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(54) HAMMER DRILL

(57) [Problem] To provide a hammer drill improved
for enhanced drilling performance. [Solution] A hammer
drill having: a linear impact mechanism section (115) for
applying an impact force in the longitudinal axis direction

to a tool bit (119); and a rotational drive mechanism sec-
tion (117) for rotationally operating the tool bit (119) about
the longitudinal axis. The hammer drill is configured so
that a rotational impact can be applied to the tool bit (119)
in the rotational direction.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a hammer drill in which
a tool bit performs a predetermined operation on a work-
piece by linear movement in its axial direction and rotation
around its axis.

BACKGROUND OF THE INVENTION

[0002] Japanese non-examined laid-open Patent Pub-
lication No. 1997-70771 discloses a hammer drill in which
a tool bit performs a hammer drill operation (drilling op-
eration) on a workpiece by linear movement in its axial
direction and rotation around its axis.
[0003] According to the known hammer drill, a drilling
operation can be rationally performed on a workpiece
such as a concrete wall by causing the tool bit to linearly
move in its axial direction and rotate around its axis. In
order to efficiently perform a drilling operation, however,
further improvement of drilling performance is required.

Prior art reference 1

[0004] Japanese non-examined laid-open Patent Pub-
lication No. 1997-70771

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] It is, accordingly, an object of the invention to
provide an improved hammer drill which provides higher
drilling performance.

MEANS FOR SOLVING THE PROBLEMS

[0006] In order to solve the above-described problem,
according to a preferred embodiment of the invention, a
hammer drill has a linear impact mechanism section that
applies an impact force to a tool bit in an axial direction
of the tool bit, and a rotary drive mechanism section that
rotates the tool bit around an axis of the tool bit. The
hammer drill of the invention is characterized in that a
rotary impact can be applied to the tool bit in a direction
of rotation.
[0007] According to the invention, in the hammer drill
in which the tool bit is caused to linearly move and rotate,
a rotary impact can be applied to the tool bit in the direc-
tion of rotation during drilling operation on a workpiece.
With such a construction, a drilling operation can be per-
formed at higher torque, compared with a hammer drill
having a construction in which a rotary impact is not ap-
plied.
[0008] According to a further embodiment of the ham-
mer drill of the invention, the rotary drive mechanism sec-
tion has a function of applying the rotary impact.

[0009] According to this embodiment, it is rational in
that the rotary drive mechanism section rotationally
drives the tool bit and applies the rotary impact thereto.
[0010] According to a further embodiment of the ham-
mer drill of the invention, the rotary impact is applied when
a resistance torque applied to the tool bit reaches a pre-
determined torque value.
[0011] According to this embodiment, during drilling
operation, when load (rotational resistance) on the tool
bit increases for any reason and the resistance torque
reaches the predetermined torque value, an impact force
can be applied to the tool bit in the direction of rotation.
With this construction, when rotational resistance applied
to the tool bit is low, unnecessary application of a rotary
impact can be prevented.
[0012] According to a further embodiment of the ham-
mer drill of the invention, the predetermined torque value
can be adjusted.
[0013] According to this embodiment, it is rational in
that, in performing a drilling operation, the predetermined
torque value can be adjusted according to the kind or
hardness of the workpiece.
[0014] According to a further embodiment of the ham-
mer drill of the invention, the rotary drive mechanism sec-
tion can be switched between an operating condition in
which the rotary impact is applied to the tool bit and a
non-operating condition in which the rotary impact is not
applied to the tool bit.
[0015] According to this embodiment, for example,
when the workpiece is hard, the hammer drill can be used
in a manner in which the rotary impact is applied to the
tool bit. Further, when the workpiece is relatively soft, the
hammer drill can be used in a manner in which the rotary
impact is not applied to the tool bit. Thus, this embodiment
is rational.
[0016] According to a further embodiment of the ham-
mer drill of the invention, the linear impact mechanism
section has a cylinder that extends in the axial direction
of the tool bit and a linear striking element that linearly
moves within the cylinder and applies an impact force to
the tool bit in the axial direction. Further, the rotary drive
mechanism section has a rotary striking element that ap-
plies an impact force to the tool bit in the direction of
rotation and is disposed on the outside of the cylinder.
[0017] According to this embodiment, by provision of
the construction in which the rotary striking element is
disposed on the outside of the cylinder, even though pro-
vided with a function of applying a rotary impact, the ham-
mer drill can be prevented from increasing in the axial
length of the tool bit.
[0018] According to a further embodiment of the ham-
mer drill of the invention, the rotary striking element can
be rotationally driven selectively either in one direction
or the other of the circumferential direction of the cylinder,
and the impact force can be applied to the tool bit both
in the one direction and the other direction by changing
the direction of rotation.
[0019] During drilling operation, for example, on a con-
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crete wall, the tool bit may be locked against rotation by
biting on a reinforcing rod or the like within the concrete
wall. According to this embodiment, when such a problem
occurs, the direction of rotation of the tool bit can be
changed to the opposite direction, so that a rotary impact
can be applied to the tool bit in the direction opposite to
the biting direction. Thus, the tool bit can be released
from the reinforcing rod or the like, so that it can be easily
removed from the concrete wall.
[0020] According to a further embodiment of the ham-
mer drill of the invention, a drive mode can be switched
between a hammer drill mode in which the tool bit is
caused to perform both striking movement in the axial
direction and rotation around the axis and a drill mode in
which the tool bit is caused to perform only rotation
around the axis, and the rotary impact is applied to the
tool bit via the rotary drive mechanism section in both the
hammer drill mode and the drill mode.
[0021] According to this embodiment, the drilling op-
eration can be performed by applying a rotary impact to
the tool bit in both the hammer drill mode and the drill
mode.

