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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to pow-
er tools such as rotatable drills, power screwdrivers, and
rotatable cutting devices. More specifically, the present
invention relates to improvements in power tools and
more particularly to the construction of a clutch mecha-
nism and its coupling to a transmission.

BACKGROUND OF THE INVENTION

[0002] Modernly, manufacturers of power tools desire
to reduce the cost of producing power tools by providing
designs that provide the product with a high level of ro-
bustness while reducing complexity at the assembly level
and minimizing components that do not add value to the
product. Manufacturers are further challenged by the de-
mand of modern consumers for tools that are relatively
smaller in size, lighter in weight and more powerful.
[0003] Accordingly, it is highly desirable to eliminate
threaded fasteners from the power tool, such as those
that are typically employed to couple the transmission
assembly to the clutch mechanism. The use of threaded
fasteners in these situations necessitates the incorpora-
tion of bosses to the transmission assembly and the
clutch mechanism that tend to enlarge the size of the tool
and which add a degree of weight to the power tool. The
fastening process itself tends to be relatively slow and
errors in the process, such as over tightening, which can
lead to the stripping of threads or cracking of the com-
ponents, or under tightening, which can create an inter-
ference that prevents the components from operating
properly, are possible. The use of torque controlled fas-
tening equipment is known to alleviate such processing
errors, but this equipment can be relatively expensive to
purchase and operate.
[0004] It is also desirable to better integrate the clutch
mechanism with the transmission assembly. Many of the
known power tool designs employ a modular design that
is based on a power tool having no torque controlled
clutch. In cases where precise torque control was need-
ed, a clutch module could be coupled to the output end
of the base tool. While configuration in this manner ef-
fectively accommodated consumer demands for both the
base and torque controlled models in an economical
manner, the modular configuration tended to add con-
siderable length and weight to the power tool.
A hand held power tool according to the preamble of claim
1 is described in DE20010286.

SUMMARY OF THE INVENTION

[0005] According to the present invention, there is pro-
vided a hand held power tool comprising the features of
claim 1.
[0006] In one preferred form, the present invention pro-

vides a coupling mechanism for coupling the components
of a power tool, such as a transmission assembly and a
clutch mechanism. The coupling mechanism includes a
first structure, such as a gear case, having at least one
fastening tab that defines a coupling recess. The coupling
mechanism also includes a second structure, such as a
clutch sleeve, having an aperture for receiving a part of
the first structure, and at least one outboard tab for re-
ceiving the fastening tab or tabs. The outboard tab(s)
include a pin aperture that is aligned to the coupling re-
cess when the first and second structures are fitted to-
gether. A pin is placed into each pin aperture and an
associated coupling recess and operates to lock the fas-
tening tab within the outboard tab to thereby inhibit rela-
tive movement between the first and second structures.
[0007] In another preferred form, the present invention
provides a power tool having an improved clutch mech-
anism for limiting the torsional output of a transmission
assembly. The clutch mechanism includes a clutch mem-
ber that is fixedly coupled to a portion of the transmission
assembly, such as the ring gear of a planetary-type re-
duction gear set. The clutch member includes a con-
toured clutch face against which a rotation-inhibiting el-
ement is biased. The torsional output of the transmission
assembly is limited by the force that is exerted by the
rotation-inhibiting element onto the clutch face. When the
torque that is exerted on the portion of the transmission
assembly exceeds a predetermined magnitude, the
clutch member, along with the portion of the transmission
assembly, rotates relative to the rotation inhibiting ele-
ment to thereby limit the torsional output of the power tool.
[0008] In yet another preferred form, the present in-
vention provides an improved clutch mechanism. The
clutch mechanism includes a unitarily formed clutch plate
having an annular plate member and a plurality of legs
that extend outwardly from the annular plate member to-
ward a clutch member. The opposite end of the legs may
be contoured to receive force-transmitting elements,
such as bearing balls, which are employed to transmit a
biasing force to the clutch member to bias the clutch
member in a stationary condition. Alternatively, the op-
posite ends of the legs may be contoured to act as force
transmitting elements.
[0009] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Additional advantages and features of the
present invention will become apparent from the subse-
quent description and the appended claims, taken in con-
junction with the accompanying drawings, wherein:
[0011] Figure 1 is a side view of a power tool construct-
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ed in accordance with the teaching of the present inven-
tion;
[0012] Figure 2 is an exploded perspective view of a
portion of the power tool of Figure 1;
[0013] Figure 3 is an enlarged view of a portion of Fig-
ure 2 illustrating the transmission assembly and the
clutch mechanism in greater detail;
[0014] Figure 4 is an exploded perspective view of a
portion of the power tool of Figure 1 illustrating the con-
struction of the gear case and the clutch sleeve;
[0015] Figure 5 is a sectional view of a portion of the
power tool of Figure 1 taken along the longitudinal axis
of the power tool and illustrating the construction of the
transmission assembly;
[0016] Figure 6 is a sectional view of a portion of the
transmission assembly illustrating the second planetary
gear set in the active position;
[0017] Figure 7 is a perspective view of a portion of
the transmission assembly illustrating the contour of the
top and rear surfaces of the second reduction carrier;
[0018] Figure 8 is a perspective view of a portion of
the transmission assembly illustrating the third ring gear
in greater detail;
[0019] Figure 9 is a sectional view taken along the line
9-9 of Figure 3;
[0020] Figure 10 is a partial bottom view of a portion
of the transmission assembly illustrating the speed se-
lector mechanism in greater detail;
[0021] Figure 11 is a sectional view of a portion of the
power tool of Figure 1 taken through the gear case and
clutch sleeve and illustrating the method by which the
transmission assembly and the clutch mechanism are
coupled;
[0022] Figure 12 is a side view of a the clutch plate;
[0023] Figure 13 is an exploded side view in partial
section illustrating the clutch plate and the balls;
[0024] Figure 14 is a sectional view similar to that of
Figure 13 but illustrating an alternate embodiment of the
clutch plate; and
[0025] Figure 15 is a sectional view of a portion of the
power tool of Figure 1 taken along the longitudinal axis
and illustrating the clutch mechanism in greater detail.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0026] With reference to Figures 1 and 2 of the draw-
ings, a power tool constructed in accordance with the
teachings of the present invention is generally indicated
by reference numeral 10. As those skilled in the art will
appreciate, the preferred embodiment of the present in-
vention may be either a cord or cordless (battery oper-
ated) device, such as a portable screwdriver or drill. In
the particular embodiment illustrated, the power tool 10
is a cordless drill having a housing 12, a motor assembly
14, a multi-speed transmission assembly 16, a clutch
mechanism 18, an output spindle assembly 20, a chuck
22, a trigger assembly 24 and a battery pack 26. Those

