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(54) WORKING TOOL

(57) [PROBLEMS] To provide a working tool with a
rotary tip tool capable of effectively maintaining the syn-
chronous rotation of a drive side rotating member and a
driven side rotating member in an integrated state.
[MEANS FOR SOLVING PROBLEMS] This working tool
comprises the drive side rotating member (121) and the
driven side rotating member (123) relatively rotatably fit-
ted to the drive side rotating member in the passed state
through the rotating axis of the drive side rotating mem-
ber. The rotating force of the drive side rotating member
is transmitted to the driven side rotating member (123)
through the contact state of a power transmission part
(121a) on a power receiving part (153). A working tool
body (107) comprises a lock member (165) which, when

the drive side rotating member and the driven side rotat-
ing member are synchronously rotated through the con-
tact state of the power transmission part on the power
receiving part, allows the rotation of the driven side ro-
tating member and, when the driven side rotating mem-
ber is rotated relative to the drive side rotating member,
locks the rotation of the driven side rotating member. Al-
so, the working tool body comprises a synchronous ro-
tation holding part (171) which adds a holding force to
maintain the synchronous rotations of the drive side ro-
tating member and the driven side rotating member and,
when an external force beyond that holding force acts on
the driven side rotating member, allows the rotation of
the driven side rotating member relative to the drive side
rotating member.
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Description

Field of the Invention

[0001] The present invention relates to a power tool
that performs an operation by utilizing rotation of a tool
bit, such as a disc grinder.

Background of the Invention

[0002] Japanese non-examined laid-open Patent Pub-
lication No. 11-72122 discloses an electric portable
screwdriver having a spindle lock mechanism for facili-
tating tool change. In this screwdriver, a driving-side ro-
tating member in the form of a driving shaft is connected
to a driven-side rotating member in the form of a spindle
via a coupling. When a rotating force is inputted from the
driving shaft side to the coupling, claws of the driving-
side coupling contact claws of the driven-side coupling
in the circumferential direction, so that the rotating force
of the driving shaft is transmitted to the spindle. On the
other hand, when a rotating force (external force) is in-
putted from the spindle side to the coupling, a lock mem-
ber is engaged between the driven-side coupling and a
lock ring fixed to the housing, so that the driven shaft is
locked against rotation. With an electric screwdriver hav-
ing such a spindle lock mechanism thus constructed, it
is not necessary to lock the spindle against rotation at
the time of tool change, so that the tool change can be
facilitated.
[0003] In the above-mentioned spindle lock mecha-
nism, a braking part is provided which maintains synchro-
nous rotation between the driving-side coupling and the
driven-side coupling in order to prevent vibration or noise
from being caused by repeated movements of the driv-
ing-side coupling and the driven-side coupling moving
away from each other and moving toward each other into
contact. However, in the above-described known tech-
nique, the degree of freedom of design is low in the con-
figuration and the installation position of the braking part,
and in this point, further improvement is required.

Disclosure of the Invention

Problems to be solved by the invention

[0004] It is, accordingly, an object of the present inven-
tion to provide an effective technique for effectively main-
taining synchronous rotation between the driving-side ro-
tating member and the driven-side rotating member, in
a power tool having a rotary tool bit.

Means for solving the problems

[0005] In order to solve the above-described problem,
the present invention provides a power tool including a
driving-side rotating member, a driven-side rotating
member, a power receiving part, a power transmitting

part, a tool bit, a lock member and a synchronous rotation
retaining part. The "power tool" in this invention typically
represents a disc grinder which performs a grinding or
polishing operation on a workpiece by rotation of a tool
bit in the form of a grinding wheel, but it can be widely
applied to any power tool which performs a predeter-
mined operation on a workpiece by a rotating tool bit.
[0006] The driving-side rotating member is rotatably
disposed within a power tool body. The driven-side ro-
tating member is disposed within the power tool body
and inserted through the driving-side rotating member in
the direction of the axis of rotation of the driving-side ro-
tating member such that the driven-side rotating member
is coaxially and rotatably arranged with respect to the
driving-side rotating member. The power receiving part
is integrally disposed with the driven-side rotating mem-
ber. The power transmitting part is integrally disposed
with the driving-side rotating member and engages the
power receiving part to thereby transmit a rotating force
of the driving-side rotating member to the driven-side ro-
tating member. The tool bit is rotationally driven via the
driven-side rotating member and thereby performs a pre-
determined operation. The tool bit can be switched be-
tween tool bit driving mode and tool bit replacing mode.
In the tool bit driving mode, the rotating force of the driv-
ing-side rotating member is transmitted to the driven-side
rotating member via the power transmitting part and the
power receiving part which are engaged with each other,
so that the driving-side rotating member and the driven-
side rotating member rotate together. Thus, the tool bit
can perform the predetermined operation. In a tool bit
replacing mode, a rotating force generated by manual
operation for replacing the tool bit is inputted to the driven-
side rotating member so that the driven-side rotating
member rotates with respect to the driving-side rotating
member. As a result, the driven-side rotating member is
locked against rotation. Thus, replacement of the tool bit
can be facilitated.
[0007] In the tool bit driving mode, the lock member
allows the driven-side rotating member to rotate such
that the tool bit can perform the predetermined operation.
While, in the tool bit replacing mode, the lock member
locks the driven-side rotating member against rotation.
[0008] Further, in the tool bit driving mode, the syn-
chronous rotation retaining part maintains synchronous
rotation of the driving-side rotating member and the driv-
en-side rotating member. Therefore, even when the driv-
en-side rotating member is caused to rotate faster than
the driving-side rotating member by change of the rota-
tional load of the driven-side rotating member, such a
faster movement is prevented by the retaining force of
the synchronous rotation retaining part. As a result, en-
gagement between the power receiving part and the pow-
er transmitting part is reliably maintained, so that syn-
chronous rotation of the driving-side rotating member and
the driven-side rotating member is maintained. In this
manner, vibration or noise can be prevented from being
caused by repeated movements of the power receiving
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part and the power transmitting part moving away from
each other and moving toward each other into contact.
[0009] In the tool bit replacing mode, when a rotating
force is manually inputted which releases the engage-
ment between the power receiving part and the power
transmitting part, the synchronous rotation retaining part
allows the driven-side rotating member to rotate with re-
spect to the driving-side rotating member in a direction
that releases the engagement between the power receiv-
ing part and the power transmitting part so that the lock
member locks the driven-side rotating member against
rotation. Therefore, in the tool bit replacing mode, an ex-
ternal force is applied to the driven-side rotating member
such that the driven-side rotating member rotates with
respect to the driving-side rotating member. Thus, the
driven-side rotating member is locked against rotation,
so that the mounting and removal of the tool bit can be
facilitated.
[0010] Further, in this invention, with the construction
in which the driven-side rotating member is inserted
through the driving-side rotating member, the installation
position of the synchronous rotation retaining part be-
tween the driving-side rotating member and the driven-
side rotating member can be selected at any position in
the axial direction of the driving-side rotating member
and the driven-side rotating member. Thus, a higher de-
gree of freedom of design in the installation position of
the synchronous rotation retaining part can be ensured.
Further, with the construction in which the driven-side
rotating member is inserted through the driving-side ro-
tating member, centering of the shafts with respect to
each other can be easily performed by fitting the rotating
members together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a sectional view showing the entire structure
of an electric disc grinder according to an embodi-
ment of the invention.
FIG. 2 is an enlarged sectional view of a power trans-
mitting mechanical part.
FIG. 3 is a sectional view taken along line A-A and
line B-B in FIG. 2, showing a rotating force transmit-
ting part, a lock mechanical part and a synchronous
rotation retaining part, showing the state during op-
eration in (I), the state at the time of removal of a
grinding wheel in (II), and the state at the time of
attachment of the grinding wheel in (III).
FIG. 4 is a plan view of a gear.
FIG. 5 is a bottom view of the gear.
FIG. 6 is a sectional view of the gear.
FIG. 7 is a front view of a spindle.
FIG. 8 is a plan view of the spindle, half shown in
section.
FIG. 9 is a plan view of a lock cam.
FIG. 10 is a sectional view of the lock cam.

FIG. 11 is a plan view of a lock ring.
FIG. 12 is a sectional view of the lock ring.
FIG. 13 is a plan view of a leaf spring.
FIG. 14 is a sectional view showing a rotating force
transmitting part, a lock mechanical part and a syn-
chronous rotation retaining part according to a sec-
ond embodiment, showing the state during operation
by clockwise rotation of the grinding wheel in (I), the
state at the time of removal of a grinding wheel in
(II), and the state at the time of attachment of the
grinding wheel in (III).
FIG. 15 is a sectional view showing the rotating force
transmitting part, the lock mechanical part and the
synchronous rotation retaining part according to the
second embodiment, showing the state during op-
eration by counterclockwise rotation of the grinding
wheel in (I), the state at the time of removal of the
grinding wheel in (II), and the state at the time of
attachment of the grinding wheel in (III).
FIG. 16 is a sectional view showing the entire struc-
ture of an electric disc grinder according to a third
embodiment of the invention.
FIG. 17 is an enlarged sectional view of a power
transmitting mechanical part.
FIG. 18 is a sectional view taken along line A-A and
line B-B in FIG. 17, showing a rotating force trans-
mitting part, a lock mechanical part and a synchro-
nous rotation retaining mechanism, showing the
state during operation in (I), the state at the time of
removal of a grinding wheel in (II), and the state at
the time of attachment of the grinding wheel in (III),
and showing a retainer in a phantom line.
FIG. 19 is a plan view of a gear.
FIG. 20 is a bottom view of the gear.
FIG. 21 is a sectional view of the gear.
FIG. 22 is a front view of a spindle.
FIG. 23 is a plan view of the spindle, half shown in
section.
FIG. 24 is a plan view of a lock cam.
FIG. 25 is a sectional view of the lock cam.
FIG. 26 is a plan view of a lock ring.
FIG. 27 is a sectional view of the lock ring.
FIG. 28 is a sectional view of a retainer.
FIG. 29 is a plan view of the retainer.
FIG. 30 is a sectional view showing the electric disc
grinder turned upside down with the grinding wheel
facing upward in order to replace the grinding wheel.

