is a single (integral) metal mem-
ber.
[0109] The spindle-support part 185 has a generally
circular cylindrical shape. The spindle-support part 185
is configured as a portion for supporting the spindle 31.
The bearing 317 is held inside the spindle-support part
185. The spindle-support part 185 supports a rear portion
of the cylinder 33 via the bearing 317 so that the cylinder
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33 is rotatable around the driving axis A1. As described
above, the spindle 31 is supported by the two bearings
316 and 317 so as to be rotatable around the driving axis
A1 relative to the body housing 10. The other bearing
316 is held within the barrel part 131 and supports a rear
portion of the tool holder 32 so that the tool holder 32 is
rotatable around the driving axis A1 and is also movable
in the front-rear direction.
[0110] The rotary-body-support part 187 is a generally
circular cylindrical portion which is integrally connected
to a right lower end portion of the spindle-support part
185. The bearing 614 is fixed to the rotary-body-support
part 187 by screws. The rotary-body-support part 187
supports the rotary body 611 via the bearing 614 so that
the the rotary body 611 is rotatable around the rotation
axis A3.
[0111] As described above, the spindle 31 and the ro-
tary body 611 are supported by the movable support 18.
Therefore, the oscillating member 616, which is mounted
on the rotary body 611, and the piston 65, the striker 67
and the impact bolt 68, which are disposed within the
spindle 31, are also supported by the movable support
18. Thus, the movable support 18, the spindle 31 and
the striking mechanism 6 form a movable unit 180 as an
assembly which can integrally move in the front-rear di-
rection relative to the body housing 10.
[0112] The first-shaft-insertion part 181 and the sec-
ond-shaft-insertion part 182 are respectively arranged
on the right and left sides of the spindle-support part 185,
symmetrically to the reference plane VP. The first-shaft-
insertion part 181 has a pair of cylindrical parts 183. The
cylindrical parts 183 are coaxially disposed, spaced apart
from each other in the front-rear direction. A bearing 184
is respectively fitted in each of the cylindrical parts 183.
In this embodiment, plain bearings or journal bearings
having a circular cylindrical shape are employed as the
bearings 184. The second-shaft-insertion part 182 has
the same structure as the first-shaft-insertion part 181.
That is, the second-shaft-insertion part 182 also has a
pair of cylindrical parts 183 each having a bearing 184
fixed inside.
[0113] As shown in FIGS. 5 and 15, the movable sup-
port 18 (the movable unit 180) is supported by a first
guide shaft 191 and a second guide shaft 192 so as to
be movable in the front-rear direction relative to the body
housing 10. The first and second guide shafts 191 and
192 are arranged symmetrically to the reference plane
VP. The first and second guide shafts 191 and 192 extend
in parallel to the driving axis A1 (in the front-rear direction)
within an upper portion of the front housing 13. A front
end portion of each of the first and second guide shafts
191 and 192 is fixedly held by the front housing 13. A
rear end portion of each of the first and second guide
shafts 191 and 192 is fixedly held by the bearing support
15. Therefore, the first and second guide shafts 191 and
192 cannot move relative to the body housing 10.
[0114] In this embodiment, the first and second guide
shafts 191 and 192 are both formed of iron (or iron-based

alloy). The first and second guide shafts 191 and 192 are
slidably inserted through the front and rear bearings 184
of the first-shaft-insertion part 181 and the front and rear
bearings 184 of the second-shaft-insertion part 182, re-
spectively. Thus, inner peripheral surfaces of the bear-
ings 184 define a support hole 190 for each of the first
and second guide shafts 191 and 192. With such a struc-
ture, the movable support 18 (the movable unit 180) is
movable in the front-rear direction relative to the body
housing 10 while being guided by the first and second
guide shafts 191 and 192.
[0115] As described above, the first intermediate shaft
41 for hammering operations and the second intermedi-
ate shaft 42 for drilling operations are respectively sup-
ported by the bearings 411 and 421 held by the front
housing 13 and the bearings 412 and 422 held by the
bearing support 15 so as to be immovable in the front-
rear direction relative to the body housing 10. Therefore,
the movable support 18 (the movable unit 180) is also
movable in the front-rear direction relative to the first in-
termediate shaft 41 and the second intermediate shaft
42.
[0116] In this embodiment, the movable support 18,
which supports the spindle 31 and the striking mecha-
nism 6 and is thus subjected to loads during hammering
operations, is formed of aluminum alloy or magnesium
alloy, in order to provide sufficient strength while reducing
the weight. The bearings 184, which are in sliding contact
with the first and second guide shafts 191 and 192, are
formed of a material having a greater lubricity than the
movable support 18. It is noted, however, that the por-
tions of the movable support 18 that define the support
holes 190 for the first and second guide shafts 191 and
192 (i.e. the portions that are in sliding contact with the
first and second guide shafts 191 and 192) do not have
to be the bearings 184. For example, only the cylindrical
portions of the movable support 18 that define the support
holes 190 may be made of a different material (such as
iron or iron-based alloy) than the other portion of the mov-
able support 18, and the cylindrical portions may be in-
tegrally formed with the other portion.
[0117] A first biasing spring 194 and a second biasing
spring 195 are disposed behind the first-shaft-insertion
part 181 and the second-shaft-insertion part 182, respec-
tively. Each of the first and second biasing springs 194
and 195 is a compression coil spring. The first and second
biasing springs 194 and 195 are respectively mounted
on (around) the first and second guide shafts 191 and
192 and are disposed in a compressed state between
the movable support 18 and the bearing support 15. More
specifically, a front end of the first biasing spring 194
abuts a rear end of the rear cylindrical part 183 of the
first-shaft-insertion part 181 via a washer. A rear end of
the first biasing spring 194 is fitted into (on) a spring-
receiving part (spring seat) formed on the front surface
of the bearing support 15. Similarly, a front end of the
second biasing spring 195 abuts a rear end of the rear
cylindrical part 183 of the second-shaft-insertion part 182
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via a washer. A rear end of the second biasing spring
195 is fitted into (on) a spring-receiving part (spring seat)
formed on the front surface of the bearing support 15.
[0118] With such a structure, the first and second bi-
asing springs 194 and 195 always bias the movable sup-
port 18 (the movable unit 180) forward. Therefore, when
a rearward external force is not being applied to the mov-
able support 18 (the movable unit 180), the movable sup-
port 18 is held in (biased to) its foremost position (initial
position) where the front cylindrical parts 183 of the first-
shaft-insertion part 181 and the second-shaft-insertion
part 182 respectively abut on shoulder parts 133 formed
in the front housing 13. Thus, the shoulder parts 133 each
serve as a stopper for blocking further forward movement
of the movable support 18 (the movable unit 180).
[0119] As shown in FIGS. 5 and 17, a pair of (left and
right) cushioning members 197 is provided on the front
surface side of the bearing support 15. The cushioning
members 197 each serve as a stopper for restricting (im-
peding) further rearward movement of the movable sup-
port 18 (the movable unit 180). More specifically, a pair
of (left and right) cylindrical projections 155 are provided
symmetrically to the reference plane VP on the front sur-
face of the bearing support 15. The projections 155 pro-
trude forward to face an upper end portion of the movable
support 18 (specifically, portions adjacent to the first-
shaft-insertion part 181 and the second-shaft-insertion
part 182 on their reference plane VP side). The cushion-
ing members 197 are each formed of a cylindrical-shaped
rubber piece and are respectively fitted in the projections
155.
[0120] The cushioning members 197 each protrude
forward from a front end of the projections 155 when no
external force is applied. When the movable support 18
(the movable unit 180) is located in its foremost position
(shown in FIG. 17), the cushioning members 197 are
spaced apart rearward from the movable support 18. The
cushioning members 197 are configured to abut the mov-
able support 18 from the rear when the movable support
18 (the movable unit 180) moves rearward relative to the
body housing 10 and the first and second biasing springs
194 and 195 (see FIG. 15) are compressed by a prede-
termined length.
[0121] In this embodiment, the first and second guide
shafts 191 and 192 shown in FIGS. 5 and 15 both have
a circular section, but have different diameters. More spe-
cifically, the diameter of the second guide shaft 192,
which is disposed on the left side of the reference plane
VP, is slightly smaller (less) than the diameter of the first
guide shaft 191, which is disposed on the right side of
the reference plane VP. All of the four cylindrical parts
183 as well as the four bearings 184 of the first-shaft-
insertion part 181 and the second-shaft-insertion part 182
respectively have the same structures. Thus, the support
hole 190 of the first guide shaft 191 has the same diam-
eter as the support hole 190 of the second guide shaft
192.
[0122] Therefore, a gap formed between an outer pe-

