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(54) Title: A MECHANICAL ASSEMBLY FOR A POWER TOOL

(57) Abstract: The invention relates to a mechanical assembly for a power tool, and a power tool incorporating the mechanical
assembly. The mechanical assembly includes a first member having a first axis and a first engagement portion inclined relative to
the first axis and a second member having a second axis and a second engagement portion inclined relative to the second axis. The
first and second engagement portions engage each other by movement of the first and second members relative to each other in the
direction of at least one of the axes. The power tool includes a power tool body and a rotatable driven member being operable for
releasably gripping a working element, the driven member having a drive mode in which rotation of the driven member drives the
working element relative to the power tool body and an adjustment mode in which rotation of the driven member causes the driven
member to either grip the working element or release the working element or both. The power tool also includes means for adjusting
the driven member between the modes which includes the mechanical assembly wherein the first and second engagement portions
engage each other by movement of the first and second members relative to each other in the direction of at least one of the axes
and wherein engagement between the first and second engagement portions adjusts the driven member to the adjustment mode and
& disengagement between the first and second engagement portions adjusts the driven member to the drive mode. The power tool may
& also include a first torque control means that is operable for controlling the amount of torque applied to the driven member by the
power drive when in the drive mode and a second torque control means that is operable for controlling the amount of torque applied
to the driven member by the power drive when in the adjustment mode. The power tool may further include a gearbox with one
or more speeds and a switch with two or more positions that is operable for selecting the modes, the gear speeds and the first and

second torque control means.
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A MECHANICAL ASSEMBLY FOR A POWER TOOL

Field of The Invention

This invention relates to poWer tools. The invention is suitable for use
with power tools that use a drill bit, a saw blade, a cutting wheet or any‘other
element used to cut shape or otherwise treat a workpiece. The invention is

particularly suitable for use with power tools ,incorpofating a driven member

 that is operable for releasably gripping a working element.

- A power drill is one form of power tool with which the invention is
applicable. For the sake of convenience the inVentioh is desch'bed below in the
context of power drills, but it is to be understood that the invention may have
broader application.

Background of the Invention

Most existihg power drills ha\}e a three jaw chuck for gripping a drill bit.
The chuck jaws are adjustable to suit drill bits of various sizes. In most cases
such adjustment is carried out by use of a key or by manually twisting the outer
sleeve of the chuck or alterhatively the dsér grips the outer sleeve and power
is applied to the chuck, whereby the user provides a resistance force.

Other eXIsting power drills, however, incorporate means for'adjusting
the chuck jaws which do not require a key or manually twisting the outer sieeve

“of the chuck or gripping the outer sleeve and applying power to the chuck,

wheréby the user provides a resistance force. One such existing power drill
instead includes an adjustment mode .and a drive mode. In the adjustment
mode operation of a drive motor causes’ adjustfnent of the chuck and in the
drive mode operation of the drive motor causes rotation of the chuck along
with a working element gripped by the chuck for, say, drilling a hole into a

‘workpiece.
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Existing power drills that include an adjustment mode and a drive mode

can include a mechanical assembly that is operable in providing the

adjustment and drive modes and for switching between modes. However, in

such power drills the mechanical assembly is typically located between the

5 - drive motor and the chuck and this can add considerably to the length of the

power drill between the drive motor and the chuck and to the length of the

power"drill. overall, This is a particular disadvantage when power tools

incorporating a mechanical assembly such as the one described above are
being marketingv in competition with more” compact power drills that do not

‘ 1'0 incoporate such a mechanical assembly, such as power drills that do not

include adjustment and drive modes.

In the field of power tools, in particular hand held power tools, it is

desirable to be able to provide a power tool that is compact in order that the

15 tool may be éasily handled and be able to access confined spaces.
. Accordingly, whilst existing mechanical assemblies that provide adjustment
and drive modes for a poWer tool may serve the purpose of providing
édjus'tment and drive modes there is a need for a power tool, that provides

adjustment and drive modes, and that is as short as possible. A

20 ‘ | | |
Accordingly, it would be advantageous to be able to provide a
mechanical assembly for a power tool that is operable for providing adjustment
and drive modes for a driven member, such as a chuck, that is short in length.
It would also be advantageous to be able to provide a mechanical assembly
25 for incorporation in a power tool that is operable for providing adjustment and
drive modes for a driven member and that provides 2 power tool that is

- compact.

- Some éxisting power drills have a drive mode and an adjustment mode.

30 When in the adjustment moderperation of a drive motor of the power too_l
causes the jaws of a chuck to move either towards or away from each otherto

either clamp or release a working element. When in the drive mode operation

of the drive motor of the power tool causes rotation of the -chuck along with a

working element gripped by the chuck. Such power drills can include a torque
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control means for controlling the amount of torque applied by the drive motor

to the chuck when the power drill is in the drive mode. However, the amount of

- torque that the torque control means allows to be applied may not be an

appropriate amount of torque to prevent damage to the power tool or the
working element when the power dill is in the adjustment mode for clamping or
releasing a working element. In other words, the amount of torque required in.-
the drive mode may be different to the amount of torque reqdired in the

_adjustment mode. Thus, existing power tools incorporating adjustment and

drive modes and a torque control means for controlling the amount of torque

~applied by the motor require a user to alter the torque control setting of the
torque control means between when operating the power tool in the

adjustment mode and when operating the power tool in the drive mode. In
power tools in which the torque cdntrol_means involves manually rotating a
knob through a range of graduated torque settings or some other equivalent
manua.l adjustment means, it is not convenient to have to adjust the torque
control means whenever the user wishes to opérate the power tool in the
adjustment mode and the drive mode.

Accordingly, it would be advantageous to provide a power tool .
incorporating an adjustment mode and a drive mode and a torque control
means which did not‘ require the user to’ adjust the torque control means
between when operating the power tool in the adjustment mode and the drive

made.

Summary of the invention

Acdordingly. in one aspect, the preSent invention provides a mechanical
assembly for a power tool, the mechanical assembly including:
afirst member having a first axis and a first engagement portion inclined

relative to the first axis; _
a second member having a second axis and a second engagement

portion inclined relative to the second axis;
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wherein the first and second engagement portions engage each other -

by movement of the first and second members relative to each other in the -
direction of at least one of the axes

5 - The present invention is advantageous over e)iisting mechanical
assemblies for power tools in that it prbvides first and second members that
each include engagement portions that are inclined relative to the axes of the
members. Thus, the invention enables the overall length of the members in
the direction of the axes to be reduced while still providing engagement

10 portions of -a length and/or surface area sufficient to provide 'secure
engagement therebetween. This facilitates providing a power tool that is
compact, particularly ih the direction of the axes of the first and second
members while still providing secure engagement therebetween. Furthermore,
the invention may achieve the above outcomes without requiring a relatively

15 large amount of force acting on either the first or the second member in the
direction of either one of the axes of the first and second members to urge the
either the first or the second member into secure engagement with the other
one of the first and second members. For example, the relatively large length 4
and/or surface area of the engagement portions resulting from their inclined

20 configuration in the above arrangement does not'require an excessively large
force to act on either the first or the second member to ensure that the -
engaging portions do not slip or otherwise come out of engagement.

In one form, the first and second axes extend in the same direction and
25 - the first and second engagement portions engage each other by movement of
the first and second members relative to each other in the direction of at least

one of the axes.

In another form, the first engagement portion is conical and the second

30 engagement portion is conical. For example, the first and second engagement
portions may be bevelled. These forms of the invention are advantagéous in

that it provides first and second members with engagement portions that have

a length of interengagement that is comparable to that of first and second



WO 2009/029997 PCT/AU2008/001325

10

15

20

25

30

5
members with, say, cylindrical and/or axially extending engagement portions

yet with a comparatively shorter length in the axial direction.

In another form, the first engagement portion includes stongated splines
for mating with elongated recesses of the second engagement ponidn and the
second engagement portion includes e'lohgated splines for mating with
elongated recesses of the first engagement poﬁion, wherein each spline and
recess is elongated in a direction that converges with the axis of the member
with which the spline or recess is associated.

In yet another form, the first member is a ring gear and the second
member is a central gear and -the first and second engagement portions
engage and disengage each other by movement of the second member within
a space defined within the first member. This embodiment of the invention is

" advantageous .in that the second member, which is a central gear, need not ',

move completely outside the space defined within the first member, which is a
ring gear, in order for the ‘first and second engagement portions to have a

sufficient range of relative motion to engage and disengage each other. This

further enhances the ability of the invention to provide a mechanical assembly
of reduced overall length in the direction of the axes. -

In one form, the first member is rotatable relative to the first axis and the

second member is not rotatable relative to the second axis so that when the

first and second engagement portions are in engagement the first- member is
prevented from rotating relative to the first axis. This form of the invention is ‘
advantageous in situations where it is necessary to have a mechanical
assembly that facilitates prevention of rotation of the first member relative to its
axis of rotation by engagement with the second mer_nber. |

In another form, the first member is connected to a first thread in
engagement with a second thread so that when the first member is prevented
from rotating relative to the first axis, rotation of the second thread relative to
the first member results in rotation of the first and second threads relative to
each other and movement of the second thread in a linear path that is
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‘angularly displaced relative to the first axis. The above forms of the invenﬁon_

are advantageous in that they provide a mechanical assembly that facilitates
moveme‘nt.qf one threaded part relative to another threaded paft by rotation of
the one threaded part and the prevention of rotation of the other threaded part
caused by preventing rotation of the first member relative to its axis of rotation
by engagement with the second member.

In one form, the mechanical assembly is incorporated in a power tool.
This form of the invention is advantageous in that it provides a mechanical
assembly in a power tool that enables the power tool to be compact yet which.
also includes some or all of the advantages set out above. Preferably, at least
part of the mechanical assembly forms part of a chuck of a power drill. This
form of the invention facilitates a power drll incorporating a mechanical

assembly that is compact yet which also includes some or all of the

advantages of the invention set out above.

In another form, the mechanical assembly is operable for providing |
adjustment and drive_ modes for a driven member of a power tool, such as a
chuck. This form of the ihventi'on is advahtageous in that the mechanical
assembly is operable for providing adjustment and drive modes for a driven
member of a power tool yet because the engégement portions have an
inclined configuration results in a power tool that is short in length and/or
compact. -

In one form, the mechanical assembly is a gear assembly, the first
member is a gear and the second member is a gear.

“In another a\spect. the present invention includes a power tool including:

a power tool body; | | |
a rotatable driven member being operable for releasably gripping a
working element, the driven member having a drive mode in which rotation of

" the driven member drives the working element relative to the power tool body

and an adjustment mode in which rotation of the driven ‘member causes the .
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driven member to either grip the working element or release the working

element or both; and

means for adjusting the dri\?en member between the inodes including a
first member having a first axis and a first engagement portion inclined relative
to the first axis and a second member having a second axis and a .second
engagement portion inclined relative to the second axis, wherein the first and
second‘ engagement portions engage each other by movement of the first and
second members relative to each other in the direction of at least one of the -
axes; _ ,
wherein engagement between the first and second engagement
portions adjusts the driven member to the adjustment mode and
disengagement between the first and second engagémem portions adjusts the

" driven member to the drive mode.

In one form, a power drive drives rotation of the driven member.

Forms of the above power tool are iadvantageous over existing power
tools, particularly power drills, in that by operating the power tool motor a user
can grip, release or drive rotation of alworking element, such as a drill or
screwdriver bit, 'by either selectively engaging or disengaging the engagement
portions of the first and second members. Furthermors, the first and second
members may have overall lengfhs in the direction of one of the axes that are
less than the overall Iengths of engagement members of eXisting power tools
serving a similar function while still providing engagément'portions of a length
and/or surface area sufficient -to provide secure engégement therebetween.
Accordingly, the power tool may be more compact, particularly in the direction
of the axes, than would otherwise be the case while still providing secure
engagement between the members. Furthermore, the invention may achieve
the above outcomes without requiring a relatively large amount of force acting
on the second member in the direction of the axis of the first and/or the second
member to urge either the first or the second member into secure engagement
with the other one of the first and the sebond member.
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In one form the first and second axes extend in the same direction and

the first and second engagement portions engage and disengage each other
by movement of the first and second members relative to each other in the
direction of the first and/or the second axis.

In another form, the first engagement portion is conical and the second -
engagement portibn is conical. In yet another form, the first and second

- engagement portions may be bevelled. These forms are advantageous in that

they provide means for adjusting the driven member between the drive mode
and the adjustment mode that includes first and second members with
engagement portions that have a length of interengagement that is
comparable to that of first and second members with, say, cylindrical and/or
axially extendmg engagement portions yet with a comparatively shorter length -
in the axial direction. . Accordingly, the overall length of the power tool.
incbrporating the above forms of the invention may be shorter than the overall

_ length of a power tool incorporating means for adjusting the driven member

that include, say, cyllndncal and/or axlally extending engagement portions.

In another form, the first engagement portion includes elongated splines

- for mating with elongated recesses of the second engagement portion and the

second engagement - portion includes elongated splines for mating with
elongated recesses of the first engagement portion, wherein each spline and
recess is elongated in a direction converging with the axis of the member with

which the spline or recess is associated.