Representative embodiment of the invention

(First Embodiment)

[0012] A first embodiment of the present invention is
now described with reference to FIGS. 1 to 13. In this
embodiment, an electric portable disc grinder which is
used for grinding or polishing various kinds of workpiece,
such as steel, concrete and stone, is explained as a rep-
resentative example of a power tool according to the
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present invention. FIG. 1 is a sectional view showing the
entire structure of an electric disc grinder 101. In FIG. 1,
part of the rear portion (on the right side as viewed in
FIG. 1) is not shown. FIG. 2 is a sectional view showing
a power transmitting mechanical part. FIG. 3 shows a
sectional structure of the power transmitting mechanical
part. FIG. 3 shows the sectional structure in section taken
along line A-A and line B-B of FIG. 2 on the upper side
and the lower side, respectively. The operating condi-
tions of each of the sectional structure parts are shown
in sequence from left to right, in (I) showing the state
during operation, (II) showing the state at the time of re-
moval of the grinding wheel, and (III) showing the state
at the time of attachment of the grinding wheel. FIGS. 4
to 13 show component parts of the power transmitting
mechanical part. FIGS. 4 to 6 show a gear, FIGS. 7 and
8 show a spindle, FIG. 9 and 10 show a lock cam, FIGS.
11 and 12 show a lock ring, and FIG. 13 shows a leaf
spring.
[0013] As shown in FIG. 1, the electric disc grinder 101
includes a body 103 having a motor housing 105 and a
gear housing 107. The body 103 is a feature that corre-
sponds to the "tool body" according to this invention. The
motor housing 105 is generally cylindrical and houses a
driving motor 111. The driving motor 111 is a feature that
corresponds to the "driving source" according to this in-
vention. The driving motor 111 is arranged such that an
axis of rotation of a rotor 113 of the driving motor extends
in the longitudinal direction of the electric disc grinder
101. A small bevel gear 117 is mounted on the front end
(left end as viewed in the drawing) of a motor shaft 115
of the driving motor 111. Further, a cooling fan 119 is
mounted on the motor shaft 115 such that it can rotate
together with the motor shaft 115. In this embodiment,
the driving motor 111 rotates in one direction.
[0014] A power transmitting mechanical part 109 is
housed within the gear housing 107 that is connected to
the front end of the motor housing 105. The power trans-
mitting mechanical part 109 transmits the rotating output
of the driving motor 111 to a grinding wheel 141. The
grinding wheel 141 is a feature that corresponds to the
"tool bit" according to this invention. As shown in FIG. 2,
the power transmitting mechanical part 109 includes the
small bevel gear 117 (see FIG. 1), a gear 121, a spindle
123 and a lock cam 151. The gear 121 and the spindle
123 are features that correspond to the "driving-side ro-
tating member" and the "driven-side rotating member",
respectively, according to this invention. The gear 121 is
driven by the driving motor 111 and caused to rotate in
the direction of the arrow shown in FIG. 3.
[0015] The gear 121 has teeth in the outer circumfer-
ential region which engage the small bevel gear 117 (see
FIG. 1) all the time. The gear 121 is arranged such that
its axial direction coincides with a direction perpendicular
to the axis of rotation of the driving motor 111, or the
vertical direction. The spindle 123 is coaxially arranged
with the gear 121 and fitted through the shaft hole of the
gear 121 for relative rotation. The spindle 123 extends

vertically and is rotatably supported at its upper and lower
ends on the gear housing 107 via bearings 125, 126 (see
FIG. 1).
[0016] As shown in FIG. 1, the end (lower end) of the
spindle 123 protrudes from the lower surface of the gear
housing 107, and a grinding wheel mounting portion 131
having a bolt width and a threaded portion is formed on
the protruding end of the spindle 123. The grinding wheel
141 is detachably mounted to the grinding wheel mount-
ing portion 131 in such a manner as to be clamped from
above and below via inner (grinding wheel upper surface
side) and outer (grinding wheel lower surface side)
mounting flanges 133, 135. The inner mounting flange
133 on the upper surface side of the grinding wheel 141
is mounted to the grinding wheel mounting portion 131
via the bolt width such that it cannot rotate with respect
to the grinding wheel mounting portion 131. The outer
mounting flange 135 on the lower surface side of the
grinding wheel 141 is screwed onto the threaded portion
in order to mount the grinding wheel 141. The outer
mounting flange 135 has a threaded hole and is turned
in a direction opposite to the direction of rotation of the
spindle in order to be tightened. Specifically, when the
grinding wheel 141 is rotated, the screw tightening force
acts upon the grinding wheel 141 all the time. The rear
half of the grinding wheel 141 is covered by a cover 143.
[0017] As shown in FIGS. 9 and 10, the lock cam 151
has a generally cylindrical shape having a spline hole
151a. The lock cam 151 is mounted on the lower surface
side or one axial end of the gear 121 and concentrically
arranged with the gear 121. The lock cam 151 is con-
nected to a spline shaft 123a of the spindle 123 by spline
fitting and thus rotates together with the spindle 123. As
shown in FIG. 2, the gear 121 and the lock cam 151 are
prevented from moving in the axial direction by the lower
bearing 126 and a washer 159 mounted on the spindle
123 via a circlip 157. The lock cam 151 has two claws
153 and two plane cams 155 on the outer periphery. The
claws 153 are spaced apart 180° in the circumferential
direction from each other, and the plane cams 155 are
spaced apart 90° in the circumferential direction from the
claws 153 (or 180° in the circumferential direction from
each other). The claws 153 has a predetermined length
extending in the radial direction. The plane cams 155 are
formed by flat surfaces parallel to each other. The claws
153 of the lock cam 151 receive a rotating force from two
claws 121a (see FIGS. 5 and 6) provided on the gear
121 for power transmission and transmits it to the spindle
123. This rotating force transmitting structure will be de-
scribed below.
[0018] As shown in FIGS. 1, 2 and 3, a circular lock
ring 161 is disposed between the gear 121 and the lower
bearing 126 and on the outer peripheral side of the lock
cam 151. A plurality of projections 161a (see FIGS. 11
and 12) radially extend from the outer periphery of the
lock ring 161. The projections 161a engage a recess
107a (see FIG. 1) which is formed in the inner wall surface
of the gear housing 107 in such a manner as to corre-
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spond to the projections 161 a, so that the lock ring 161
is prevented from moving in the circumferential direction.
The lock ring 161 has an inner circumferential surface
having an inside diameter slightly larger than the outside
diameter of the region of the lock cam 151 including the
claws 153. A predetermined clearance 156 is formed be-
tween the inner circumferential surface of the lock ring
161 and the outer circumferential surface and the plane
cams 155 of the lock cam 151 (see FIG. 3).
[0019] As shown in FIG. 3, a cylindrical rolling element
165 is disposed in the clearance 156 between the inner
circumferential surface of the lock ring 161 and each of
the plane cams 155 of the lock cam 151. The rolling el-
ement 165 is a feature that corresponds to the "lock mem-
ber" according to this invention. The predetermined
clearance 156 defined between the inner circumferential
surface of the lock ring 161 and the plane cam 155 of the
lock cam 151 has a maximum radial width at the middle
of the plane cam 155 in the circumferential direction and
a minimum radial width at the ends of the plane cam 155
in the circumferential direction. The rolling element 165
has an outside diameter smaller than the maximum width
of the clearance 156 and larger than the minimum width
of the clearance 156. Therefore, when the rolling element
165 is located in the maximum width portion of the clear-
ance 156 (in the state shown in (I) of FIG. 3), the rolling
element 165 allows the spindle 123 to rotate. On the other
hand, when the rolling element 165 is moved away from
the maximum width portion via a play region (movement
allowed region) of the clearance 156 (in the state shown
in (II) and (III) of FIG. 3), the rolling element 165 is en-
gaged between the inner circumferential surface of the
lock ring 161 and the plane cam 155 of the lock cam 151.
Thus, the lock cam 151 and the lock ring 161 are locked,
and the spindle 123 is locked against rotation. Specifi-
cally, the lock cam 151, the lock ring 161 and the rolling
element 165 form a spindle lock mechanism.
[0020] Four claws 121a, 121b (see FIG. 5) are formed
on the underside of the gear 121 and spaced apart 90°
around the axis of the gear 121 from each other. Each
of the claws 121a, 121b has predetermined lengths in
the axial and circumferential directions and has an arcu-
ate section. As shown in FIG. 3, the claws 121a, 121b
are fitted into the clearance between the inner circumfer-
ential surface of the lock ring 161 and the outer circum-
ferential surface of the lock cam 151 such that the claws
are located between the claws 153 of the lock cam 151
and the plane cams 155. Among the four claws 121a,
121b of the gear 121, one circumferential end (the front
end in the direction of rotation) of each of the two claws
121a diametrically opposed with respect to the axis of
rotation of the gear 121 contacts one circumferential end
of the associated claw 153 of the lock cam 151 and ap-
plies a rotating force to the lock cam 151 in the direction
of the arrow (clockwise), which causes the spindle 123
to rotate in the same direction. Specifically, the claws
121a of the gear 121 and the claws 153 of the lock cam
151 form a rotating force transmitting mechanism for