EFFECT OF THE INVENTION

[0022] According to this invention, an improved ham-
mer drill with higher drilling performance is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a sectional view showing an entire hammer
drill according to an embodiment of the invention.
FIG. 2 is a sectional view showing an essential part
of the hammer drill, in a hammer drill mode in which
clutch teeth are engaged with each other.
FIG. 3 is a sectional view showing the essential part
of the hammer drill, in a drill mode in which the clutch
teeth are disengaged from each other.
FIG. 4 is an illustration for explaining adjustment of
a torque value setting by a compression coil spring.
FIG. 5 is an exploded perspective view showing com-
ponents of a rotary impact mechanism and its sur-
rounding parts.

REPRESENTATIVE EMBODIMENT FOR PERFORM-
ING THE INVENTION

[0024] An embodiment of the invention is now de-
scribed with reference to FIGS. 1 to 5. As shown in FIG.
1, a hammer drill 101 of this embodiment mainly includes
a body 103 that forms an outer shell ofthe hammer drill
101, an elongate hammer bit 119 detachably coupled to
one end (on the left side as viewed in FIG. 1) of the body
103 in a longitudinal direction of the hammer drill 101 via
a tool holder 137, and a handgrip 109 that is connected
to the other end of the body 103 in the longitudinal direc-

tion (on the side opposite to the hammer bit 119) and
designed to be held by a user. The hammer bit 119 is
held by the tool holder 137 such that it is allowed to re-
ciprocate with respect to the tool holder in its longitudinal
direction (the longitudinal direction of the body 103) and
prevented from rotating with respect to the tool holder in
its circumferential direction. The hammer bit 119 is a fea-
ture that corresponds to the "tool bit" according to the
invention. In this embodiment, for the sake of conven-
ience of explanation, the side ofthe hammer bit 119 is
taken as the front and the side of the handgrip 109 as
the rear.
[0025] The body 103 mainly includes a motor housing
105 that houses a driving motor 111, and a gear housing
107 that houses a motion converting mechanism 113, a
striking mechanism 115 and a power transmitting part
117. The driving motor 111 is driven when a user de-
presses an operating member in the form of a trigger
109a on the handgrip 109. Further, a normal/reverse se-
lector switch 109b is disposed close to the trigger 109a
and designed and provided as an operating member for
changing the direction of rotation of the motor, so that
the direction of rotation of the driving motor 111 can be
switched by sliding the normal/reverse selector switch
109b.
[0026] FIG. 2 shows the motion converting mechanism
113, the striking mechanism 115 and the power trans-
mitting part 117 in enlarged sectional view. Rotating out-
put of the driving motor 111 is appropriately converted
into linear motion via the motion converting mechanism
113 and transmitted to the striking mechanism 115. Then,
an impact force is generated in an axial direction of the
hammer bit 119 (in a horizontal direction in FIG. 1) via
the striking mechanism 115. Further, the power transmit-
ting part 117 appropriately reduces the speed of the ro-
tating output of the driving motor 111 and then transmits
it as torque to the hammer bit 119 held by the tool holder
137, so that the hammer bit 119 is caused to rotate in its
circumferential direction. The striking mechanism 115
and the power transmitting part 117 are features that cor-
respond to the "linear impact mechanism section" and
the "rotary drive mechanism section", respectively, ac-
cording to the invention.
[0027] The motion converting mechanism 113 mainly
includes a driving gear 121 that is provided on a motor
output shaft 112 of the driving motor 111 extending in
the axial direction of the hammer bit 119 and is rotation-