In another form, the first member is a ring gear and the second member
is a central gear and the first and second engagement portions thereof engage
and disengage each other by movement of the second member within a space
defined within the first rnember. This form is advantageous in that the second
member, which may be a bevelled central gear, need not move completely out
of the space defined within the first member, which may be a bevelled ring:
gear, in order for the first and second engagement portions to have a sufficient
range of relative motion in the axial direction to engage and d|sengage each

~ other. This further enhances the ability of the invention to provide a power tool
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including means for adjusting the driven member between the drive mode and

the adjustment mode of reduced overall length in the axial direction compared
with a power tool inCIuding' first and second engagement portions involving

axially aligned engagement portions such as standard ring and central gears

~ with teeth which extend in the axial direction.

In yet another form, the first member is rotatable relative to the first axis
and the second member is not rotatable relative tb the second axis so that
when the first and second engagement portions are in engageh'nent the first
member is prevented from rotating relative to the first axis. '

In still yet another form, the driveh member includes a jaw member for
releasably gn‘ppin the working element, the first member including a first
thread and the jaw member including a second thread in engagement with the
first thread so that when the first member is prevented from rotating relative to-
the first axis, rotation of the jaw member relative to the first member caused by
rotation of the driven member results in rotation of the first and second threads
relative tb each other and movement of the jaw member in a linear path that is
angularly displaced relative to the first axis.

_ in another form, the p_bwer tool further includes an actuator member for
moving the first and second members relative to each other in the direction of

" at least one of the first and second axes. Preferably, the actuator member is

movable between a first setting in which the actuator member urges the first
and second members towards each other to cause engagement between the
first and second engagement portions and a second setting in which the.
actuator member urges the first and second members away from each other to
cause disengagement between the first and second engagement portions.
These forms of the invention are advantageous in that by urging the first and
second members into engagement in the actuator ameliorates the broblem of
crashing of the first and second members which may include first and second
engagement portions with splines that are otherwise prone to crashing. Even
if the splines of one engagement member meet directly with splines' of the

- other engagement member and not directly with recesses between the splines
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the actuator member continues to urge the gears into engagement until, as a

result of some relative rotation of the gears, the splines and recesses line up

and engage each other.

5 In another aspect, the invention provides a power tool including:
a power tool body; | ' .
‘ a rotatable driven- member being operable for releasably gripping a
working element, the driven member having a drive mode in which rotation of
the driven member drives the WOrking element relative to the power tool body
10 " and an adjustment mode in which rotation of the driven member causes the
driven member to either grip the working elerhent or release the working
element or both, | ' »
a power drive for driving rotation of the driven member; ,
a first torque control means for controlling an amount of torque applied
15  to the driven member by the power drive when in the drive mode; and
' a second 't'orque control means for controlling the amount of torque
-applied to the driven member by the power drive when in the adjustment

mode.

20 _ The above form of the invention is advantageous in that by including the

second torque cantrol means the power tool provides a means for controlling

“the torque applied by the power drive to the driven member to ensure that the

amount of torque is not so great as to damage the power tfool or crush the

v working element when operating the power tool in the adjustment mode to

25 clamp or release the working element. Arrangements in which the first torque

.control means provides for adjustment between torque settings is

advantageous in that it is not necessary to alter the torque setting of the first
torque control means between when operating the power tool in the -

adjustment mode and when operating the power tool in the drive mode. In.

30 other words, in the above form of the invention which includes the second

torgue control means it is not necessary to have to adjust the torque setting of

the first torque control means whenever the user wishes to operate the power

tool in the adjustmenf mode as opposed to the drive mode in order to have an

appropriate amount of torque for the drive mode.

;
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Ih one form, the first torque control means is operable for controlling the
amount of torqué applied to the driven member by the power drive i‘n't.he drive
mode and is not operable in the adjustment mode. In another form, the second
torque control means is aperable for controlling the amount of torque applied

" to the driven member by the power drive in the adjustment mode and is not

operable in the drive mode.
" In another form, the first tomque control means has a plurality of torque
settings and is adjustable between the plurality of torque seftings. In yet

another form, the second torque control means has a single torque setting.

In another form the second torque control means has a plurality of

torque setlings.

In one form, the power tool includes a gearbox including a plurality of

~ speed settings wherein in each one of the plurality of speed settings the

gearbox is operable for cohverting rotation from the power drive into a
respective relative speed of rotation of the driven member. '

In another form, the power tool includes a gearbox including a first

~speed sefting and a second speed setﬂng, in the first speed setting the

gearbox is operable for converting rotation from the power drive into a first

speed of rotation of the-driven ‘member, in the second speed setti'ng the

- gearbox is operable for converting rotation from the power drive into a second
- speed rotation of the driven member. . '

In yet another form, the power tool further includes an adjustment
means for adjusting the driven member between the drive mode and the
adjustment mode.

In one form, the adjustment means includes a first member having a
first axis and a first engagement portion inclined relative to the first axis and a
second member having a second axis and a second engagement portion
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“inclined relative to the second axis. In one form, the first engagement portion

is conical and the second engagement portion is conical. In another form, the
first and second engagement portions are bevelled. The first member méy be
a bevelled ring gear and the second member may be a bevelled central gear
and the first and second engagement porti.ons thereof engage and disengage
each other by movement of the central gear within & space defined within the
ring gear. This form is advantageous in that the second member, which is a

bevelled central gear, need not move completely out of the space defined

within the first member, which is a bevelled ring gear, in order for the first and
second engagement pbrtions to have a sufficient range of relative motion in
the axial direction to engage and disengage each other. .

In an altemative form, the adjustment means includes a first member
having a first axis and a first engagement portion extendihg in the same
direction as the first axis and a second member having a second axis and a
second engagement portion extending in the same direction as the second

axis.

The first and second axes may extend in the same direction and the first
ahd second engagement portions may engage and disengage each other by
movement of the first and second members relative to -each .other in the
direction of the axes. Furthemmore, engagement between the first and second
engagement portions may adjust the driven member to the adjustment mode
and disengagémenf_ between the first and second engagement portions may
adjust the driven member to the drive mode.

In one form, the adjustment means includes an actuator member for
urging the first and second members relative to each other in the direction of
the axes or at least one of the axes. Preferably, the actuator member-is
movable between a first setting in which the actuator member urges the first
and second members towards each other to cause engagement between the
first and second engagement portions, and a second setting in which the
actuator member urges the first and second members away from each other to
cause disengagement between the first and second engagement portions.
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In another form, the power tool further includes a switch connected to
the actuator member, the switch being actuable between a position in which
the actuator member is in the first setting and a position in which the actuator

member is in the second setting.

In another aspect, the present invention provides a power tool including: |
a power tool body;
a rotatable driven member being operable for releasably gripping a

.worklng element, the driven member having a drive mode in which rotation of

the driven member drives the working element relative to the power tool body
and an adjustment mode in which rotation of the driven member causes the
driven member to either grip the working element or release the working
element or both, -

a power dnve for driving rotatlon of the driven member;

a first torque control means that is operable for controlhng the amount of
torque applied to the driven member by the power drive when in the drive
mode; | |

a second torque control means that is operable for controliing the

-amount of torque applied to the driven member by the power drive when in the

adjustment mode,
a gearbox including a first speed setting for oonvérting rotation from the

power drive into a first speed of rotation of the driven member, and a second
- speed setting for converting rotation from the power drive into a second speed

rotation of the driven member, and

| a switch that includes a first position, a secbnd position and a third
position, wherein in the first position the switch- operates the second torque
control means and selects the adjustment mode, in the second position the
switch operates the first torque control means and selects the drive mode and
the first speed setting, and in the third position the switch operates the first
torque control means and selects the drive fnode and the second speed

setting.

In one form, in the first position the switch selects the first speed setting.
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In another form, in the first position the switch selects the second speed

seﬁing.

The above aspect of the invention is advantageous in that it provides a
5 power tool with a switch that is capable of selecting several different functions
of the power tool, as described above, in a convenient and efficient manner.
For example, the switch can adjust the power tool into at least three different
modes. The first position of the switch provides a first mode for the power tool
in which the second torque control means is operable and the adjusfment
10 mode and one of the first or the second speed- settings are selected so that
operation of the power drive facilitates gripping or release of the working
element. - The second poSitioh provides a second mode for the power tool in
which the first torque control means is operatable and the drive mode and first
speed setting are selected so that operation of the power drive facilitates
15  driving of the working element at a first speed of rotation. The third position
provides a third mode for the power tool in which the first torque control means
is operable‘and the drive mode ahd second speed setting are selected so that
operation of the power drive facilitates driving of the working element at a
secohd speed of rotation.
20 o | o .

Thus, the éwitch facilitates adjustment of the driven member to grip or
release a working element and to drive rotation of the WOlkihg element at
differing speeds of rotation relative to the speed of rotation of the power drive.
Also, the above poweri tool arrangement does not require a user to adjust the

25 torque'setting of either of the torque control means to utilise differing torque
settings in the drive mode and the adjustment mode because the switch
enables operation of either one of the two torque control means each with their

* own torque setting in the drive mode and the adjustment mode respectively.

30 In one form, the power tool further includes an actuator member
connecting the switch to the driven member, whereby movement of the switch
‘between the first, second and third positions causes the actuator member to -
actuate the driven member between the adjustment mode and the drive mode.
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In another form, the power tool further includes an adjustment means

for adjusting the driven member between the drive mode and the adjustment
mode. The adjustment means may include a first member having a first axis
and a ﬁrst engagement portion inclined relative to the first axis and a second
mermber having a second axis and a second engagement portion inclined
relative to the second axis. The first and second axes may extend in the same
direction and the first and second engagement portidns may engage and
dnsengage each other by movement of the first and second members relative
to-each other in the direction of the axes. The engagement between the frst
and second engagement portions may result in the selection of the adjustment '

' mode of the driven member and disengagement between the first and second
" engagement portions may result in the selection of the drive mode of the

!

driven member.,

In another form, the first member is a bevelled ring gear and the second
member is a bevelled central gear and the first and second engagement
portions thereof engage and disengage each other by movement of the central-

- gear within a space defined within the ring gear.

In one form, the switch is a sliding switch which moves in a linear path.

In another form, the switch is @ rotating switch which rotates about an
axis. | ‘

In another form, the first torque control means is a clutch with a plurality
of torque settings. ' '

In yet another form, the second torque control means is a clutch with a
single torque setting. . ' ‘

In yet another form, the second torque,contrbl means is a clutch with a
plurality of torque settings.
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In another form, the gearbox inciudes more than two speed settings

wherein in each one of the speed settings the gearbox is operable for
converting rotation from the power drive into a respective relative speed of

rotation of the driven member,

In still yet another form, the swifch includes a fourth position, wherein in
the fourth position the switch operates the second torque control means and
actuates the driven member to the -adjustment mode and the gearbox to the

- second speed setting.

Brief Description of the Figures

The present invention will now be described in more detail with
reference to the following Figures. The following Figures represent
embodiments of the inventibh in the form of a hand héld power drill and the
drive train and mechanical driven member, or chuck, of a hand held power drill
and for the sake of convenience the present invention is described below in
detail with reference to the hand held power drill embodiment. It is to be
appreciated, however, that the present invention may be suitable for use with
various other forms of power tool such as, without limitation, hand held power
saws, power screw-drivers, power percussion‘hammer drills and any other
power tool that utilises a driven member that releasably grips and drivés

- movement of a working element relative to the power tool body.

Figure 1 illustrates in diagrammatic form a hand held power drill in
accordance with a preferred embodiment of the invention that includes a
power tool body and a driven member that is obscured by a guard extending

from the front of the power tool body.

Figure 2 is an illustration of a perspective view of some internal features
of the power drill of Figure 1 i‘ncluding a drive train that includes a driven
member in the form of a chuck that is operable for releasably gripping a
working element in an adjustment mode and driving the working element in a



WO 2009/029997 PCT/AU2008/001325

10

15.

20

25

30

17 :
drive mode and that includes means for adjusting the driven member between

the modes including a first member and a seconc_! member. ‘

Figure 3 is an illustration of a perspective view of the drive train shown
in Figure 2 with a section cut away to illustrate internal components of the drive

train and the first and second members.

Figure 4 is an illustration of a side view of the drive train and driven -
member of Figure 2 in the drive made in which the first and second members
of the means for adjusting the driven member between the modes are
disengaged. ' '

Figure 5 is an illustration of a side cross section view of the drive train of
Figure 2 in the drive mode in which the first and second members are
disengaged as shown in Figure 4.

Figure 6 is an illustration of a side view of the drive train of Figure 2 in
the adjustment mode in which the first and second members of the means for
adjusting the driven member between the modes are engaged.

Figure 7 is an illustration of a side cross section view of the drive train of
Figure 2 in the adjustment mode in which the first and second members are
engaged as shown in Figure 6. '

Figure 8 is an illustration of a perspective view of the first member of the
driven member of Figure 2 showing the conical first engagement portion of the
first member with elongated splines and elongated recesses.

