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(54)

(57) A power tool has an application mechanism
(300) for connection to the output of an epicyclic gearbox
provided with a torque control ring. The mechanism has
a body (310) journalling a chuck spindle (302). Outside
the body is a clutch control arrangement comprising balls
(334,336) pressed against the torque control ring by indi-

Power tool and mechanism therefor

vidual springs (330) controlled by a control ring (322)
threaded on the body. The mechanism includes a ham-
mer arrangement having rotary and fixed ratchet plates
(378,376) and cam ring (308) operable to engage and
separate the plates by a lever (360) which projects
between the springs (330).
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Description

This invention relates to power tools and particularly
to power tools of the type comprising:

a) a housing;

b) a motor in the housing;

¢) a gearbox in the housing connected to the motor;
d) a rotary output spindle, driven by the gearbox;
e) a torque control mechanism, to control adjustably
the torque output of the gearbox and thereby the
torque applied to said output spindle; and

f) a hammer mechanism, selectively engageable to
impart axial oscillations on said output spindle.

More particularly, this invention relates to such tools
wherein:

a) the motor has an output shaft;

b) the gearbox is epicyclic and has an input end
mounted on the motor and an output end;

¢) an aperture is formed in the housing, said output
end of the gearbox being adjacent said aperture;
d) the gearbox has a drive spindle and a torque con-
trol ring, which control ring, when held stationary rel-
ative to the gearbox, permits the gearbox to transmit
torque to said drive spindle and which, when permit-
ted to rotate in said gearbox, disables said torque
transmission;

e) said torque control mechanism includes an actu-
ator engaged with, and resiliently biassed towards,
said torque control ring, and an adjustment element
displaceable on said mechanism to adjust the
engagement of said actuator with said torque control
ring; and

f) said hammer mechanism includes an engage-
ment element, which engagement element in one
position thereof engages said hammer mechanism
and in a second position thereof disables said ham-
mer mechanism.

Such tools presently employ nose rings mounted
one on the housing adjacent said aperture and the other,
either also on the housing around said aperture or onthe
end of said one nose ring remote from said aperture. In
either event, each nose ring surrounds a respective one
of the hammer mechanism and torque control mecha-
nism, and is operable by the user to enagage and disen-
gage the hammer mechanism and adjust the torque
control mechanism respectively. An example of such an
arrangement is to be found in DE-A-4038502.

Such an arrangement is versatile, because it can be
employed in various different ways. However, it suffers
from being somewhat long having first a motor, then a
gearbox, then a torque control mechanism and finally a
hammer mechanism, all one after the other.

Moreover, it is apparent that certain applications
require different faculties of the tool. For example, when
screwdriving, it would never be required that the hammer
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mechanism be engaged. Similarly, when drilling in
masonry when use of the hammer mechanism is helpful,
it would never be required that some lower-than-maxi-
mum torque limit be operative. Thus it is an object of this
invention to provide a simplified selection of the torque
and hammer mechanisms.

The present invention provides a power tool com-
prising:

a) a housing;

b) a motor in the housing;

¢) a gearbox in the housing connected to the motor;

d) a rotary output spindle, driven by the gearbox;

e) a torque control mechanism, to control adjustably

the torque output of the gearbox and thereby the

torque applied to said output spindle;

f) a hammer mechanism, selectively engageable to

impart axial oscillations on said output spindle;
characterised in that the tool further com-

prises:

g) a nose ring rotatably mounted on said housing

about said mechanisms and adapted both to adjust

the torque control mechanism and to select the ham-

mer mechanism.