transmitting a rotating force of the gear 121 to the spindle
123. The two claws 121a of the four claws 121a, 121b
of the gear 121 which contact the claws 153 of the lock
cam 151 are features that correspond to the "power trans-
mitting part", and the lock cam 151 and the claws 153
are features that correspond to the "power receiving part"
according to this invention.
[0021] As described above, in the state of synchronous
rotation in which the gear 121 and the spindle 123 rotate
by contact between the claws 121 a of the gear 121 and
the claws 153 of the lock cam 151, one circumferential
end of each of the other two claws 121b of the gear 121
contacts the associated rolling element 165. Thus, the
rolling element 165 is held in the maximum width portion
of the clearance 156 and thereby prevented from being
engaged between the lock cam 151 and the lock ring
161. Therefore, synchronous rotation of the gear 121 and
the spindle 123 is allowed.
[0022] As shown in FIG. 3, a predetermined clearance
(hereinafter referred to as play) is provided between the
claws 153 of the lock cam 151 and the claws 121a, 121b
of the gear 121 located on the both sides of the claws
153. Specifically, the lock cam 151 is allowed to move in
the circumferential direction with respect to the gear 121
within the range of the play. Therefore, during rotation of
the spindle 123, the rotational load on the spindle side
(the driven side) may change (increase or decrease), and
rotation of the spindle 123 may become faster or slower
than the gear 121. At this time, the claws 153 of the lock
cam 151 and the claws 121 a, 121b of the gear 121 repeat
movements of moving away from each other and moving
toward each other into contact, which may cause vibra-
tion or noise. In order to avoid such an occurrence and
retain synchronous rotation of the spindle 123 and the
gear 121, a synchronous rotation retainer 171 is provided
which provides a retaining force for preventing relative
rotation of the spindle 123 and the gear 121.
[0023] The synchronous rotation retainer 171 includes
a leaf spring 173 and steel balls 175. The leaf spring 173
and the steel balls 175 are features that correspond to
the "first member" and the "second member", respective-
ly, according to this invention. The leaf spring 173 is a
plate-like member made of elastic material and having a
spline hole 173a (see FIG. 13) in the middle. The leaf
spring 173 is disposed oppositely on the upper surface
of the gear 121 and connected (see FIG. 3) to the spline
shaft 123a of the spindle 123 by spline fitting.
[0024] As shown in FIGS. 1 and 2, the leaf spring 173
is prevented from moving in the axial direction by the
washer 159 mounted on the spindle 123 via the circlip
157. The steel balls 175 are retained in ball receiving
recesses 121c (see FIG. 6) formed in the upper surface
of the gear 121. Further, the steel balls 175 partially en-
gage in ball retaining holes 173b and thereby apply a
retaining force (resistance) to prevent the spindle 123
from rotating with respect to the gear 121 (ahead of the
gear). In this manner, the claws 121a of the gear 121 and
the claws 153 of the lock cam 151 can be held in contact
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with each other.
[0025] The electric disc grinder 101 according to this
embodiment is constructed as described above. Opera-
tion and usage of the electric disc grinder 101 is now
explained. When the driving motor 111 is driven and thus
the motor shaft 115, the small bevel gear 117 and the
gear 121 are rotated, as shown on the lower side in (I)
of FIG. 3, the two claws 121a of the gear 121 contact the
claws 153 of the lock cam 151 and apply a clockwise
rotating force to the lock cam 151, which causes the spin-
dle 123 to rotate clockwise. Further, at the same time,
the other two claws 121b of the gear 121 contact the
rolling elements 165 and retain the rolling elements 165
in the maximum width portions of the clearance 156 be-
tween the plane cams 155 of the lock cam 151 and the
inner circumferential surface of the lock ring 161, which
allows the spindle 123 to rotate together with the gear
121. Therefore, the rolling elements 165 are not engaged
between the lock ring 161 and the lock cam 151.
[0026] At this time, as shown on the upper side in (I)
of FIG. 3, the steel balls 175 partially engage in the ball
retaining holes 173b and retain the claws 121a of the
gear 121 and the claws 153 of the lock cam 151 in contact
with each other. Therefore, the spindle 123 and the gear
121 are prevented from rotating with respect to each oth-
er and thereby kept allowed to synchronously rotate.
Thus, such an occurrence of the phenomenon in which
the claws 153 of the lock cam 151 and the claws 121 a,
121b of the gear 121 repeat movements of moving away
from each other and moving toward each other into con-
tact, can be avoided.
[0027] Removal of the grinding wheel 141 from the
spindle 123 is now described. In this case, in the state
of rest of the spindle 123, a rotating force is applied clock-
wise (in the direction of rotation of the spindle 123) to the
outer mounting flange 135 in order to loose the outer
mounting flange 135 by using a lock nut wrench (not
shown). Then the rotating force is transmitted to the leaf
spring 173 connected to the spindle 123 via the spline.
At this time, the steel balls 175 are located in the ball
retaining holes 173b, so that the claws 153 of the lock
cam 151 and the claws 121 a of the gear 121 are held in
contact with each other. However, since the gear 121
connected to an armature of the driving motor 111 has
a rotational load, the leaf spring 173 rotates clockwise
together with the spindle 123 with respect to the gear
121. As a result, as shown in (II) of FIG. 3, the steel balls
175 are disengaged from the ball retaining holes 173b
by elastic deformation of the leaf spring 173 in the axial
direction of the spindle (upward as viewed in FIG. 1). By
this relative rotation of the spindle 123 and the gear 121,
the lock cam 151 connected to the spindle 123 via the
spline rotates, so that the claws 153 of the lock cam 151
move away from the claws 121a of the gear 121. Spe-
cifically, the lock cam 151 rotates clockwise with respect
to the gear 121. By this relative rotation, the rolling ele-
ments 165 move away from the claws 121b of the gear
121 and move within the movement allowed region. At

this time, the rolling elements 165 are engaged between
the inner circumferential surface of the lock ring 161 and
the plane cams 155 of the lock cam 151. Thus, the spindle
123 is locked against rotation. Thereafter, by rotating the
mounting flange 135 clockwise with respect to the locked
spindle 123, the mounting flange 135 can be removed
from the grinding wheel mounting portion 131 of the spin-
dle 123. Then, the grinding wheel 141 can be removed.
[0028] Attachment of the grinding wheel 141 to the
spindle 123 is now described. In the state of rest of the
spindle 123 (in the state shown in (II) of FIG. 3), the grind-
ing wheel 141 is fitted onto the grinding wheel mounting
portion 131 and the mounting flange 135 is turned coun-
terclockwise in order to be tightened. At this time, when
a rotating force is applied to the spindle 123 by such
tightening, as shown in (III) of FIG. 3, the leaf spring 173
rotates counterclockwise together with the spindle 123
with respect to the gear 121. As a result, the steel balls
175 are fitted in the associated ball retaining holes 173b
of the leaf spring 173. At the same time, the lock cam
151 rotates counterclockwise together with the spindle
123 with respect to the gear 121. As a result, the rolling
elements 165 are engaged between the inner circumfer-
ential surface of the lock ring 161 and the plane cams
155 of the lock cam 151, so that the spindle 123 is locked
against rotation. In this state, the mounting flange 135 is
tightened with a predetermined torque. In this manner,
the grinding wheel 141 can be attached to the spindle
123.
[0029] As described above, according to this embod-
iment, in removing or mounting the grinding wheel 141
to the spindle 123, when a rotating force (external force)
is inputted from the spindle 123, the spindle lock mech-
anism including the lock cam 151, the lock ring 161 and
the rolling elements 165 is actuated. Specifically, the
spindle 123 can be locked against rotation without need
of additional operation of locking the spindle 123 from
the outside. Therefore, ease of operation in removing
and mounting the grinding wheel 141 can be enhanced.
[0030] Further, when the driving motor 111 is driven
and the grinding wheel 141 is rotated via the power trans-
mitting mechanical part 109, a retaining force is applied
to the gear 121 and the spindle 123 via the synchronous
rotation retainer 171 so as to prevent relative rotation of
the gear 121 and the spindle 123. With this construction,
relative rotation of the gear 121 and the spindle 123 which
is caused by change of the rotational load on the driven
side is prevented. As a result, vibration or noise can be
prevented from being caused by the repeated move-
ments of the claws 153 of the lock cam 151 and the claws
121a, 121b of the gear 121 moving away from each other
and moving toward each other into contact.
[0031] According to this embodiment, the spindle 123
is inserted through the gear 121, and the both ends of
the spindle 123 are supported by the bearings 125, 126.
Therefore, transmission of the rotating force between the
gear 121 and the spindle 123 can be performed in a stable
state. Further, the gear 121 is rotatably supported with
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the spindle 123 inserted through the gear 121. With this
construction, centering of the spindle 123 and the gear
121 with respect to each other is performed by fitting the
spindle 123 and the gear 121 together. Therefore, any
additional operation for the centering is not required in
assembling the spindle 123 to the gear housing 107.
Thus, assembling efficiency can be improved.
Further, with the construction in which the spindle 123 is
supported at its both ends, transmission of the rotating
force is stabilized, and a force is evenly applied to the
gear 121 and the spindle 123. Therefore, the life of com-
ponent parts involved in transmission of the rotating
force, such as the claws 121a of the gear 121, the claws
153 of the lock cam 151 and the rolling element 165, can
be increased.
[0032] Further, with the construction in which the spin-
dle 123 is inserted through the gear 121, the synchronous
rotation retainer 171 between the gear 121 and the spin-
dle 123 can be placed in any position in the axial direction
of the spindle 123. Specifically, according to this embod-
iment, the synchronous rotation retainer 171 can be dis-
posed by utilizing the gear upper surface region rather
than the gear lower surface region in which the mecha-
nism for transmitting the rotating force of the gear 121 to
the spindle 123 and the lock mechanism for locking the
spindle 123 against rotation are disposed. Therefore, it
is not necessary to assemble several kinds of mecha-
nisms in a limited space, so that assembling efficiency
as a whole can be effectively enhanced. Further, in this
embodiment, in the electric disc grinder 101, a free space
originally existing as a dead space on the upper surface
of the gear is utilized to dispose the synchronous rotation
retainer 171. Thus, the synchronous rotation retainer 171
can be disposed without increasing the size of the electric
disc grinder.
[0033] Further, according to this embodiment, the syn-
chronous rotation retainer 171 is constructed to apply a
retaining force when the steel balls 175 are partially fitted
(engaged) in the ball retaining holes 173b of the leaf
spring 173. The leaf spring 173 and the steel balls 175
which are opposed to each other in the axial direction of
the gear 121 are engaged with each other and obtain a
retaining force on the engagement surface extending in
a direction perpendicular to the axial direction of the gear
121. Thus, compared with the construction in which the
engagement surface extends in the axial direction of the
gear 121, the length of the synchronous rotation retainer
171 in the axial direction can be effectively shortened.