Figure 9 is an illustration of a perspective view of the second member of
the driven member of Figure 2 showing the conical second engagement
portion of the second member with elongated splines and elongated recesses
for mating with the elongated splines and elongated recésses of the first
engagement portion of the first member shown in Figures 2 to 8,
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Figure 10 is an illustration of an exploded view of another form of drive
train including a driven member in the form of a chuck that is operable for
releasably gripping a working element in an adjustment mode and driving the
working element in a drive mode and that includes means for adjusting. the
driven member between the modes including: a first member and a second
member; a torque contfol means for controlling the amount of torque applied to

‘the driven member when in the adjustment mode; another torque control

means for controlling the amount of torqué applied to the driven member by
the power drive when in the drive mode and a high and low speed gearbox.

Figure 11 is an illustratioh of a side view of the drive train shown in
Figure 10 in the adjustment mode in which the first and second members are
éngaged and the gearbox is in a first speeed setting for converting rbfation from
the power drive into a first relative speed of rotation of the driven member and
in which the adjustment mode torqué control means is operable and the drive

‘mode torque control means is not operable .

Figure 12 is an illustration of cross section view taken along the section
line X-X shown in Figure 11 in which the drive train is in the adjustment mode

~in which the first and second members are engaged and the gearbox is in the

first speed setting and in which the adjustment mode torque control means Is
operable.

Figure 13 is an illUstration of a side cross section view of the drive train
shown in Figure 10 in the adjustment mode showing a switch ring and a
biasing spring for engaging the torque control means for controlling the amount
of torque applied to the driven member when in the adjustment mode wherein

~ the switch ring is at a relative position of rotation about an axis of rotation of

the driven member in which the torque control means is engaged and the
gearbox is in the first speed setting.

Figure 14 is an illustration of a side view of the drive train shown n
Figure 10 in the drive mode in which the first and second members are
disengaged and the gearbox is in the first speed setting and in which another
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torque control means is engaged for controlling the amount of torque applied

to the driven member by the power drive when in the drive mode.

Figure 15 is an illustration of a cross section view taken along the
section line Y-Y shown in Figure 14 in which the drive train is in the drive mode
in which the switch ring is at a relative position of rotation about the axis of
rotation of the driven member in which the torque control means for controlling

~-the amount of torque applied to the driven member when in the adjustment

mode is disengaged.

Figure 16 is an illustration of a side view of the drive train shown in

Figure 10 in the drive mode in which the first and second members are

disengaged and in which the gearbéx- is in a second speed setting for
converting rotation from the power drive into a second relative speed of
rotation of the driven member and in which the other torque control means is
engaged for controlling the amount of torque applied to the driven member by
the power drive when in the drive mode. '

Figure 17 is an illustration of a.cross section taken along the section line
Z-Z shown in Figure 168 in which the drive train is in the drive mode in which
the switch ring is at a relative position of rotation about the axis of rotation of

' the driven member in which the torque control means for controlling the

amount of torque applied to the driven member when in the adjustment mode

is disengaged.

Figure 18 is an illustration of a cross section of another embodiment of
the drive train shown in Figure 10 in which the adjustment torque control
means incorporates a biasing means in the form of a resilient ring shaped

‘member.

Figure 19 is an illustration of a perspective view of the resilient ring

. biasing mean's of the adjustment torque control means of the embodiment of

Figure 18.
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Figure 20 is an illustration of a cross section of another embodiment of

the drive train shown in Figure 10 which includes an altemative form of the
adjustment torque control means. '

Figure 21 is. an illustration of a cross section of the adjustment torque
control means taken along the section line A-A in Figure 20.

Detailed Description

Figures 1‘/ to 17 illustrate preferred-erhbodiments of the invention in the
form of a drive train 5 ino_oqurated into a hand held power drill 1. However, the
invention is applicable to other power tools that may or may not be hand held
or portable. The power drill 1 includes a power drill body 20 integrally formed
with a pistol grip handle 60 for gripping the power drill 1. While the
érrangemént of the handle 60 illustrated in the drawings is in the form of a
pistol grip that is moulded to the shape of a usér's hand, that is; the grip
includes depressions to receive the fingers of a user, it is to be appreciated
that other shapes and configurations of the handle 60 may be employed.

'The body 20 of the power drill 1 has a generally cylindrical shape and

. encases components of the power drill 1 such as a motor 30. Incorporated

into the handle 60 adjacent to the body 20 of the power drill 1 is a trigger 50 for
actuating a switch (not shown) within the handle 60. Also incorporated into the
handle 60 but distally from the body 20 of the power drill * are a battery 40 and
a battery retaining and feleasing means 45 that enables convenient
replacement of the battery 40 as required. In another form, not illustrated, the
poWer drill 1 may exclude the use of the battery 40 and may instead have a
power lead extending from the handle 60, or any ‘other suitable location, that
connects to a mains poWer outlet to supply power to the power drill 1.

Figures 2 to 9 show one form of a drive train 5 for use in the drill 1 while

‘Figures 10 to 17 show another form of the drive train 6. Common reference

numerals -are used to identify components with common functions in both
forms of the drive train 5. The drive train 5 includes a power drive in the form of
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the motor 30 which may be electric, hydraulic, pneumatic internal combustion

“or any other form of powered motor. The drive train 5 also indludes an

adjustment mode torque control means 200, a gearbox 150, a drive mode
torque control means 110 and a rotatable driven member 70 that is operable
for releasably gripping a working element such as a drill bit (not shown). When

. @ user operates the trigger 50, the switch is actuated to supply power from the

battery 40 to the motor 30 to cause the motor 30 to drive rotation of
components in the drive train § and ultimately the driven member 70. .

Driven Member

In the particular arrangement shown, the driven member 70 is a three
jaw chuck arrangement that includes a head portion 76.and a plurality of jaws
85 inounted to the head portion 76 in an angular orientation relative to an axis
of rotation X of the driven member 70. Each jaw 85 has a gripping face 87,
adaptéd to clamp against the shank of a working element such as a drill or

- screwdriver bit. Each jaw 85 is also slidably mounted in a respective recess 77
~ of the head portion 76. of the driven member 70. Each recess 77 is elongated

and oriented at an angular displacement relative to the axis of rotation X of the
driven member 70. Thus, each recess 77 provides for a path of movement of
a jaw 85 relative to the head portion 76 and within the recess 77 that Is
angularly displaced relative to the axis of rotation X of the driven member 70.
The driven member 70 includes an adjusting nut 72 which has a thread 73 that
f'neshes with a thread 86 on each jaw 85. The head portion 76 is coupled td a
drive shaft 80 which transmits rotation to the head portion 76 supplied by the
motor 30 via the drive train 5. The arangement of the adjusting nut 72, the
jaws 85 and the head portion 76 are such that rotation of the head portion 76
due to rotation of the drive shaft 80 driven by the motor 30 causes the jaws 85
to rotate about the axis X. ' '

In the drive mode. of the driven member 70, shown in Figures 4, § and
14 to 17, the adjusting nut 72 is free to rotate about the axis X at the same rate

as the head portion 76 and the jaws 85. Thus, when the dlfiven member 70 is
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in the drive mode and the jaws 85 are clamped against the shank of a working

element the motor 30 drives rotation of the working element.

In contrast, when the driven member 70 is in'the' adjustment mode,
shown in Figures 6, 7 and 11 to 13, the arangement of the adjusting nut 72,
the jaws 85 and the head portioh 76 are s_uch that rotation of the drive shaft 80
driven by the motor 30 causes the jaws 85 to rotate about the axis X relative to
the adjusting nut 72. This is because, in thé adjustmént mode, the adjusting

nut 72 is prevented from rotating about the axis X at the same rate as the

" driven member 70 and the jaws 85, thus, resulting in relative rotation of the
- thread 73 of the adjusting nut 72 and the thread 86 of the jaws 85.

Relative rotation of the threads 73 and 86 causes the jaws 85 to move
relative to the adjusting nut 72 within the recess 77 longitudinally and in an
angular orientation relative to an axis of rotation X of the driven member 70,
Rotation of the head portion 76 in one direction due to rotation driven by the
motor 30 in one direction will cause the jaws 85 to converge which will result in
their gripping faces 87 clamping the shank of a working element therebetween. '
Rotatién of the head portion 76.in the dpposite direction due to rotation driven
by the motor 30 in the opposite direction will cause the jaws 85 to diverge so

~ that a working element gripped by their respective gripping faces 87 is
-released or so that a gap is opened up between the gripping faces 87 into -

which a working element may be placed for gripping therebetween in the
manner described above. '

Mechanical Assembly

The drive and adjustment modes of the driven member 70 are provided
by means of a mechanical assembly 59 including a first member 64 having an
axis which is also an axis of rotation, which in the illustrated embodiment is in

‘line with the axis X, and a second member 67 having ah axis, which in the

illustrated embodiment is also in ling with the axis X. The first member 64
includes a first engagement portion 65 inclined relative to the axis X and the
second member 67 includes a second engagement portion 68 that is also
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inclined relative to the axis X. In the illustrated embodiment, the first

engagement portion 656 and the second engagement pdrtion 68 are both
substantially frustoconical and arranged fo interengage and disengage Upon
relative movement of the first and second members 64, 67 in the direction of at
least one of the axes of the first and second members 64, 67 which in the
embodiments described herein are aligned with the axis X. Accordingly, the
first engagément portion 65 and the second engagement portion 68 are both
bevelled such that the first and second members 64, 67 respectively have the
appearance of a bevelled ring gear and a bevelled cehtral gear. The first
member 64 is connected via a sleeve 63 to the adjusting nut 72. The second
member 67 is connected to the body 250 in such a way that the second
member 67 will not rotate about its axis or thé axis X. However, the second
member 67 is movable towards and away from the first member 64 in the
direction of its axis and the axis X. Because the respective axes of the first
and second members 64, 67 are in line with each other and the axis X the
features of the first and second members 64, 67 are described herein with
reference to the axis X. 'However. it is not necessary that the axes of the first
and second members 64, 67 are in line with each other of the axis X so itis to
be appreciated that wherever features of the first and second members 64, 87

are described herein with reference to the axis X such features could also be

‘understood as being described with reference to one of respective axes of the

first and second members 64, 67 which may not be in line with each other or
with the axis X.

"When the second member 67 is moved towards the first member 64 the
second engagement portion 68 engages the first ehgagement portion 65 such
that the first member 64, the sleeve 63 and the adjusting nut 72 are all
prevented from rotating about the axis X. Accordingly, movement of the
second member 67 towards the first member 64 in the direction of the axis X to
provide.inter—engééement between the second engagement portion 68 and the:
first engagement portion 65 corresponds to-the adjustment mode of the driven
member 70 wherein rotation of the head 'portion 76 due to rotation driven by

* the motor 30 causes the jaWs 85 to converge or diverge in order to clamp or

release the shank of a working element frbm between the gripping faces 87 of
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the jaws 85. Conversely, movement of the second member 67 away from the
first member 64 in the direction of the axis X so as to disengage the second
engagement portion 68 from the first engagement portion 65 doneéponds to
the drive mode of the driven member 70 Wherei_n the adjusting nut 72 is free to
rotate about the axis X at the same rate as the head portion 76 such that when
the shank of a working element is clamped between the gripping faces 87 of
the jaws 85 the motor 30 drives rotation of the jaws 85 and the working
element gripped by the jaws 85.

As can be particularly seen in Figures 8 and 9, the first engagement |

portion 65 is formed from a plurality of elongated splines 61 and elongated

recesses 62 for inter-engagement with a plurality of elongated splines 66 and
elongated recesses 69 that form the second engagement portion 68. The

splines 61, 66 and recesses 62, 69 are elongated in a direction convergin.g'
with the axis X. Thus, the splines 61, 66 and recesses 62, 69 are arranged in

a frustoconical configuration. Accordingly, the first engagement portion 65 has

an internal bevel gear configuration and the second engagement portion 68

has an external bevel gear configuration. |

As can be particularly seén in Figures 2 to 7 and 10 to 12, in the case of
the first member 64, the splines 61 and recesses 62 of the first engagement
portion 65 are oriented inwardly towérds the axis X. In contrast, in the second
member 67 the splines 66 and,recesses 69 of the second engagement portion

68 are oriented outwardly away from the axis X. Accordingly, the first and

second members 64, 67 have engagement portions 65 and 68 of sufficient
area and/or that include elongated splines 61, 66 and recesses 62, 69 that are
of sufficient overall length to provide secure engagement between the
engagement portions 65 and 68 of the first and second members 64 and 67
while also providing the advantage of reducing '_the length of the first
engagement portion 65, the first member 64, the second engagement portion
68 and the second member 67 in the direction of the axes of either of the first
or second members 84, 67 and/or the direction of the axis X.

In addition, the first engagement portion 65 ¢an completely engage and

- disengage the second engagement portion 68 as a result of a relatively small
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amount of movement of the first member 64 relative to the second member 67

"in the direction of the axis X. The small amount of movement required for

engagement and disengagement of the conical_ﬁrét and second engagement -
portiohs 65, 67 is in contrast with an arrahgem‘ent in which, say, the first and
second engagement portions 65, 67 were not conical but instead included
axially extending splines 61, 66 and recesses 62, 69 aligned with the direction
of the axis X such as would be the case if the first and second members 64, 67

‘were configured as cylindrical ring and central gears. Thus, in the arrangement

illustrated in the Figures the second member 67 can move a distance in the

" direction of the axis X that is sufficient to engage and disengage the first and

second engagement portions 65, 67 while remaining partially within an interior
space defined Within the first member 64. This contrasts with 2 cylindrical
central gear and .ring gear arrangement wherein for the gears to engage and
disengage by relative ‘movement in the axial direction the central gear must
move entirely outside thevspace defined within the ring gear.