The invention is further described hereinafter, by
way of example only, with reference to the accompanying
drawings, in which:-

Figure 1 is a side section through a gearbox and
torque control clutch of the type to which the present
invention relates;

Figure 2 is a side section through a combination
mechanism according to the present invention;
Figure 3 is a side section through the mechanism of
Figure 2, adapted to have a torque control clutch fea-
ture only;

Figure 4 is a side section through the mechanism of
Figure 2, adapted to have a hammer feature only;
Figures 5a through f are different views of the mech-
anism body: a is a front view, b is a section on the
line B-B in Figure 5e, ¢ is a rear view, d is a side
elevation, e is a section on the line E-E in Figure 5b,
and f is a section on the line F-F in Figure 5c¢;
Figures 6a through d are different views of a hammer
camring: a is a front view, b is a section on the B-B
in Figure 6a, ¢ is a rear view, and d is a part section
on the line D-D in Figure 6c¢;

Figures 7a through ¢ are different views of a spring
support ring: a is a front view, b is a section on the
line B-B in Figure 7a, and ¢ is a rear view;

Figures 8a through f are different views of a hammer
fixed ratchet: a is a rear view, b is a side elevation,
c is detail 8c in Figure 8e, d is a section on the line
D-D in Figure 8a, e is a front view, and f is a part
section on the line F-F in Figure 8c; and,

Figures 9a through d are different views of a clutch
preset ring: a is a front view, b is a rear view, ¢ is a
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side section on the line C-C in Figure 9a, andd is a
detail of the thread formation 318 in Figure 9c¢.

In Figure 1, a gearbox 10 drives a torque control
clutch mechanism 30 to which itis connected atinterface
20. Interface 20 is the output end of the gearbox and input
end of the mechanism 30. Input end 12 of the gearbox
10 is connected to a motor (not shown) which has a spur
gear (not shown) meshing with first stage planet gears
16 of the gearbox 10.

Planet gears 16 are journalled for rotation about their
axes 18 on a first stage carrier 22. A planet ring 24 is
fixed in housing 11 of the gearbox 10. The planet ring 24
has internal gears which mesh with the planets 16. Thus
as the spur gear rotates the planets 16, they in turn are
obliged to rotate about central axis 15 running around
planet ring 24. In so-doing, first stage carrier 22 rotates
about axis 15 at some speed less than the speed of rota-
tion of the input spur gear. Hence a first speed reduction
is achieved.

The carrier 22 has its own spur gear 26 driving sec-
ond stage planets 28. Planets 28 are likewise journalled
for rotation about their own axes 32 on a second stage
carrier 34. A second stage planet ring 36 has internal
gears for meshing with the second stage planets 28.

However, the second planet ring 36 has two axial
positions giving different results. It has an external cir-
cumferential groove 38 into which project fingers (not
shown) of a gear selector (through windows 42 of the
housing 11) in order to shift the planet ring between its
two positions when the gear selector is operated.

In the position shown in Figure 1, the ring 36 is in its
high speed position where its gear teeth mesh with teeth
44 formed around the outside of first stage carrier 22.
Thus the ring 36 is locked on the carrier 22 and rotates
with it. Thus the planets 28 do not rotate about their own
axes but merely transmit the rotation of the first stage
carrier 22 directly to the second stage carrier 34 with no
speed reduction.

If, however, the ring 36 is shifted leftwardly in the
drawing to its low speed position, its teeth are disen-
gaged from the first stage carrier 22. However, on disen-
gagement therefrom, teeth 46 on the outside of the ring
36 engage corresponding teeth 48 in the housing 11 so
as to lock the ring 36 in the housing 11. Now, not only
are the planets 28 free to rotate about their axes 32, they
are positively obliged to by their engagement with the
teeth of the, now stationary, planet ring 36. Thus the plan-
ets 28 also orbit about axis 15 transmitting reduced
speed drive to the second stage carrier 34.

Finally, the carrier 34 likewise has a spur gear 52
which drives third stage planets 54. The planets 54 are
journalled for rotation about their own axes 56 on an out-
put carrier 58. A clutch control ring 60 is the planet ring
for the planets 54 and is selectively rotatable in the hous-
ing 11. It is normally stationary in the housing 11 and
consequently drive from the spur gear 52 is transmitted
through the planets 54 to the output carrier 58. The
torque applied to the carrier 58 is equal to the torque
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applied to the control ring 60. Thus, if the ring 60 is
allowed to slip, zero torque is applied to the carrier. The
degree to which the ring 60 is allowed to slip is the prin-
ciple behind the torque control of this mechanism.