(Second Embodiment)

[0034] A second embodiment of the present invention
is now described with reference to FIGS. 14 to 15. In the
second embodiment, the tool bit, for example, in the form
of the grinding wheel 141 (see FIG. 1) can be rotated
both clockwise and counterclockwise (both in the normal
and reverse directions). In this embodiment, when the
gear 121 is rotated clockwise by the driving motor (see

FIG. 1), among the four claws 121a, 121b of the gear
121, the two claws 121a diametrically opposed with re-
spect to the axis of rotation of the gear 121 serve to trans-
mit clockwise rotating force, and the other two claws 121b
serve to retain the rolling elements 165. On the other
hand, when the gear 121 is rotated counterclockwise,
the claws 121a, 121b serve vice versa. Specifically, the
other two claws 121b serve to transmit counterclockwise
rotating force, and the two claws 121a serve to retain the
rolling elements 165. Further, the leaf spring 173 forming
the synchronous rotation retainer 171 includes ball re-
taining holes 173b for clockwise rotation and ball retain-
ing holes 173c for counterclockwise rotation. The ball
retaining holes 173b for clockwise rotation and the ball
retaining holes 173c for counterclockwise rotation are
spaced a predetermined distance apart from each other
in the circumferential direction. The distance corre-
sponds to the circumferential length of the clearance pro-
vided between the claws 153 of the lock cam 151 and
the claws 121a, 121 b of the gear 121 located on the both
sides of the claws 153.
[0035] The construction of this embodiment is the
same as the first embodiment except the above-de-
scribed point. FIG. 14 shows the state in which the gear
121 is driven by the driving motor 111 and rotates clock-
wise (thus the grinding wheel 141 rotates clockwise). In
this case, as shown in (I) of FIG. 14, the two claws 121a
of the gear 121 for clockwise rotation contact the asso-
ciated claws 153 of the lock cam 151. Further, at the
same time, the other two claws 121 b of the gear 121
contact the rolling elements 165 and retain the rolling
elements 165 in the maximum width portion of the clear-
ance 156 between the plane cams 155 of the lock cam
151 and the inner circumferential surface of the lock ring
161. Therefore, the rolling elements 165 are not engaged
between the plane cams 155 of the lock cam 151 and
the inner circumferential surface of the lock ring 161.
Thus, the gear 121 and the spindle 123 rotate together
via contact between the claws 121a of the gear 121 and
the claws 153 of the lock cam 151. At this time, in the
synchronous rotation retainer 171, the steel balls 175 are
engaged in the ball retaining holes 173b of the leaf spring
173 for clockwise rotation and apply a retaining force to
prevent relative rotation of the spindle 123 and the gear
121. As a result, despite of change of rotational load on
the driven side, the spindle 123 and the gear 121 are
kept allowed to synchronously rotate.
[0036]  In order to remove the grinding wheel 141 after
grinding or polishing operation by clockwise rotation of
the grinding wheel 141, in the state of rest of the spindle
123, the mounting flange 135 (see FIG. 1) is turned in
the loosening direction (clockwise). At this time, the ro-
tational load of the armature of the driving motor 111 is
applied to the gear 121. Therefore, as shown on the upper
side in (II) of FIG. 14, the leaf spring 173 rotates together
with the spindle 123 with respect to the gear 121. By this
rotation, the steel balls 175 retained on the gear 121 side
move out of the associated ball retaining holes 173b of
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the leaf spring 173 while elastically deforming the leaf
spring 173 in the axial direction of the spindle (upward
as viewed in FIG. 1). Further, by the relative rotation of
the spindle 123 and the gear 121, as shown on the lower
side in (II) of FIG. 14, the lock cam 151 connected to the
spindle 123 via the spline rotates, so that the claws 153
of the lock cam 151 are disengaged from the claws 121a
of the gear 121. Specifically, the lock cam 151 rotates
clockwise with respect to the gear 121. By this relative
rotation, the rolling elements 165 are disengaged from
the claws 121b of the gear 121 and move within the move-
ment allowed region. At this time, the rolling elements
165 are engaged between the inner circumferential sur-
face of the lock ring 161 and the plane cams 155 of the
lock cam 151. Thus, the spindle 123 is locked against
rotation. Thereafter, by rotating the mounting flange 135
clockwise with respect to the locked spindle 123, the
mounting flange 135 can be removed from the grinding
wheel mounting portion 131 of the spindle 123. Then, the
grinding wheel 141 can be removed.
[0037] Attachment of the grinding wheel 141 to the
spindle 123 is now described. In the state of rest of the
spindle 123 (in the state shown in (II) of FIG. 14), the
grinding wheel 141 is fitted onto the grinding wheel
mounting portion 131 and the mounting flange 135 is
turned counterclockwise in order to be tightened. At this
time, when a rotating force is applied to the spindle 123
by such tightening, as shown in (III) of FIG. 14, the leaf
spring 173 rotates counterclockwise together with the
spindle 123 with respect to the gear 121. As a result, the
steel balls 175 are fitted in the associated ball retaining
holes 173b of the leaf spring 173. At the same time, the
lock cam 151 rotates counterclockwise together with the
spindle 123 with respect to the gear 121. As a result, the
rolling elements 165 are engaged between the inner cir-
cumferential surface of the lock ring 161 and the plane
cams 155 of the lock cam 151, so that the spindle 123 is
locked against rotation. In this state, the mounting flange
135 is tightened with a predetermined torque. In this man-
ner, the grinding wheel 141 is attached to the spindle 123.
[0038] In (I) of FIG. 15, the grinding wheel 141 is ro-
tated counterclockwise for grinding or polishing opera-
tion. In this case, the gear 121 is rotated counterclockwise
by the driving motor 111. At this time, when the steel balls
175 are held engaged in the ball retaining holes 173b of
the leaf spring 173 for clockwise rotation, the gear 121
rotates counterclockwise with respect to the spindle 123
by the rotational load on the driven side. By this relative
rotation, the steel balls 175 move out of the associated
ball retaining holes 173b of the leaf spring 173 for clock-
wise rotation. Then, the steel balls 175 are fitted in the
associated ball retaining holes 173c of the leaf spring
173 for counterclockwise rotation (see the upper side of
(I) in FIG. 15). At this time, the claws 121b of the gear
121 for counterclockwise rotation contact the associated
claws 153 of the lock cam 151, and the other two claws
121a contact the associated rolling elements 165. As a
result, the rolling elements 165 are retained in the max-

