EP 1 943 062 B1

Patent Office

"I ) IUAERMERREARA U IR
0 European

s ay  EP 1943062 B
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: B25F 5/02 (2006.01)

21.04.2010 Bulletin 2010/16
(86) International application number:

(21) Application number: 06836901.6 PCT/US2006/043008

(22) Date of filing: 03.11.2006 (87) International publication number:
WO 2007/056172 (18.05.2007 Gazette 2007/20)

(54) METHOD AND APPARATUS FOR AN ARTICULATING DRILL
VERFAHREN UND VORRICHTUNG FUR EINEN GELENKBOHRER
PROCEDE ET APPAREIL POUR PERCEUSE ARTICULEE

(84) Designated Contracting States: + FREESE, John B.
DEFRGBIT Evanston, IL 60202 (US)
(30) Priority: 04.11.2005 US 733546 P (74) Representative: Barth, Stephan Manuel et al
Reinhard, Skuhra, Weise & Partner GbR
(43) Date of publication of application: Patent- und Rechtsanwilte
16.07.2008 Bulletin 2008/29 Friedrichstrasse 31

80801 Miinchen (DE)
(73) Proprietor: ROBERT BOSCH GMBH

70442 Stuttgart (DE) (56) References cited:
EP-A-1 314 518 EP-A- 1319 478
(72) Inventors: EP-A1- 1 537 948 DE-A1- 4116 343
* POZGAY, David DE-A1-10001 091 DE-A1-10 318 563
Evanston, IL 60201 (US) DE-U1-20 009 362 DE-U1-202004 007 908
» KRONDORFER, Harald GB-A- 2 303 568 US-A1- 2 106 937
Mundelein, IL 60060 (US) US-A1- 5784 934 US-A1- 2003 110 645

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 943 062 B1 2

Description
[0001] Thisapplication claims the benefit of provisional
U.S. Patent Application No. 60/733,546, filed on Novem-
ber 4, 2005.

Field of the Invention

[0002] The presentinvention relatestoanelectrichand
tool and more particularly to an articulating power hand
tool. Such devices are known from documents US
2106937A, DE 202004007908U and GB 2303568A, the
first being considered the closest prior art.

Background

[0003] Electric drills are usually constructed as
straight-drilling machines in which the drill spindle ex-
tends parallel to the motor shaft and axis of the housing
and, for specific purposes, as angular-drilling machines
in which the drill spindle is aligned at a right angle to the
motor shaft and housing axis. In certain applications in
which both straight and angular drilling must be carried
out, as is the case in installations in wooden house con-
struction, the two machines must be at hand for contin-
uous alternation.

[0004] The use of a tool receptacle head serving as
special accessory for a conventional drill to eliminate the
need for two drills is known. By way of example, DE 36
34 734 A1 discloses a drill that includes two separate
housing parts which are located opposite one another to
define a hollow space and which are guided along a di-
agonally extending dividing plane. One housing part car-
ries a support for a drive shaft and the other housing part
carries a support for a power take-off shaft which projects
out of the tool receptacle head and carries a drill chuck.
The drive shaft and power take-off shaft are connected
with one another by a double cardan or universal joint so
as to be rigid with respect to torsion relative to one an-
other. One hollow-cylindrical housing part of the tool re-
ceptacle head is placed on the spindle neck of the drill
and the drill spindle of the drill is coupled with a driver by
means of a double edge. The driver sits on the drive shaft
so as to be fixed with respect to rotation relative to it. In
the basic position of the two housing parts, the axes of
the drive and power take-off shafts are flush with one
another. Due to the relative rotation of the two housing
parts, the power take-off shaft can be aligned in such a
way that its axis encloses an acute or right angle with the
axis of the drive shaft.

[0005] A standard drill can be re-tooled with this known
tool receptacle head so as to form an angle drill which
can also perform straight drilling. While such a separate
tool receptacle head serving as attachment may be suit-
ed to the requirements of some hobbyists, it is not ac-
ceptable for professional machines.