ally driven in a vertical plane, a driven gear 123 that is
engaged with the driving gear 121, an intermediate shaft
125 that rotates together with the driven gear 123, a ro-
tating element 127 that is caused to rotate via an oper-
ation mode switching clutch member 131 which rotates
together with the intermediate shaft 125, a swinging ring
129 that is caused to swing in the axial direction of the
hammer bit 119 by rotation of the rotating element 127,
and a cylindrical piston 130 which has a bottom and lin-
early reciprocates within a cylinder 145 by swinging
movement of the swinging ring 129. The cylinder 145 is
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disposed on the axis of the hammer bit 119 and the outer
peripheries of both ends of the cylinder 145 in its longi-
tudinal direction are rotatably supported on the gear
housing 107 via bearings 146a, 146b (see FIG. 1).
[0028] The intermediate shaft 125 is disposed in par-
allel (horizontally) to the longitudinal direction of the cyl-
inder 145 (the axial direction of the hammer bit 119) and
the outer periphery of the rotating element 127 fitted onto
the intermediate shaft 125 is inclined at a predetermined
inclination with respect to an axis of the intermediate shaft
125. The swinging ring 129 is rotatably mounted on an
inclined outer periphery ofthe rotating element 127 via a
bearing 126 and configured as a swinging member that
is caused to swing in the axial direction of the hammer
bit 119 by rotation of the rotating element 127. The swing-
ing ring 129 has a swinging rod 128 extending upward
(in a radial direction) therefrom in a direction transverse
to the axial direction of the hammer bit 119. The swinging
rod 128 is connected to a driving element in the form of
the cylindrical piston 130 via a cylindrical element 124
such that it can rotate with respect to the cylindrical pis-
ton. The rotating element 127, the swinging ring 129 and
the cylindrical piston 130 form a swinging mechanism.
[0029] The rotating element 127 and the operation
mode switching clutch member 131 are provided adja-
cent to each other on the intermediate shaft 125. The
rotating element 127 is fitted onto the intermediate shaft
125 such that it can rotate with respect to the intermediate
shaft 125, and has driven-side clutch teeth 127a on one
axial end surface which faces the clutch member 131.
The clutch member 131 is spline-fitted onto the interme-
diate shaft 125 such that it can move in the axial direction
and cannot move in the circumferential direction with re-
spect to the intermediate shaft. Further, the clutch mem-
ber 131 has driving-side clutch teeth 131 a on one axial
end surface which faces the rotating element 127. When
the clutch member 131 is moved toward the rotating el-
ement 127, the clutch teeth 131a, 127a are engaged with
each other and rotation of the clutch member 131 is trans-
mitted to the rotating element 127. When the clutch mem-
ber 131 is moved away from the rotating element 127,
the clutch teeth 131a, 127a are disengaged from each
other and rotation transmission from the clutch member
131 to the rotating element 127 is interrupted.
[0030] The clutch member 131 has an annular groove
131b having a generally V-shaped cross section in its
outer periphery. An engagement protrusion 132a of a
mode switching operation member 132 is engaged with
the annular groove 131b such that it can move with re-
spect to the annular groove. The mode switching oper-
ation member 132 and the clutch member 131 are pro-
vided as a member for switching the operation mode of
the hammer bit 119 between a hammer drill mode in
which the hammer bit 119 is caused to perform a linear
movement in the axial direction and rotation around the
axis and a drilling mode in which the hammer bit 119 is
caused to perform only rotation around the axis. The
mode switching operation member 132 is mounted onto