Clutch mechanism 30 shown in Figure 1 is employed
to exercise the control of the slippage of control ring 60.
The mechanism comprises a housing body 110 in which
is journalled a chuck spindle shaft 102. The shaft 102
extends through an end cap 112 and has a spined end
104 which engages a correspondingly splined bore 62
of the output carrier 58.

The housing body 110 has a threaded surface 117
adapted to receive corresponding threads 118 on a
clutch preset ring 122. Clutch ring 122 presses springs
130 against clutch balls 134,136 received in bores 138
disposed around the end cap 112. The balls 136 engage
a castellated surface 64 of the control ring 60. If the
torque on the control ring is sufficient, the balls 136 ride
over the castellations 64 and the ring spins removing
drive to the chuck spindle shaft 102. By rotating the
clutch ring 122, the springs 130 can be compressed
increasing the torque required before the balls ride over
the castellations, and hence the torque limit applied to
the shaft 102.

A more detailed description is now given with refer-
ence to the remaining drawings showing a combination
mechanism 300 according to the present invention.

In Figure 2, a mechanism 300 has a housing body
310 mounting through a front bearing 316 a chuck spin-
dle shaft 302. An end cap 312 closes the other end of
the housing and has a bearing bush 314 mounting the
input end 304 of the spindle 302. This end 304 is splined
for driving connection with a gearbox (not shown in this
drawing) and has a preload spring 306 serving to preload
both the gearbox and the mechanism 300; the latter by
pressing the shaft 302 leftwardly in the drawing. The
spring 306 presses against shoulder 66 of the output car-
rier 58 (see Figure 1).

Figure 2 shows the position of the spindle 302 in the
body 310 that is adopted when pressure is applied by
the user through the housing of the tool (neither shown)
and pressing a tool bit (not shown) mounted on the end
of spindle 302 against a workpiece. Thus a flange 372
on the spindle 302 abuts the bearing 316 preventing fur-
ther rightward travel.

A spring 374 presses a fixed ratchet 376 against a
cam ring 308 which has an externally operable knob 360.
In the position shown, the cam ring allows sufficient right-
ward movement of the ratchet 376 for its ratchet teeth
307 to clear those 305 of a rotary ratchet 378 fixed on
the chuck spindle shaft 302.

Cam ring 308 is shown in more detail in Figures 6a,
b and ¢ where it can be seen that it comprises a ring
having cam notches 309a in one front surface 311. The
rear surface thereof is provided with detents 384 referred
to further below.

The cam notches 309a co-operate with cam knobs
309b on the fixed ratchet 376 shown in more detail in
Figures 8a to f. The fixed ratchet 376 is annular, having
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front and rear surfaces 375, 377 respectively and an
outer cylindrical surface 379. The outer cylindrical sur-
face 379 is a close sliding fit in the body 310. The cam
knobs 309b extend radially outwardly from the surface
379 and slide axially in slots 380 in the body 310 so that
rotation of the ratchet 376 is precluded. The knobs 309b
also extend axially beyond surface 377 and engage cam
notches 309a of the cam ring 308. In this position, there
is no hammer action.

If, however, the knob 360 is operated to rotate the
cam ring 308 about its axis through a small angle, cams
309 disengage and press the fixed ratchet leftwardly in
the drawings against the pressure of spring 374. Having
moved the fixed ratchet leftwardly, its ratchet teeth 307
can now be reached by those on the rotary ratchet 378
when the latter is pressed rightwardly on user pressure
on the tool bit. Until such time however, spring 306
presses the spindle 302 leftwardly until front surface 381
of the rotary ratchet 378 abuts the bearing 316. Here,
even when the cam 308 is operated, the ratchets 307 do
not engage so that, until the user engages the workpiece
and moves the spindle rightwardly, the spindle rotates
without reciprocation.

Ratchet teeth 307 are shown in Figures 8b to f and
are formed on front surface 375 of the fixed ratchet 376.
Ratchet teeth 305 on the rear surface of rotary ratchet
378 correspond.