skilled in the art will understand that several of the com-
ponents of the power tool 10, such as the chuck 22, the
trigger assembly 24 and the battery pack 26, are con-
ventional in nature and therefore need not be discussed
in significant detail in the present application. Reference
may be made to a variety of publications for a more com-
plete understanding of the conventional features of the
power tool 10. One example of such publications is U.S.
Patent No. 5,897,454 issued April 27, 1999.
[0027] The housing 12 includes a pair of mating handle
shells 34 that cooperate to define a handle portion 36
and a drive train or body portion 38. The trigger assembly
24 and the battery pack 26 are mechanically coupled to
the handle portion 36 and electrically coupled to the motor
assembly 14 in a conventional manner that is not specif-
ically shown but which is readily the capabilities of one
having an ordinary level of skill in the art. The body portion
38 includes a motor cavity 40 and a transmission cavity
42. The motor assembly 14 is housed in the motor cavity
40 and includes a rotatable output shaft 44, which ex-
tends into the transmission cavity 42. A motor pinion 46
having a plurality of gear teeth 48 is coupled for rotation
with the output shaft 44. The trigger assembly and battery
pack 26 cooperate to selectively provide electric power
to the motor assembly 14 in a manner that is generally
well known in the art so as to permit the user of the power
tool 10 to control the speed and direction with which the
output shaft 44 rotates.
[0028] The transmission assembly 16 is housed in the
transmission cavity 42 and includes a speed selector
mechanism 60. The transmission assembly 16 receives
a rotary input from the motor pinion 46 and converts that
input to a relatively lower speed, higher torque output
that is transmitted to the shaft 62 of the output spindle
assembly 20. The transmission assembly 16 includes a
plurality of reduction elements that are selectively en-
gaged by the speed selector mechanism 60 to provide a
plurality of speed ratios. Each of the speed ratios multi-
plies the speed and torque of the drive input in a prede-
termined manner, permitting the output speed and torque
of the transmission assembly 16 to be varied in a desired
manner between a relatively low speed, high torque out-
put and a relatively high speed, low torque output. Rotary
power output from the transmission assembly 16 is trans-
mitted to the output spindle assembly, to which the chuck
22 is coupled for rotation, to permit torque to be trans-
mitted to a tool bit (not shown). The clutch mechanism
18 is coupled to the transmission assembly and is oper-
able for limiting the magnitude of the torque associated
with the output of the transmission assembly 16 to a pre-
determined, selectable torque limit.

Transmission Assembly

[0029] With additional reference to Figure 3, the trans-
mission assembly 16 is illustrated to further include a
gear case 100 that houses a three-stage, two-speed gear
train 102. With additional reference to Figure 4, the gear
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case 100 is shaped in a generally hollow cylindrical man-
ner and includes a fastening tab 104 and a clip aperture
106 on each of its lateral sides, a pair of guide rails 108
and a guide tab 110 that is located on its top surface, and
a central cavity 112 that extends longitudinally through
the gear case 100. Each fastening tab 104 terminates at
its outward face at a coupling recess 114 that extends in
a direction that is generally transverse to the central cav-
ity 112. The coupling recess 114 is preferably arcuately
shaped, and in the particular embodiment illustrated, is
illustrated to be generally U-shaped. Each clip aperture
106 extends through the wall 116 of the gear case 100
along the longitudinal axis 118 of the central cavity 112
and intersects the central cavity 112. The guide rails 108
positioned rearwardly of the guide tab 110 and are
spaced laterally apart from one another. The guide rails
108 and the guide tab 110 will be discussed in further
detail, below.
[0030] The gear train 102 is illustrated to be a planetary
type gear train, having a first planetary gear set 120, a
second planetary gear set 122 and a third planetary gear
set 124. In the example provided, each of the first, second
and third gear sets 120, 122 and 124 are operable in an
active mode, wherein the gear set performs a speed re-
duction and torque multiplication operation, while the
second planetary gear set 122 is also operable in an in-
active mode, wherein it provides a rotary output having
a speed and torque that is about equal to that which is
input to it.
[0031] The first planetary gear set 120 includes first
ring gear 130, a first set of planet gears 132 and a first
reduction carrier 134. The first ring gear 130 is an annular
structure, having a plurality of gear teeth 130a that are
formed about its interior diameter and a plurality of gear
case engagement teeth 130b that are formed onto its
outer perimeter. With additional reference to Figure 5,
the first ring gear 130 is disposed within the central cavity
112 of the gear case 100 such that the gear case en-
gagement teeth 130b engage mating teeth 130c formed
on the inner surface of the gear case 100 to inhibit relative
rotation between the first ring gear 130 and the gear case
100. As the gear case engagement teeth 130b terminate
prior to the rear face 130d of the first ring gear 130, for-
ward movement of the first ring gear 130 is halted by
interference between the mating teeth 130c that are
formed on the inner surface of the gear case 100 and the
portion of the first ring gear 130 that is disposed rear-
wardly of the gear case engagement teeth 130b.
[0032] The first reduction carrier 134 includes a body
134a, which is formed in the shape of a flat cylinder and
a plurality of cylindrical pins 134b that extend from the
rearward face of the body 134a, and a plurality of 134c
[0033] A plurality of gear teeth 134c are formed into
the outer perimeter of the body 134a and are sized to
engage the gear teeth 152a of the second ring gear 152.
With reference to Figure 7, the profile of the gear teeth
134c of the body 134a is illustrated in greater detail. As
shown, each tooth 134c terminates at a gradual radius