[0006] U.S.PatentNo. 5,533,581 discloses a drill suit-
able for professional use that includes a drill with a hous-
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ing, an electric motor which is received in the housing, a
motor shaft parallel to the housing axis, and a work spin-
dlewhichis driven by the electric motor via atransmission
gearing. The housing is divided along a dividing plane
for the purpose of switching from straight drilling to an-
gular drilling and it is provided that the front housing part
containing a bearing for the work spindle and the rear
housing part containing the electric motor can swivel rel-
ative to one another in such a way that the work spindle
projecting out of the front housing part can occupy any
angle between 0 degrees and 90 degrees or more relative
to the motor shaft. A catch lock which can be unlocked
and/or locked manually stops the two housing parts in
the selected swivel position. A torsionally rigid transmis-
sion of force from the motor shaft to the work spindle is
realized in every swivel position of the housing parts in
the transmission gearing.

[0007] While the prior art drills are useful, they have
various limitations. For example, drills are frequently ex-
posed to impacts, both intentional and accidental, on the
bits which are held by the drills. The prior art drills gen-
erally transmit these impact forces through the gearing
mechanisms which allow for the relative positioning of
the work spindle with respect to the motor shaft. Accord-
ingly, the gears must be designed to absorb the impact
forces. Such gears may increase the weight of the drill
and increase the size of the forward section of the drill.
Increased weight increases the fatigue experienced by
a user, particularly users who use the tool infrequently.
Moreover, the additional bulk of the drill reduces the use-
fulness of the tool in confined areas.

[0008] Additionally, the locking mechanisms used to
restrict articulation in prior articulating drill systems may
be difficult to use or susceptible to accidental activation.
Furthermore, in certain known devices the articulating
gear mechanism is exposed allowing contaminants into
the mechanism as well as presenting a safety concern
as clothing or appendages may be caught by revolving
gears.

[0009] What is needed is an articulating power hand
tool which protects internal components from damage
resulting from axial impact. It would be beneficial to fur-
ther protect the internal components from contamination
and reduce the potential for external items becoming en-
trapped by the internal components.

[0010] What is further needed is an articulating power
hand tool with a reduced forward section and a compact
articulating system to allow for use of the tool in confined
areas.

[0011] What is also needed is an articulating power
hand tool having a latch mechanism exhibiting increased
strength and which further reduces the potential of acci-
dental manipulation.

Summary

[0012] The present invention is an articulating hand
power tool according to claim 1. The tool includes a head
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portion including a head housing, a bit holder rotatably
positioned within the head housing, and a bearing mem-
ber operable to transfer a first axial force from the bit
holder to the head housing. A frame is rotatably connect-
ed to the head portion for placement in a plurality of po-
sitions with respect to the head portion and operably con-
nected to the head housing for receiving the first axial
force transferred to the head housing. The tool further
includes an articulating gear system for transferring ro-
tational force generated by a motor to the bit holder at
each of the plurality of positions such that the axial forces
directed from the bit holder to the main housing bypass
the articulating gear system.

[0013] According to claim 18, the method of transfer-
ring axial forces in an articulating power tool in accord-
ance with the invention includes transferring an axial
force from a bit holder rotatably positioned within a head
housing of a tool to a bearing member, transferring the
axial force from the bearing member to the head housing,
and transferring the axial force from the head housing to
a main housing, wherein the head housing is rotatable
with respect to the main housing such that the axial forces
directed from the bit holder to the main housing bypass
the articulating gear system.

[0014] These and other advantages and features of
the present invention may be discerned from reviewing
the accompanying drawings and the detailed description
of the preferred embodiment of the invention.

Brief Description of the Drawings

[0015] The present invention may take form in various
system and method components and arrangement of
system and method components. The drawings are only
for purposes of illustrating exemplary embodiments and
are not to be construed as limiting the invention.