the gear housing 107 such that it can rotate around an
axis extending in a direction transverse to the axial di-
rection of the hammer bit 119. The mode switching op-
eration member 132 can be turned with user’s fingers on
the outside of the gear housing 107, and the engagement
protrusion 132a is provided in a position displaced a pre-
determined distance from the center of rotation of the
mode switching operation member 132.
[0031] Therefore, when the mode switching operation
member 132 is turned and the engagement protrusion
132a rotates around the center of rotation of the mode
switching operation member 132, the clutch member 131
is slid forward or rearward in the axial direction on the
intermediate shaft 125, so that the driving-side and driv-
en-side clutch teeth 131a, 127a are engaged with or dis-
engaged from each other. Specifically, when the hammer
drill mode is selected with the mode switching operation
member 132 and the clutch teeth 131a, 127a are en-
gaged with each other (see FIG. 2), the striking mecha-
nism 115 is driven. However, when the drill mode is se-
lected with the mode switching operation member 132
and the clutch teeth 131a, 127a are disengaged from
each other (see FIG. 3), the striking mechanism 115 is
not driven.
[0032] The striking mechanism 115 mainly includes a
striker 133 that is slidably disposed within the bore of the
cylindrical piston 130 and an intermediate element in the
form of an impact bolt 135 that is slidably disposed within
the cylinder 145 and serves to transmit kinetic energy of
the striker 133 to the hammer bit 119. An air spring cham-
ber 130a is defined by a bore inner wall of the cylindrical
piston 130 and an axial rear end surface of the striker
133 which is slidably fitted into the bore. The striker 133
is configured as a striking element that is caused to move
forward via the air spring chamber 130a by linear move-
ment of the cylindrical piston 130 and strikes the hammer
bit 119. The striker 133 is a feature that corresponds to
the "linear striking element" according to the invention.
[0033] The power transmitting part 117 mainly includes
a first transmission gear 141 that is fitted onto the other
axial end (front end) of the intermediate shaft 125, a sec-
ond transmission gear 142 that is engaged with the first
transmission gear 141 and caused to rotate around the
axis of the hammer bit 119, a hammer member 147 that
rotates together with the second transmission gear 142,
an anvil 149 that is rotated by the hammer member 147,
the cylinder 145 that is caused to rotate together with the
anvil 149, and a tool holder 137 that is caused to rotate
together with the cylinder 145. The second transmission
gear 142 has a sleeve 143 extending in its axial direction
with a predetermined length therefrom, and the sleeve
143 is fitted onto the cylinder 145 such that it can rotate
with respect to the cylinder. Further, the axial front end
surface of the sleeve 143 is held in contact with a stepped
end surface of the cylinder 145 in a direction transverse
to the axial direction of the sleeve 143 and the axial rear
end surface of the sleeve 143 is held in contact with a
retaining ring 144 mounted on the cylinder 145. With such
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a construction, the sleeve 143 is locked against move-
ment in its axial direction. The cylinder 145 and the tool
holder 137 are coaxially disposed on the axis of the ham-
mer bit 119 and form a final axis of the power transmitting
part 117.
[0034] The hammer member 147 and the anvil 149
form a rotary impact mechanism 150 that serves to apply
a rotary impact to the hammer bit 119 around the axis (in
the direction of rotation). The hammer member 147 is
provided as a rotary impact member for applying a rotary
impact to the anvil 149 in the direction of rotation, and
the anvil 149 is provided as a rotary-impact receiving
member for transmitting the rotary impact received from
the hammer member 147 to the hammer bit 119. Specif-
ically, the power transmitting part 117 has the rotary im-
pact mechanism 150 in a rotation transmission path and
is provided with a function of rotationally driving the ham-
mer bit 119 by transmitting the rotating output of the driv-
ing motor 111 to the hammer bit 119 and a function of
applying an impact force in the direction of rotation of the
hammer bit 119. In other words, the rotary impact mech-
anism 150 also serves as a component of the power
transmitting part 117 for transmitting the rotating output
of the driving motor 111 to the hammer bit 119. The ham-
mer member 147 is a feature that corresponds to the
"rotary striking element" according to the invention.
[0035] The rotary impact mechanism 150 is now de-
scribed with reference to FIGS. 2, 3 and 5. The hammer
member 147 and the anvil 149 are opposed to each other
on the axis of the cylinder 145 (the axis of the hammer
bit 119). The hammer member 147 is a cylindrical or ring-
like member and fitted onto the sleeve 143 such that it
can rotate and move in the longitudinal direction with re-
spect to the sleeve 143. The anvil 149 is a cylindrical or
ring-like member which is fitted onto the cylinder 145,
and a front end region of the anvil 149 in the longitudinal
direction is connected to the cylinder 145 via a connecting
member in the form of a plurality of first steel balls 151
disposed between the anvil 149 and the cylinder 145,
such that the anvil 149 rotates together with the cylinder
145. Further, part of the rear end surface of the anvil 149
in the longitudinal direction is held in contact with the front
end surface of the sleeve 143, so that the anvil 149 is
locked against movement with respect to the cylinder 145
in the longitudinal direction.
[0036] In a fitting region in which the hammer member
147 is fitted on the sleeve 143, a second steel ball 153
is disposed between a guide groove 143a formed in an
outer surface of the sleeve 143 and an engagement
groove 147a formed in an inner surface of the hammer
member 147. With such a construction, rotation of the
sleeve 143 is transmitted to the hammer member 147
via the second steel ball 153. The sleeve 143 forms the
"rotary drive element". As shown in FIG. 5, the guide
groove 143a having a semicircular section is formed in
the outer surface of the sleeve 143 and has a V-shape
as viewed from the side and extending obliquely with
respect to the axis of the hammer bit 119. The V-shape