190 at the forward face of the body 134a but terminates
abruptly at the rearward face of the body 134a. A radius
192 is also formed on the valleys 194 between the gear
teeth 134c. The first set of planet gears 132 includes a
plurality of planet gears 132a, each of which being gen-
erally cylindrical in shape and having a plurality of gear
teeth 132b formed onto its outer perimeter and a pin ap-
erture (not specifically shown) formed through its center.
Each planet gear 132a is rotatably supported on an as-
sociated one of the pins 132b of the first reduction carrier
134 and is positioned to be in meshing engagement with
the gear teeth of the first ring gear 130. A first annular
thrust washer 140 is fitted to the end of the gear case
100 proximate the motor assembly 14 and prevents the
planet gears 132 from moving rearwardly and disengag-
ing the pins 134b of the first reduction carrier 134. A raised
portion 142 is formed onto the front and rear faces of
each planet gear 132 to inhibit the gear teeth 132b of the
planet gears 132 from rubbing on the first reduction car-
rier 134 and the first thrust washer 140. The teeth 46a of
the motor pinion 46 are also meshingly engaged with the
teeth 132b of the planet gears 132 and as such, the motor
pinion 46 serves as the first sun gear for the first planetary
gear set 120.
[0034] The second planetary gear set 122 is disposed
within the central cavity 112 forward of the first planetary
gear set 120 and includes a second sun gear 150, a sec-
ond ring gear 152, a second reduction carrier 154 and a
second set of planet gears 156. The second sun gear
150 is fixed for rotation with the first reduction carrier 134
and includes a plurality of gear teeth 150a that extend
forwardly from the flat, cylindrical portion of the first re-
duction carrier 134.
[0035] The second ring gear 152 is an annular struc-
ture having a plurality of gear teeth 152a formed about
its interior diameter, an annular clip groove 158 formed
into its outer perimeter and a plurality of gear case en-
gagement teeth 160 that are formed onto its outer perim-
eter. The gear teeth 152a may be heavily chamfered at
the rear face 152b of the second ring gear 152 but ter-
minate abruptly its front face. More preferably, a heavy
radius 170 is formed onto the rear face 152b and the
sides of each of the gear teeth 152a as illustrated in Fig-
ure 6, with the heavy radius 170 being employed rather
than the heavy chamfer as the heavy radius 170 on the
gear teeth 152a provides for better engagement between
the second ring gear 152 and the second reduction carrier
154, as will be described in more detail, below. In the
example illustrated, the clip groove 158 is a rectangular
slot having a pair of sidewalls 174. The clip groove 158
will be discussed in further detail, below.
[0036] The second ring gear 152 is movably disposed
within the central cavity 112 of the gear case 100 between
a first position as shown in Figure 6, wherein the gear
case engagement teeth 160 engage mating teeth 180
formed on the inner surface of the gear case 100 to inhibit
relative rotation between the second ring gear 152 and
the gear case 100, and a second position as shown in
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Figure 5, wherein the gear case engagement teeth 160
are axially spaced apart from the mating teeth 180 to
thereby permit relative rotation between the second ring
gear 152 and the gear case 100.
[0037] The second reduction carrier 154 includes a
body 154a, which is formed in the shape of a flat cylinder,
and plurality of pins 154b that extend from the rearward
face of the body 154a.
[0038] Referring back to Figures 3 and 5, the second
set of planet gears 156 is shown to include a plurality of
planet gears 156a, each of which being generally cylin-
drical in shape and having a plurality of gear teeth 156b
and a pin aperture (not specifically shown) in its center.
Each planet gear 156a is supported for rotation on an
associated one of the pins 154b of the second reduction
carrier 154 and is positioned such that the gear teeth
156b are in meshing engagement with gear teeth 152a
of the second ring gear 152.
[0039] The third planetary gear set 124 is disposed on
the side of the second planetary gear set 122 opposite
the first planetary gear set 120. Like the second planetary
gear set 122, the third planetary gear set 124 includes a
third sun gear 200, a third ring gear 202, a third reduction
carrier 204 and a third set of planet gears 206. The third
sun gear 200 is fixed for rotation with the body 154a of
the second reduction carrier 154 and includes a plurality
of gear teeth 200a that extend forwardly from the body
154a. An annular second thrust washer 210 is disposed
between the second ring gear 152 and the third ring gear
202 and operates to limit the forward movement of the
second ring gear 152 and the rearward movement of the
third ring gear 202 and the third set of planet gears 206.
The second thrust washer 210, which includes an aper-
ture 212 through which the third sun gear 200 extends,
engages the inner surface of the gear case 100.
[0040] The third ring gear 202 is an annular structure
having a plurality of gear teeth 202a formed about its
interior diameter and an outer radial flange 220 that forms
its outer perimeter. A clutch face 222 is formed into the
forward surface of the outer radial flange 220. In the par-
ticular embodiment illustrated, the clutch face 222 is
shown to have an arcuate cross-sectional profile and is
further defined by a plurality of peaks 224 and valleys
226 that are arranged relative to one another to form a
series of ramps that are defined by an angle of about 18°.
Those skilled in the art will understand, however, that
clutch faces of other configurations, such as those having
a sinusoidal shape, may also be employed. Those skilled
in the art will also understand that while the clutch face
222 is shown to be unitarily formed with the third ring
gear 202, multi-component configurations may also be
employed. Such multi-component configurations in-
clude, for example, an annular clutch face ring (not
shown) having a rearward facing first side for engaging
the third ring gear 202 and a forward facing second side
that forms the clutch face 222. Configuration in this latter
manner may be advantageous, for example, when it is
necessary for the clutch face 222 to have properties or