imum width portion of the clearance 156 between the
plane cams 155 of the lock cam 151 and the inner cir-
cumferential surface of the lock ring 161 (See the lower
side of (I) in FIG. 15). Therefore, the rolling elements 165
are not engaged between the plane cams 155 of the lock
cam 151 and the inner circumferential surface of the lock
ring 161. Thus, the gear 121 and the spindle 123 rotate
counterclockwise together. At this time, in the synchro-
nous rotation retainer 171, the steel balls 175 are en-
gaged in the ball retaining holes 173c of the leaf spring
173 for counterclockwise rotation and apply a retaining
force to prevent relative rotation of the spindle 123 and
the gear 121. As a result, despite of change of rotational
load on the driven side, the spindle 123 and the gear 121
are kept allowed to synchronously rotate.
[0039] In order to remove the grinding wheel 141 after
grinding or polishing operation by counterclockwise ro-
tation of the grinding wheel 141, in the state of rest of the
spindle 123, the mounting flange 135 (see FIG. 1) is
turned in the loosening direction (clockwise). At this time,
as shown in (II) of FIG. 15, the claws 153 of the lock cam
151 are in engagement with the claws 121 b of the gear
121 for counterclockwise rotation. Therefore, an external
force (rotating force) exceeding the rotational load of the
armature of the driving motor 111 is applied to the gear
121. Then, the lock cam 151 rotates together with the
gear 121. As a result, the rolling elements 165 are en-
gaged between the plane cams 155 and the inner cir-
cumferential surface of the lock ring 161, so that the spin-
dle 123 is locked against rotation. In this case, the gear
121 and the lock cam 151 rotate together, so that the
steel balls 175 are kept engaged in the ball retaining holes
173c of the leaf spring 173 for counterclockwise rotation.
Thereafter, by rotating the mounting flange 135 clockwise
with respect to the locked spindle 123, the mounting
flange 135 can be removed from the grinding wheel
mounting portion 131 of the spindle 123. Then, the grind-
ing wheel 141 can be removed.
[0040] In order to attach the grinding wheel 141 to the
spindle 123, in the state of rest of the spindle 123 (in the
state shown in (II) of FIG. 15), the grinding wheel 141 is
fitted onto the grinding wheel mounting portion 131 and
the mounting flange 135 is turned counterclockwise in
order to be tightened. At this time, when a rotating force
is applied to the spindle 123 by such tightening, as shown
in (III) of FIG. 15, the leaf spring 173 rotates counter-
clockwise together with the spindle 123 with respect to
the gear 121. As a result, the steel balls 175 move out
of the ball retaining holes 173c of the leaf spring 173 for
counterclockwise rotation. At the same time, the lock cam
151 rotates counterclockwise together with the spindle
123 with respect to the gear 121. As a result, the rolling
elements 165 are engaged between the inner circumfer-
ential surface of the lock ring 161 and the plane cams
155 of the lock cam 151, so that the spindle 123 is locked
against rotation. In this state, the grinding wheel 141 can
be attached to the spindle 123 by tightening the mounting
flange 135.
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[0041] As described above, according to this embod-
iment, when the driving wheel 141 is rotated, whether
clockwise or counterclockwise, a retaining force of pre-
venting relative rotation is applied to the spindle 123 and
the gear 121 via the synchronous rotation retainer 171.
As a result, despite of change of rotational load on the
driven side, the spindle 123 and the gear 121 can be kept
allowed to synchronously rotate. Further, in removing or
mounting the grinding wheel 141 to the spindle 123, when
a rotating force is inputted from the spindle 123, the spin-
dle 123 can be locked against rotation via the spindle
lock mechanism including the lock cam 151, the lock ring
161 and the rolling elements 165, without additional op-
eration of locking the spindle 123 from the outside. There-
fore, ease of operation in removing and mounting the
grinding wheel 141 can be enhanced. Further, like in the
first embodiment, the spindle 123 is inserted through the
center of axis of the gear 121, and the effect obtained by
this construction is the same as in the first embodiment.
[0042] Further, in this embodiment, the synchronous
rotation retainer 171 is disposed on the upper surface
side of the gear 121, but it may be disposed on the lower
surface side of the gear 121. Specifically, the synchro-
nous rotation retainer 171 may be disposed in the region
in which the mechanism for transmitting the rotating force
of the gear 121 to the spindle 123 and the lock mechanism
for locking the spindle 123 against rotation are disposed.
Further, in this embodiment, the rolling elements 165 are
cylindrical, but they may comprise steel balls.
[0043]  Further, in this embodiment, the synchronous
rotation retainer 171 is formed by the leaf spring 173 and
the steel balls 175 that engage the ball retaining holes
173b of the leaf spring 173, but it is not limited to this
construction. Specifically, it may be any construction
which can apply to the gear 121 and the spindle 123 a
retaining force that can prevent relative rotation of the
gear 121 and the spindle 123. For example, it may be
constructed such that the gear 121 and the spindle 123
are connected to each other via an elastic element such
as a rubber and a spring, or such that a retaining force
is applied by friction contact of two elastically biased
members. Therefore, the ball retaining holes 173b of the
leaf spring 173 in the first embodiment, or the retaining
holes 173b, 173c of the leaf spring 173 for clockwise and
counterclockwise rotation in the second embodiment
may be omitted, and it may be constructed such that the
leaf spring 173 applies a resistance to the steel ball 175
by surface contact by utilizing the spring force of the leaf
spring 173.
[0044] Further, in this embodiment, the electric disc
grinder 101 for grinding or polishing operation is de-
scribed as a representative example of the power tool.
However, other than the electric disc grinder, this inven-
tion can be applied to a power tool which performs a
predetermined operation by rotation of a tool bit, such as
a screwdriver.

(Third Embodiment)

[0045] A third embodiment of the present invention is
now described with reference to FIGS. 16 to 30. Com-
ponents or elements in the third embodiment which are
substantially identical to those in the first embodiment
are given like numerals as in the first embodiment and
will not be described. FIG. 16 is a sectional view showing
the entire structure of the electric disc grinder 101.
[0046] As shown in FIGS. 16, 17 and 18, a circular lock
ring 161 is disposed between the gear 121 and the lower
bearing 126 and on the outer peripheral side of the lock
cam 151. As shown in FIGS. 26 and 27, a plurality of
projections 161 a radially extend from the outer periphery
of the lock ring 161. The projections 161a engage the
recess 107a (see FIG. 16) which is formed in the inner
wall surface of the gear housing 107 in such a manner
as be assigned to the projections 161a, so that the lock
ring 161 is prevented from moving in the circumferential
direction. The lock ring 161 has an inner circumferential
surface having an inside diameter slightly larger than the
outside diameter of the region of the lock cam 151 in-
cluding the claws 153. The lock ring 161 has a recessed
inner circumferential surface 161 b formed along the en-
tire circumference and having a circular arc section. A
predetermined clearance 156 is formed between the re-
cessed inner circumferential surface 161b of the lock ring
161 and the outer circumferential surface and recessed
cams 155 of the lock cam 151 (see FIG. 18).
[0047] As shown in FIG. 18, a first steel ball 165 is
disposed in the clearance 156 between the recessed in-
ner circumferential surface 161b of the lock ring 161 and
the recessed cams 155 of the lock cam 151. The first
steel ball 165 is a feature that corresponds to the "lock
member" according to this invention. The predetermined
clearance 156 defined between the recessed inner cir-
cumferential surface 161b of the lock ring 161 and the
recessed cams 155 of the lock cam 151 has a maximum
radial width at the middle of the recessed cams 155 in
the circumferential direction and a minimum radial width
at the ends of the recessed cams 155 in the circumfer-
ential direction. The first steel ball 165 has an outside
diameter smaller than the maximum width of the clear-
ance 156 and larger than the minimum width of the clear-
ance 156. Therefore, when the first steel ball 165 is lo-
cated in the maximum width portion of the clearance 156
(in the state shown in (I) of FIG. 18), the first steel ball
165 allows the spindle 123 to rotate. On the other hand,
when the first steel ball 165 is moved away from the max-
imum width portion via a play region (movement allowed
region) of the clearance 156 (in the state shown in (II)
and (III) of FIG. 18), the first steel ball 165 is engaged
between the recessed inner circumferential surface 161b
of the lock ring 161 and the recessed cam 155 of the lock
cam 151. Thus, the lock cam 151 and the lock ring 161
are locked, and the spindle 123 is locked against rotation.
Specifically, the lock cam 151, the lock ring 161 and the
first steel ball 165 form a spindle lock mechanism.
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[0048] Four claws 121 a, 121b (see FIG. 20) are
formed on the underside of the gear 121 and spaced
apart 90° around the axis of the gear 121 from each other.
Each of the claws 121a, 121b has predetermined lengths
in the axial and circumferential directions and has an ar-
cuate section. As shown in FIG. 18, the claws 121 a,
121b are fitted into the clearance between the recessed
inner circumferential surface 161 b of the lock ring 161
and the outer circumferential surface of the lock cam 151
such that the claws are located between the claws 153
of the lock cam 151 and the recessed cams 155. Among
the four claws 121a, 121b of the gear 121, one circum-
ferential end (the front end in the direction of rotation) of
each of the two claws 121a diametrically opposed with
respect to the axis of rotation of the gear 121 contacts
one circumferential end of the associated claw 153 of the
lock cam 151 and applies a rotating force to the lock cam
151 in the direction of the arrow (clockwise), which caus-
es the spindle 123 to rotate in the same direction. Spe-
cifically, the claws 121a of the gear 121 and the claws
153 of the lock cam 151 form a rotating force transmitting
mechanism for transmitting a rotating force of the gear
121 to the spindle 123.
[0049] As described above, in the state of synchronous
rotation in which the gear 121 and the spindle 123 rotate
by contact between the claws 121 a of the gear 121 and
the claws 153 of the lock cam 151, one circumferential
end of each of the other two claws 121 b of the gear 121
contacts the associated first steel ball 165. Thus, the first
steel ball 165 is held in the maximum width portion of the
clearance 156 and thereby prevented from being en-
gaged between the lock cam 151 and the lock ring 161.
Therefore, synchronous rotation of the gear 121 and the
spindle 123 is allowed.
[0050]  As shown in FIG. 18, a predetermined clear-
ance (hereinafter referred to as play) is provided between
the claws 153 of the lock cam 151 and the claws 121a,
121b of the gear 121 located on the both sides of the
claws 153. Specifically, the lock cam 151 is allowed to
move in the circumferential direction with respect to the
gear 121 within the range of the play. Therefore, during
rotation of the spindle 123, the rotational load on the spin-
dle side (the driven side) may change (increase or de-
crease), and rotation of the spindle 123 may become
faster or slower than rotation of the gear 121. At this time,
the claws 153 of the lock cam 151 and the claws 121 a,
121 b of the gear 121 repeat movements of moving away
from each other and moving toward each other into con-
tact, which may cause vibration or noise. In order to avoid
such an occurrence and retain synchronous rotation of
the spindle 123 and the gear 121, a synchronous rotation
retaining mechanism 181 is provided which prevents rel-
ative rotation of the spindle 123 and the gear 121.
[0051] The synchronous rotation retaining mechanism
181 includes a retainer 183 and second steel balls 185.
The second steel balls 185 are features that correspond
to the "actuating member" according to this invention.
The retainer 183 is a plate-like member having a spline