However, when knob 360 is operated to move fixed
ratchet 376 leftwardly in Figure 2 and pressure on the
drill chuck is applied to move chuck spindle 302 and its
rotary ratchet 378 rightwardly in Figure 2, ratchet teeth
305,307 engage one another and impart an oscillating
axial movement on the chuck spindle 302 creating the
hammer action which assists drilling certain materials
such as masonry.

End cap 312 has two balls 382 seated facing the
back surface 311 of ring 308 which has the two detents
384. The balls 382 snap into and out of engagement with
the detents 384 when the knob 360 is operated to rotate
the cam ring 308 between its two positions. There are
thus two detents 384. The ring must move leftwardly
slightly against the pressure of spring 374 in order to
accommodate the balls 382 snapping into and out of the
detents 384. No extra spring is required.

The combination mechanism 300 further comprises
a torque control arrangement substantially as described
above with reference to Figure 1. The end cap 312 has
a series of bores 338 around its periphery which each
house a pair of clutch balls 334,336. These are pressed
by individual clutch springs 330 which ultimately bear
against a clutch ring 322 which has a coarse internal
thread 318 which matches a corresponding thread 317
partially formed around the body 310.

Referring to Figures 5a to f, the body 310 is substan-
tially cylindrical with a hollow bore 313 and a flanged rear
end 315. Into the flanged end 315 fits the end cap 312.
Bores 332 are formed in the flange 315 and these bores
correspond in number and position with the bores 338 of
the end cap 312.
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The body 310 has a series of scallops 384 corre-
sponding with each opening 332 of the body and which
receive the springs 330. The scallops locate a metallic
support ring 324 and a plastics guide ring 386. Both
these elements have internal bulges 388 which enter the
scallops 384 and prevent rotation of the rings 324,386
as the clutch ring 322 is turned. See Figures 7a to ¢ for
greater detail of the guide ring 386.

The clutch ring 322 mounts two balls 342 in open-
ings 343 which snap into and out of engagement with a
plurality of detent apertures 344 (see Figure 2) spaced
around the support ring 342. As the clutch ring is turned,
the balls 342 press the rings 324,386 against the pres-
sure of springs 330. Again, no separate springs are
required for this detent feature. The guide ring 386 has
a series of mounting pegs 390 which each locate one of
the springs 330. This ensures that the springs remain in
line.

The springs 330 press the balls 334,336 against
control ring 60 in the epicyclic gearbox 10. If the gear
ring is allowed to rotate in the gearbox, the gearbox
ceases to transmit any torque to the spindle 304. Thus
the more strongly the balls 336 are pressed against that
ring, the greater the torque must be before it will be suf-
ficient to turn the ring under the balls. Hence the possi-
bility to tighten the pressure on the balls by screwing the
clutch ring 322 onto the body 310 further compressing
the springs 330. Indeed, in order to rotate, the control
ring must lift the balls 334,336 to a small extent to climb
the ramps or castellations on the control ring. It is possi-
ble to tighten the springs so much that they become coil
bound and prevent any lift of the balls 334,336. In this
instance, there is no torque limit beyond that capable of
being generated by the motor and gearbox.

It is to be noted that the knob 360 of the hammer
mechanism cam ring 308 extends between the springs
330. Indeed, a slot 392 is formed in the flange 315 of the
body 310 to allow insertion of the ring 308 and this slot
extends circumferentially in the appropriate axial position
at 394 (see Figure 5b) to provide the requisite arc of
movement of the knob 360 between two springs (at
3304, 330b in Figure 5b) to engage and disengage the
cams 309.

Thus it can be seen that the combination of a clutch
and hammer mechanism is achieved within essentially
the same confines as a conventional clutch mechanism.