characteristics (e.g., lubricity, hardness, toughness, sur-
face finish) that are different from the properties or char-
acteristics of the third ring gear 202.
[0041] The third reduction carrier 204 includes a body
204a, which is formed in the shape of a flat cylinder, and
a plurality of cylindrical pins 204b, which extend from the
rearward face of the body 204a, and a coupling portion
204c that extends from the forward face of the body 204a.
Rotary power transmitted to the third reduction carrier
204 is transmitted through the coupling portion 204c to
a coupling member 230 that engages the shaft 62of the
output spindle assembly 20. Those skilled in the art will
understand that various other coupling devices and
methods may be utilized to couple the third reduction
carrier 204 to the output spindle assembly 20, such as a
direct coupling of the shaft 62 of the output spindle as-
sembly 20 to the body 204a of the third reduction carrier
204.
[0042] The third set of planet gears 206 includes a plu-
rality of planet gears 206a, each of which being generally
cylindrical in shape and having a plurality of gear teeth
206b formed onto its outer perimeter and a pin aperture
(not specifically shown) formed through its center. Each
planet gear 206a is rotatably supported on an associated
one of the pins 204b of the third reduction carrier 204
and is positioned to be in meshing engagement with the
gear teeth 202a of the third ring gear 202.
[0043] The speed selector mechanism 60 is illustrated
to include a slider body 240 and a clip structure 242. The
slider body 240 is an elongated structure that is config-
ured to be housed between the handle shells 34 and
selectively slid along the top of the gear case 100. The
slider body 240 includes an attachment groove 246,
which permits the clip structure 242 to be attached to the
slider body 240, and a selector tab 248, which is config-
ured to receive an input from the user of the power tool
10 to switch the second planetary gear set 122 between
the active and inactive modes. With additional reference
to Figures 9 and 10, a slot 250 is formed into the under-
side of the slider body 240 and is sized to engage the
guide tab 110 that extends from the top surface of the
gear case 100. The guide rails 108 are spaced laterally
apart to receive the slider body 240. The guide tab 110
and the guide rails 108 cooperate with the sides of the
slot 250 and the sides of the attachment groove 246,
respectively, to guide the slider body 240 as the slider
body 240 is moved in an axial direction along the top
surface of the gear case 100.
[0044] Returning to Figure 3, the clip structure 242 is
a wire that is formed to include a circular body portion
256 and a pair of end tabs 258 that extend inwardly from
the body portion 256. The body portion 256 is fixedly
coupled to an attachment tab 260, which is illustrated to
be a pair of trunnions that extend downwardly from the
slider body 240. The body portion 256 is sized to fit over
the outer circumference of the gear case 100 and pref-
erably includes a rotation-inhibiting element 262 to inhibit
the clip structure 242 from rotating relative to the attach-
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ment tab 260. In the embodiment provided, the rotation-
inhibiting element 262 is illustrated to include a plurality
of bends, such as M-, N-, S-, or Z-shaped bends, that
are formed into the wire and which are molded into or
abut the underside of the slider body 240. Each of the
end tabs 258 extends through an associated one of the
clip apertures 106 in the sides of the gear case 100 and
engages the annular clip groove 158 that is formed into
the perimeter of the second ring gear 152. The wire that
forms the clip structure 242 is somewhat smaller in di-
ameter than the width of the clip groove 158.
[0045] Alternatively, the rotation-inhibiting element
262 may include a plurality of tabs that are formed from
bends in the body portion 256 of the wire, wherein each
tab is defined by a circumferentially extending segment
that is offset radially outwardly from the remainder of the
body portion 256. Each of the tabs is configured to be
received in a corresponding aperture formed into the slid-
er body 240 such that the front and rear faces of each
tab engage the sides of the apertures in the slider body
240. The tabs, being confined within an associated ap-
erture in the slider body 240, inhibit relative movement
between the slider body 240 and the body portion 256 of
the clip structure 242.
[0046] Sliding movement of the slider body 240 relative
to the gear case 100 is operable for transmitting a force
through the end tabs 258 of the clip structure 242 and to
the second ring gear 152 which may be used to move
the second ring gear 152 between the first and second
positions. When the second ring gear 152 is positioned
in the first position as illustrated in Figure 6, the engage-
ment teeth 160 of the second ring gear 152 are engaged
to the mating engagement teeth 180 of the gear case
100 and the gear teeth 152a of the second ring gear 152
are engaged to only the gear teeth 156b of the planet
gears 156a of the second planet gear set 156, thereby
permitting the second planetary gear set 122 to operate
in the active mode. When the second ring gear 152 is
positioned in the second position as illustrated in Figure
5, the engagement teeth 160 of the second ring gear 152
are not engaged to the mating engagement teeth 180 of
the gear case 100 and the gear teeth 152a of the second
ring gear 152 are engaged to both the gear teeth 156b
of the planet gears 156a of the second planet gear set
156 and the gear teeth 134c of the first reduction carrier
134, thereby permitting the second planetary gear set
122 to operate in the inactive mode.