of the guide groove 143a is tapered toward the hammer
bit 119 (the front) and two such guide grooves 143a are
provided with a phase difference of 180 degrees in the
circumferential direction of the sleeve 143. In the inner
surface of the hammer member 147, the engagement
groove 147a is formed to be matched with the guide
groove 143a. The engagement groove 147a has a V-
shape having opposed inclined surfaces which extend
rearward toward each other from the front end surface
of the hammer member 147. The second steel ball 153
is disposed in between the V-shaped guide groove 143
and the engagement groove 147a. Therefore, when the
hammer member 147 and the sleeve 143 rotate with re-
spect to each other, the hammer member 147 is caused
to move toward or away from the anvil 149 by the second
steel ball 153 rolling along the V-shaped or obliquely ex-
tending guide groove 143a. When the hammer bit 119 is
rotated in a direction of normal rotation (drilling direction),
the second steel ball 153 rolls along one side of the V-
shaped guide groove 143a. On the other hand, when the
hammer bit 119 is rotated in the opposite direction (di-
rection of reverse rotation), the second steel ball 153 rolls
along the other side of the guide groove 143a. The guide
groove 143a, the engagement groove 147a and the sec-
ond steel ball 153 form the "guide part" which causes the
hammer member 147 to move in its longitudinal direction
when the hammer member 147 rotates with respect to
the sleeve 143.
[0037] The hammer member 147 is biased toward the
anvil 149 by a biasing member in the form of a biasing
spring 155 (a compression coil spring). Therefore, the
hammer member 147 is moved away from the anvil 149
against the biasing force of the biasing spring 155. As
shown in FIG. 5, a plurality of driving-side engagement
parts 157 are formed at predetermined intervals in the
circumferential direction on the front end surface of the
hammer member 147 (facing the anvil 149) and protrude
toward the anvil 149. On the rear end surface of the anvil
149, a plurality of driven-side engagement parts 159 are
formed to be matched with the driving-side engagement
parts 157 and protrude toward the hammer member 147.
Each of circumferential end surfaces of the driving-side
engagement parts 157 and the driven-side engagement
parts 159 is formed by a flat surface parallel to the axial
direction of the hammer bit 119. With such a construction,
when the hammer member 147 is moved toward the anvil
149 by the biasing force of the biasing spring 155 and
the driving-side engagement parts 157 are engaged with
the driven-side engagement parts 159 of the anvil 149 in
the circumferential direction (the direction of rotation),
this engagement is maintained. Thus, rotation of the
hammer member 147 is normally transmitted as-is to the
anvil 149.
[0038] During drilling operation, when a load (rotational
resistance) on the hammer bit 119 increases and a re-
sistance torque applied to the hammer member 147 via
the anvil 149 reaches a predetermined torque value set
by the biasing spring 155, the second steel ball 153 rolls
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along one side of the V-shaped guide groove 143a (in
the direction of normal rotation), which causes the ham-
mer member 147 to move away from the anvil 149. As a
result, the driving-side engagement part 157 is disen-
gaged from the driven-side engagement part 159. By this
disengagement, the resistance torque is no longer ap-
plied to the hammer member 147, so that the hammer
member 147 is moved toward the anvil 149 by the biasing
force of the biasing spring 155 while rotating. Therefore,
the driving-side engagement part 157 is engaged with
the driven-side engagement part 159 in the direction of
rotation, so that an impact force is intermittently applied
to the anvil 149 and thus the hammer bit 119 in the di-
rection of rotation. This condition is a feature that corre-
sponds to the "operating condition" according to the in-
vention.
[0039] As described above, in the rotary impact mech-
anism 150, when resistance torque applied to the ham-
mer member 147 is lower than the predetermined torque
value set by the biasing spring 155, engagement of the
driving-side engagement parts 157 of the hammer mem-
ber 147 with the driven-side engagement parts 159 of
the anvil 149 is maintained so that rotation of the hammer
member 147 is transmitted as-is to the anvil 149. How-
ever, when the resistance torque applied to the hammer
member 147 reaches a predetermined torque value, the
rotary impact is applied to the hammer bit 119. Further,
as described above, in this embodiment, the guide
groove 143a of the sleeve 143 is V-shaped. With this
construction, when the hammer bit 119 is driven in the
direction of normal rotation in order to perform a drilling
operation, the second steel ball 153 rolls along one side
of the V-shaped guide groove 143a. Further, when the
hammer bit 119 is driven in the direction of reverse rota-
tion or in the direction opposite to the direction of normal
rotation, the second steel ball 153 rolls along the other
side of the guide groove 143a. In this manner, the rotary
impact mechanism 150 is configured and provided to be
capable of applying a rotary impact whether the hammer
bit 119 is driven in the direction of normal rotation or in
the direction of reverse rotation.
[0040] The second transmission gear 142 is a flanged
cylindrical member with which the sleeve 143 having a
smaller diameter than the second transmission gear 142
is integrally formed, and a ring-like spring receiving mem-
ber 161 is fitted on the sleeve 143. As shown in FIG. 4,
the biasing spring 155 is disposed on the outside of the
sleeve 143 and has a rear end held in contact with the
front surface of the spring receiving member 161 and a
front end held in contact with the rear end surface of the
hammer member 147. The ring-like spring receiving
member 161 is fitted on the sleeve 143 such that it can
slide in the longitudinal direction. Thus, the position of
the spring receiving member 161 can be adjusted in the
longitudinal direction of the sleeve 143 by externally man-
ually operating the spring receiving member 161, which
is not shown. Therefore, initial load (initial deformation)
of the biasing spring 155 can be changed, so that the