ripheral surface of the second guide shaft 192 on the left
side of the reference plane VP and an inner peripheral
surface of the bearing 184 of the second-shaft-insertion
part 182 is slightly larger than a gap formed between an
outer peripheral surface of the first guide shaft 191 on
the right side and an inner peripheral surface of the bear-
ing 184 of the first-shaft-insertion part 181. In other words,
a clearance for the second guide shaft 192 is slightly
larger than a clearance for the first guide shaft 191. The
first guide shaft 191 and the bearings 184 of the first-
shaft-insertion part 181 are configured to have higher
dimensional accuracy, so that the first guide shaft 191
and the bearings 184 fit with each other substantially with-
out a gap therebetween.
[0123] The reason for providing the different sized
clearances is as follows. In a hypothetical embodiment
in which both of the first and second guide shafts 191
and 192 are fitted into the respective support holes 190
with the smallest possible gap, assembly may be difficult
due to dimensional errors of the first and second guide
shafts 191 and 192 and/or the respective support holes
190. On the other hand, according to the above-de-
scribed structure of this embodiment, by forming only the
gap between the first guide shaft 191 and the bearing
184 with higher accuracy, assembly of the first and sec-
ond guide shafts 191 and 192 can be facilitated, while
their function of guiding the movable support 18 is satis-
factorily maintained.
[0124] In order to select which one of the first and sec-
ond guide shafts 191 and 192 should be the guide shaft
(hereinafter referred to as the reference guide shaft) for
which a smaller clearance (higher dimensional accuracy)
is provided, it is preferable to consider the effects of ro-
tation of the movable unit 180 on the engagement be-
tween the driving gear 78 and the driven gear 79 (see
FIG. 8). More specifically, two cases will be hypothesized
to explain this point. In the first case, the movable unit
180 is rotated around the axis of the first guide shaft 191
by a certain angle. In the second case, the movable unit
180 is rotated around the axis of the second guide shaft
192 by the same angle. Furthermore, the reference guide
shaft is preferably selected as the one of the two guide
shafts 191, 192 that causes a smaller change in a center
distance between the driving axis A1 of the spindle 31
and the rotation axis A4 of the second intermediate shaft
42 (i.e. the shortest distance between the driving axis A1
and the rotation axis A4). This selection can reduce the
effects of rotation of the movable unit 180 on the engage-
ment between the driving gear 78 and the driven gear 79.
[0125] A method for selecting the reference guide shaft
is now described in more detail with reference to FIG.
18. FIG. 18 shows pitch circles C1 and C2 and a common
tangent line T to the pitch circles C1 and C2 in a plane
that is orthogonal to the driving axis A1 and the rotation
axis A4. The pitch circles C1 and C2 are the pitch circles
of the driving gear 78 and the driven gear 79 (see FIG.
8), respectively, in the state in which the driving gear 78
and the driven gear 79 are properly engaged with each
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other. Point P is a point on the driven gear 79 that coin-
cides with a pitch point that is common to (between) the
driving gear 78 and the driven gear 79 at this time.
[0126] As described above, the driven gear 78 is pro-
vided on the second intermediate shaft 42 which cannot
move relative to the body housing 10 in either the axial
direction or the radial direction. On the other hand, the
driven gear 79 provided on the spindle 31 is a portion of
the movable unit 180. Therefore, the driven gear 79 may
move around an axis of the reference guide shaft relative
to the driving gear 78 along with rotation of the movable
unit 180. At this time, if the point P on the driven gear 79
moves relative to the driving gear 78 substantially in an
extension direction of the common tangent line T, the
change in the center distance is relatively small and the
engagement is less easily affected by the movement. On
the contrary, if the point P moves substantially in a direc-
tion orthogonal to the common tangent line T, the center
distance may more significantly change, as the amount
of the movement of the point P increases. As a result,
the engagement may be released or become too deep.
[0127] In view of these circumstances, it is considered
to be optimal that the reference guide shaft is located at
a position, as denoted by reference sign S in FIG. 18, on
the side opposite to the driving gear 78 with respect to
the driving axis A1, on a line L that passes through the
rotation axis A4 of the driving gear 78 and the driving axis
A1, which is the rotation axis of the driven gear 79. Fur-
ther, if neither of the first and second guide shafts 191
and 192 is located on the line L, it is preferable that the
one of the first and second guide shafts 191 and 192 that
is closer to the line L is selected as the reference guide
shaft. Specifically, a comparison is made between angle
α, which is formed between the line L and a line segment
connecting the axis of the first guide shaft 191 and the
driving axis A1, and angle β, which is formed between
the line L and a line segment connecting the axis of the
second guide shaft 192 and the driving axis A1, in a plane
that is orthogonal to the driving axis A1 and the rotation
axis A4. Then, the guide shaft that corresponds to the
smaller one of the angle α and the angle β may be se-
lected as the reference guide shaft.
[0128] In this embodiment, the driving axis A1, the first
guide shaft 191 and the second guide shaft 192 are ar-
ranged on a straight line in a plane that is orthogonal to
the driving axis A1 and the rotation axis A4, so that the
angle α1 is equal to the angle β1. Therefore, whichever
of the first and second guide shafts 191 and 192 is se-
lected as the reference guide shaft, the change in the
center distance is the same. Therefore, the second guide
shaft 192 may be selected as the reference guide shaft
in place of the first guide shaft 191. On the other hand,
if the positions of the first and second guide shafts 191
and 192 are respectively changed, for example, to the
positions shown by dotted lines in FIG. 18, angle α2 is
smaller than angle β2. Therefore, in this case, the first
guide shaft 191 is preferably selected as the reference
guide shaft.