Clutch mechanism

[0047] In Figure 3, the clutch mechanism 18 is illus-
trated to include a clutch sleeve 300, a clutch member
302, a plurality of balls 304, a clutch plate 306, a spring
308, an adjustment collar 310, a detent mechanism 312
and a clutch cover 314. With additional reference to Fig-
ure 4, the clutch sleeve 300 is illustrated to include a wall
member 320, which defines a hollow cavity or bore 322
that extends along the longitudinal axis of the clutch

sleeve 300, a base portion 324 and a nose portion 326
that extends forwardly from the base portion 324. The
rearward end of the bore 322 is sized to receive a forward
portion of the gear case 100, the third ring gear 202 and
the third reduction carrier 204, while the forward portion
of the bore 322 is sized somewhat smaller so as to receive
the coupling member 230 and the shaft 62 of the output
spindle assembly 20. The nose portion 326, which is
somewhat smaller in diameter than the base portion 324,
is generally cylindrical, having a helical thread form 330
that wraps around its perimeter.
[0048] The base portion 324 includes a pair of out-
board tabs 334, which are formed on the lateral sides of
the base portion 324, a plurality of leg apertures 336,
which extend generally perpendicular to the longitudinal
axis of the bore 322, and a detent aperture 338 for re-
ceiving the detent mechanism 312. Each outboard tab
334 is configured to receive an associated one of the
fastening tabs 104 and includes a pin aperture 340. In
the particular embodiment illustrated, each outboard tab
334 is defined by an outer lateral wall 342, a lower wall
344, and an upper wall 346, through which the pin aper-
ture 340 extends. With additional reference to Figure 11,
a cylindrical locking pin 350 is fitted through the pin ap-
erture 340 in each outboard tab 334 and the coupling
recess 114 in the associated fastening tab 104 and there-
by fixedly but removably couples the clutch sleeve 300
to the gear case 100. The locking pins 350 are highly
advantageous in that they eliminate the need for thread-
ed fasteners, fastening tools and the use of bosses in
the gear case 100 and the clutch sleeve 300 that are
configured for receiving a conventional threaded fasten-
er. The leg apertures 336 are circumferentially spaced
about the nose portion 326 and extend through the base
portion 324 and intersect the rearward portion of the bore
322. The detent aperture 338 extends through the base
portion 324 between the clutch cover 314 and the gear
case 100 and is sized to receive a portion of the detent
mechanism 312.
[0049] In Figures 3, 12 and 13, the clutch plate 306 is
illustrated to be a unitarily formed structure that includes
a washer-like annular plate member 360 and a plurality
of leg members 362 that are coupled to and circumfer-
entially spaced about the annular plate member 360. The
leg members 362 have a generally circular cross-section
and extend generally perpendicularly from the plate
member 360. The end of the each leg member 362 op-
posite the plate member 360 terminates in a spherical
recess 364 that is configured to receive one of the balls
304, which are illustrated to be hardened bearing balls.
The clutch plate 306 is disposed over the nose portion
326 of the clutch sleeve 300 and moved axially rearward
to push the leg members 362 through the leg apertures
336 in the base portion 324, as well as to bring each of
the balls 304 into contact with the clutch face 222 and an
associated one of the spherical recesses 364.
[0050] In an alternate embodiment illustrated in Figure
14, the clutch plate 306’ is illustrated to be similar to the
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clutch plate 306, except that the ends of the leg members
362’ opposite the annular plate member 360 terminate
at a spherical protrusion 370, rather than a spherical re-
cess. Configuration in this manner is advantageous in
that it eliminates the balls 304 from the clutch mechanism
18.
[0051] Returning to Figure 3 and with additional refer-
ence to Figure 15, the spring 308 is illustrated to be a
conventional compression spring having ground ends.
The spring 308 is disposed over the nose portion 326 of
the clutch sleeve 300 between the plate member 360 of
the clutch plate 306 and the adjustment collar 310. The
adjustment collar 310 is an annular structure that is illus-
trated to include an internal annular flange 380, a thread-
ed portion 382 and an engagement portion 384. The in-
ternal annular flange 380 extends around the inner cir-
cumference of the adjustment collar 310 and sized some-
what smaller in diameter than the spring 308 but larger
than the nose portion 326 of the clutch sleeve 300. The
threaded portion 382 intersects the internal annular
flange 380 and is sized to threadably engage the thread
form 330 that is formed on the outer diameter of the nose
portion 326. The engagement portion 384 is configured
to permit the adjustment collar 310 to be rotatably cou-
pled to the clutch cover 314 and well as to move axially
within the clutch cover 314. In the example provided, the
engagement portion 384 includes a plurality of engage-
ment teeth 384a that are formed about the outer perim-
eter of the adjustment collar 310. The engagement teeth
384a will be described in further detail, below.
[0052] A wire clip 400 is coupled to the nose portion
326 to inhibit the removal of the adjustment collar 310
from the thread form 330. The wire clip 400 is formed in
U-shape, having a base 402 that is disposed between a
pair of spaced apart legs 404. Each of the legs 404 ex-
tends in a generally perpendicular direction away from
the base 402. With the clutch plate 306 and spring 308
fitted over the nose portion 326 and the adjustment collar
310 engaged to the thread form 330, the wire clip 400 is
fitted over the nose portion 326 generally perpendicular
to the longitudinal axis of the clutch sleeve 300 such that
legs 404 are engaged to leg apertures 408 in the clutch
sleeve 300 and the base 402 is disposed in a shallow U-
shaped recess 410 that is situated on the top surface of
the nose portion 326 as best shown in Figure 4. Engage-
ment of the wire clip 400 into the leg apertures 408 and
recess 410 operatively locks the wire clip 400 to the nose
portion 326 and thereby creates a positive stop that is
configured to prevent the adjustment collar 310 from be-
ing threaded out of engagement with the thread form 330
that is formed onto the nose portion 326.
[0053] The clutch cover 314 is constructed in the form
of a hollow sleeve that shrouds the clutch plate 306, the
spring 308, the nose portion 326 and the wire clip 400.
The clutch cover 314 extends forwardly of the base por-
tion 324 and includes a gripping surface 420 that is
formed on its outer perimeter. The gripping surface 420
is contoured to permit the user of the power tool 10 to