setting of the predetermined torque value can be adjust-
ed. FIG. 4 shows a state in which the spring receiving
member 161 is adjusted in position by moving it forward
(toward the anvil 149) so that the predetermined torque
value is increased. Further, when the biasing spring 155
is deformed or compressed to its maximum or nearly to
the maximum at which its coils are pushed tightly one
against the other, the hammer member 147 is prevented
from moving away from the anvil 149. Thus, engagement
between the driving-side engagement parts 157 and the
driven-side engagement parts 159 is maintained and ap-
plication of a rotary impact is stopped. This stopped con-
dition is a feature that corresponds to the "non-operating
condition" according to the invention.
[0041] In the hammer drill 101 constructed as de-
scribed above, when the normal/reverse selector switch
109b is switched to normal rotation and the trigger 109a
is depressed to drive the driving motor 111, the interme-
diate shaft 125 is rotationally driven via the driving gear
121 and the driven gear 123. At this time, when the ham-
mer drill mode is selected with the mode switching oper-
ation member 132, the driving-side clutch teeth 131a of
the clutch member 131 are engaged with the driven-side
clutch teeth 127a of the rotating element 127, so that the
motion converting mechanism 113 mainly including a
swinging mechanism is driven. Thus, the cylindrical pis-
ton 130 is caused to linearly slide within the cylinder 145,
which causes the striker 133 to linearly move within the
cylindrical piston 130 via air pressure fluctuations or air
spring action in the air spring chamber 130a of the cylin-
drical piston 130. The striker 133 then collides with the
impact bolt 135 and the kinetic energy of the striker 133
which is caused by the collision is transmitted to the ham-
mer bit 119.
[0042] When the first transmission gear 141 is rotated
together with the intermediate shaft 125, the cylinder 145
is caused to rotate in a vertical plane via the second trans-
mission gear 142 engaged with the first transmission
gear 141 and via the rotary impact mechanism 150, and
the tool holder 137 and the hammer bit 119 held by the
tool holder 137 are rotated together with the cylinder 145.
In this manner, the hammer bit 119 performs a drilling
operation on a workpiece by linear movement in the axial
direction and rotation in the circumferential direction. Fur-
ther, when the drill mode is selected with the mode
switching operation member 132, the driving-side clutch
teeth 131a of the clutch member 131 are disengaged
from the driven-side clutch teeth 127a of the rotating el-
ement 127, so that a drilling operation is performed solely
by rotation of the hammer bit 119.
[0043] According to the hammer drill 101 of this em-
bodiment, during the above-described drilling operation,
when the load in the direction of rotation of the hammer
bit 119 is low and the resistance torque applied to the
hammer member 147 is lower than the predetermined
torque value set by the biasing spring 155, engagement
of the driving-side engagement parts 157 ofthe hammer
member 147 with the driven-side engagement parts 159
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of the anvil 149 is maintained and rotation of the hammer
member 147 is transmitted as-is to the anvil 149. Spe-
cifically, the hammer member 147 and the anvil 149 serve
as a component of the power transmitting part 117.
[0044] On the other hand, when the load in the direction
of rotation of the hammer bit 119 is high and the resist-
ance torque applied to the hammer member 147 reaches
the predetermined torque value set by the biasing spring
155, as described above, the rotary impact mechanism
150 is operated to apply an impact force to the hammer
bit 119 in the direction of rotation. Specifically, when the
load torque applied to the hammer member 147 reaches
the predetermined torque value, the hammer member
147 is caused to rotate with respect to the sleeve 143,
so that the second steel ball 153 engaged with the en-
gagement groove 147a of the hammer member 147 rolls
along the V-shaped guide groove 143a of the sleeve 143.
Thus, the hammer member 147 is caused to move rear-
ward with respect to the sleeve 143 against the biasing
force of the biasing spring 155. When the driving-side
engagement parts 157 are disengaged from the driven-
side engagement parts 159 by this rearward movement
and thus the resistance torque is released from the ham-
mer member 147, the hammer member 147 rotates while
moving forward by the biasing force of the biasing spring
155. As a result, the driving-side engagement parts 157
of the hammer member 147 are engaged with the driven-
side engagement parts 159 ofthe anvil 149 in the direction
of rotation and the hammer member 147 applies an im-
pact force to the anvil 149. Therefore, according to the
hammer drill 101 of this embodiment, a drilling operation
can be performed at higher torque, compared with a ham-
mer drill having a construction in which the rotary impact
is not applied.
[0045] Further, according to this embodiment, the ro-
tary impact mechanism 150 is driven when the resistance
torque applied to the hammer member 147 reaches a
predetermined torque value. With such a construction,
when rotational resistance applied to the hammer bit 119
is low and the drilling operation is performed in a torque
range lower than the predetermined torque value, the
rotary impact mechanism 150 is stopped and application
of a rotary impact to the anvil 149 by the hammer member
147 is stopped, so that waste of energy can be reduced.
[0046] In this embodiment, the initial load of the biasing
spring 155 can be adjusted by adjusting the position of
the ring-like spring receiving member 161 disposed out-
side the sleeve 143 in the longitudinal direction ofthe
sleeve 143. With this construction, it is convenient in that
the predetermined torque value set by the biasing spring
155 can be easily adjusted according to the kind or hard-
ness of the workpiece.
[0047] When it is unnecessary to apply a rotary impact
via the rotary impact mechanism 150, the rotary impact
mechanism 150 can be switched to the non-operating
condition by compressing the biasing spring 155 to its
maximum or nearly to the maximum at which its coils are
pushed tightly one against the other, and in this state,