[0129] In this embodiment, the first and second guide
shafts 191 and 192 have different diameters; however,
in a modified embodiment, the first and second guide
shafts 191 and 192 may have the same diameter. In such
a modified embodiment, the inner diameter of the bear-
ings 184 of the first-shaft-insertion part 181 may differ
from the inner diameter of the bearings 184 of the second-
shaft-insertion part 182, so that the gaps (clearances) for
the first and second guide shafts 191 and 192 differ from
each other. Alternatively, the diameter of the first guide
shaft 191 may differ from the diameter of the second
guide shaft 192 and the inner diameter of the bearings
184 of the first-shaft-insertion part 181 may differ from
the inner diameter of the bearings 184 of the second-
shaft-insertion part 182.
[0130] This embodiment also provides measures for
facilitating the mounting of the lock plate 45 when as-
sembling the internal structures in the front housing 13.
A method for mounting the lock plate 45 is now described
with reference to FIGS. 19 to 21. In this embodiment, the
front housing 13 including the barrel part 131 is formed
as a single cylindrical member. Further, the lock plate 45
is positioned in the initial position by the bearing support
15 being fitted into the rear end portion of the front hous-
ing 13. Therefore, if an assembler (a person who assem-
bles the tool) simply fits the biasing spring 46 in the recess
138, and then engages the lock plate 45 with the ribs 137
while inserting the spring-receiving part 451 into the bi-
asing spring 46, the lock plate 45 and the biasing spring
46 may slip off when the assembler turns an open rear
end of the front housing 13 downward before fitting the
bearing support 15 into the front housing 13.
[0131] Therefore, in this embodiment, as shown in FIG.
19, first, the assembler fixes the spring-receiving part 451
within the rear end portion of the biasing spring 46 by
press fitting. Then, the assembler slides the lock plate
45 forward along the ribs 137 and fixes the front end
portion of the biasing spring 46 in the recess 138 of the
front housing 13 by press fitting. Thus, the lock plate 45
is temporarily fixed to the front housing 13 via the biasing
spring 46. Therefore, even if the assembler turns the rear
end of the front housing 13 downward, the lock plate 45
and the biasing spring 46 do not slip off.
[0132] Further, as shown in FIG. 20, the assembler
inserts the first and second guide shafts 191 and 192
through the first-shaft-insertion part 181 and the second-
shaft-insertion part 182, respectively, so that the first and
second guide shafts 191 and 192 support the movable
unit 180. The assembler then fits the front end portions
of the first and second guide shafts 191 and 192 into the
respective recesses (see FIG. 15) of the front housing
13, and fits the bearing support 15 into the rear end por-
tion of the front housing 13 while compressing the O-ring
151.
[0133] In this process, the contact part 453 of the lock
plate 45 abuts on the projection 157 of the bearing sup-
port 15. At this point in time, the biasing spring 46 is not
yet compressed. Thereafter, the bearing support 15
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presses the lock plate 45 via the projection 157 and
moves the lock plate 45 forward along the ribs 137 while
compressing the biasing spring 46. When the bearing
support 15 reaches a specified position as shown in FIG.
21, mounting of the lock plate 45 is completed. By using
such a method, the assembler can easily mount the lock
plate 45 in the front housing 13 and the bearing support
15.
[0134] Methods for temporarily fixing the lock plate 45
are not limited to the above-described method. Although
not shown in detail, for example, the lock plate 45 may
be configured to hold the biasing spring 46 in a com-
pressed state. In order to temporarily fix the lock plate
45 to the front housing 13, the front end portion of the
biasing spring 46 may be fixed by press fitting to a locking
piece provided in the front housing 13.
[0135] For example, a rubber pin may be used as the
locking piece to temporarily fix the lock plate 45. In such
an embodiment, a holding recess for the rubber pin is
formed on the inside of the rear end portion of the front
housing 13. The holding recess is provided such that the
rubber pin abuts on a rear end of the lock plate 45 at a
position rearward from the initial position. The assembler
fits the front end portion of the biasing spring 46 into the
recess 138 and further fits the spring-receiving part 451
of the lock plate 45 into the rear end portion of the biasing
spring 46. Thereafter, the assembler fits the rubber pin
into the holding recess to temporarily fix the lock plate
45. Further, when the assembler fits the bearing support
15 at a specified position of the front housing 13, the lock
plate 45 is pressed forward from the position of abutment
with the rubber pin and placed in the initial position.
[0136] Operation of the rotary hammer 101 of this em-
bodiment is now described.
[0137] When the trigger 171 is depressed by a user
and the switch 172 is turned on, the motor 2 is energized
and the driving mechanism 5 is driven. More specifically,
as described above, the striking mechanism 6 and/or the
rotation-transmitting mechanism 7 is (are) driven accord-
ing to the action mode that was set (selected) by the
mode-changing dial 800, so that the hammering opera-
tion and/or the drilling operation is (are) performed.
[0138] In the hammer-drill mode and the hammer
mode in which the hammering operation is performed,
when the tool accessory 91 is pressed against a work-
piece and the processing operation is performed, vibra-
tion is caused mainly in the driving-axis direction (i.e.
front-rear direction) in the striking mechanism 6, due to
the force of the striking mechanism 6 driving the tool ac-
cessory 91 and a reaction force from the workpiece
against the striking force of the tool accessory 91. Owing
to this vibration, the movable unit 180 may move in the
front-rear direction along the first and second guide
shafts 191 and 192 relative to the body housing 10, and
the first and second biasing springs 194 and 195 expand
and contract (elastically deform). This absorbs (attenu-
ates) vibration from the movable unit 180 and thereby
reduces the amount of vibration transmitted to the body

housing 10 and the handle 17.
[0139] When vibration causes the movable unit 180 to
move rearward and the first and second biasing springs
194 and 195 are compressed by a specified amount, the
cushioning members 197 held by the bearing support 15
collide with the movable support 18, and restrict further
rearward movement of the movable unit 180. Thus, col-
lision between the bearing support 15 and the movable
support 180 can be prevented. Since the cushioning
members 197 are each formed of rubber, the impact
(force) of the collision between the movable support 180
and the cushioning members 197 can be reduced (atten-
uated, dampened) by elastic deformation of the rubber.
[0140] During the processing operation, the user con-
tinues to press the handle 17 and the body housing 10
forward toward the workpiece, in order to hold the tool
accessory 91 pressed against the workpiece. Therefore,
because the movable unit 180 tends to be positioned
rearward from the foremost position shown in FIG. 15 in
this embodiment, cushioning members need not be dis-
posed on the shoulder parts 133 for restricting forward
movement of the movable support 18. However, in a
modified embodiment, cushioning members similar to
the cushioning members 197 may also be disposed on
the shoulder parts 133.
[0141] As shown in FIG. 9, in the hammer-drill mode
and the hammer mode, the first transmitting member 64
is placed in the engagement position (shown by solid
lines) and spline-engaged with the intervening member
63, so that rotation of the first intermediate shaft 41 is
transmitted to the intervening member 63. The rotary
body 611, which is a part of the movable unit 180, may
move relative to the body housing 10 within a range be-
tween the foremost position shown by solid lines and the
rearmost position shown by dotted lines when vibration
is caused. As described above, the rotary body 611 is
spline-engaged with the intervening member 63, which
is held immovably in the front-rear direction. Therefore,
the rotary body 611 may move along the splines in the
front-rear direction relative to the intervening member 63,
while rotating together with the intervening member 63.
Meanwhile, the intervening member 63 and the first
transmitting member 64 do not move relative to each
other in the front-rear direction, so that the relative move-
ment of the movable unit 180 in the front-rear direction
does not affect the engagement between the intervening
member 63 and the first transmitting member 64. There-
fore, the state of power transmission from the first inter-
mediate shaft 41 to the motion-converting member 61
(specifically, the rotary body 611) can be stably main-
tained.
[0142] In the hammer-drill mode in which both the drill-
ing operation and the hammering operation are per-
formed, vibration causes the spindle 31, which is a part
of the movable unit 180, to also move in the front-rear
direction relative to the body housing 10. Thus, as shown
in FIG. 10, the driven gear 79 provided on the outer pe-
riphery of the cylinder 33 may move in the front-rear di-
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rection relative to the driving gear 78, which cannot move
in the front-rear direction relative to the body housing 10,
between the position shown by solid lines and the position
shown by dotted lines. In this embodiment, the driving
gear 78 has a sufficient length in the front-rear direction
to cover (span) the movable range of the driven gear 79.
Therefore, even when the spindle 31 is moving relative
to the body housing 10 in the front-rear direction, the
driven gear 79 is always engaged with the rotating driving
gear 78.
[0143] Similarly, in the drill mode in which only the drill-
ing operation is performed, when the movable unit 180
moves in the front-rear direction relative to the body hous-
ing 10, as described above, transmission of vibration to
the body housing 10 and the handle 17 can be reduced
(attenuated) by expansion and contraction of the first and
second biasing springs 194 and 195. Furthermore, sim-
ilar to the hammer-drill mode, rotation is transmitted from
the second intermediate shaft 42 to the spindle 31 via
the driving gear 78 and the driven gear 79, without being
affected by relative movement of the movable unit 180
in the front-rear direction.
[0144] In both the hammer-drill mode and the drill
mode in which the drilling operation is performed, when
a load exceeding a threshold is applied to the second
intermediate shaft 42 during the drilling operation, as de-
scribed above, the torque limiter 73 operates (acts) to
interrupt torque transmission in the torque transmission
path that is exclusive for the drilling operation, so that the
drilling operation is stopped.
[0145] In both the hammer-drill mode and the hammer
mode in which the hammering operation is performed,
when the tool accessory 91 is not coupled to the tool
holder 32 or when the tool accessory 91 is not being
pressed against the workpiece, namely, in a state in
which no load is applied (hereinafter referred to as a no-
load state), it is preferred that the striker 67 does not
strike the impact bolt 68. Therefore, in the rotary hammer
101 of this embodiment, an idle-striking prevention mech-
anism 30 is provided to promptly stop the striker 67 from
striking the impact bolt 68 when the rotary hammer 101
shifts to the no-load state. The idle-striking prevention
mechanism 30 is now described.
[0146] The idle-striking prevention mechanism 30 of
this embodiment is configured to catch the striker 67 by
shifting the timing of the displacement of the impact bolt
68 while the piston 65 continues reciprocating in the no-
load state. First, the structures of the striker 67 and the
impact bolt 68 are described in detail.
[0147] As shown in FIG. 7, the striker 67 includes a
solid circular cylindrical body 671 and a small-diameter
part 672, which has a smaller diameter than the body
671 and protrudes forward from the body 671. The body
671 has substantially the same diameter as the inner
diameter of the piston 65. An O-ring is mounted on an
outer peripheral portion of the body 671, in order to her-
metically seal a gap between the piston 65 and the striker
67. A flange part 673 is provided on a front end of the