rotate the clutch cover 314 about the longitudinal axis of
the power tool 10 to adjust the setting of the clutch mech-
anism 18 as will be discussed in greater detail, below.
[0054] A plurality of mating engagement teeth 422 are
formed onto the inner diameter of the clutch cover 314
which are sized to engage the engagement teeth 384a
of the adjustment collar 310. The mating engagement
teeth 422 are relatively longer than the engagement teeth
384a and as such, permit the engagement teeth 384a to
axially slide along the mating engagement teeth 422
along the longitudinal axis of the power tool 10 when the
clutch cover 314 is rotated.
[0055] In the example provided, the detent mechanism
312 is illustrated to include a detent spring 430, a plunger
432 and a detent ring 434. The detent spring 430 and
plunger 432 are housed in the detent aperture 338 that
is formed through the base portion 324 of the clutch
sleeve 300. The detent spring 430, which is illustrated to
be a conventional compression spring, abuts the gear
case 100 on a first side and a flattened end of the plunger
432 on the opposite side, thereby biasing the plunger
432 in a direction outwardly from the base portion 324.
The plunger 432 includes a contact end 440, which is
defined by a spherical radius in the example illustrated,
and which is biased forwardly by the detent spring 430
into contact with the detent ring 434. In the particular
embodiment provided, the detent ring 434 is integrally
formed with the clutch cover 314 and includes a plurality
of circumferentially spaced recesses or detents 442 that
are sized to engage the contact end 440 of the plunger
432. Each of the detents 442 is illustrated to be defined
by a spherical radius that conforms to the contact end
440. A setting indicator 450 (Figure 2) may be employed
to indicate the position of the adjustment collar 310 rel-
ative to the clutch sleeve 300. In the example provided,
the setting indicator 450 includes an arrow 452 that is
formed into the handle shells 34 and a scale 454 that is
marked into the circumference of the clutch cover 314.
[0056] Rotation of the clutch cover 314 relative to the
clutch sleeve 300 causes the adjustment collar 310 to
rotate in an equivalent manner to thereby alter the
amount by which the spring 308 is compressed. Interac-
tion between the contact end 440 of the plunger 432 and
the detents 442 in the detent ring 434 provide the user
of the power tool 10 with feedback as to the setting of
the clutch mechanism 18, as well as inhibit the clutch
cover 314 from inadvertently rotating out of the position
to which it has been set. The spring 308 exerts a com-
pression force onto the annular flange 380 of the adjust-
ment collar 310 and the plate member 360 of the clutch
plate 306, driving the leg members 362 of the clutch plate
306 rearwardly and biasing the balls 304 into engage-
ment with the clutch face 222. The balls 304 exert a coun-
ter torque onto the clutch face 222 that tends to inhibit
rotation of the third ring gear 202 relative to the clutch
sleeve 300.
[0057] When the power tool 10 is operated and the
torque that is exerted through the gear teeth 202a of the
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third ring gear 202 exceeds the counter torque, the peaks
224 of the clutch face 222 ride over the balls 304 to enable
the third ring gear 202 to rotate relative to the third re-
duction carrier 204 and greatly reduce the torque that is
applied to the output spindle assembly 20.
[0058] While the invention has been described in the
specification and illustrated in the drawings with refer-
ence to a preferred embodiment, it will be understood by
those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention as de-
fined in the claims. In addition, many modifications may
be made to adapt a particular situation or material to the
teachings of the invention without departing from the es-
sential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiment il-
lustrated by the drawings and described in the specifica-
tion as the best mode presently contemplated for carrying
out this invention, but that the invention will include any
embodiments falling within the claims.

Claims

1. A hand-held power tool (10) comprising:

a housing (12);
a handle coupled to the housing;
a multi-speed transmission (16) having a gear
case (100) and a gear train (102), the gear case
associated with the housing and housing the
gear train, the gear train being operable for per-
forming a speed reduction and torque multipli-
cation function;
a clutch (18) having a clutch member (302), an
engagement member (304), a clutch plate (306),
a clutch spring (308) and a clutch sleeve (300),
the clutch member being associated with the
multi-speed transmission and including a clutch
face (222), the clutch spring and the clutch plate
cooperating to bias the engagement member in-
to engagement with the clutch face to resist ro-
tation of the clutch member, the clutch sleeve
supporting the clutch plate and the clutch spring;
and

characterised by a pair of first tabs (104) coupled
to one of the gear case and the clutch sleeve, each
of the fastening tabs defining a coupling recess (114)
that extend in a direction that is transverse to a lon-
gitudinal axis of the one of the gear case and the
clutch sleeve;
a pair of second tabs (334) coupled to the other one
of the gear case and the clutch sleeve, each second
tab including a pin aperture (340) and being config-
ured to slidingly receive a corresponding one of the
first tabs such that the pin aperture is aligned to the
coupling recess; and

a pair of pin members (350), each pin member being
disposed into the coupling recess of an associated
first tab and the pin aperture of an associated second
tab to thereby inhibit withdrawal of the first and sec-
ond tabs from one another.

2. The hand-held power tool of Claim 1, wherein the
clutch further comprises an adjustment collar (310)
threadably engaged to the clutch sleeve and wherein
rotation of the adjustment collar affects an amount
by which the clutch spring is compressed against the
clutch plate.