the drilling operation can be performed. Thus, protection
of the hammer bit 119 can also be realized.
[0048] Further, during drilling operation, for example,
on a concrete wall, the hammer bit 119 may be locked
against rotation by biting on a reinforcing rod or the like
within the concrete wall. According to this embodiment,
when such a problem occurs, the direction of rotation of
the driving motor 111 can be changed to the opposite
direction or the direction of reverse rotation with the nor-
mal/reverse selector switch 109b, so that the rotary im-
pact can be applied to the hammer bit 119 in the opposite
direction. Thus, the hammer bit 119 can be released from
the reinforcing rod or the like and easily removed from
the concrete wall.
[0049] In this embodiment, the hammer member 147
and the anvil 149 which are components of the rotary
impact mechanism 150 are disposed on the outside of
the cylinder 145 which is a component of the linear impact
mechanism. With this construction, even though provid-
ed with the rotary impact mechanism 150, the hammer
drill 101 doesn’t have to be increased in the axial length
of the hammer bit.
[0050] The rotary impact mechanism 150 according to
this embodiment is constructed by utilizing a torque lim-
iter. In the hammer drill 101, an overload protection de-
vice in the form of the torque limiter may be provided
which serves to interrupt torque transmission when the
resistance torque applied to a final shaft of the power
transmitting part 117 exceeds a predetermined set value.
In the rotary impact mechanism 150 of this embodiment,
when the load on the hammer bit 119 increases up to the
predetermined torque value, the hammer member 147
moves away from the anvil 149, so that torque transmis-
sion is temporarily interrupted. Thereafter, a rotary im-
pact is applied to the anvil 149 by the hammer member
147. With such a construction, when this application of
a rotary impact is started, the drilling operation is inter-
rupted, so that the hammer bit 119 and the power trans-
mitting part 117 can be protected.
[0051] In view of the above-described aspect of the
invention, the following features can also be provided:

(1) "A hammer drill, including a linear impact mech-
anism section that applies an impact force to a tool
bit in an axial direction of the tool bit and a rotary
drive mechanism section that rotates the tool bit
around an axis of the tool bit, wherein:

a rotary impact can be applied to the tool bit in
a direction of rotation."

(2) "The hammer drill as defined in (1), wherein the
rotary drive mechanism section has a function of ap-
plying the rotary impact."
(3) "The hammer drill as defined in (2), wherein the
rotary impact is applied when a resistance torque
applied to the tool bit reaches a predetermined
torque value."
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(4) "The hammer drill as defined in (3), wherein the
predetermined torque value can be manually adjust-
ed."
(5) "The hammer drill as defined in (3), wherein the
rotary drive mechanism section can be switched be-
tween an operating condition in which the rotary im-
pact is applied to the tool bit and a non-operating
condition in which the rotary impact is not applied to
the tool bit."
(6) "The hammer drill as defined in any one of (2) to
(5), wherein the linear impact mechanism section
has a cylinder that extends in the axial direction of
the tool bit and a linear striking element that linearly
moves within the cylinder and applies an impact
force to the tool bit in the axial direction, and wherein
the rotary drive mechanism section has a rotary strik-
ing element that applies an impact force to the tool
bit in the direction of rotation, and the rotary striking
element is disposed on the outside of the cylinder."
(7) "The hammer drill as defined in (6), wherein the
rotary striking element can be rotationally driven se-
lectively either in one direction or the other of the
circumferential direction of the cylinder, and the im-
pact force can be applied to the tool bit both in the
one direction and the other direction by changing the
direction of rotation."
(8) "The hammer drill as defined in any one of (2) to
(7), wherein a drive mode can be switched between
a hammer drill mode in which the tool bit is caused
to perform both striking movement in the axial direc-
tion and rotation around the axis and a drill mode in
which the tool bit is caused to perform only rotation
around the axis, and the rotary impact is applied to
the tool bit via the rotary drive mechanism section in
both the hammer drill mode and the drill mode."
(9) "The hammer drill as defined in (1) or (2), wherein
the rotary impact is intermittently applied."
(10) "The hammer drill as defined in (2), wherein the
rotary drive mechanism section has a rotary impact
mechanism that serves a function of applying the
rotary impact and the rotary impact mechanism also
serves as a member for transmitting rotation to the
tool bit."
(11) "The hammer drill as defined in (10), comprising
a rotary drive element that is rotationally driven on
the axis of the tool bit, wherein:

the rotary impact mechanism includes a ham-
mer member that is fitted on the rotary drive el-
ement in such a manner as to be allowed to ro-
tate with respect to the rotary drive element and
move in the axial direction, an anvil that is op-
posed to the hammer member in such a manner
as to be allowed to rotate with respect to the
hammer member and serves to transmit rotation
to the tool bit, a driving-side engagement part
that is formed in the hammer member, a driven-
side engagement part that is formed in the anvil

and can be engaged with the driving-side en-
gagement part in the circumferential direction,
a biasing spring that biases the hammer mem-
ber toward the anvil, and a guide part that moves
the hammer member away from the anvil
against the biasing spring when a resistance
torque applied to the anvil reaches a predeter-
mined torque value,
rotation of the hammer member is transmitted
to the anvil by engagement of the driving-side
engagement part with the driven-side engage-
ment part in the circumferential direction until
the resistance torque applied to the anvil reach-
es the predetermined torque value, and
the hammer member is disengaged from the an-
vil against the biasing member by the guide part
when the resistance torque applied to the anvil
reaches the predetermined torque value, and
the resistance torque is released from the anvil
by said disengagement, and at the same time,
the hammer member moves toward the anvil
while rotating and the driving-side engagement
part is engaged with the driven-side engage-
ment part in the circumferential direction, so that
the rotary impact is applied."

(12) "The hammer drill as defined in (11), wherein
the guide part includes a guide groove that is formed
in an outer surface of the rotary drive element and
extends obliquely with respect to the axis of the tool
bit, an engagement groove that is formed in an inner
surface of the hammer member, and a steel ball that
is disposed between the guide groove and the en-
gagement groove, and when the hammer member
rotates with respect to the cylinder, the steel ball rolls
along the guide groove, whereby the hammer mem-
ber is moved away from or toward the anvil."

Description of Numerals

[0052]

101 hammer drill
103 body
105 motor housing
107 gear housing
109 handgrip
109a trigger
109b normal/reverse selector switch
111 driving motor
112 motor output shaft
113 motion converting mechanism
115 striking mechanism (linear impact mechanism
section)
117 power transmitting part (rotary drive mechanism
section)
119 hammer bit (tool bit)
121 driving gear
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123 driven gear
124 cylindrical element
125 intermediate shaft
126 bearing
127 rotating element
127a driven-side clutch teeth
128 swinging rod
129 swinging ring
130 cylindrical piston
130a air spring chamber
131 clutch member
131 a driving-side clutch teeth
132 mode switching operation member
132a engagement protrusion
134 striker (linear striking element)
135 impact bolt
137 tool holder
141 first transmission gear
142 second transmission gear
143 sleeve (rotary drive element)
143a guide groove
145 cylinder
145a air spring chamber
146a, 146b bearing
147 hammer member (rotary striking element)
147a engagement groove
149 anvil
150 rotary impact mechanism
151 first steel ball
153 second steel ball
155 biasing spring (biasing member)
157 driving-side engagement part
159 driven-side engagement part
161 spring receiving member

Claims

1. A hammer drill comprising:

a linear impact mechanism section that applies
an impact force to a tool bit in an axial direction
of the tool bit, and
a rotary drive mechanism section that rotates
the tool bit around an axis of the tool bit, char-
acterized in that
a rotary impact can be applied to the tool bit in
a direction of rotation.

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

the rotary drive mechanism section has a func-
tion of applying the rotary impact.

3. The hammer drill as defined in claim 2, wherein:

the rotary impact is applied when a resistance
torque applied to the tool bit reaches a prede-

termined torque value.

4. The hammer drill as defined in claim 3, wherein:

the predetermined torque value can be manually
adjusted.

5. The hammer drill as defined in claim 3, wherein:

the rotary drive mechanism section can be
switched between an operating condition in
which the rotary impact is applied to the tool bit
and a non-operating condition in which the rotary
impact is not applied to the tool bit.

6. The hammer drill as defined in any one of claims 2
to 5, wherein:

the linear impact mechanism section has a cyl-
inder that extends in the axial direction of the
tool bit and a linear striking element that linearly
moves within the cylinder and applies an impact
force to the tool bit in the axial direction, and
the rotary drive mechanism section has a rotary
striking element that applies an impact force to
the tool bit in the direction of rotation and the
rotary striking element is disposed on the out-
side of the cylinder.

7. The hammer drill as defined in claim 6, wherein:

the rotary striking element can be rotationally
driven selectively either in one direction or the
other of the circumferential direction of the cyl-
inder, and the impact force can be applied to the
tool bit both in the one direction and the other
direction by changing the direction of rotation.

8. The hammer drill as defined in any one of claims 2
to 7, wherein:

a drive mode can be switched between a ham-
mer drill mode in which the tool bit is caused to
perform both striking movement in the axial di-
rection and rotation around the axis and a drill
mode in which the tool bit is caused to perform
only rotation around the axis, and the rotary im-
pact is applied to the tool bit via the rotary drive
mechanism section in both the hammer drill
mode and the drill mode.
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