small-diameter part 672. The impact bolt 68 is formed as
a solid circular cylindrical member. The impact bolt 68
includes a large-diameter part 681, which is located sub-
stantially in a center of the impact bolt 68 in the axial
(front-rear) direction, and small-diameter parts 683 and
684, which respectively extend forward and rearward
from the large-diameter part 681.
[0148] As shown in FIG. 22, the idle-striking prevention
mechanism 30 includes a catcher 34, the tool holder 32,
a restriction ring 35, a guide sleeve 36 and a cushioning
ring 37. The catcher 34 is disposed inside the cylinder
33, while the restriction ring 35, the guide sleeve 36 and
the cushioning ring 37 are disposed within the tool holder
32.
[0149] The catcher 34 is configured to catch and hold
the striker 67 in the no-load state. The catcher 34 includes
a catch ring 341 and a ring-holding part 343. The ring-
holding part 343 is a metal cylindrical member. The ring-
holding part 343 is fitted in a front end portion of the cyl-
inder 33 and held to be slidable in the front-rear direction.
The rearmost position of the catcher 34 is defined by a
stopper ring 345 fixed inside the cylinder 33. The catch
ring 341 is an O-ring. The catch ring 341 is mounted
within a rear end portion of the ring-holding part 343. The
catch ring 341 of this embodiment is formed of rubber.
[0150] In this embodiment, the tool holder 32 has a
stepped circular cylindrical shape. The inner diameter of
the tool holder 32 is the smallest in the front portion having
the insertion hole 330, and increases stepwise toward
the rear. In the following description, the portion of the
tool holder 32 that extends rearward from a rear end of
the front portion and has an inner diameter larger than
the diameter of the insertion hole 330 is referred to as a
small-diameter part 321. Further, the portion of the tool
holder 32 that extends rearward from a rear end of the
small-diameter part 321 and has a larger inner diameter
than the small-diameter part 321 is referred to as a large-
diameter part 325. Furthermore, the portion of the tool
holder 32 that extends rearward from a rear end of the
large-diameter part 325 and has a larger inner diameter
than the large-diameter part 325 is referred to as a max-
imum-diameter part 329. The maximum-diameter part
329 forms a rear end portion of the tool holder 32. The
cylinder 33 extends rearward from a rear end of the max-
imum-diameter part 329.
[0151] A first shoulder part 322 is provided at a bound-
ary between the small-diameter part 321 and the larger
diameter part 325 on the inside of the tool holder 32. A
rear surface 323 of the first shoulder part 323 is a conical
surface (tapered surface) having a diameter that slightly
increases toward the rear. Further, a second shoulder
part 326 is provided at a boundary between the large-
diameter part 325 and the maximum-diameter part 329.
A rear surface of the second shoulder part 326 is a flat
surface that is orthogonal to the driving axis A1.
[0152] The restriction ring 35 is an annular metal mem-
ber. The restriction ring 35 is fitted in the maximum-di-
ameter part 329 of the tool holder 32, and held to be
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slidable in the front-rear direction. The restriction ring 35
serves as a restriction part for restricting (blocking) fur-
ther rearward movement of the impact bolt 68 by abutting
on the large-diameter part 681 of the impact bolt 68 from
the rear. Further, the restriction ring 35 is disposed
around the small-diameter part 684 of the impact bolt 68,
and also serves as a guide part for guiding the sliding
movement of the small-diameter part 684. The inner di-
ameter of the restriction ring 35 is substantially equal to
the diameter of the small-diameter part 684. Further, an
inner peripheral surface of the restriction ring 35 has a
shape conforming to a rear portion of the large-diameter
part 681.
[0153] A cushioning ring 38, which is an annular elastic
element, is disposed between the restriction ring 35 and
the ring-holding part 343 of the catcher 34 in the front-
rear direction. The cushioning ring 38 of this embodiment
is formed of rubber. The cushioning ring 38 is disposed
coaxially with the tool holder 32 between the restriction
ring 35 and the ring-holding part 343 in a compressed
state. Thus, because the restriction ring 35 and the ring-
holding part 343 are biased away from each other by the
cushioning ring 38, the restriction ring 35 is normally held
at a foremost position to abut on the rear surface of the
second shoulder part 326 and the ring-holding part 343
is normally held at a rearmost position to abut on the
stopper ring 345.
[0154] The guide sleeve 36 is a cylindrical metal mem-
ber. The guide sleeve 36 is configured to hold the impact
bolt 68 so as to be slidable along the driving axis A1.
More specifically, a front half of the guide sleeve 36 is
disposed around the front small-diameter part 683 of the
impact bolt 68, and forms a guide part 360 for guiding
the sliding movement of the small-diameter part 683. The
guide part 360 also serves as a restriction (blocking) part
that restricts (blocks) further forward movement of the
impact bolt 68 by abutting on the large-diameter part 681
of the impact bolt 68 from the front. The inner diameter
of the guide part 360 is substantially equal to the diameter
of the small-diameter part 683. Further, an inner periph-
eral surface of a rear end portion of the guide part 360
has a shape conforming to a front portion of the large-
diameter part 681. A rear half of the guide sleeve 36 has
a larger inner diameter than the diameter of the large-
diameter part 681.
[0155] The guide sleeve 36 is disposed within the
large-diameter part 325 of the tool holder 32 and is held
to be slidable in the front-rear direction. The guide sleeve
36 has a substantially uniform outer diameter, except for
its front end portion having a smaller outer diameter. In
the following description, the front end portion of the guide
sleeve 36 is referred to as a small-diameter part 361 and
the other portion of the guide sleeve 36, which extends
rearward from the small-diameter part 361 and has a
substantially uniform outer diameter, is referred to as a
large-diameter part 363. A front surface 364 of the large-
diameter part 363 is a conical surface (tapered surface)
having a diameter that slightly increases toward the rear.