However, not only is this combination a first aspect
of the present invention, but also there is the possibility
to provide several different options using essentially the
same components. Although not shown, the most basic
mechanism for attachment to the gearbox of Figure 1 is
a straight transmission and this is similar to that shown
in Figure 3. This shows a simple clutch mechanism 300".
Because the hammer action is not required, the moder-
ately expensive bearing 316 of Figure 2 is replaced by a
thrust ring 396 and bearing bush 398. The bush 398 is
retained by press ring 399. While being cheaper, this
arrangement is too long to accommodate the hammer
mechanism.
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To render this arrangement as a basic straight trans-
mission, it is only a matter of removing the clutch ring
322, rings 324 and 386, springs 330 and balls 334,336.
However, some arrangement needs to replace ball 336
to ensure that the control ring 60 is locked. This may com-
prise a ring of pegs or the like which fit in the bores 332
and protrude sufficiently to lock the ring.

Conversely, as shown in Figure 4, it is likewise sim-
ple to render the mechanism 300 as a straight hammer
mechanism 300". This is achieved by removing the com-
ponents mentioned above relating to the clutch mecha-
nism from the mechanism 300 of Figure 2, although,
again, some locking means is required for the clutch con-
trol ring 60 of the gear box 10.

Thus using essentially the same components, four
options for an application mechanism to be connected
to the gearbox 10 can be envisaged: that is to say, firstly,
a straight transmission offering no features other than
minimum cost; secondly, a clutch mechanism simply by
the addition of several components; thirdly, a hammer
mechanism, by exchange of some components of the
straight transmission and the addition of a few others;
and fourthly, a combination mechanism offering both
hammer and clutch facilities, achieved by adding the
clutch components to the hammer mechanism.

It is to be borne in mind that all these options are
available in a particularly cost effective manner if the
housings for the power tools including these components
are terminated at the interface 20 between the gearbox
and mechanism and if a nose ring is connected to that
housing at the interface and wherein the nose ring is
adapted for the particular mechanism. Thus where the
mechanism is a straight transmission, the nose ring is
nothing more than an extension of the housing. Where
the mechanismis the simple cluich mechanism, the nose
ring is arranged rotatable in the housing and is con-
nected to the clutch ring 322 (by interaction with castel-
lations 323, for example, on the clutch ring 322) so as to
enable turning of the clutch ring and axial sliding thereof
inside the nose ring. Where the mechanism is a simple
hammer mechanism, the nose ring is rotatable between
two positions and connected to knob 360. Finally, in the
combination mechanism, two axially disposed nose
rings are used, the rear most one operating knob 360 as
mentioned above, and the second, front nose ring being
rotatable on the rear nose ring and operating the clutch
control ring 322.

Alternatively, and this is preferred, a single nose ring
is employed to control both the knob 360 and the clutch
ring 322. Here a spring is disposed in the end cap 312
to urge the knob 360 towards its non-hammer mode posi-
tion. A ledge in the nose ring abuts the knob 360 and
moves it towards its hammer mode position.

The spring is conveniently a single coil in a radial
planein the end cap with one end bent axially backwards
into a hole in the end cap and the other next to the knob
360 holding it in its non-hammer mode position. The
knob 360 and threads 317,318 are arranged so that
movement of the knob to its hammer mode position is in
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the same direction as required for tightening of the clutch
control ring 322 on the body 310.

Thus, in operation, one ledge in the nose ring abuts
the knob 360 on the same side as the spring and pre-
vents the nose ring being rotated further in that direction.
In this non-hammer mode position, the knob 360 cannot
move further in that direction because it abuts one edge
of the slot 394 in the body 310. Also in this position, the
control ring 322 is arranged at its loosest position, that
is to say, most separated position with respect to the end
cap 312.

If the nose ring is now rotated in the opposite direc-
tion, the ledge leaves the knob 360. The control ring 322
progressively tightens through progressively increasing
torque transmission modes. Finally, a position is reached
when the springs 330 do not allow balls 336 to raise suf-
ficiently from the gear ring 60 to permit any rotation
thereof. Here the nose ring indicates that the tool is in
drill mode. Also in this position, the ledge (or another
one) abuts the other side of the knob 360 remote from
the spring. Thus a final twist of the nose ring turns the
knob 360 against the pressure of the spring to its ham-
mer mode position.