3. The hand-held power tool of Claim 2, wherein a pair
of collar securing apertures (408) are formed in the
clutch sleeve, each of the collar securing apertures
extending in a direction that is transverse to a longi-
tudinal axis of the clutch sleeve and being configured
to receive a collar securing pins (404), the collar se-
curing pins cooperating with the clutch sleeve to limit
movement of the adjustment collar along the clutch
sleeve in a predetermined direction.

4. The hand-held power tool of Claim 3, wherein each
of the collar securing pins is an opposite leg of a clip
(402), the clip including a base portion having oppo-
site ends, each opposite end being coupled to an
associated one of the legs.

5. The hand-held power-tool of Claim 4, wherein the
clutch sleeve includes a slot that is configured to re-
ceive the base portion of the clip when the legs of
the clip are inserted to the collar securing apertures.

6. The hand-held power tool of Claim 3, wherein the
collar securing pins are generally cylindrical in
shape.

7. The hand-held power tool of Claim 1, wherein each
of the second tabs is a container-like structure having
an two spaced apart wall members (344, 346), which
extend outwardly from the other one of the gear case
and the clutch sleeve, and an outer wall member
(342) that is spaced outwardly from the other one of
the gear case and the clutch sleeve and intercon-
nects the two spaced apart wall members.

8. The hand-held power tool of Claim 7, wherein the
pin apertures extend completely through the two
spaced apart wall members.

9. The hand-held power tool of Claim 1, wherein the
coupling recess is generally U-shaped.

10. The hand-held power tool of Claim 1, wherein the
pin members are generally cylindrically shaped.
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Patentansprüche

1. Handgehaltenes Elektrowerkzeug (10), umfassend:

ein Gehäuse (12);
einen Griff, der mit dem Gehäuse gekoppelt ist;
ein mehrstufiges Getriebe (16), das einen Ge-
triebekasten (100) und einen Getriebezug (102)
aufweist, wobei der Getriebekasten dem Ge-
häuse zugeordnet ist und den Getriebezug un-
terbringt, wobei der Getriebezug betriebsfähig
ist, um eine Untersetzungs- und Drehmoment-
übersetzungsfunktion auszuführen;
eine Kupplung (18), die ein Kupplungsorgan
(302), ein Einrückorgan (304), eine Kupplungs-
scheibe (306), eine Kupplungsfeder (308) und
eine Kupplungsmuffe (300) aufweist, wobei das
Kupplungsorgan dem mehrstufigen Getriebe
zugeordnet ist und eine Kupplungsseite (222)
umfasst, wobei die Kupplungsfeder und die
Kupplungsscheibe zusammenwirken, um das
Einrückorgan zum Einrücken in die Kupplungs-
seite vorzuspannen, um der Drehung des Kupp-
lungsorgans zu widerstehen, wobei die Kupp-
lungsmuffe die Kupplungsscheibe und die
Kupplungsfeder trägt; und

gekennzeichnet durch ein Paar erste Zungen
(104), die mit einem von dem Getriebekasten und
der Kupplungsmuffe gekoppelt sind, wobei jede der
Befestigungszungen eine Kopplungsvertiefung
(114) definiert, die sich in einer Richtung erstreckt,
die zu einer Längsachse des einen von dem Getrie-
bekasten und der Kupplungsmuffe quer liegt;
ein Paar zweite Zungen (334), die mit dem anderen
von dem Getriebekasten und der Kupplungsmuffe
gekoppelt sind, wobei jede zweite Zunge eine Bol-
zenöffnung (340) umfasst und konfiguriert ist, um
eine entsprechende der ersten Zungen gleitend auf-
zunehmen, so dass die Bolzenöffnung auf die Kopp-
lungsvertiefung ausgerichtet ist; und
ein Paar Bolzenelemente (350), wobei jedes Bolzen-
element in der Kopplungsvertiefung einer zugeord-
neten ersten Zunge und der Bolzenöffnung einer zu-
geordneten zweiten Zunge angeordnet ist, um da-
durch das Auseinandernehmen der ersten und
zweiten Zungen zu verhindern.

2. Handgehaltenes Elektrowerkzeug nach Anspruch 1,
wobei die Kupplung ferner einen Justierbund (310)
umfasst, der über ein Gewinde mit der Kupplungs-
muffe in Eingriff gebracht wird, und wobei eine Dre-
hung des Justierbundes ein Ausmaß beeinflusst, um
das die Kupplungsfeder gegen die Kupplungsschei-
be zusammengedrückt wird.

3. Handgehaltenes Elektrowerkzeug nach Anspruch 2,
wobei ein Paar Bundsicherungsöffnungen (408) in

der Kupplungsmuffe gebildet ist, wobei jede der
Bundsicherungsöffnungen sich in einer Richtung er-
streckt, die zu einer Längsachse der Kupplungsmuf-
fe quer liegt, und konfiguriert ist, um Bundsiche-
rungsbolzen (404) aufzunehmen, wobei die Bundsi-
cherungsbolzen mit der Kupplungsmuffe zusam-
menwirken, um die Bewegung des Justierbundes an
der Kupplungsmuffe entlang in einer vorherbe-
stimmten Richtung zu begrenzen.

4. Handgehaltenes Elektrowerkzeug nach Anspruch 3,
wobei jeder der Bundsicherungsbolzen ein gegen-
überliegender Schenkel einer Klammer (402) ist, wo-
bei die Klammer einen Basisabschnitt umfasst, der
gegenüberliegende Ende aufweist, wobei jedes ge-
genüberliegende Ende mit einem zugeordneten an-
deren der Schenkel gekoppelt ist.