[0156] The cushioning ring 37 is an annular elastic el-
ement. The cushioning ring 37 is disposed coaxially with
the tool holder 32 between a front end surface of the
guide sleeve 36 (i.e. a front end surface of the small-
diameter part 361) and the tool holder 32 (specifically, a
surface defining a front end of the small-diameter part
321) in the front-rear direction. The outer diameter of the
cushioning ring 37 is substantially equal to the inner di-
ameter of the small-diameter part 321 of the tool holder
32. The inner diameter of the cushioning ring 37 is larger
than the outer diameter of the small-diameter part 683
of the impact bold 68. Therefore, the cushioning ring 37
is held within the small-diameter part 321 spaced apart
radially outward from the impact bolt 68.
[0157] In this embodiment, an oil seal 39 is disposed
within a front end portion of the small-diameter part 321
of the tool holder 32, in order to prevent leakage of lubri-
cant out of the spindle 31 and to prevent ingress of foreign
matter into the spindle 31. A front end of the cushioning
ring 37 abuts on a washer disposed behind the oil seal
39, and a rear end of the cushioning ring 37 abuts on the
guide sleeve 36. However, in a modified embodiment,
the front end of the cushioning ring 37 may directly abut
on an inner peripheral surface of the tool holder 32. Fur-
ther, a washer may be disposed in front of the guide
sleeve 36, and a rear end of the cushioning ring 37 may
abut on this washer.
[0158] The cushioning ring 37 of this embodiment is
formed of rubber. The cushioning ring 37 is disposed in
a slightly compressed state between the front end sur-
face of the guide sleeve 36 and the washer. Thus, the
guide sleeve 36 is biased rearward relative to the tool
holder 32 and normally held at a position (hereinafter
referred to as an initial position) where a rear end surface
of the guide sleeve 36 abuts on a front end surface of
the restriction ring 35 located at the foremost position. At
this time, the front surface 364 (conical surface) of the
large-diameter part 363 of the guide sleeve 36 is spaced
apart rearward from the rear surface 323 (conical sur-
face) of the first shoulder part 322 of the tool holder 32.
Thus, a gap (clearance) exists between the front surface
364 of the large-diameter part 363 and the rear surface
323 of the first shoulder part 322.
[0159] The sectional shape of the cushioning ring 37
along a plane that contains the driving axis A1 is sub-
stantially an octagon that is elongated in the driving-axis
direction (i.e. front-rear direction). Thus, the cushioning
ring 37 has a dimension in the front-rear direction (max-
imum length) that is larger than a dimension in its thick-
ness direction (maximum thickness). Further, the sec-
tional shape of the cushioning ring 37 along a plane or-
thogonal to the driving axis A1 is not uniform (varies) in
the front-rear direction. Therefore, the area of contact
between the cushioning ring 37 and the guide sleeve 36
changes as the cushioning ring 37 expands and contracts
(elastically deforms) in the front-rear direction. More spe-
cifically, the area of contact of the cushioning ring 37 with
the guide sleeve 36 is relatively small at the beginning
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of compression of the cushioning ring 37, and increases
as the compression progresses. Because the cushioning
ring 37 has such a shape, it is prone to deform more at
the beginning of compression, and then deform less as
the compression progresses. Further, as compared to a
cushioning ring having a uniform section in the front-rear
direction, the cushioning ring 37 of the present embodi-
ment is more prone to deformation in the front-rear di-
rection. Therefore, with such a structure according to the
present embodiment, the cushioning ring 37 is capable
of undergoing a relatively large amount of deformation
in the front-rear direction, and thus a relatively large
amount of movement of the guide sleeve 36.
[0160] Operation of the idle-striking prevention mech-
anism 30 is now described.
[0161] In a state (hereinafter referred to as a loaded
state) in which the tool accessory 91 is being pressed
against a workpiece and a load is being applied to the
tool accessory 91, as shown in FIG. 22, the tool acces-
sory 91 pushes the impact bolt 68 to a position where
the large-diameter part 681 abuts on the restriction ring
35 from the front. A rear end of the impact bolt 68 is
located within the rear end portion of the ring-holding part
343. In this state, when the motor 2 is driven, as described
above, the striker 67 strikes the impact bolt 68. The im-
pact bolt 68 transmits the kinetic energy of the striker 67
to the tool accessory 91 and linearly drives the tool ac-
cessory 91. During this process, the large-diameter part
681 does not collide with the guide sleeve 36 (the guide
part 360). Further, when the impact bolt 68 rebounds
rearward, the cushioning ring 38 cushions the impact of
the impact bolt 68.
[0162] When the user no longer presses the tool ac-
cessory 91 against the workpiece, the tool accessory 91
may move forward from the rearmost position shown in
FIG. 22. In this state, when the piston 65 is continued to
be driven, as shown in FIG. 23, the impact bolt 28 is
struck by the striker 67 and thereby moves forward rel-
ative to the guide sleeve 36. The large-diameter part 681
collides with the guide part 360 from the rear. Thus, the
guide sleeve 36 moves forward relative to the tool holder
32 while compressing the cushioning ring 37. The front
surface 364 of the large-diameter part 363 collides with
the rear surface 323 of the first shoulder part 322.
[0163] The impact bolt 68 then rebounds owing to a
reaction force from the guide sleeve 36 and is struck
again by the striker 67, which has been pushed forward
owing to the reciprocating movement of the piston 65.
However, the timing of the displacement (the cycle of
rebounding movement) of the impact bolt 68 is shifted
due to the impact absorption of the cushioning ring 37
and the movement of the guide sleeve 36 relative to the
tool holder 32 Thus, the cycle of the rebounding move-
ment of the impact bolt 68 deviates from the cycle of the
reciprocating movement of the striker 67. As a result, as
shown by a dotted line in FIG. 23, when the small-diam-
eter part 672 of the striker 67 enters the catcher 34, the
flange part 673 is caught by the catch ring 341 so that