Accordingly, the arrangement of the first member 64 and the second
member 67 in forms of the invention disclosed herein are advantageous in

reducing the overali length of the mechanical assembly 59 in the direction of

the axis X. As will be appreciated, this helps to reduce the overall length of the
drive train 5 and, in turn, reduce the overall length of the drill 1 in the direction
of the axis X. '

Switch

As mentioned ‘above, the second member 67 is capable of moving
towards and away from the first member 64 along the axis X. Movement of the
second member 67 in this 'way is fécilitated by an actuator member 100 which
is actuated by a sliding switch 90 which is slidably mounted to the body 20 of
the drill 1 and which moves in a linear path. Although the switch 90 illustrated
in the Figures .is a sliding switch, the switch 90 may take the form of a rotating
switch 90 which rotates about an axis. The actuator member 100 includes a
resilient U-shaped member 104 coupled to an elongated actuator 102. The
elongated actuator 102 is a rigid elongated member fixed at one end to the
second member 67. The other end of the elongated actuator 102 includes a
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- flange portion 101 having a U-shaped recess 103 for receiving the U-shaped

member 104 therein. The first U-shaped member 104 includes a pair of pivot
connections 105 which are configured to be pivotally attached td pins 259
projecting from a mounﬁng 250 for the drive mode torque contro! means 110
which is stationary within the body 20 of the power drill 1. The pivot
connections 105 are arranged between a web portion 98 and legs 107A of the
U-shaped member 104. The legs 107A each terminate at a flange portion
108A which is received in an annular recess 109 extending around an outer
surface 114 of a switching ring gear 111 of the drive mode torque control

‘means 110.

As shown in Figures 11 and 13 the web portion 98 of the first U-shaped
member 104 is received within a first biasing means receivin'g slot 104A of the
switch 90. The first biasing means receiving slot 104A is a U-shaped slot
having a web surface 107 connecting a first side surface 105 and a second
side surface 106 The first and second side surfaces 105, 106 are parallel. The

_ second side surface 106 extends from the web surface 107 to a flange surfac'e
108 that extends transversely from the second side surface 106 in a plane that

is horizontally intermediate the length of the first side surface 105. The flange
surface 108 is configured to enable the web 98 of the first U-shaped member
104 to slide there-along when the switch 90 is slid in the direction of the axis X
away from the driven member 70 and towards the motor 30. In contrast, when

- the switch 90 is slid towards the driven member 70 the web 98 of the first U-

shaped member 104 slides along the flange surface 108 until it eventually
reaches the first side surface 105 of the first biasing means receiving slot
104A. At this point, the first side 105 abuts against the web 98 and continued
movement of the switch 90 towards the driven membér 70 urges the web 98
towards the driven member 70. The first U-shaped member 104 pivots about
the pivot connections 105 such that the web 98 moves into_the first biasing
means receiving slot 104A towards the web surface 107 thereof. Accordingly,
the configuration of the first biasing means receiving slot 104A is such that it
picks up and drops off the web 98 of the first U-shaped member 104 as the
switch 90 is moved towards the driven member 70 and away from the driven

member 70 respectively.
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When the switch 90 is slidably moved towards the driven member 70

the legs 107A of the U-shaped member 104 pivot about the pivot connections
105 and move away from the driven member 70. Because the legs 107A have
their flanges 108A located ‘in the recess 109 of the switching ring gear 111,
movement of the legs 107A away from the driven member 70 causes the

’ switching ring gear 111 to also move away from the driven member 70. The

switching ring gear 111 includes a plurality of inwardly projecting splines 112

~on an inner surface 113 of the swilching ring gear 111, An outer surface 114 of

the switching ring gear 111 includes a plurality of spaced apart lugs 115. The
drive mode torqu‘e control means 110 also includes a switchable ring gear 116
that is switchable by the switching ring gear 111. The switchable ring gear 116
includes an inner surface 117 having a plurality of inwardly projecting splines

118 and an outer surface 119 having a plurality of outwardly projecting splines

120. As is set out below, the inwardly projecting splines 112 on the switching
ring gear 111 are selectively engageable with the outwardly projecting splines
120 of the switchable ring gear 116 by movement of the switching ring gear
towards or away from the driven member along the axis X. The éwitchable

- fing gear 116 also includes an annular surface 121 eXténdinQ between the

inner surface 117 and the outer surface 119. The annular surface 121 includes
a plurality of spaced apart castellations 122. Each castellation 122 includes a
pair of inclined surfaces 123, 124 that are inclined relative to the annular .

surface 121.

In the manner described herein, movement of the switching ring gear ‘

111 towards or away from the driven member along the axis X as a result of

movement of the- switch 90 is opeljable for disengaging the drive mode torque
control means 110 when the driven member 70 is in the adjustment mode, as
shown in Figures 6, 7 and 11 to 13, and engaging the drive mode torque
control means 110 when the driven member 70 is in the drive mode, as shown
in Figures 4, 5 and 14 to 17.

Engagement of the Drive Mode Torque Control Means

Referring to Figure 10, the drive mode torque control means 110
includes, in addition to the switching ring gear 111, the switchable ring gear
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116 and the mounting 250, a plurality of engagement pins 252 and springs 254

that fit within apertures 256 within the mounting 250, an adjustment ring 260, a
spring engaging ring 270 and a threaded ring 280. The threaded ring 280 has
an external helical thread 282 that threadably engages an iﬁtérnal helical
thread 262 of the adjustment ring 260. The adjustment ring 260 is mounted to
the body 20 of the drjll 1 in such a way as to enable the adjustment ring 260 to

_rotate about the axis X but not be moveable in the direction of the axis X. In

contrast, the threaded ring 280 includes slots 292 that slidably receive ridges
294 extending along lateral sides of the mounting 250 in a manner such that
the threaded ring 280 can move in the direction of the axis X but cannot rotate
about the axis X. L

‘The adjustment ring 260 has an external gripping surface 264 that can
be gripped by a user to rotate the adjustment ring 260 to thereby cause the

threadably engaged threaded ring 280 to move in the direction of the axis X

either towards or away from the driven member 70 depending on the direction
in which the adjustment ring 260 is rotated about the axis X. The spring
éngaging ring 270 has a plurality of projections 272 for engaging one end of
the springs 254. The other end of each spring 254 engages a spring engaging
portion 251 at one end of each pin 252. The other end of each pin 252 has a
rounded surface 253 for engaging the annular surface 121 and castellations
122 of the switchable ring gear 116. The spring engaging ring 270 also has
slots 296 that slidably receive the ridges 204 of the mounting 250 in a manner
éuch that the spﬁﬁg engaging ring 270 can move in the direction of the axis X
but cannot rotate about the axis X. The spring engaging ring 270 is also
located between the threaded ring 280 and the springs 254 such that
movement of the threaded ring 280 in the direction of the axis X towards or
away from the driven member 70 due to rotation of the adjustment ring 260
causes, in the manner described abové, the spring engaging ring 270 to also

‘move towards or away from the driven member 70 and away from or towards

the switchable ring gear 116 respectively. The springs 254 are also
respeciively either compressed or relaxed such that the amount of pressure
applied to the pins 252 which is then applied by the rounded surfaces 253 of
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the pins 252 against the annular surface 121 and castellations 122 of the

switchable ring gear 116'is varied by rotation of the adjustment ring 260.

By varying the pressure applied by the rounded surfaces 253 of the pins
252 against the annular surface 121 and castellations 122 of the switchable
ring gear 116 in the manner described herein the amounit of torque that can‘ be
transmitted to the driven member 70 from the motor 30 when the driven
member 70 is in the drive mode can be adjustéd by the drive mode torque
control means 110. This is because when' the ambunt of torque from the

- motor 30 reaches a threshold level the inclined surfaces 123, 124 of the

switchable ring gear 116 engage the rounded surfaces 253 of the pins 252
with such force that the biasing force of the springs 254 against the pins 252 is
overcome and the pins 252 are moved towards the driven member 70 and the

“rounded surfaces 253 move over the castellations 122 of the switchable ring

gear 116. As a result, the switchable ring gear 116 begins to rotate about the
axis X thus changing from a stationary 'ring gearto a rotéﬁng ring gear, which
as described below, prevents the transmission of rotation from the motor 30Ato
the drive shaft 80 and onto the driven member 70. As mentioned herein, the
drive shaft 80 transmits rotation supplied by the motor 30 to.the head portion
76 of the driven member 70. The arrangement of the adjusting nut 72, the jaws
85 and the head portion 76 are such that rotation of the head portion 76 due to
rotation of the drive shaft 80 driven by the motor 30 causes the jaws 85 to
rotate about the axis X. Thus, the drive mode torque control means 110
controls the amount of torque applied by the motor 30 via the drive shaft 80 to

the driven member 70 and the amount of torque applied can be adjusted. in . .

other words, the drive mode torque control means 110 operates by clutching
the drive shaft 80 which rotates the driven member 70.

The adjustment ring 260 and the threaded ring 280 are configured to
provide for movement of the threaded ring 280 towards 6r away from the
driven member 70 in increments. Each increment of movement of the
threaded ring 280 towards or away from the driven member 70 corresponds to
a discreet torque setting for the drive mode torque control means 110. Each
torque setting corresponds to a different amount of torque applied by the motor
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30 to the driven member 70 and the workmg element when the driven member
70 is in the drive mode.

1

Disengagement of the Drive Mode Torque Control Means

The switching gear 111 and the switchable ring gear 116 are configured
to inter-engage such that the splines 112 on the inner surface 113 of the
switching gear 111 engage with the splines 120 on the outer surfacé 119 of the
switchable gear 116, The drive mode torqhe control means 110 further
includes a first spindle member 130. The first spindle member 130 includes a

disc portion 131 and a boss 132 projecting from one side of the disc 131. The
other side of the disc 131 includes three spindles 134 projecting therefrom.

The three spindles 134 are configured to be inserted within a respective
aperture 135 of one of three planet gears 136. The three planet gears 136
mesh with-a sun gear 137 that is fixedly attached to a first side 99 of a disc 139
of a second spindle'member 138. The planet gears 136 mesh with the splines
118 on the inner surface 117 of the switchable ring gear 116 such that rotation
of the sun 'gear 137 resulting from rotation of the second spindle member 138
causes rotation of each of the planet gears 136 in the opposnte durectlon

When, as lllustrated in Figures 11 to 13 the switch 90 is slidably moved
towards the driven member 70 and away from the motor 30 such that the
switching ring gear 111 is in a position away from the driven member 70 the

_lugs 115 of the switching ring gear 111 are received within respective slots 140

of a locking ring 141. When the switch 90 is slidably moved away from the

driven member 70 and towards to the motor 30, as illustrated in Figures 14 to

17, such that the switching ring 'gear 111 is in a position towards the driven
member 70 the lugs 115 of the switching ring gear 111 are not received within
the respective slots 140 of the locking ring 141.

' The locking ring 141 is sandwiched between the mounting 250 and a
second housing portion 257 and is thereby fixed relative to the body 20 of the
drill 1 such that the locking ring 141 cannot rotate about the axis X. The slots
140 are separated by ridges 142 on a first side 143 of the locking ring 141. The
slots 140 and ridges 142 are arrang.ed. in an annular configuration on the first
side 143 and are oriented towards the driven member 70. As mentioned
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above, the lugs 115 of the switching ring gear 111 are configured to be

received in the slots 140 of the locking ring 141 when the switching ring geér
111 is moved away from the driven member 70 as a result of movement of the
switch 90 towards the driven member 70. In this position, the lugs 115 of the
switching ring gear 111 engage the ridges 142 of the locking ring 141 such that
the switching ring gear 111 is p_revented from rotating about the axis X by the
fixed locking ring 141. Thus, in this position the switching ring gear 111 acts as

~a stationary ring gear and meshes with the switchable ring gear 116, as

described above, to prevent rotation of the switchable ring gear 116 and

_ consequently cause the switchable ring gear 116 to also act as a stationary

ring gear. In this position, which corresponds to a first pasition of the switch 90,
rotation of the sun gear 137 about the axis X causes rotation of the planet -
gears 136 about the axis X which in turn causes rotation of the first spindle

' member 130 about the axis X. The boss 132 of the first spindle member 130

has a slot 81 which receives a complementary shaped first end 82 of the drive
shaft 80. A second end 83 of the drive shaft 80 opposite the first end 82 is
connected to the head portion 76 of the driven member 70.

Accordingly, when the switching ring gear 111 is moved away from the
driven member 70 the lugs 115 of the switching ring gear 111 are conﬁgured to
be received in the slots 140 of the locking ring geér 141 such that the switching
ring gear 111 is prevented from rotating about the axis X. Thus, in this position

~ the switching ring gear 111 acts as a stationary ring gear and meshes with the

switchable ring gear 116 to cause the switchable ring gear 1186 to also act as a
stationary ring gear. Operation -of the motor 30 causes, as will be desqn’bed
below, rotation of the sun gear 137 about the axis X, which because the _
switchable ring gear 116 is stationary, causes rotation of the planet gears 136
about the axis X which in turn causes rotation of the first spindle member 130
and the boss 132 thereof abodt the axis X. Because the drive shaft 80 is

* connected to the boss 132 and the head portion 76 of the driven member 70.

the drive shaft 80 and the head portion 76 of the driven member 70 are aiso
caused to rotate about the axis X.