hole 183a (see FIGS. 28 and 29) in the middle. The re-
tainer 183 is rotatably disposed on the upper surface of
the gear 121 and connected (see FIGS. 16 and 17) to
the spline shaft 123a of the spindle 123 by spline fitting.
The retainer 183 is prevented from moving in the axial
direction by the washer 159 mounted on the spindle 123
via the circlip 157.
[0052] The second steel balls 185 are disposed be-
tween two steel ball grooves 187 which are formed in the
upper surface of the gear 121 and spaced apart 180° in
the circumferential direction from each other, and two
steel ball grooves 188 which are formed in the lower sur-
face of the retainer 183 and spaced apart 180° in the
circumferential direction from each other. The steel ball
grooves 187, 188 are features that correspond to the
"guide groove" according to this invention. As shown in
FIG. 18, the steel ball grooves 187 of the gear 121 extend
obliquely with respect to a radial line perpendicular to the
axis of the gear 121. A parallel portion 187a is formed in
a radially outer portion of each of the steel ball grooves
187 (on the side remote from the axis). The parallel por-
tion 187a is a feature that corresponds to the "parallel
region" according to this invention. The steel ball groove
187 of the gear 121 extends obliquely such that its radially
inner portion is located forward and its radially outer por-
tion is located rearward, in the direction of rotation of the
gear 121. As shown in FIG. 29, the steel ball grooves
188 of the retainer 183 are formed parallel to a radial line
perpendicular to the axis of the gear 121. The steel ball
grooves 178, 188 have widths equal to or slightly larger
than the diameter of the second steel balls 185, so that
smooth rolling movement of the second steel balls 185
is ensured.
[0053] As shown in FIGS. 16 and 17, each of the sec-
ond steel balls 185 is fitted in the associated oblique steel
ball groove 187 of the gear 121 and the associated par-
allel steel ball groove 188 of the retainer 183 and can
move in this state between the radially outer end and the
radially inner end of the steel ball grooves 187, 188. Spe-
cifically, relative movement of the gear 121 and the re-
tainer 183 is allowed by movement of the second steel
ball 185 between the radially outer ends and the radially
inner ends of the steel ball grooves 187, 188. In other
words, relative movement of the gear 121 and the retainer
183 is not allowed unless the second steel ball 185
moves. The second steel balls 185 are located in the
radially outer end portions of the steel ball grooves 187,
188 when the claws 121a of the gear 121 contact the
claws 153 of the lock cam 151. When the second steel
balls 185 move radially inward from the radially outer end
portions of the steel ball grooves 187, 188, the claws
121a of the gear 121 are allowed to be disengaged from
the claws 153 of the lock cam 151. The radially outer end
portions and the radially inner end portions of the steel
ball grooves 187, 188 are features that correspond to the
"outer position" and the "inner position", respectively, ac-
cording to this invention.
[0054] As shown in FIGS. 16 and 17, the upper wall
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surface of the steel ball groove 188 of the retainer 183
is inclined upward from the radially outer side to the ra-
dially inner side. Specifically, the steel ball groove 188 is
inclined radially inward away from the grinding wheel
141.
[0055] The electric disc grinder 101 according to this
embodiment is constructed as described above. Opera-
tion and usage of the electric disc grinder 101 is now
explained. When the driving motor 111 is driven and thus
the motor shaft 115, the small bevel gear 117 and the
gear 121 are rotated, as shown on the lower side in (I)
of FIG. 18, the two claws 121 a of the gear 121 contact
the claws 153 of the lock cam 151 and apply a clockwise
rotating force to the lock cam 151, which causes the spin-
dle 123 to rotate clockwise. Further, at the same time,
the other two claws 121b of the gear 121 contact the first
steel balls 165 and retain the first steel balls 165 in the
maximum width portion of the clearance 156 between
the recessed cams 155 of the lock cam 151 and the re-
cessed inner circumferential surface of the lock ring 161,
which allows the spindle 123 to rotate together with the
gear 121. Therefore, the first steel balls 165 are not en-
gaged between the lock ring 161 and the lock cam 151.
[0056] As described above, each of the second steel
balls 185 is located in the radially outer end portions of
the associated steel ball groove 187 of the gear 121 and
the associated steel ball groove 188 of the retainer 183
when the claws 121a of the gear 121 contact the claws
153 of the lock cam 151. Therefore, when the gear 121
is rotated, as shown on the upper side in (I) of FIG. 18,
the second steel ball 185 is located in the radially outer
end portions of the steel ball grooves 187, 188. Further,
the second steel ball 185 which rotates together with the
gear 121 is acted upon by a centrifugal force and retained
in the radially outer end portions by this centrifugal force.
Specifically, the second steel ball 185 engages the radial
side wall of the steel ball groove 187 of the gear 121 and
the radial side wall of the steel ball groove 188 of the
retainer 183 and thereby prevents relative movement of
the gear 121 and the retainer 183 in the circumferential
direction. As a result, the claws 121a of the gear 121 and
the claws 153 of the lock cam 151 are held in contact
with each other. Therefore, the spindle 123 is prevented
from rotating ahead of the gear 121 by change of the
rotational load on the driven side and thereby kept al-
lowed to rotate together with the gear 121. Thus, such
an occurrence of the phenomenon in which the claws
153 of the lock cam 151 and the claws 121 a, 121b of
the gear 121 repeat movements of moving away from
each other and moving toward each other into contact,
can be avoided.
[0057] Removal of the grinding wheel 141 from the
spindle 123 is now described. As shown in FIG. 30, re-
placement of the grinding wheel 141 is performed with
the body 103 held upside down (in the inverted position)
or with the grinding wheel 141 facing upward. In such an
inverted position, the upper wall surface (the bottom as
seen in the inverted position) of the steel ball groove 188