the reciprocating movement of the striker 67 is stopped.
[0164] In the idle-striking prevention mechanism 30 of
this embodiment, the cushioning ring 37 is disposed be-
tween the tool holder 32 and the front end surface of the
guide sleeve 36 in the front-rear direction (driving-axis
direction). With this structure, as compared to a structure
in which an elastic element is disposed between the tool
holder 32 and the guide sleeve 36 in the radial direction,
the diameter of the tool holder 32 can be made smaller,
so that the idle-striking prevention mechanism 30 can be
made relatively small (narrow) in the radial direction. By
employing such an idle-striking prevention mechanism
30, the distance (a so-called center height) between the
driving axis A1 and an outer surface (an upper surface,
in particular) of the body housing 10 (specifically, the bar-
rel part 131) may be shortened, so that the rotary hammer
101 can be shaped in a manner that is more easily use-
able in confined spaces (for example, in a corner between
walls). Further, as described above, the barrel part 131
may be held by the user during the processing operation.
Therefore, because the barrel part 131 may have a re-
duced (smaller) diameter, it is easier for the user to hold
the barrel part 131.
[0165] Further, the guide sleeve 36 is biased rearward
by the cushioning ring 37, and abuts on the restriction
ring 35 disposed behind the guide sleeve 36. Therefore,
the guide sleeve 36 can be stably held between the cush-
ioning ring 37 and the restriction ring 35, and the cush-
ioning ring 37 can elastically deform to absorb the impact
at the same time when the guide sleeve 36 moves for-
ward.
[0166] In the idle-striking prevention mechanism 30,
the structure of the cushioning ring 37 may be appropri-
ately changed. For example, a cushioning ring 371
shown in FIG. 24 or a cushioning ring 372 shown in FIGS.
25 and 26 may be employed, in place of the cushioning
ring 37. The cushioning ring 371 shown in FIG. 24 is a
circular cylindrical elastic element. Like the cushioning
ring 37, a dimension of the cushioning ring 371 in the
front-rear direction is larger than a dimension of the cush-
ioning ring 371 in its thickness direction. Front and rear
end portions of the cushioning ring 371 each have a
chamfered outer edge. Thus, the outer edges of the front
and rear end portions are less prone to be caught and
damaged between the washer and the tool holder 32 and
between the guide sleeve 36 and the tool holder 32, re-
spectively. The cushioning ring 372 shown in FIGS. 25
and 26 is an annular member having the shape of a wave-
form as a whole. The cushioning ring 372 has recesses
and protrusions extending in the front-rear direction. Like
the cushioning ring 37, the cushioning ring 372 is an elas-
tic element, in which a dimension in the front-rear direc-
tion is larger than a dimension in its thickness direction,
and in which a sectional shape along a plane orthogonal
to the driving axis A1 is not uniform (varies) in the front-
rear direction. The cushioning ring 372 is thus easily de-
formable in the front-rear direction.
[0167] Further, in place of the single cushioning ring
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37, for example, as shown in FIG. 27, a plurality of O-
rings 373 may be arranged side by side in the front-rear
direction. In FIG. 27, two O-rings 373 are shown as an
example, but three or more O-rings 373 may be em-
ployed, depending on the amount of space for the O-
rings 373 within the small-diameter part 321. The O-ring
373 itself is an elastic element in which an amount of
deformation in the front-rear direction is relatively small.
However, by providing a plurality of O-rings 373, the
amount of deformation of the O-rings 373 as a whole in
the front-rear direction can be increased as compared to
the single O-ring 373. In this example, the O-rings 373
may all have the same structure, or they may have dif-
ferent sectional diameters.
[0168] Correspondences between the features of the
above-described embodiment and the features of the in-
vention are as follows. The features of the above-de-
scribed embodiment, however, are merely exemplary
and do not limit the features of the present invention. The
rotary hammer 101 is an example of the "rotary hammer".
The spindle 31 is an example of the "final output shaft".
The driving axis A1 is an example of the "driving axis".
The motor 2 and the motor shaft 25 are examples of the
"motor" and the "motor shaft", respectively. The first in-
termediate shaft 41 is an example of the "first intermedi-
ate shaft". The striking mechanism 6 is an example of
the "first driving mechanism". The second intermediate
shaft 42 is an example of the "second intermediate shaft".
The rotation-transmitting mechanism 7 is an example of
the "second driving mechanism". The pinion gear 255 is
an example of the "driving gear". The first driven gear
414 and the second driven gear 424 are examples of the
"first driven gear" and the "second driven gear", respec-
tively. The torque limiter 43 is an example of the "torque
limiter". The drive-side member 74, the driven-side mem-
ber 75 and the ball 76 are examples of the "drive-side
cam", the "driven-side cam" and the "ball", respectively.
The biasing spring 77 is an example of the "biasing mem-
ber". The body housing 10, the bearing support 15, the
bearing 251, the bearing 412 and the bearing 422 are
examples of the "housing", the "partition member", the
"first bearing", the "second bearing" and the "third bear-
ing", respectively. The first clutch mechanism 62 and the
second clutch mechanism 71 are examples of the "first
clutch mechanism" and the "second clutch mechanism",
respectively. The mode-change dial 800 (the operation
part 801) is an example of the "operation member". The
first switching member 81 and the second switching
member 82 are examples of the the "first switching mem-
ber" and the "second switching member", respectively.
The first pin 803 and the second pin 805 are examples
of the "first contact part" and the "second contact part",
respectively. The support shaft 88 is an example of the
"support member". The handle 17 is an example of the
"handle".
[0169] The above-described embodiment is merely an
exemplary embodiment of the present invention, and ro-
tary hammers according to the present invention are not

limited to the rotary hammer 101 of the above-described
embodiment. For example, the following modifications
may be made. One or more of these modifications may
be employed in combination with the rotary hammer 101
of the above-described embodiment or any one of the
claimed features.
[0170] The rotary hammer 101 may be configured to
be operated using power supplied from a rechargeable
battery, instead from the external AC power source. In
such an embodiment, in place of the power cable (power
cord) 179, one, two or more battery-mounting parts, on
which the battery (or respective batteries) can be remov-
ably mounted, may be provided, for example, at (on) a
lower end part of the handle 17. Further, the motor 2 may
be a DC motor, instead of an AC motor. The motor 2 may
be a brushless motor, instead of a motor with a brush.
[0171] The structures (such as shapes, components
and materials) of the body housing 10 and the handle 17
may be appropriately changed. For example, the body
housing 10 may be formed by left and right halves con-
nected together, instead of the front and rear halves. Fur-
ther, the body housing 10 may have a vibration-isolating
structure that is different from that of the above-described
embodiment. For example, the handle 17 may be elas-
tically connected to the body housing 10 so as to be mov-
able relative to the body housing 10. Alternatively, the
body housing 10 may include an inner housing which
houses the driving mechanism 5, and an outer housing
which includes a grip part to be held by a user. Further,
the outer housing may be elastically connected to the
inner housing so as to be movable relative to the inner
housing. Unlike in the above-described embodiment, the
spindle 31 and the striking mechanism 6 may be disposed
to be immovable in the driving-axis direction (i.e. front-
rear direction) relative to the body housing 10.
[0172] The vibration-isolating structure of the above-
described embodiment may be appropriately changed.
For example, the number of the guide shafts for support-
ing the movable unit 180 is not limited to two, and may
be one or three or more. The position and the support
structure of the guide shafts and the structures (such as
shapes and materials) of the movable support 18 and
the bearing support 15 may also be appropriately
changed. For example, in the above-described embodi-
ment, the first guide shaft 191 is inserted through the
front and rear bearings 184 of the first-shaft-insertion part
181 and supports the movable support 18 at two posi-
tions. Similarly, the second guide shaft 192 is inserted
through the front and rear bearings 184 of the second-
shaft-insertion part 182 and supports the movable sup-
port 18 at two positions. However, each of the first guide
shaft 191 and the second guide shaft 192 may support
the movable support 18 at one position.
[0173] Each of the first and second biasing springs 194
and 195 may be changed to other kinds of spring (such
as a tensile coil spring and a torsion spring) or an elastic
member (such as rubber and elastic synthetic polymer
(e.g. urethane foam)) other than a spring. Further, the
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cushioning member 197 which is disposed between the
movable support 18 (the movable unit 180) and the body
housing 10 or the bearing support 15 may be formed, for
example, of elastic synthetic polymer (such as urethane
foam) in place of rubber, or it may be omitted. The num-
bers of the biasing springs and the cushioning members
for the movable support 18 may be one or three or more.
[0174] The positions of the first intermediate shaft 41
(the rotation axis A3) and the second intermediate shaft
42 (the rotation axis A4) relative to the motor shaft 25
(the rotation axis A2), and the positions of the first inter-
mediate shaft 41 (the rotation axis A3) and the second
intermediate shaft 42 (the rotation axis A4) relative to the
spindle 31 (the driving axis A1) are not limited to those
of the above-described embodiment. For example, the
rotation axis A3 and the rotation axis A4 may be arranged
on a straight line across the rotation axis A2 in a plane
orthogonal to the driving axis A1. Further, conversely to
the above-described embodiment, the first and second
intermediate shafts 41 and 42 may be arranged on the
left and right sides of the driving axis A1 (or the reference
plane VP), respectively.
[0175] The structures and arrangement positions of
the first and second clutch mechanisms 62, 71, the torque
limiter 73 and the mode-changing mechanism 80 may
be appropriately changed.
[0176] For example, the intervening member 63 may
be omitted, and the first transmitting member 64 of the
first clutch mechanism 62 may be movable between a
position where it is engaged with the motion-converting
member 61 (specifically, with the rotary body 611) and a
position where it is separated (spaced apart) from the
motion-converting member 61. In other words, the first
transmitting member 64 may be configured to directly
transmit rotation of the first intermediate shaft 41 to the
motion-converting member 61. Further, the second
clutch mechanism 71 may be configured to transmit pow-
er and to interrupt the power transmission, not between
the second driven gear 424 and the second intermediate
shaft 42, but between the second intermediate shaft 42
and the driving gear 78.
[0177] The rotary hammer 101 may have only the ham-
mer-drill mode and the hammer mode, among the above-
described three action modes of the embodiment (i.e.
the drill mode may be omitted). In this case, only the
second clutch mechanism 71 may be provided on the
second intermediate shaft 42 and the first clutch mech-
anism 62 may be omitted. Furthermore, the first switching
member 81 and the first spring 83 of the mode-changing
mechanism 80 may also be omitted.
[0178] The driven-side member 75 of the torque limiter
73 and the second intermediate shaft 42 may be spline-
engaged with each other, instead of being engaged via
the balls 76. Not the driven-side member 75 but the drive-
side member 74 may be movable on the second inter-
mediate shaft 42. Further, the torque limiter 73 may be
omitted, or may be provided on the spindle 31.
[0179] In the mode-changing mechanism 80, the