Thus, as described above and illustrated in Figures 11 to 13, when the
switch 90 is in the first position the drive mode torque control means 110 is
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disengaged or locked out. As such, rotation of the second spindle member
138, and the sun gear 137 attached thereto, driven by the motor 30 is

converted to rotation of the drive shaft 80 and in tum the head pottion 76 of the |

" driven member 70. When the drive mode'torque control means 110 is
disengaged or locked out it is unable to affect the transmission of rotation from

the motor 30 to the driven member 70.

Movement of the switch 90 into the first position also causes the first
biasing means receiving slot 104A of the switch 90 to engage the web 98 of
the first U-shaped meniber 104 and to pivot the first U-shaped member 104.
about the pivot connections 105, Thus, movement of the switch 90 into the first
position also causes movement of the web 98, the actua‘tor 102 coupled via
the recess 103 to the web 98, and the second member 67 all to move towards
the first member 64 such that the first engagement portion 65 of the first
member 64 and the second engagement portion 68 of the second member 67

inter-engage.

The second member 67 includes grooves 299 that slidably receive the
ridges 294 on the lateral sides of the mounting 250 in such a manner that the
second member 67 may not rotate about the axis X. As illustrated in Figures
11.to 13, when the switch 90 is in the first position the first member 64 and the
second member 67 are in engagement with each other and the drive mode
torque control means 110 is disengaged so that rotation of the second spindle

‘member 138, and the sun gear 137 attached thereto, driven by the motor 30 -
- causes rotation of the drive shaft 80, the head portion 76 and the jaws 85

relative to the adjusting _nut 72 which is fixedly coupled to the non-rotatable first -
member 64. This configuration oorrésponds to the. adjustment mode of the
driven member 70 whereby the jaws 85 move in response to operation of the
motor 30 in an angular path relative to the axis X to grip or release the shank
of a working element between the gripping faces 87 of the jaws 85.

When the switch 90 is in the first position the first U-shaped member
104 urges the first and second members 84 and 67 into engagement in a
manner that ameliorates crashing of the first and second members 64 and 67.
If the splines 61 of the first member 64 meet directly with the splines 66 of the
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second. member 67 and not directly with the recesses 62 and 69 of the other

one of the first and second members 64, 67 then the U-shaped member 104,

‘which is formed out of a resiliently flexible material, is operable to urge the first

and second members 64, 67 into eng'agement until, as a result of some
relative rotation of the first and second members 64, 67, the splines 61, 66 and
recesses 62, 69 line up and engage each other.

Gearbox

The gearbox 150 transmits rotation té the second spindle member 138
and the driven member 70 from the motor 30 in the manner described below.
Algo, the transmission of rotation from the motor 30 to the second spindle
member 138 and the driven member 70 is affected by the adjustment mode
torque control means 200 as described below. |

The gearbox 150 of the embodiment illustrated in the FigUres is a two
speed gearbox. The two speeds are provided by gear reduction mechanisms
involving a first and a second reduction in the rate of rotation of the second
spindle member 138, the first spindle. member 130, the drive shaft 80 and the
drivén member 70 relative to the motor 30. The gearbox 150 includes three
low speed planet gears 151 that each include a recess 152 for receiving a

~ spindle 153 projecting from a second side 154 of the second spindle member

138. The planet gears 151 mesh with a low speed sun gear 155 that is fixedly
outwardly projecting splines 157. For a purpose that will become apparent
belbw, the radially outwardly projecting splines 157 of the }spindle gear 156
project the same distance radially outwardly from the axis X as radially
outwardly extending splines 158 of each of the low speed planet gears 151.
The gearbox 150 includes a gearbox switching ring gear 160 which is operable
for switching the gearbox 150 between low énd high speed settings.

The gearbox switching ring gear 160 includes a plurality of splines 161
that project inwardly from an inner radial surface 162 to mesh with the splines
158 of the low speed planet gears 151 and the splines 157 of the spindle gear
166. The inwardly projecting splines 161 of the'geérbox switching ring gear
160 can simultaneously mesh with the splihes‘ 158 of the low speed planet
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gears 151 and the splines 157 of the spindle gear 156 or can mesh with only

the splines 158 of the low speed planet gears 151 depending on whether the
gearbdx switching ring gear 160 is respectively in a position away or towards
the driven member 70 in the direction of the axis X. The inwardly projecting

- splines 161 of the gearbox switching ring gear 160 simultaneously mesh with

the splines 168 of the low speed planet gears 151 and the splines 157 of the
spindle gear 156 when the gearbox switching ring gear 160 is in the position

‘away from the driven member 70 in the direction of the axis X. The gearbox

switching ring gear 160 is movable from the position away from the driven -
member 70 to a position towards the driven member 70 in the direction of the

-axis X'such that the inwardly projecting splines 161 on the inner surface 162 of

the gearbox switching ring gear 160 no longer mesh with the splines 157 of the -
spindle gear 156 but only mesh with the splines 158 of the low speed planet
gears 151.

The gearbox switching ring gear 160 has a plurality of lugs 167 on an
outer peripheral surface 163 thereof. Each lug 167 is receivable within a
respective slot 164 on a second side 166 of the locking ring 141 when the .
gearbox switching ring gear 160 is in the position towards the driven member |
70. Thus, when the gearbox switching ring gear 160 is in the position towards
the driven member 70 it moves into locking engagemenf with the stationary
locking ring 141. The slots 164 of the locking ring 141 are separated by ridges
165 and are arranged in an annular configuration on the second side 166

‘ oriénted_ in a direction away from the driven member 70 and towards the

gearbox switching ring gear 160. Thus, when the gearbox-switching ring gear
160 is moved towards 'the locking ring 141 the lugs 167 aré received in the
slots 164 and abut against the ridges 165 to prevent rotation of the gearbox
switching ring gear 160 around the axis X. When rotation of the gearbox
switching ring gear 160 around the axis X is prevented by the locking ring 141
the gearbox switching ring gear 160 becomes a stationary ring gear. When
the gearbox switching ring gear 160 becomes a stationary ring gear rotation of
the spindle gear 156 and the attached low sbeed sun gear 155 about the axis
X causes rotation of the low speed planet gears 151 about the axis X. The
rotation of the low speed planet gears 151 about the axis X causes rotation of
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the second spindle member 138 about the axis X, however, at a reduced rate

of rotation relative to the rate of rotation of the spindle gear 156. Accordingly,
the location of the gearbox switching ring gear'160 in a direction towards the
driven member 70 and in e‘ngagement with the locking ring 1V41 corresponds to

-5 a low speed setting of the gearbox 150. Thus, the reduction in the rate of -
rotation from the spindle gear 157 to the second spindle member 138 is the
second rate of rotation reduction caused by the gearbox 150.

The first rate of rotation reduction céused by the gearbox 150 is

facilitated by the spindle gear 156, a plurallty of high speed planet gears 173

10  and a high speed sun gear 174 connected to an armature 175 projecting from

the motor 30. Three spindles 170 that project from a second side 171 of the

spindle gear 156 afe received within apertures 172 within eacH of the high

speed planet gears 173. The high speed planet ;gears’ 173 mesh with the high

speed sun gear 174 which has an aperture 177 which receives and is fixedly

15 attached to the rotatable armature 175 projecting from the motor 30. The high
speed plén’et gears 173 also mesh with a high speed gear ring gear 176 and in

‘particular with radially inwardly projecting splines'199 of the high speed gear

n‘ng gear-176. The high speed gear ring gear 176 can be selectively

maintained in a stationary position whereby It does nhot rotate about the axis X.

20 When the high speed gear ring gear 176 is maintained stationary, and rotation

of the armature 175 caused by activation of the motor 30 causes rotation of the

sun gear 174 about the axis X, the high speed planet gears 173, which mesh

with the high speed sun gear 174 and the high speed gear ring gear 176,

. rotate abpui the axis X which in tum causes rotation of the spihdle gear 156

~ 25 about the axis X. As long as the high speed gear ring gear 176 is maintained

stationary then rotation of the armature 175 will transmit into rotation of the
spindle gear 156 at a lower relatwe speed to the speed of rotation of the

_armature 175 of the motor 30. This corresponds to the first rate of rotation

reduction caused by the gearbox 150. '

30 . Thus, the position of the gearbox switching ring gear 160 towards the
drlven member 70, as illustrated in Figures 16 and 17, and in engagement with
the locking ring 141 corresponds to the low speed setting of the gearbox 150.
Movement of the gearbox switching ring gear 160 to the position away from
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the driven member 70, as illustrated in Figures 11 to 15, and out of
engagement with the locking ring 141 and into meshing engagement with the
spindle geér 156 and the low speed planet gears 151 corresponds to the high
sbeed setting of the gearbox 150Q. '

In the high speed setting of the gearbox 150 rotation of.the spindle gear
156 and the low speed planet gears 151 results in rotation of the gearbox

_switching fing gear 160 about the axis X at the same rate as the rate of

rotation of the spindle gear 156 and the low speed planet gears 151 about the
axis X. Thus, the rate of rotation of the second spihdle member 138 is the

.same as the rate of rotation of the spindie géar 156. As the rate of rotation of
the spindie gear 156 is only one step down from the rate of rotation of the

armature 175 of the motor 30 the rate of rotation of the second spindle
member 138 is also only one step down from the rate of rotation of the

. armature 175 of the motor 30. In the high speed setting, the gearbox 150

provides for a rate of rotation of the driven member 70 relative to the rate of

~ rotation of the armature 175 of the motor 30 that is higher than in the low

speed sefting of the gearbox 150.

The gearbox switching ring gear 160 includes'an annular recess 180 on
the outer surface 183 for receiving flanges 182 at the ends of legs 183 of a

second U-shaped biasing means 184. The legs 183 are connected byn a web

185. Pivot connections 186 are included on the legs 183 between the flanges
182 and the web 185. To facilitate movement of the gearbox switching riné
gear 160 towards and away from the driven member 70 corresponding to the
respective low and high speed "settings of the gearbox 150. The pivot

_ connections 186 are pivotally attached to pins 261 protruding laterally from the

second housing portion 257 such that movement of the web 185 in the
direction of the axis X in one direction causes movement of the flanges 182 at
the ends of the legs 183 in the opposite direction as well as the gearbox
switching ring gear 160. The web 186 is configured to be received within a

_second biasing means receiving slot 187 on the switch 90. The second biasing

means receiving slot 187 is similar in configuration to the first biasing means
receiving slot 104A and includes a web surface 188 extending between a first
side surface 189 and a second side surface 190. The second side surface 190
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extends from the web surface 188 to a second flange surface 191 which

extends transversely from the second side surface 190 in a plane that is
horizontally intermediate the length of the first side surface 189.

As illustrated in Figures 11 to 13, when the switch 90 is in the first

. position closest towards the driven member 70 the web 185 of the second

biasing means 184 abuts against the second flange surface 191. As illustrated
in Figures 14 and 15, movement of the switch 90 away from the driven
member 70 and away from the first position causes the web 185 to slide along
the flange surface 191 until it reaches the second biasing means receiving slot -
187. The position of the switch 90 illustrated in Figures 14 and 16 corresponds
to the second position of the switch 80. In the second position the switch 90
selects the high speed of the gearbox 150 and the web 185 is picked up by the
second biasing means _receiVing stot 187. When the web 185 is picked. up by
the second biasing means receiving slot 187 it can be moved in the direction of
the axis X away from the driven mefnber 70 as illustrated in Figures 16 and 17
WhICh causes the ﬂanges 182 to pivot about the pivot connection 186 and in
turn the gearbox switching ring gear 160 to move from the high speed gear
position to the low speed gear position in engagement with the locking ring
141. Accordingly, when the switch 90 is in the position illustrated in Figures 16
and 17, which corresporids to the third position thereof, the switch 90 selects
the low speed gear of the gearbox 150. '

Adjustment Mode Torque Control Means

~ Situated in the dnve train 5 between the gearbox 150 and the motor 30
is the adjustment mode torque control means 200 which is contained within a
first housing portion 258 and the second housmg portion 2567. The adjustment
mode torque control means 200 includes the high speed gear ring gear 176, a
stationary member 201, an adjustment mode switch ring 210, a flat washer
225 and a wave washer 220. The high speed gear ring gear 176 has a plurality
of castellations 195 projecting from an annular surface 196 of the high speed
gear ring gear 176 that is oriented towards the motor 30. The castellations 195
also project from the annular surface 196 axially .in the direction -of the axis X
towards the motor 30. Each castellation 195 includes a pair of inclined
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surfaces 197,198 that are inclined relative to the annular surface 196. The
annular surface 196 and the castellations 195 face towards a first side 202 of

the stationary member 201. The first side 202 includes an annular surfac:é 203
which includes a plurality of apertures 204 that exte'nd. from the annular

5 surface 203 on the first side 202 to an annular surface 209 on an opposite
- second side 205. A pair of ball bearings 206, 207 are received within each

~ aperture 204. One of the ball bearings 208 of each pair will engage the annular -

surface 196 and caétella_tions 195 of the high speed gear ring gear 176. The'
other ball bearing 207 of each pair engages a first surface 211 of the

10  adjustment mode switch ring 210. When the adjustment mode switch ring 210'
is rotated about the axis X the ball bearing 206 slides over the first surface 211

until it reaches one of a plurality of apertures 212 in the adjustment mode
switch ring 210. Each aperture 212 is in the form of a slot in an inner radial
‘surface 213 of the ewitch ring 210. A second surface 215 of the switch ring 210

15  opposite the first surface 211 engages a flange 216 on the second side 205 of
the stationéry member 201. The flange 216 prevents movement of the. switch
‘ring-210 in the direction of the axis X away from the high speed gear ring gear

176. ' '

The mode of operation of the adjustment mode torque control 200 is as
20 follows. The adjustment mode switch ring 210 rotates about the axis X
between an adjustment mode position in which the pair of ball bearings 206,
207 are reCeived within the apertures 212 on the inner radial surface 213 of
the switch ring 210 and a drive mode position in which the ball bearings 206,
207 are urged out of the apertures 212 and into engagement with the first
25 surface 211 of the switch ring 210, |

When the adjustment mode switch ring 210 s in the adjustment mode in
~ which the pair of ball bearings 206, 207 are received within the apertures 212

on the inner radial surface 213 of the switch ring 210 the ball Bearings 2086, |

207 engage against a first surface 226 of the flat washer 225 while an opposite
30 seéond surface 227 of the flat washer 225 engages against a first surface 221
of the wave washer 220. An opposite second surface 222 of the wave washer
220 abuts against an annular surface 223 of the first housing portion 258 in
abutment with the motor 30. The resilience of the wave washer 220 biases the
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flat washer 225 which in tun biases the bearings 206, 207 into engagement

with the annular surface 196 of the high speed gear ring gear 176.