5. Handgehaltenes Elektrowerkzeug nach Anspruch 4,
wobei die Kupplungsmuffe einen Schlitz umfasst,
der konfiguriert ist, um den Basisabschnitt der Klam-
mer aufzunehmen, wenn die Schenkel der Klammer
in die Bundsicherungsöffnungen eingefügt werden.

6. Handgehaltenes Elektrowerkzeug nach Anspruch 3,
wobei die Bundsicherungsbolzen im Allgemeinen
zylinderförmig sind.

7. Handgehaltenes Elektrowerkzeug nach Anspruch 1,
wobei jede der zweiten Zungen eine behälterartige
Struktur ist, die zwei beabstandete Wandelemente
(344, 346), die sich von dem anderen des Getriebe-
kastens und der Kupplungsmuffe aus nach außen
erstrecken, und ein äußeres Wandelement (342),
das von dem anderen des Getriebekastens und der
Kupplungsmuffe aus nach außen beabstandet ist
und die beiden beabstandeten Wandelemente mit-
einander verbindet, aufweist.

8. Handgehaltenes Elektrowerkzeug nach Anspruch 7,
wobei die Bolzenöffnungen sich ganz durch die bei-
den beabstandeten Wandelemente erstrecken.

9. Handgehaltenes Elektrowerkzeug nach Anspruch 1,
wobei die Kopplungsvertiefung im Allgemeinen U-
förmig ist.

10. Handgehaltenes Elektrowerkzeug nach Anspruch 1,
wobei die Bolzenelemente im Allgemeinen zylinder-
förmig sind.

Revendications

1. Outil électrique à main (10) comprenant :

un boîtier (12) ;
une poignée couplée au boîtier ;
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une transmission à vitesses multiples (16) ayant
un carter d’engrenage (100) et un train d’engre-
nage (102), le carter d’engrenage étant associé
au boîtier et hébergeant le train d’engrenage, le
train d’engrenage étant utilisable pour effectuer
une fonction de réduction de vitesse et de mul-
tiplication de couple ;
un embrayage (18) ayant un organe d’embraya-
ge (302), un organe d’enclenchement (304), un
plateau d’embrayage (306), un ressort d’em-
brayage (308) et un crabot (300), l’organe d’em-
brayage étant associé à la transmission à vites-
ses multiples et comprenant une face d’em-
brayage (222), le ressort d’embrayage et le pla-
teau d’embrayage coopérant pour contraindre
l’organe d’enclenchement à s’enclencher avec
la face d’embrayage pour résister à la rotation
de l’organe d’embrayage, le crabot supportant
le plateau d’embrayage et le ressort
d’embrayage ; et

caractérisé par une paire de premières languettes
(104) couplées à l’un du carter d’engrenage et du
crabot, chacune des languettes de fixation définis-
sant un évidement de couplage (114) qui s’étend
dans une direction transversale à un axe longitudinal
de l’un du carter d’engrenage et du crabot ;
une paire de deuxièmes languettes (334) couplées
à l’autre du carter d’engrenage et du crabot, chaque
deuxième languette comprenant une ouverture de
broche (340) et étant configurée pour recevoir de
manière à pouvoir coulisser l’une correspondante
des premières languettes de sorte que l’ouverture
de broche soit alignée avec l’évidement de
couplage ; et
une paire d’organes de broche (350), chaque organe
de broche étant disposé dans l’évidement de cou-
plage d’une première languette associée et l’ouver-
ture de broche d’une deuxième languette associée
pour empêcher de ce fait le retrait des première et
deuxième languettes l’une de l’autre.

2. Outil électrique à main selon la revendication 1, dans
lequel l’embrayage comprend en outre un collier
d’ajustement (310) enclenché par filetage avec le
crabot et dans lequel la rotation du collier d’ajuste-
ment affecte une quantité de compression du ressort
d’embrayage contre le plateau d’embrayage.

3. Outil électrique à main selon la revendication 2, dans
lequel une paire d’ouvertures de fixation de collier
(408) sont formées dans le crabot, chacune des
ouvertures de fixation de collier s’étendant dans une
direction transversale à un axe longitudinal du crabot
et étant configurée pour recevoir des broches de
fixation de collier (404), les broches de fixation de
collier coopérant avec le crabot pour limiter le mou-
vement du collier d’ajustement le long du crabot dans

une direction prédéterminée.

4. Outil électrique à main selon la revendication 3, dans
lequel chacune des broches de fixation de collier est
une branche opposée d’une pince (402), la pince
comprenant une partie de base ayant des extrémités
opposées, chaque extrémité opposée étant couplée
à l’une associée des branches.

5. Outil électrique à main selon la revendication 4, dans
lequel le crabot comprend un logement qui est con-
figuré pour recevoir la partie de base de la pince
lorsque les branches de la pince sont insérées dans
les ouvertures de fixation de collier.

6. Outil électrique à main selon la revendication 3, dans
lequel les broches de fixation de collier sont géné-
ralement de forme cylindrique.

7. Outil électrique à main selon la revendication 1, dans
lequel chacune des deuxièmes languettes est une
structure en forme de récipient ayant deux organes
de paroi espacés (344, 346), qui s’étendent vers l’ex-
térieur à partir de l’autre du carter d’engrenage et du
crabot, et un organe de paroi extérieure (342) qui
est espacé vers l’extérieur à partir de l’autre du carter
d’engrenage et du crabot et qui interconnecte les
deux organes de paroi espacés.

8. Outil électrique à main selon la revendication 7, dans
lequel les ouvertures de broche s’étendent complè-
tement à travers les deux organes de paroi espacés.

9. Outil électrique à main selon la revendication 1, dans
lequel l’évidement de couplage est généralement en
forme de U.

10. Outil électrique à main selon la revendication 1, dans
lequel les organes de broche sont généralement de
forme cylindrique.
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