shapes and positions of the first and second switching
members 81 and 82, and the first and second springs 83
and 84, as well as their manner of movement along with
the mode-changing dial 800 may be appropriately
changed. For example, the first switching member 81 for
switching the first clutch mechanism 62 and the second
switching member 82 for switching the second clutch
mechanism 71 may be configured to be moved by sep-
arate (discrete) operation members, respectively. Fur-
ther, the operation member that is configured to operate
the mode-changing mechanism 80 is not limited to a ro-
tary dial, and may be, for example, a slide lever. The first
and second springs 83 and 84 may be other kinds of
springs (such as a tensile coil spring or a torsion spring).
The first and second switching members 81 and 82 need
not necessarily be biased. Further, a larger free space
exists on the left side of the reference plane VP where
the second intermediate shaft 42 and the rotation-trans-
mitting mechanism 7 are disposed, than on the right side
where the first intermediate shaft 41 and the striking
mechanism 6 are disposed. Therefore, the mode-chang-
ing mechanism 80 may be disposed on the left side por-
tion of the body housing 10, utilizing this space.
[0180] The idle-striking prevention mechanism 30 may
be omitted, or a different type of idle-striking prevention
mechanism may be provided.
[0181] Further, in view of the nature of the present in-
vention and the above-described embodiment, the fol-
lowing aspects can be provided. Any one of the following
aspects can be employed in combination with any one
of the rotary hammer 101 of the above-described em-
bodiment, its modifications and the claimed invention.

(Aspect 1)

[0182] The first driving mechanism includes:

an oscillating member disposed on the first interme-
diate shaft and configured to oscillate in response to
rotation of the first intermediate shaft;
a piston configured to reciprocate along the driving
axis in response to oscillating movement of the os-
cillating member; and
a striking element configured to linearly move in re-
sponse to an air spring generated by reciprocating
movement of the piston and thereby linearly dive the
tool accessory.

[0183] The motion-converting member 61 (the oscillat-
ing member 616), the piston 65 and the striker 67 are
examples of the "oscillating member", the "piston" and
the "striking element", respectively, in this aspect.

(Aspect 2)

[0184] The second driving mechanism is a speed-re-
ducing gear mechanism that includes:
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a first rotation-transmitting gear disposed on the sec-
ond intermediate shaft and configured to rotate to-
gether with the second intermediate shaft; and
a second rotation-transmitting gear provided on an
outer periphery of the final output shaft and meshing
with the first rotation-transmitting gear.

[0185] The driving gear 78 and the driven gear 79 are
examples of the "first rotation-transmitting gear" and the
"second rotation-transmitting gear", respectively, in this
aspect.

(Aspect 3)

[0186] The support member is fixed to the partition
member.
[0187] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Description of the Numerals

[0188] 101: rotary hammer, 10: body housing, 11: rear
housing, 13: front housing, 131: barrel part, 133: shoulder
part, 137: rib, 138: recess, 15: bearing support, 151: O-
ring, 152: elastic element, 153: air-bleeding hole, 154:
filter, 155: projection, 157: projection, 17: handle, 171:
trigger, 172: switch, 179: power cable, 18: movable sup-
port, 180: movable unit, 181: first-shaft-insertion part,
182: second-shaft-insertion part, 183: cylindrical part,
184: bearing, 185: spindle-support part, 187: rotary-
body-support part, 190: support hole, 191: first guide
shaft, 192: second guide shaft, 194: first biasing spring,
195: second biasing spring, 197: cushioning member, 2:
motor, 20: body, 25: motor shaft, 251: bearing, 252: bear-
ing, 255: pinion gear, 27: fan, 30: idle-striking prevention
mechanism, 31: spindle, 316: bearing, 317: bearing, 32:
tool holder, 321: small-diameter part, 322: first shoulder
part, 323: rear surface, 325: large-diameter part, 326:
second shoulder part, 329: maximum-diameter part, 33:
cylinder, 330: insertion hole, 34: catcher, 341: catch ring,
343: ring-holding part, 345: stopper ring, 35: restriction
ring, 36: guide sleeve, 360: guide part, 361: small-diam-
eter part, 363: large-diameter part, 364: front surface, 37,
371, 372: cushioning ring, 373: O-ring, 38: cushioning
ring, 39: oil seal, 41: first intermediate shaft, 411: bearing,
412: bearing, 414: first driven gear, 416: spline part, 417:
large-diameter part, 42: second intermediate shaft, 421:
bearing, 422: bearing, 423: gear member, 424: second

driven gear, 425: spline part, 426: groove, 45: lock plate,
451: spring-receiving part, 453: contact part, 455: locking
part, 46: biasing spring, 5: driving mechanism, 6: striking
mechanism, 61: motion-converting member, 611: rotary
body, 612: spline part, 614: bearing, 616: swinging mem-
ber, 617: arm, 62: first clutch mechanism, 63: intervening
member, 631: spline part, 64: first transmitting member,
641: first spline part, 642: second spline part, 645:
groove, 65: piston, 67: striker, 671: body, 672: small-di-
ameter part, 673: flange part, 68: impact bolt, 681: large-
diameter part, 683: small-diameter part, 684: small-di-
ameter part, 7: rotation-transmitting mechanism, 71: sec-
ond clutch mechanism, 72: second transmitting member,
721: first spline part, 722: second spline part, 725:
groove, 727: recess, 73: torque limiter, 74: drive-side
member, 742: cam recess, 743: spline part, 75: driven-
side member, 751: groove, 752: cam projection, 76: ball,
77: biasing spring, 78: driving gear, 79: driven gear, 80:
mode-change mechanism, 800: mode-change dial, 801:
operation part, 803: first pin, 805: second pin, 81: first
switching member, 813: first engagement part, 82: sec-
ond switching member, 823: second engagement part,
83: first spring, 84: second spring, 88: support shaft, 881:
retaining ring, 91: tool accessory, A1: driving axis, A2:
rotation axis, A3: rotation axis, A4: rotation axis