* When the motor 30 is operated the armature 175 rotates which in tum
causes the sun gear 174 to rotate. Rotation of the sun gear 174 causes the

planet gears 173 to rotate. Because the planet gears 173 mesh with the high

speed gear ring gear 176 when the planet gears 173 rotate they apply a
~ rotational force to the high speed gear ring gear 176. This is turn causes the
Jinclined surfaces 197,198 of the castellations 195 to engage the bearings 206,

207. The amount of biasing force that the wave washer 220 applies to the flat
washer 225 determines the force of engagement of the bearings 206, 207
against the inclined surfaces 197, 198 of the castellations 195 of the high
speed gear ring gear 176. Thus, the amount of biasing force that the wave
washer 220 applies to the flat washer 225 determines the amount of torque
that the armature 175 of the motor 30 may apply through the sun gear 174 and
the planet gears 173 before the high speed gear ring gear 176 begins to rotate
such that the bearings 206, 207 pass over the castellations 195. When the
high speed gear ring gear 176 begins to rotate it becomes no longer a

| stationary gear but a rotating gear. As a result, rotation of the armature 175 is
" not transmitted to the spindle gear 156 and, hence, is not transmitted to the

driven member 70. Thus, the adjustment mode torque control means 200

facilitates a threshold amount of torque applied by the motor 30 to the driven

member 70 through the d_rivé train 5 beyond which the adjustment mode
torque control means 200 prevents the transmission of rotation altogether.

As mentioned herein, the drive shaft 80 transmits: rotation supplied by
the motor 30 to the head portion 76 of the driven member 70. The
arrahgemeht of the adjustihg nut 72, the'jawé 85 and the head portion 76 are
such that rotation of the head portion 76 due to rotation of the drive shaft 80
driven by the motor 30 causes the jaws 85 to rotate about the axis X. Thus,

~ the adjustment mode torque control means 200 controls the amount of torque

applied by the motor 30 via the drive shaft 80 to the driven member 70 when
the. tool 1 is in the adjustment mode. In other words, the adjustment mode
torque control means 200 operaies by clutching the drive shaft 80 which
rotates the driven member 70. }
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Although in the illustrated embodiment, the wave washer 220 is used to

bias the flat washer 225 which in turn biases the bearings 206, 207 into
engagement with the annular surface 196 of the high speed geér ring gear 176
it is to be appreciated that other forms of resilient means may be used such as
a resilient polymer or rubber washer, a coil spring, a pIurallty of coil springs or
any other equwalent biasing means '

For example, in another embodiment of the adjustment torque éontrol
means 300, which Is illustrated in Figures 18 and 19 and in which like
reference numerals depict like features, the wave washer 220 used to bias the
flat washer 225 is substituted by a ring 320 formed out of resilient material
such as rubber or the like. The ring 320 is in the form of an O-ring and is
positioned between the second surface 227 of the flat washer 225 and the
annular surface 223 of the first housing portion 258 in abutment with the motor
30, Similar to the function of the wave washer 220 described above, the
resilience of the ring 320 biases the flat washer 225 which in tumn biases the
bearings 206, 207 lnto engagement W|th the annular surface 196 of the high
speed gear ring gear 176. Although the ring 320 illustrated in the embodnment
of Figures 18 and 19 are in the form of a completed ring it is to be appremated
that the ring 320 may be made up of detached or attached ring segments.

In yst another embodiment of the adjustment torque contrbl means 400,
which is illustrated in Figures 20 and 21 and in which like reference numerals
depict like features, an alternative form of clutching is used. This embodiment

. of the adjustment torque control means 400 includes an altemative form of the
‘high speed gear ring gear 376, which instead of including axially extending

castellations 195 as in the high speed gear ring gear 176 of the previous
embodiments, has radially extending castellations 395 which extend radially

inwardly.

~ The high speed sun gear 174, which is connected to the armature 175
projebting from the motor 30, meshes with each of the high speed planet gears
173 as in the previous embodiments. The high speed planet gears 173 élso'
mesh with the high speed gear ring gear 376 and in panicular with radially
inwardly projecting splines 399 of the high speed gear ring gear 376. The high
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speed gear ring gear 376 can be selectively maintained in a stationary position

whereby it does not rotate about the axis X as with the previous embodiments
but the way in which this is achieved is different in the present embodiment.

When the high speed gear ring gear 376 is maintained stationary, énd
rotation of the annat_ure 175 caused by activation of the motor 30 causes

“rotation of the sun gear 174 about the axis X, the high speed planet gears 173,

which mesh with the high speed sun gear 174 and the high speed gear ring
gear 376, rotate about the axis X which in tum.causes 'rotat_ion of the spindle
gear 156 about the axis X. As long as the high speed gear ring gear 376 is
maintained stationary then rotation of the armature 175 will transmit Into
rotation of the spindle gear 156 at a Iower_.relative speed to the speed of
rotation of the armature 175 of the motor 30. This corresponds to the first rate

_ of rotation reduction caused by the gearbox 150,

~ As illustrated in Figure 21, the castellations 395 project from an annular
inner surface 396 of the high speed gear ring gear 376. Each castellation 385 .
includes a pair of mcllned surfaces 397,398 that are inclined relative to the
annular surface 396. The annular surface 396 and the castellations 395 face
radially inwardly towards of a disc shaped statlonary member 301. The
stationary member 301 includes a plurality of openings 302 within a
circumferential surface 303 thereof. Within each opening 302 is ball bearing
306 mopnted on’ any suitable type of biasing means 307, which in the
illustrated embodiment is in the form of a spring, received within the opening '
304. Although the biasing means 307 in this embodiment is a heIical coi(
spring, any other suitable type of biasing means could be used such as a
resiliently flexible member made of metal or a plug-like member made of a
resilient material such as a rubber or an elastomefic material. The ball bearing
306 engages the annular surface 306 and castellations 395 of the high speed
gear ring gear 376.

A switch 390 includes a projection 342 which is selectively positionable
between radially outwardly extending ridges 310 of the high speed gear ring
gear 376 to selectively prevent rotation of' the high speed gear ring gear 376.
When the switch 390 is in, say, the first position the projection 342 is not
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positioned between the radially outwardly extending ridQes 310 of the high
speed gear ring gear 376 to selectively enable rotation of the high speed gear
ring gear 376 and thereby’ éngage the adjustment torque contfol means 400,
When the switch 390 is in, say, the second or third positions the projection 342

s positioned between the radially outwérclly extending ridges 310 of the high

speed gear ring gear 376 to selectively prevent any rotation of the high speed

gear ring gear 376 and thereby disengage the adjustment torque control

means 400,

| When rotation of the high speed gear ring gear 376 is selectively
enabled and the motor 30 is operated, the ball bearings 306 engage the
inclined surfaces 397,398 of each castellation 395. Because the stationary

member 301 does not rotate about the axis X the ball bearings 307 also do not

rotéte about the axis X. The amount of biasing force that the.biasing means
307 applies radially outwardly to each ball bearing 306 determines the force of
engagement of the ball bearings 306 against the inclined surfaces 397, 398 of
the castellations 395 of the high speed gear ring gear 376 which in tum
determines the amount of torque that the amature 175 of the motor 30 may
apply through the sun. gear 174 and the planet gears 173 before the high
speed gear ring gear 376 begins to rotate relative to the stahonary member
301 and about the axis X such that the bearings 306 pass over the
castellations 395. When the high _speed geaf ring gear 376 begins to rotate it
becomes no longer a stationary gear but a rotating gear. As a result, rotation
of the armature 176 is not transmitted to the spindle gear 156 and, hence, is -
not transmitted to the driven member 70. Thus, the adjustment mode torque
control means 400 facilitates a threshold amount of torque applied by the
motor 30 to the driven member 70 through the drive train 5 beyond which the
adjustment mode torque control means 400 prevents the transmission of
rotation altogether.

On the other hand, when the high speed gear fing gear 376 is
prevented from any rotation when either the torque is not high enough when
the power tool is in the adjustment mode or at any torque level when the power
tool 1 is in the drive mo'de then the high speed gear ring gear 376 acts a s a
stationary ring gear. Thus, rotation of the armature 175 when the motor 30 is
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operated is transmitted to the spindle gear 156 and, hence, is transmitted to

the driven member 70. Thus, the adjustment mode torque control means 400
facilitates a threshold amount of torque applied by the motor 30 to the driven

. member 70 through the drive train 5 below which the adjustment mode torque‘

control means 400 allows the transmission of rotation. Also, the adjustment
mode torque control means 400 can be disengaged so that at any arﬁount of
torque applied by the motor 30 to the driven member 70 through the drive train
5 the adjustment mode torque control means 400 allows the transmission of

. rotation.

When the adjustment mode switch ring 210 is in the drive mode
position, as me\ntioned above, the ball bearings 206, 207 are urged out of the
apertures 212 and into engagement with the first surface 211. The ball
bearings 206, 207 also engage the annular surface 196 of the high speed gear
ring gear 176, The distance between the first surface 211 of the switch ring
210 and the annular surface 196 of the high speed gear ring gear 176 is the
same as the combined diameters of the ball bearings 206, 207. The 3
engagement of the second surface 215 against tHe flange 216 prevents

* movement of the switch ring 210 away from the high speed gear ring gear"176.
. Thus, the ball bearings 206, 207 are engaged between the first surface 211

and the annular surface 196 such that the ball.bearings 208, 207 are allowed
no freedom of movement therebetween, Thus, when the adjustment mode |
switch ring 210 is in the drive mode position and the motor 30 is operated the
sun 'gear 174 and the planet gears 173 rotate and, in turn, tend to apply a
rotational force to the high speed gear ring gear 176. This in tumn causes the
inclined surfaces 197,198 of the castellations 195 to engage the bearings 206,
207. However, in contrast tb the adjustment mode, when the adjustment mode
switch ring 210 is in the drive mode position the bearings 206, 207 do not

~ move over the caslellations 195 because the ball bearings 206, 207 do not

have freedom of movement between the first surface 211 and the annular
surface 196 in the direction of the axis X, Accordingly, the high speed gear
ring gear 176 does not rotate and because the high speed gear ring gear 176
does not rotate it acts as a stationary gear to cause rotation of the armature
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175 to be transmitted to the spindle gear 156 and, hence, through the drive

train 5 to the driven member 70.

i The resilient force of the wave washer 220 is pre-determined such that
when the adjustment mode torque control heans 200 is in the adjustment

5 modea pred_etermined amount of torque will be applied to the driven member
70 before the high speed gear ring gear 176 will begin to rotate. The amount

of torque is insufficient to crush or damage the shank of a working element,

_ éomponents of the drive train § or the driven member 70 but is sufficient to
-enable the gripping face 87 of each jaw 85 to grip the shank of a working

10 element.

Althéugh the embodiment described above and illustrated in the Figures
provides a single predetermined torque setting for the adjustment mode torque
control means 200 it is possible for the adjustment mode torque control means

'200 fo be configured to provide various torque settings. Furthermore, the
15 adjustment mode torque control means 200 may also include a means for
adjusting the adjustment rﬁode torque control means 200 between the various
torque settings. This may be useful in situations where dlfferent amounts of
torque may be required in the adjustment mode of the power drili 1, or any
other power tool incorporating the invention, for different types of working
20 elements or for any other burpose. For example, if the jaws 85 of the driven
member 70 are stuck and cannot be released.from gripping the working
element then a different setting providing a greater amount of torque may be
selected when in the adjustment mode to facilitate the release of the working

element.