of the retainer 183 is inclined downwardly from the radi-
ally outer end to the radially inner end. Further, during
stop of rotation of the grinding wheel 141, the second
steel balls 185 are not acted upon by a centrifugal force.
Therefore, each of the second steel balls 185 can easily
move within the steel ball grooves 187, 188 from the ra-
dially outer end to the radially inner end under its own
weight. In this state, when the grinding wheel 141 is held
by the hand and rotated intermittently, the second steel
balls 185 are pushed by the retainer 183 connected to
the grinding wheel 141 in the circumferential direction via
the spindle 123 and the spline. As a result, the second
steel balls 185 move radially inward under the own weight
along the inclined surface of the steel ball grooves 188
of the retainer 183 (see the upper side of (II) in FIG. 18).
[0058] When the second steel balls 185 move radially
inward, the second steel balls 185 no longer prevent rel-
ative movement of the gear 121 and the retainer 183.
Thus, the retainer 183 is allowed to rotate with respect
to the gear 121. In this state, when the spindle 123 rotates
together with the retainer 183, the lock cam 151 connect-
ed to the spindle 123 via the spline rotates, so that the
claws 153 of the lock cam 151 are disengaged from the
claws 121a of the gear 121. Specifically, the lock cam
151 rotates clockwise with respect to the gear 121. By
this relative rotation, the first steel balls 165 move away
from the claws 121b of the gear 121 and move within the
movement allowed region. At this time, the first steel balls
165 are engaged like a wedge between the recessed
inner circumferential surface of the lock ring 161 and the
recessed cams 155 of the lock cam 151. Thus, the spindle
123 is locked against rotation (see the lower side of (II)
in FIG. 18). Thereafter, by rotating the mounting flange
135 clockwise with respect to the locked spindle 123, the
mounting flange 135 can be removed from the grinding
wheel mounting portion 131 of the spindle 123. Then, the
grinding wheel 141 can be removed.
[0059] Attachment of the grinding wheel 141 to the
spindle 123 is now described. In order to attach the grind-
ing wheel 141 to the spindle 123, the grinding wheel 141
is fitted onto the grinding wheel mounting portion 131 and
the mounting flange 135 is turned counterclockwise in
order to be tightened. During this counterclockwise rota-
tion, as shown on the lower side of (III) of FIG. 18, when
the lock cam 151 rotates together with the spindle 123,
even if the gear 121 is rotated in the same direction fol-
lowing the rotation of the lock cam 151, the first steel
balls 165 are not pushed. Therefore, the first steel balls
165 are engaged between the recessed inner circumfer-
ential surface 161b of the lock ring 161 and the recessed
cams 155 of the lock cam 151. Specifically, the counter-
clockwise rotation of the spindle 123 is locked by the first
steel balls 165 in any positional relationship of the gear
121 and the spindle 123. As a result, tightening operation
of the grinding wheel 141 is allowed and the grinding
wheel 141 can be attached to the spindle 123.
[0060] As described above, according to this embod-
iment, in removing or mounting the grinding wheel 141
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to the spindle 123, when a rotating force (external force)
is inputted from the spindle 123, the spindle lock mech-
anism including the lock cam 151, the lock ring 161 and
the first steel balls 165 is actuated. Specifically, the spin-
dle 123 can be locked against rotation without need of
additional operation of locking the spindle 123 from the
outside. Therefore, ease of operation in removing and
mounting the grinding wheel 141 can be enhanced.
[0061] Further, in the synchronous rotation retaining
mechanism 181 for retaining synchronous rotation of the
gear 121 and the spindle 123 according to this embodi-
ment, when the grinding wheel 141 is rotated and the
gear 121 and the spindle 123 rotate together via contact
of the claws 121 a of the gear 121 and the claws 153 of
the lock cam 151, the second steel ball 185 disposed
between the steel ball groove 187 of the gear 121 and
the steel ball groove 188 of the retainer 183 is located in
the radially outer end portions of the steel ball groves
187, 188. The second steel ball 185 is acted upon by a
centrifugal force and retained in the radially outer end
portions by this centrifugal force. Therefore, despite of
change of rotational load on the driven side, the spindle
123 is reliably prevented from rotating ahead of the gear
121. As a result, vibration or noise can be prevented from
being caused by the repeated movements of the claws
153 of the lock cam 151 and the claws 121a, 121 b of
the gear 121 moving away from each other and moving
toward each other into contact.
[0062] Further, according to this embodiment, the par-
allel portion 187a is formed in the radially outer end por-
tion of each of the steel ball grooves 187. When the gear
121 and the spindle 123 rotate together via contact of
the claws 121a of the gear 121 and the claws 153 of the
lock cam 151, each of the second steel balls 185 is lo-
cated in the parallel portion 187a of the associated steel
ball groove 187. Further, the steel ball grooves 188 of
the retainer 183 extend parallel to the radial direction.
Therefore, a force acting upon the second steel balls 185
via the radial wall surface of the steel ball grooves 187,
188 is directed generally toward the center of the second
steel balls 185. Specifically, a force is not easily applied
to the second steel balls 185 in a direction that moves
the second steel balls 185 radially inward. As a result,
the second steel balls 185 can be reliably retained in the
radially outer portions of the steel ball grooves 187, 188,
so that the synchronous rotation retaining effectiveness
of the gear 121 and the spindle 123 can be further en-
sured.
[0063] Further, according to this embodiment, the
spindle 123 is inserted through the gear 121, and the
both ends of the spindle 123 are supported by the bear-
ings 125, 126. Therefore, transmission of the rotating
force between the gear 121 and the spindle 123 can be
performed in a stable state.
[0064] Further, the synchronous rotation retaining
mechanism 181 according to this embodiment is con-
structed such that the second steel balls 185 are fitted in
the radially extending steel ball grooves 187, 188 formed

in the gear 121 and the retainer 183, and the second
steel balls 185 engage the radial wall surfaces of the steel
ball grooves 187, 188, in order to retain synchronous
rotation of the gear 121 and the spindle 123. Specifically,
the engagement surface in this construction extends in
a direction perpendicular to the axial direction of the gear
121. Thus, compared with the construction in which the
engagement surface extends in the axial direction of the
gear 121, the length of the synchronous rotation retaining
mechanism 181 in the axial direction can be effectively
shortened.
[0065] Further, in this embodiment, the synchronous
rotation retaining mechanism 181 is disposed on the up-
per surface side of the gear 121, but it may be disposed
on the lower surface side of the gear 121. Specifically,
the synchronous rotation retaining mechanism 181 may
be disposed in the region in which the mechanism for
transmitting the rotating force of the gear 121 to the spin-
dle 123 and the lock mechanism for locking the spindle
123 against rotation are disposed. Further, the first steel
balls 165 may be cylindrically formed.

Description of Numerals

[0066]

101 electric disc grinder (power tool)
103 body
105 motor housing
107 gear housing
107a recess
109 power transmitting mechanical part
111 driving motor (driving source)
113 rotor
115 motor shaft
117 small bevel gear
119 cooling fan
121 gear (driving-side rotating member)
121a claw
121b claw
121c ball receiving recess
123 spindle (driven-side rotating member)
123a spline shaft
125 bearing
126 bearing
131 grinding wheel mounting portion
133 inner mounting flange
135 outer mounting flange
141 grinding wheel (tool bit)
143 cover
151 lock cam
151a spline hole
153 claw
155 plane cam
157 circlip
159 washer
161 lock ring
161 a projection
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165 rolling element
171’ synchronous rotation retainer
173 leaf spring
173a spline hole
173b ball retaining hole
173c ball retaining hole
175 steel ball
181 synchronous rotation retaining mechanism
183 retainer
183a spline hole
185 second steel ball (actuating member)
187 steel ball groove (guide groove)
188 steel ball groove (guide groove)

Claims

1. A power tool comprising:

a driving-side rotating member that is rotatably
disposed within a power tool body,
a driven-side rotating member that is disposed
within the power tool body and inserted through
the driving-side rotating member in the direction
of the axis of rotation of the driving-side rotating
member such that the driven-side rotating mem-
ber is coaxially and rotatably arranged with re-
spect to the driving-side rotating member,
a power receiving part that is integrally disposed
with the driven-side rotating member,
a power transmitting part that is integrally dis-
posed with the driving-side rotating member and
engages the power receiving part to thereby
transmit a rotating force of the driving-side ro-
tating member to the driven-side rotating mem-
ber,
a tool bit that is rotationally driven via the driven-
side rotating member and thereby performs a
predetermined operation and
a lock member which allows the driven-side ro-
tating member to rotate such that the tool bit can
perform the predetermined operation, in a tool
bit driving mode in which the rotating force of
the driving-side rotating member is transmitted
to the driven-side rotating member via the power
transmitting part and the power receiving part
which are engaged with each other so that the
driving-side rotating member and the driven-
side rotating member rotate together, while lock-
ing the driven-side rotating member against ro-
tation in a tool bit replacing mode in which a ro-
tating force generated by manual operation for
replacing the tool bit is inputted to the driven-
side rotating member so that the driven-side ro-
tating member rotates with respect to the driv-
ing-side rotating member,
characterized by a synchronous rotation re-
taining part that maintains synchronous rotation

of the driving-side rotating member and the driv-
en-side rotating member in the tool bit driving
mode, while, in the tool bit replacing mode, al-
lowing the driven-side rotating member to rotate
with respect to the driving-side rotating member
in a direction that releases the engagement be-
tween the power receiving part and the power
transmitting part so that the lock member locks
the driven-side rotating member against rota-
tion, when a rotating force is manually inputted
which releases the engagement between the
power receiving part and the power transmitting
part.

2. The power tool as defined in claim 1, wherein the
driven-side rotating member is supported at both
ends by respective bearings disposed on the both
sides of the driven-side rotating member in the di-
rection of the axis of rotation of the driving-side ro-
tating member.

3. The power tool as defined in claim 1 or 2, wherein:

the power receiving part radially protrudes from
the driven-side rotating member and has a driv-
en-side claw that can rotate together with the
driven-side rotating member,
the power transmitting part has a driving-side
claw that can rotate together with the power
transmitting part and can engage the driven-side
claw in the direction of rotation of the driving-
side rotating member,
in the tool bit driving mode, the driving-side claw
rotates while engaging the driven-side claw in
the direction of rotation, whereby the driving-
side rotating member rotationally drives the driv-
en-side rotating member, and
in the tool bit replacing mode, the driven-side
claw rotates in disengagement from the driving-
side claw when the driven-side rotating member
rotates with respect to the driving-side rotating
member.

4. The power tool as defined in any one of claims 1 to
3, wherein:

the power tool body includes a lock ring fixedly
mounted to the power tool body,
the driven-side rotating member includes a lock
cam that can rotate together with the driven-side
rotating member and is fitted in the lock ring,
a clearance is formed between the lock ring and
the lock cam and has a maximum width portion
and a minimum width portion in the radial direc-
tion,
the lock member comprises a rolling element
that is disposed in the clearance and, in the tool
bit driving mode, the rolling element being locat-

23 24 



EP 1 872 905 A1

14

5

10

15

20

25

30

35

40

45

50

55

ed in the maximum width portion, thereby allow-
ing the lock cam to rotate with respect to the lock
ring, while, in the tool bit replacing mode, being
located in the minimum width portion and en-
gaged like a wedge between the lock ring and
the lock cam and preventing rotation of the lock
cam, thereby locking the driven-side rotating
member on the power tool body side.

5. The power tool as defined in claim 4, wherein the
rolling element comprises a cylindrical element or a
spherical element.

6. The power tool as defined in claim 4 or 5, wherein
the power transmitting part further includes a lock
member position adjusting claw which, in the tool bit
driving mode, contacts the rolling element and re-
tains the rolling element in the maximum width por-
tion, while, in the tool bit replacing mode, allowing
the rolling element to move from the maximum width
portion to the minimum width portion and then be
engaged like a wedge between the lock ring and the
lock cam when the driven-side rotating member ro-
tates with respect to the driving-side rotating mem-
ber.