Claims

1. A rotary hammer, comprising:

a final output shaft configured to removably hold
a tool accessory and to be rotatable around a
driving axis;
a motor having a motor shaft, the motor shaft
extending in parallel to the final output shaft;
a first intermediate shaft extending in parallel to
the final output shaft and configured to be rotat-
ed by rotation of the motor shaft;
a first driving mechanism configured to convert
rotation of the first intermediate shaft into linear
motion to perform a hammering operation of lin-
early driving the tool accessory along the driving
axis;
a second intermediate shaft extending in parallel
to the first intermediate shaft and configured to
be rotated by rotation of the motor shaft; and
a second driving mechanism configured to
transmit rotation of the second intermediate
shaft to the final output shaft to perform a drilling
operation of rotationally driving the tool acces-
sory around the driving axis,
wherein:

the first intermediate shaft is configured to
transmit power only for performing the ham-
mering operation and not for the drilling op-
eration, and
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the second intermediate shaft is configured
to transmit power only for performing the
drilling operation and not for the hammering
operation.

2. The rotary hammer as defined in claim 1, wherein:

the motor shaft has a driving gear,
the first intermediate shaft has a first driven gear
directly meshing with the driving gear, and
the second intermediate shaft has a second driv-
en gear directly meshing with the driving gear.

3. The rotary hammer as defined in claim 2, wherein,
in a plane orthogonal to the driving axis, an obtuse
angle is formed between a first line segment con-
necting a rotation axis of the motor shaft and a rota-
tion axis of the first intermediate shaft and a second
line segment connecting the rotation axis of the mo-
tor shaft and a rotation axis of the second interme-
diate shaft.

4. The rotary hammer as defined in any one of claims
1 to 3, further comprising a torque limiter disposed
on the second intermediate shaft and configured to
interrupt transmission of power in response to torque
acting on the second intermediate shaft exceeding
a threshold.

5. The rotary hammer as defined in claim 4, wherein:

the torque limiter includes:

a drive-side cam;
a driven-side cam configured to engage
with the drive-side cam; and
a ball rollably disposed within a track ex-
tending in an axial direction of the second
intermediate shaft between an inner periph-
ery of one of the drive-side cam and the driv-
en-side cam and an outer periphery of the
second intermediate shaft, and

the one of the drive-side cam and the driven-
side cam is configured to, in response to the
torque acting on the second intermediate shaft
exceeding the threshold, move in the axial di-
rection away from the other of the drive-side cam
and the driven-side cam to be disengaged there-
from, while being guided by the ball.

6. The rotary hammer as defined in claim 5, wherein
the torque limiter includes a biasing member config-
ured to bias one of the drive-side cam and the driven-
side cam toward the other of the drive-side cam and
the driven-side cam.

7. The rotary hammer as defined in any one of claims

1 to 6, wherein:

an extension direction of the driving axis is de-
fined as a front-rear direction of the rotary ham-
mer,
an extension direction of an axis that is orthog-
onal to both the driving axis and a rotation axis
of the motor shaft is defined as an up-down di-
rection,
a direction that is orthogonal to both the front-
rear direction and the up-down direction is de-
fined as a left-right direction,
in the front-rear direction, a side of the rotary
hammer on which the tool accessory is coupled
is defined as a front side,
in the up-down direction, a side of the rotary
hammer on which the rotation axis of the motor
shaft is located with respect to the driving axis
is defined as a lower side,
a rotation axis of the first intermediate shaft is
located rightward of the driving axis, and
a rotation axis of the second intermediate shaft
is located leftward of the driving axis.

8. The rotary hammer as defined in any one of claims
1 to 7, further comprising:

a housing; and
a partition member fixedly mounted in the hous-
ing and configured to partition an interior of the
housing into a first volume and a second volume
in an axial direction of the final output shaft,
wherein:

the final output shaft, the first intermediate
shaft, the first driving mechanism, the sec-
ond intermediate shaft and the second driv-
ing mechanism are housed in the first vol-
ume,
the motor is housed in the second volume,
and
the partition member holds a first bearing of
the motor shaft, a second bearing of the first
intermediate shaft and a third bearing of the
second intermediate shaft.

9. The rotary hammer as defined in any one of claims
1 to 8, further comprising:

a first clutch mechanism provided on the first
intermediate shaft and configured to enable and
disable power transmission for the hammering
operation; and
a second clutch mechanism provided on the
second intermediate shaft and configured to en-
able and disable power transmission for the drill-
ing operation.
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10. The rotary hammer as defined in claim 9, further
comprising:

an operation member configured to change an
action mode of the rotary hammer and config-
ured to be manually operated by a user,
wherein the first and second clutch mechanisms
are each configured to be switched between a
power-transmission state and a power-interrup-
tion state in response to manual operation of the
operation member.

11. The rotary hammer as defined in claim 10, further
comprising:

a first switching member configured to move in
response to manual operation of the operation
member and to switch the first clutch mechanism
between the power-transmission state and the
power-interruption state, and
a second switching member configured to move
in response to manual operation and switch the
second clutch mechanism between the power-
transmission state and the power-interruption
state.

12. The rotary hammer as defined in claim 11, wherein
the operation member includes:

a first contact part configured to come into con-
tact with the first switching member and thereby
move the first switching member, and
a second contact part configured to come into
contact with the second switching member and
thereby move the second switching member.

13. The rotary hammer as defined in claim 11 or 12,
wherein the first switching member and the second
switching member are supported by an integral sup-
port member to be movable relative to the support
member.

14. The rotary hammer as defined in any one of claims
1 to 13, further comprising:

a handle extending along an axis crossing the
driving axis,
wherein, in an axial direction of the final output
shaft, the handle is located on a side opposite
of the tool accessory with respect to the first in-
termediate shaft and the second intermediate
shaft.

15. The rotary hammer as defined in claim 14, wherein,
in the axial direction of the final output shaft, the han-
dle is located on a side opposite of the tool accessory
with respect to the motor.

47 48 



EP 3 812 098 A1

26



EP 3 812 098 A1

27



EP 3 812 098 A1

28



EP 3 812 098 A1

29



EP 3 812 098 A1

30



EP 3 812 098 A1

31



EP 3 812 098 A1

32



EP 3 812 098 A1

33



EP 3 812 098 A1

34



EP 3 812 098 A1

35



EP 3 812 098 A1

36



EP 3 812 098 A1

37



EP 3 812 098 A1

38



EP 3 812 098 A1

39



EP 3 812 098 A1

40



EP 3 812 098 A1

41



EP 3 812 098 A1

42



EP 3 812 098 A1

43



EP 3 812 098 A1

44



EP 3 812 098 A1

45



EP 3 812 098 A1

46



EP 3 812 098 A1

47



EP 3 812 098 A1

48



EP 3 812 098 A1

49



EP 3 812 098 A1

50



EP 3 812 098 A1

51

5

10

15

20

25

30

35

40

45

50

55



EP 3 812 098 A1

52

5

10

15

20

25

30

35

40

45

50

55



EP 3 812 098 A1

53

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 2016000447 A [0002] [0003] • EP 2700477 A [0002] [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