25 As shown in Figures 11 to 15, the adjustment mode torque control
'means' 200 includes a biasing spring 230. One end of the biasing spring 230 is
fixedly coupled to the body 20 of the drill 1 whereas the other end is coupled to
a spring mounting member 231 extending radially outwardly from the
adjustment mode switch ring 210. The biasing spring 230 tends to bias the

30  switch ring 210 about the axis X to the position in which the ball bearings 208,
'207 are received within the apertures 21,2' that is the adjustment mode
position of the switch ring 210. The switch ring 210 also has a radially
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outwardly extending protrusion 235. The protrusion 235 has a Switch engaging

flange 236 for engaging the switch 80. The switch engaging flange 236 has a
sloped surface 240 which is sloped at an angle relative. to the direction of the
axis X. The sloped surface 240 is configured to be engaged by an adjustment
mode switch ring engaging portion 242 of the switch 90, '

The engaging portion 242 of the switch 90 ‘is configured to be
disengaged from the sloped surface 240 when the switch 90 is in the first
position, which corresponds to the adjustment mode of the driven member.

- Thus, the biasing spring 230 acts to rotate the switch ring 210 about the axis X

to the adjustment mode position in which the adjustment mode torque control

_ means 200 is active. When the switch 90 is moved from the first position to

the second position the switch ring engaging portion 240 progressively ‘
engages the sloped surface 240 to urge the switch ring 210 to rotate about the
axis X and overcome the opbbsing biasing force of the biasing spring 230.
Thus, movement of the switch 90 to its second position disengages the
adjustment mode toque control means 200. Similarly, when the switch 90 is
subsequently moved from the second posi'tion to the third position the switch
ring engaging portion 242 co_ntinueé to engage the switch engaging flange 236
s0 as to maintain the switch ring 210 in the drive mode position and,.in tumn,
continues to disengage trie adjustment mode torque control means 200.

. As can be appreciated from the above, when the swit¢h 90 is in the first
position, as illustrated in Figures 11 to 13, the second member 67 is in
engagement with the first member. 64 of the mechanical assembly 59 to
facilitate adjustment of the driven member 70 for gripping and releasing the
working element and. the adjustment mode torque control means 200 is
operable for restricting the amount of torque transferred from the armature 175 -
of the motor 30 through the drive train 5 to f(he driven member 70 to prevent

~ damage to the working element or the drive train 5. Furthermore, when the

switch 90 is in the first position the drive mode torque control means 110 is
disengaged and does not affect the amount of torque transmitted from the
amature 175 of the motor 30 through the drive train 5 to the driven member
70. Furthermore, when the switch 90 is in the first position the gearbox



WO 2009/029997 PCT/AU2008/001325

_ 46
switching ring gear 160 of the gearbox 150 is in a position in corresponding to

the high speed setting of the gearbox 150.

When the switch 90 is in the second position, as illustrated in Figures 14

and 15, the second member 67 is not in engagement with the first member 64

5 » of the mechanical assembly 59. Thus, the dh‘ven member 70 is in the drive

mode and drives rotation of the working element. Also, when the switch 90 is

in the second. position the adjustment mode torque control means 200 is

disengaged and does not affect the amount of torque transmitted from the

armature 175 of the motor 30 through the drive train 5 to the driven member

10 70. However, when the switch 90 is in the second position the drive mode

- torque control means 110 is engaged and restricts the amount of torque

transferred from the armature 175 of thé motor 30 through the drive train 5 and

the drive shaft 80 thereof to the driven member 70 .to an amount
predetermmed by adjustment between the discreet torque settings of the drive |

16  mode torque control means 110 by relative rotation of the adjustment nng 260

" and the threaded ring 280. Furthermore, in the second position of the switch

90 the gearbox switching ring gear 160 of the gearbox 150 is again in the

posmon corresponding to the high speed setting of the gearbox 150, '

When the switch 90 is in the third position, as illustrated in Figures 16

20 and 17, the second member 67 is not in engagement with the first member 64
of the mechanical assembly 59. Thus, the driven member 70 is in the drive
mode and drives rotation of the working element. Also. when the switch 90 is

in the third position the adjustment mode torque control means 200 is
disengaged and does not affect the amount of torque transmifted from the

25 armmature 175 of the motor 30 through the drive train 5 to the driven member
70. However, when the switch 90 is in the third positibn the drive mode torque
control means 110 is engaged and restricts the amouht of torque transferred

from the armature 175 of the motor 30 through the drive train 5 and the drive

shaft 80 thereof to the driven member 70 to an amount predetermined by

30 adjustment between the discreet torque settings'of the drive mode torque
control means 110 by relative rotation of the adjustment ring 260 and the
threaded ring 280. Up to this point, the third position of the switch 90 is no
different to the second position. However, in contrast to the second position of



WO 2009/029997 PCT/AU2008/001325

10

15

20 .

25

30

47 e
the switch 90, when the switch 90 is in the third position the gearbox éwitching

ring gear 160 of the gearbox 150 is in the position corresponding to the low
speed settirig of the gearbox 150. That is, the gearbox switchihg ring gear 160
is in the position in which it meshes with the low speed planet gears 151 but
does not mesh with the spindle gear 166 such that the speed of rotation
transmitted from the armature 175 of the motor 30 is reduced in two stages
through the gearbox 160. Thus, when the switch is in the third position,
associated with the low speed setting of the gearbox 150, the driven member
70 rotates at a speed that is relatively slower than that at which it ‘rotatés in the
high speéd setting of the gearbox 150 associated with the second and first
positions of the switch 90.

Although not illustrated in the Figures, the power tool 1 may have only a
single speed setting rather than the two speed seftings provided by the
gearbox 150, Accordingly, in another form the power tool 1 include a single
speed form of the gearbox 150 or may omit the gearbox 150 altogether yet still
incorporate the adjustment mode torque control means 200 and the drive
mode torque control means 110. Accordingly, the switch 90 may include only
a first position and a second position. In the first posﬁion the switch 90
operates the adjustfnent mode tforque ‘colntroll means 20'0 and selects the
adjustment mode of the driven member 70 by engagingAthe first engagement
portion 85 of the first member 64 with the second engagement portion 68 of

*the second member 67. In the second pbsition the switch 90 operates the drive
" mode torque control means 110 and selects the drive mode of the driven

member 70 by disengaging the first engagement portion 65 of the first member-
64 from the second engagement portion 68 of the second member 67. |

Although not illustrated in the Figures, the switch 90 may include a
fourth position. In the fourth position of the switch 20 the second member 67 is
in engagement with the first member 64 of the mechanical assembly 59 to
facilitate adjustment of the driven member 70 for gripping and releasing the
working element and the adjustment mode torque control means 200 is
bperable for restricting the amount of torque transferred from the armature 175
of the motor 30 through the drive train 5 to the driven member 70 to prevent
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damage to the working element or the drive train 5. Furthermore, when the

switch 90 is in the fourth position the drive mode torque control means 110 is
disengaged and does not affect the amount of torque transmitted. from the
armature 175 of the motor 30 through the drive train 5 to the driven member

-70. Furthermore, when the switch 90 is in the fourth position the gearbox

switching ring gear 160 of the gearbox 150 is in a position in corresponding to
the low speed setting of the gearbox 150.

The power drill 1 illustrated m the Figures and described above includes
a drive mode -torque control means 110 and an adjustment mode torque
control means 200 and a means for adjusting the driven member 70 between
the drive mode and the adjustment mode. The means for adjusting the driven
member 70 includes a first member 64 having an axis of rotation, which in the

‘llustrated embodiment is in line with the axis X, and a second member 67

having an axis, which in the illustrated embodiment is also in line with the axis

. X. In contrast to the first member 64, the second member 67 is not rotatable
about the axis X. The first member 64 inciudes a first engagement portion 65

inclined relative to the axis X and the second member 67 includes a second
engagement portion 68 that is also inclined relative to the axis- X. In the
illustrated embodiment, the first engagement portion 65 and the second
engagement portion 68 are both substantially frustoconical and/or bevelled
and arrariged to interengage and disengage upon relative movement of the
first and second members 64, 67 in the direction of the axis X. |

In another embodiment that is not illustrated in the Figures, the first
member may include a first engagement portion that is substantially parallel to
the axis X and the second member may include a second 'engagenient portion
that is also substantially parallel to the axis X. In this alternative anfangem'ent.
which is not illustrated in the Figures, the first engagement portion and the
second engagement portion are both substantially cylindrical and érranged»to
interengage and disengage upon relative movement of the first and second
members in the direction of the axis X, Thus, the first engagement portion may
be formed from a blurality of elongated splines and elongated recesses for
inter-engagement with a plurality of elongated splines and elongated recesses
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that form the second engagement portion wherein the splines and recesses
are elongated and extend axially in the same direction as the axis X. In the
case of the first member, the splines and recesses of the first engagement
portibn'are oriented outwardly away from the axis X. Accordingly, the first
member has a central gear configuration with axial radially outwardly
extending splines. In contrast, in the second memberlthe_splines and recesses
of the second engagement portion are oriented inwardly towards the axis X.
Accordingly, the second member has a standai'd ring gear configuration with
axial radially inwardly extending splines, However, an arrahgement of the first

" and second members having cylindrical engagement portions ‘would not -

advantageous like the frustoconical engagement ' portions of the other

- embodiments disclosed herein in reducing the overall length of the mechanical

assembly, the drive train and the power tool in the direction of the axis X.

Finally it is to be understood that various alterations, modifications
and/or additions may be introduced into the constructions and arrangements of
the parts previously described without departing from the spirit or ambit of the

. invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A mechanical assembly for a power tool, the mechanical assembly

" including:

a first member having a first axis and a first engagement port'ion' inclined
relative to the first axis; | | | _
~a second member having a second axis and a second engagement
portion inclined relative to the second axis; |
wherein the first and second engagement portions engage each other
by movement of the first and second members relative to each other in the
direction of at least one of the axes '

‘2. The mechanical assembly of claim 1, wherein the first and second axes

extend in the same direction and the first and second engagement portions
engage each other by movement of the first and second members relative to

‘each other in the direction of at least one of the axes.

3. The mechanical assembly of claim 1 or claim 2, wherein the first

engagement portion is conical and the second engagement portion is conical.

4. The mechanical assembly of any one of the preceding claims, wherein
the first engagement portion includes elongated splines_ for mating with
clongated recesses of . the second engagément portion and the second
engagement portion includes elongated splines for- mating with ‘elongated
recesses of the first engagement portion, wherein each sp(ine'and recess is
elongated in a direétion converging with the axis of the member with which the

spline or recess is associated.

5. The }mechahica! assembly of any one of the preceding claims, wherein
30 -
~ the first and second engagement portions engage  and disengage each other

the first member is a ring gear and the second member is a central gear and

by movement of the second member within a space defined within the first

member.
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6. The mechanical assembly of any one of the preceding claims, wherein

the first member is rotatable relative to the first axis and the second member is

not rotatable relative to the second axis so that when the first and second

‘engagement portions are in éngagement the first member is prevented from
5 rotating relative to the first axis. - |

7. The mecha.nical assembly of claim 6, wherein the first member is
connected to a first thread in engagement with a second thread so that when
~ the first member is prevented from rotating relative to the first axis, rotation of
10 the second thread relative to the first member resulits in rotation of the first and
second threads relative to each other and movement of the second thread in a

linear path that is angularly displaced relative to the first axis.

8. The mechanical assembly of any one of the preceding claims, wherein
15 the mechanical assembly is incorporated in a power tool.

9. | The mechanical assembly of any one of the preceding claims, wherein
at least part of the mechanical assembly forms part of a chuck of a power drill.

20 10. = The mechanical aSse'mny of claim 9, wherein the mechanical assembly
" is operable for providing adjustment and drive modes for the chuck.

'11. A power too! including:
a power tool body;

25 a rotatable driven member being operable for releasably gripping a
working element, the driven member having a drive mode in which rotation of
the driven member drives the working element relative to the power tool body
and an adjustment mode in which rotation of the driven member causes the

~ driven member to either grip the working element or release the working

30 element or both; and .

A means for adjusting the driven member between the modes including a
first member having a first axis and a first engagemeht portion inclined relative
to the first axis and a second member having a second axis and a second
engagement portion inclined relative to the second axis, wherein the first and
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second engagement portions engage each other by movement. of the first and

second members relafive to each other in the direction of at least one of the
axes; '

wherein engagement between the first and second engagement

-portions adjusts the driven member to the 'adjustment mode and

disengagement between the first and second engagement portions adjusts the
driven member to the drive mode.

12.  The power too! of claim 11, wherein the first and second axes extend in
the same direction and the first and second'engagement portions engage and
disengage' each other by movement of the first and second members relative
to each other in the direction of the axes;

13. The power toal of claim 11 or claim 12, wherein the first engagement

portion is conical and the second engagement portion is conical.

14, The power tool of any one of claims 11 to 13, wherein the first
engagement portion includes eiongated splines for mating with ‘elongated
recesses of the second engagement portion and the second engagement
portion includes elongéted splines for mating with elongated recesses of the

- first engagement portion. wherein each spliné and recess is elongated in a

direction converging with the axis of the member with which the spline or

recess is associated.