7. The power tool as defined in claim 6, wherein the
tool bit can perform an operation by reverse rotation,
and the lock member position adjusting claw retains
the rolling element in the maximum width portion
even when the operation is performed by reverse
rotation of the tool bit.

8. The power tool as defined in any one of claims 1 to
7, wherein the power transmitting part and the power
receiving part are disposed on one axial end side of
the driving-side rotating member, and the synchro-
nous rotation retaining part is disposed on the other
axial end side of the driving-side rotating member.

9. The power tool as defined in any one of claims 1 to
7, wherein the power transmitting part, the power
receiving part and the synchronous rotation retaining
part are disposed generally on the same plane on
one axial end side of the driving-side rotating mem-
ber.

10. The power tool as defined in any one of claims 1 to
9, wherein the synchronous rotation retaining part
includes a driving-side retaining member that is in-
tegrally disposed with the driving-side rotating mem-
ber, a driven-side retaining member that is integrally
disposed with the driven-side rotating member and
opposed to the driving-side retaining member with
respect to the axis of rotation of the driven-side ro-
tating member, and a resistance member that is dis-
posed between the driving-side retaining member
and the driven-side retaining member and applies a

retaining force of preventing relative rotation of the
driving-side retaining member and the driven-side
retaining member.

11. The power tool as defined in claim 10, wherein:

the driving-side retaining member has a spher-
ical body disposed on the driving-side rotating
member, and the driven-side retaining member
has a plate-like member that is disposed on the
driven-side rotating member and has a spherical
body retaining part recessed to be assigned to
the spherical body, and
the spherical body and the spherical body re-
taining part are engaged with each other so that
the retaining force of preventing relative rotation
between the driving-side rotating member and
the driven-side rotating member is applied.

12. The power tool as defined in any one of claims 1 to
11, wherein the synchronous rotation retaining part
includes an actuating member that is disposed be-
tween the driving-side rotating member and the driv-
en-side rotating member and can move between an
outer position and an inner position in a radial direc-
tion of the driving-side rotating member,
in the tool bit driving mode, the actuating member is
placed in the outer position by a centrifugal force
caused by rotating together with the driving-side ro-
tating member, thereby maintaining the synchro-
nous rotation of the driving-side rotating member and
the driven-side rotating member via contact between
the power transmitting part and the power receiving
part, and
in the tool bit replacing mode, when the actuating
member is moved from the outer position to the inner
position by user’s operation of moving the actuating
member, and a rotating force of releasing contact
between the power transmitting part and the power
receiving part is manually inputted to the driven-side
rotating member, the actuating member allows the
driven-side rotating member to rotate with respect
to the driving-side rotating member in a direction that
releases the engagement between the power trans-
mitting part and the power receiving part, whereby
the lock member locks the driven-side rotating mem-
ber against rotation.

13. The power tool as defined in claim 12, wherein:

an axial end surface of the driving-side rotating
member and an axial end surface of the driven-
side rotating member are arranged opposite to
each other, and a radially extending first guide
groove is formed in one of the end surfaces of
the rotating members, and a second guide
groove is formed in the other of the end surfaces
and extends radially in a manner of intersecting
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with the first guide groove,
the actuating member comprises a spherical
body and is fitted in the first and second guide
grooves such that the actuating member can
move between radially outer ends and radially
inner ends of the first and second guide grooves,
the first and second guide grooves are config-
ured such that, in the tool bit driving mode, the
spherical body is placed in the radially outer
ends of the first and second guide grooves and
contacts radial wall surfaces of the guide
grooves, thereby preventing relative rotation of
the driving-side rotating member and the driven-
side rotating member, while, in the tool bit re-
placing mode, the radial wall surfaces of the first
and second guide grooves press the spherical
body such that the spherical body is moved ra-
dially inward within the first and second guide
grooves.

14. The power tool as defined in claim 13, wherein:

at least one of the first and second guide grooves
which is remoter from the tool bit is inclined from
the outer end to the inner end away from the tool
bit, and, when the user turns the power tool body
upside down in the state of rest of the driving-
side rotating member, the spherical body is
moved inward by its own weight along the in-
clined guide groove.

15. The power tool as defined in claim 14, wherein:

a parallel region is formed in the radially outer
end portions of the first and second guide
grooves and extends parallel to a radial line
passing through the axis of rotation of the driv-
ing-side rotating member, whereby, when the
driving-side rotating member and the driven-
side rotating member rotate together via contact
between the power transmitting part and the
power receiving part, the radial wall surface of
the first or second guide groove contacts the
spherical body generally at right angles.

16. A power tool comprising:

a driving-side rotating member that is rotatably
disposed within a power tool body,
a driven-side rotating member that is disposed
within the power tool body and coaxially and ro-
tatably arranged with respect to the driving-side
rotating member,
a power receiving part that is integrally disposed
with the driven-side rotating member,
a power transmitting part that is integrally dis-
posed with the driving-side rotating member and
engages the power receiving part to thereby

transmit a rotating force of the driving-side ro-
tating member to the driven-side rotating mem-
ber,
a tool bit that is rotationally driven via the driven-
side rotating member and thereby performs a
predetermined operation,
a lock member which allows the driven-side ro-
tating member to rotate such that the tool bit can
perform the predetermined operation, in a tool
bit driving mode in which the rotating force of
the driving-side rotating member is transmitted
to the driven-side rotating member via the power
transmitting part and the power receiving part
which are engaged with each other so that the
driving-side rotating member and the driven-
side rotating member rotate together, while lock-
ing the driven-side rotating member against ro-
tation in a tool bit replacing mode in which a ro-
tating force generated by manual operation for
replacing the tool bit is inputted to the driven-
side rotating member so that the driven-side ro-
tating member rotates with respect to the driv-
ing-side rotating member, and
a synchronous rotation retaining part that main-
tains synchronous rotation of the driving-side ro-
tating member and the driven-side rotating
member in the tool bit driving mode, while, in the
tool bit replacing mode, allowing the driven-side
rotating member to rotate with respect to the
driving-side rotating member in a direction that
releases the engagement between the power
receiving part and the power transmitting part
so that the lock member locks the driven-side
rotating member against rotation, when a rotat-
ing force is manually inputted which releases
the engagement between the power receiving
part and the power transmitting part, wherein:

the synchronous rotation retaining part in-
cludes an actuating member that is dis-
posed between the driving-side rotating
member and the driven-side rotating mem-
ber and can move between an outer position
and an inner position in a radial direction of
the driving-side rotating member,
in the tool bit driving mode, the actuating
member is placed in the outer position by a
centrifugal force caused by rotating togeth-
er with the driving-side rotating member,
thereby maintaining the synchronous rota-
tion of the driving-side rotating member and
the driven-side rotating member via contact
between the power transmitting part and the
power receiving part, and
in the tool bit replacing mode, when the ac-
tuating member is moved from the outer po-
sition to the inner position by user’s opera-
tion of moving the actuating member, and
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a rotating force of releasing contact be-
tween the power transmitting part and the
power receiving part is manually inputted to
the driven-side rotating member, the actu-
ating member allows the driven-side rotat-
ing member to rotate with respect to the driv-
ing-side rotating member in a direction that
releases the engagement between the pow-
er transmitting part and the power receiving
part, whereby the lock member locks the
driven-side rotating member against rota-
tion.

17. The power tool as defined in claim 16, wherein:

an axial end surface of the driving-side rotating
member and an axial end surface of the driven-
side rotating member are arranged opposite to
each other, and a radially extending first guide
groove is formed in one of the end surfaces of
the rotating members, and a second guide
groove is formed in the other of the end surfaces
and extends radially in a manner of intersecting
with the first guide groove,
the actuating member comprises a spherical
body and is fitted in the first and second guide
grooves such that the actuating member can
move between radially outer ends and radially
inner ends of the first and second guide grooves,
the first and second guide grooves are config-
ured such that, in the tool bit driving mode, the
spherical body is placed in the radially outer
ends of the first and second guide grooves and
contacts radial wall surfaces of the guide
grooves, thereby preventing relative rotation of
the driving-side rotating member and the driven-
side rotating member, while, in the tool bit re-
placing mode, the radial wall surfaces of the first
and second guide grooves press the spherical
body such that the spherical body is moved ra-
dially inward within the first and second guide
grooves.

18. The power tool as defined in claim 17, wherein:

at least one of the first and second guide grooves
which is remoter from the tool bit is inclined from
the outer end to the inner end away from the tool
bit, and, when the user turns the power tool body
upside down in the state of rest of the driving-
side rotating member, the spherical body is
moved inward by its own weight along the in-
clined guide grooves.

19. The power tool as defined in claim 18, wherein:

a parallel region is formed in the radially outer
end portions of the first and second guide

grooves and extends parallel to a radial line
passing through the axis of rotation of the driv-
ing-side rotating member, whereby, when the
driving-side rotating member and the driven-
side rotating member rotate together via contact
between the power transmitting part and the
power receiving part, the radial wall surface of
the first or second guide groove contacts the
spherical body generally at right angles.

20. The power tool as defined in any one of claims 16
to 19, wherein the driven-side rotating member is
inserted through the driving-side rotating member in
the direction of the axis of rotation of the driving-side
rotating member and supported at both ends by re-
spective bearings disposed on the both sides of the
driven-side rotating member in the direction of the
axis of rotation of the driving-side rotating member.
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