This sequence and arrangement is of course possi-
ble because in both drilling and hammer modes of oper-
ation of a power tool, there is no requirement for torque
control. Similarly, in screw-driving mode (where torque
control is of course useful) there is no need for the ham-
mer action.

Claims
1. A power tool comprising:

a) a housing;
b) a motor in the housing;
¢) a gearbox (10) in the housing connected to
the motor;
d) a rotary output spindle (302), driven by the
gearbox;
e) a torque control mechanism (300), to control
adjustably the torque output of the gearbox and
thereby the torque applied to said output spin-
dle;
f) a hammer mechanism (300), selectively
engageable to impart axial oscillations on said
output spindle;

characterised in that the tool further com-
prises:
g) a nose ring rotatably mounted on said hous-
ing about said mechanisms and adapted both
to adjust the torque control mechanism and to
select the hammer mechanism.

2. Apower tool as claimed in claim 1, characterised in
that

a) the motor has an output shaft;
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b) the gearbox is epicyclic and has an input end
(12) mounted on the motor and an output end
(20);

¢) an aperture is formed in the housing, said out-
put end of the gearbox being adjacent said aper-
ture;

d) the gearbox has a drive spindle (58) and a
torque control ring (60), which control ring,
when held stationary relative to the gearbox,
permits the gearbox to transmit torque to said
drive spindle and which, when permitted to
rotate in said gearbox, disables said torque
transmission;

e) said torque control mechanism and hammer
mechanism are arranged in an application
mechanism (300);

f) said torque control mechanism includes an
actuator engaged (334,336) with, and resiliently
biassed towards, said torque control ring, and
an adjustment element (322) displaceable on
said application mechanism to adjust the
engagement of said actuator with said torque
control ring;

g) said hammer mechanism includes an
engagement element (308), which engagement
element in one position thereof engages said
hammer mechanism and in a second position
thereof disables said hammer mechanism; and
in that:

h) the nose ring is rotatable on said housing
about said aperture thereof and actuates both
said adjustment element of the application
mechanism and said engagement element of
said hammer mechanism.

A power tool as claimed in claim 2, characterised in
that said application mechanism has a body (310),
in that said adjustment element is screw threaded
(317,318) on said body, and in that said nose ring
serves to rotate said adjustment element so that it
advances towards and retreats from said torque
control ring to adjust said resilient bias.

A power tool as claimed in claim 2 or 3, character-
ised in that a spring (330) is disposed between said
actuator and adjustment element to provide said
resilient bias.

A power tool as claimed in claim 4, characterised in
that a plurality of springs (330) is disposed around
said body.

A power tool as claimed in any of claims 2 to 5, char-
acterised in that said actuator is a ball (336).

A power tool as claimed in claims 5 and 6, charac-
terised in that said actuator is a plurality of balls
(334,336), at least one between each spring and
said torque control ring.
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8.

10.

11.

12

Apower tool as claimed in any of claims 2to 7, char-
acterised in that said hammer mechanism com-
prises a rotary ratchet plate (378) fixed on said
output spindle, and an axially adjustable facing
ratchet plate (376) rotationally fixed in the body.

A power tool as claimed in claim 8, characterised in
that said engagement element comprises a camring
(308) angularly adjustable in said body to move said
ratchet plates together or apart to engage or disen-
gage respectively the hammer mechanism.

A power tool as claimed in claim 9, characterised in
that said camring includes a lever (360) actuated by
said nose ring on rotation thereof relative to the
housing.

A power tool as claimed in any of claims 2 to 10,
characterised in that a return spring engages
between said engagement element and body and
biases said engagement element towards its posi-
tion in which it disables said hammer mechanism.

A power tool as claimed in claims 10 and 11, char-
acterised in that said lever is actuated by said nose
ring on rotation thereof relative to the housing only
when there is maximum engagement of said actua-
tor with said torque control ring, actuation of the lever
by the nose ring serving to move said lever against
the pressure of said return spring to the other posi-
tion of the engagement element in which said ham-
mer mechanism is engaged.
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