15. The power tool of any one of claims 11 to 14, wherein the first member
is a ring gear and the second member is a central gear and the first and
second engagement portions engage and disen.gage each other by movement
of the second member within a space defined within the first member.

16.  The power tool of any one of the preceding claims, wherein the first
member is rotatable relative to the first axis and the second member is not
rotatable relative to the second axis so that when the first and second
engagement portions are in engagement the first member is prevented from

. rotating relative to the first axis.
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17.  The power tool of claim 16, wherein the driven member includes a jaw
member for releasably gripping thé workin'g clement, the first member
including a first thread and the jaw member including a second thread in
engagement with the first thread so that when thé first member is prevented
from rotating relative to the first axis, rotation of the jaw member relative to the
first member caused by rotation of the driven member results in rotation of the
first and second threads relative to each other and movement of the jaw
member in a linear path that is angularly displaced relative to the first axis.

18. The power tool of any one of claims 11 to 17, further including an
actuator member for moving the first and second members relative to each

other in the d'irection of at least one of the first and second axes.

19.  The power tool of claim 18, wherein the actuator member is movable
between a first setting in which the actuator member biases the first and
second members towards each other to cause engagement between the first
and second engagement portions and a second setting in which the actuator
member biases the first and second members away from each other to cause
disengagement between the first and second engagement portions.

20. A power tool including: ;

a power tool body;,

a rotatable driven member being operable for releasably gripping a
working element, the driven member having a drive mode in which rotation of
the driven member drives the working -element relative to the power tool body
and an adjustmeht mode in which rotation of the driven member causes the
driven member to either grip the working element or release the working
element or both, '

a power drive for driving rotation of the driven member; o

a first torque control means for controlling the amount of torque applied
to the driven member by the power drive when in the drive mode;
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a second torque control means for controlling the amount of torque

~applied to the driven member by the power drive when in the adjustment

mode.

21.  The power tool of claim 20, wherein the first torque control means is |
operable for controlling the amount of tbrque applied to the driven member by
the power drive in the drive mode and is not operable in the adjustment mode.

22.  The power tool of claim 20 or c¢laim 21, wherein the second torque

control means is opérable for controlling the amouht of torque applied to the

driven member by the power drive in the édjustment mode and is not opérable :
in the drive mode. |

23, The power tool of any one of claims 20 to 22, wherein the first torque
control means has a plurality of torque settings and is adjustable between the

plurallty of torque settings.

24. The power tool of any one of claims 20 to 23, wherein the second

- torque control means has a single torque setting.

25. The power tool of any one of claims 20 to 23, wherein the second

- torque control means has a plurality of torque settings and is adjustable

between the plurallty of torque settings.

26. The power tool of any one of claims 20 to.25, further including a -
gearbox including a plurality of speed settings wherein in each one of .the
plurality of speed settings the gearbox is operable for converting rotation from
the power dnve into a respective relative speed of rotatlon of the dnven

member,

" 27. The power tool of claim 26, wherein the gearbox includes a first speed

setting and a second speed setting, in the first speed setting the gearbox is
operable for converting rotation from the power drive into a first speed of -
rotation of the driven member and in the second speed selling the gearbox is
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operable for converting rotation from the power drive into a second speed

rotation of the driven membef. _

28. The power tool of any one of claims 20 to 27, fdrther including an
5 adjustment means for adjusting the driven member between the drive mode
and the adjustment mode. '

29. The power tool of claim 28, wherein the adjustment means includes a
first member having a first axis and a first engagement portion inclined relative
10 to the first axis and a second member having a second axis and a second
engagement portion inclined relative to the second axis whereby the first
engagement portion is conical and the second engagement portion is conical.

30. The power tool of claim 28, wherein the adjustment means includes a .

15  first member having a first axis and a'ﬁrst engagement portion extending in the
same direction as the first axis and a second member having a second axis
and a second engagement portion extending in the same direction as the
second axis whereby the first engagement portion is cylindrical and the second
engagement portion is cylindrical. ' |

20 . | o
31. The power tool of claim 29 or claim 30, wherein the first and second
axes. extend in the same direction and the first and second engagement
portions engage and disengage each other by movement of the first and
second members relative to each other in the direction of the axes.

25 , .
32, The power too! of claim 31, wherein engagement between the first and
second engagement portidns adjusts the driven member to the adjustment
mode and disengagement between the first and second engagement portions

- adjusts the driven member to the drive mode. '

30 ' _ , .

33.  The power tool of claim 31 or claim 32, wherein the adjustment means
includes an actuator member for urging the first and second members relative
to each other in the direction of the axes.
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34. The power tool of claim 33, wherein the actuator member is movable

between a first setting in which the actuator member urges the first and second
members towards each other to cause engagement between the first and
second engagement portions, and a second setting in which the actuator
member urges the first and second members away from each 6ther to cause
disengagement between the first and second engagement portions.

35. The. power tool of claim 34, further including a switch connected to the

.actuator member, the switch being actuable between a position in which thef

actuator member is in the first setting and a position in which the actuator
mermber is in the second setting.

36. The power tool of claim 35, wherein the switch includes a first position
and a second position, in the first position the switch operates the second
torque control means and the actuator member is in the first setting and in the
second position the switch operates the first forque control means and the
actuator member is in the second setting.

37. A power tool including:
~a power tool body;

a mtatable driven member being operable for releasably gripping a
working element, the driven member having a drive mode in which rotation of
the driven member drives the working element relative to the power tool body
and an adjustment mode in which rotation of the driven member causes the
driven member to either grip the working element or rélease the working
element or both, ,

" a power drive for driving rotation of the driven member;

a first torque control meéns that is operable for controlling the amount of
torque applied to the driven member by the power drive when in the drive
mode;

a second torque control means that is operable for controlling the
amount of torque applied to the driven member by the power drive when in the
adjustment mode,
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a gearbox including a first speed setting for converting rotation from the

power drive into & first speed of rotation of the driven member, and a second
speed setting for converting rotation from the power drive into a second speed
of rotation of the driven member, and |

a switch that includes a first position, a second position and a third
position, wherein in the first position the switch operates the second torque
control means and selects the adjustment mode, in the second position the
switch operates the first torque control me_ans and selects the drive mode and
the first speed setting, and in the third positibn the switch operates the first
torque control means and selects the drive mode and the second speéd
setting.

37. The p,m;ver tool of claim 36, further including an actuator member
connecting the switch to the driven member, whereby movement of the switch

_between the first, second and third positions causes the actuator member to

actuate the driven member between the adjustment mode and the drive mode.

38. The power tool of claims 36 or 37, further including.an adjustment
means for adjusting the driven member between the drive mode and the
adjustment mode.

39.  The power tool of claim 38, wherein the adjustment means includes a
first member having a first axis and a first engagement portion inclined relative
to the first axis and a second member having a second axis and a second
engagement portion inclined relative to the second axis.

40. The power too! of claim 39, Wherein the first and second axes extend in
the same direction and tt}e first and second engagement portions engage and
disengage each other by movement of the first and second members relative
to each other in the direction of the axes.

41. The power tool of claim 40, wherein engagement between the first and
.second engagement portions results in the selection of the adjustment mode of
the driven member and disengagement between the first and second
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engagement portions results in selection of the drive mode of the driven

" member. -

42.  The power tool of any one of claims 36 to 41, whereln the switch is a
sliding switch which moves in a linear path.

43. The power tool of any one of claims 36 to 41 wherein the switch is a
rotating switch which rotates about an axis.

44.  The power tool of any one of claims 36 to 43, wherein the first torque

‘control means is a clutch including a plurality of torque settings.

45. The power tool of any one of claims 36 to 44, wherein the second

 torque control means is a clutch including a single torque setting.

46. The power tool of any one of claims 36 to 44, wherein the second

_ torque control means is a clutch |nclud|ng a plurality of torque settings.

47.  The power tool of any one of claims 36 to 46, wherein the gearbox
includes more than two speed settings wherein in each one of the speed
settings the gearbox is operable for converting rotatlon from the power dnve

intoa reSpectwe relative speed of rotation of the driven member.

48. The power tool of any one of claims 36~to 47, wherein the switch
includes a fourth position, wherein in the fourth position the switch operates
the second torque control means and actuates the driven member to the
adjustment mode and the gearbox to the second speed setting.
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International application No.

INTERNATIONAL SEARCH REPORT

PCT/AU2008/001325
A. CLASSIFICATION OF SUBJECT MATTER
Int. Cl. , .
B23B 31/00 (2006.01) B27B 1/00 (2006.01)
B25D 1/00 (2006.01) B27C 9/00 (2006.01)

1 According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbaols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

IPC

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
QWEB, EPOQUE: AXI+, DRIV+, TORQUE+, +CONTROL+, +CHECK+, +ADJUST+, AXE+, AXI+, TWO,
MULTI, PLURAL, FIX+, GRIP, FASTEN, SECURE, CHUCK+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
‘ claim No.
X _ 1-3, 8-10
EP 1086767 Al (SUGINO CORP) 28 March 2003
Y 4-5
Y US 4014421A (JOHNSON) 29 March 1977 4-5
A WO 1995028245 A1( POWER TOOL HOLDERS INC.) 26 October 1995 1-19
A US 4139207 A (GRIMES) 13 February 1979 1-19
l:l Further documents are listed in the continuation of Box C See patent family annex
hd Special categorics of cited documents: )
"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
: underlying the invention
"E"  earlicr application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"Q"  document referring to an oral disclosure, use, exhibition

"won 1
or other means & document member of the same patent family

"P"  document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report 0 B
20 November 2008 ' 09 DEC 20
Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE | VARUN MALIK

PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Facsimile No. +61 2 6283 7999 Telephone No : +61 2 6283 2611

Form PCT/ISA/210 (second sheet) (July 2008)
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International application No.

PCT/AU2008/001325
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
A GB 2378488 A (ROBERT BOSCH GmbH) 12 February 2003 20-49
A US 2004/0035267 Al (LIAO) 26 February 2004 2049

Form PCT/ISA/21Q (continuation of second sheet) (July 2008)




International application No.

PCT/AU2008/001325

INTERNATIONAL SEARCH REPORT

Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

' D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching, Authority found multiple inventions in this international application, as follows:

See Additional sheet

—

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims. . .

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authorlty did not invite
payment of additional fees.

3. [:l As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. |___| .No'required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompamcd by the appllcant’s protest and, where applicable,
the payment of a protest fee.

The additional search fees were accompanie@ by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2008/001325

Supplemental Box 111

(To be used when the space in any of Boxes I to IV is not sufficient)

Continuation of Box No: III

This International Application does not comply with the requirements of unity of invention because it does not relate
to one invention or to a group of inventions so linked as to form a single general inventive concept.

In assessing whether there is more than one invention claimed, I have given consideration to those features which can
be considered to potentially distinguish the claimed combination of features from the prior art. Where different claims
have different distinguishing features they define different inventions.

This Intemétional Searching Authority has found that there are different inventions as follows:

e Claims 1-19 are directed to a mechanical assembly for a power tool, including: a first and second member
having a first and second axis and first and second engagement portions respectively, wherein the first and
second engagement portions engage each other by movement of the first and second members relative to
each other in the direction of one of the axes.

e Claims 20-48 are directed to a power tool including a rotatable driven member being operable for releasably
gripping a working element, a power drive for driving rotation of the driven member, a first and second
torque control means for controlling the amount of torque applied to the driven member by the power drive.

NOTE: CLAIM “37” has been numbered twice.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship
among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13.2, second sentence, defines a special technical feature as a feature which makes a contribution over the prior
art.

-

Each of the abovementioned groups of claims has a different distinguishing feature and they do not share any feature
which could satisfy the requirement for being a special technical feature. Because there is no common special technical
feature it follows that there is no technical relationship between the identified inventions. Therefore the claims do not
satisfy the requirement of unity of invention a priori.

It is considered that search and examination for the second invention will require more than negligible additional search
and examination effort over that for the first invention, and therefore an additional search fee is warranted

Form PCT/ISA/210 (extra sheet)(July 2008)




INTERNATIONAL SEARCH REPORT \ International application No.
Information on patent family members PCT/AU2008/001325

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

EP 1086767 EP 0807481 P 10043982 US 5704738

US 4014421 BR 7601604 DE 2612998 ~ . DE 2659412
ES 444942 FR 2319806 FR 2352987
FR 2399575 GB 1549664 GB 1549665
GB 1572872 JP 52016072 JP 52143364
JP 57061415 SE 7601801 SE 7812572
SU 725573 US 3946844 US 3999642
US 4029429 :

WO 9528245 BR 9006079 CA 2187924 CN 1053206

CN 1151130 EP 0436108 EP 0720882
EP 0722799 EP 0722800 EP 0728550
EP 0756528 . EP 0853996 EP 0853997
] EP 0853998 P 4041109 JP 2001071205

US 5125673 US 5253879 ©US 5330204
US 5431420 US 5452906 US 5476273
US 5573254 US 5732956 US 5924702
US 6286842 ~ US 6296257 US 6669207
US 7044480 US 2002014749 US 2004094907
US 2006202436

US 4139207 'NONE

GB 2378488 CH 695852 CN 1393323 DE 10130520
JP 2003062768

US  2004/0035267 US 6915726 US . 2002162432

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
END OF ANNEX |

Form PCT/ISA/210 (patent family annex) (July 2008)
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