[0016] FIG. 1 shows a perspective view of an articu-
lating drill incorporating features of the present invention;
[0017] FIG. 2 shows a side elevational view of the ar-
ticulating drill of FIG. 1 with the rechargeable battery pack
removed;

[0018] FIG. 3 shows a perspective view of the articu-
lating drill of FIG. 1 with the battery pack, a portion of the
main housing cover, and a portion of the head housing
removed and a bit in the bit holder;

[0019] FIG. 4 shows across-sectional view of the head
portion, the articulating gear system and the planetary
gear system of the articulating drill of FIG. 1;

[0020] FIG. 5 shows an exploded perspective view of
the head portion, including an automatic spindle lock sys-
tem, of the articulating drill of FIG. 1;

[0021] FIG. 6 shows atop plan view of the head portion
of the drill of FIG. 1 with some components located within
bays in the head housing;

[0022] FIG. 7 shows a top plan view of a bracket used
to support an output pinion shaft in the articulating drill
of FIG. 1;

[0023] FIG. 8 shows a side plan view of the bracket of
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FIG. 7;

[0024] FIG. 9 shows a top elevational view of the plan-
etary gear section, articulating section and head portion
of the articulating drill of FIG. 1 with the main housing
and a portion of the head housing removed;

[0025] FIG. 10 shows a side elevational view of the
articulating gear system of the articulating drill of FIG. 1
including a bevel gear and two pinion gears;

[0026] FIG. 11 is a perspective view of a portion of the
head housing of the drill of FIG. 1 with a plurality of teeth
in a well which are formed complimentary to teeth on the
articulation button;

[0027] FIG. 12 shows a perspective view of the artic-
ulating button of the articulating drill of FIG. 1;

[0028] FIG. 13 shows a perspective view of the bottom
of the articulating button of FIG. 12;

[0029] FIG. 14 shows a partial top elevational view of
the inner surface of the outer housing of the articulating
drill of FIG. 1 with teeth formed complimentary to the
teeth on the articulation button and a hole for receiving
a raised portion of the articulating button;

[0030] FIG. 15showsatop elevational view ofthe inner
surface of the outer housing of the articulating drill of FIG.
1;

[0031] FIG. 16 shows a partial plan view of the articu-
lating drill of FIG. 1 with the head portion aligned with the
main housing portion and without a dust lid;

[0032] FIG. 17 shows a partial plan view of the articu-
lating drill of FIG. 1 with the head portion aligned with the
main housing portion with a dust lid;

[0033] FIG. 18 shows a side elevational view of the
articulating drill of FIG. 18 with the head portion rotated
to an angle of 90 degrees from the main housing portion
of the drill and a portion of the main housing portion re-
moved to show the position of the dust lid of FIG. 17;
[0034] FIG. 19 shows a side elevational view of the
articulating drill of FIG. 18 with the head portion rotated
toan angle of 180 degrees from the main housing portion
of the drill and a portion of the main housing portion re-
moved to show the position of the dust lid of FIG. 17;
[0035] FIG. 20 shows a detail view of the dust lid of
FIG. 19;

[0036] FIG. 21 shows a perspective view of the artic-
ulating drill of FIG. 1 with the variable speed trigger
switch, clutch control and a portion of the main housing
removed;

[0037] FIGs. 22a, 22b and 22¢ show various views of
a printed circuit board of the articulating drill of FIG. 1 in
accordance with principles of the invention;

[0038] FIG. 23 shows a perspective view of the artic-
ulating drill of FIG. 21 with a collapsible boot with an in-
ternal reflective surface installed over a light generator
and a light sensor;

[0039] FIG. 24 shows a schematic/block diagram of
the drill of FIG. 1 incorporating an optical switch for motor
speed control;

[0040] FIG. 25 shows a side elevational view of a drill
bit in the form of a screw driver bit that may be used with
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the articulating drill of FIG. 1;

[0041] FIG. 26 shows a cross-sectional view of the drill
bit of FIG. 25 being inserted into the articulating drill of
FIG. 1;

[0042] FIG. 27 shows a cross-sectional view of the drill
bit of FIG. 25 inserted into the articulating drill of FIG. 1;
[0043] FIG. 28 shows a partial top elevational view of
abevel gear in accordance with principles of the invention
with two pinion gears at a 90 degree spacing;

[0044] FIG. 29 shows a partial top elevational view of
the bevel gear of FIG. 28 with the two pinion gears at a
180 degree spacing;

[0045] FIG. 30 shows an electrical diagram/schematic
of a powered tool that dynamically brakes the tool motor
using a motor interface circuit having a half bridge to pro-
vide vibratory feedback to the operator that the torque
limit has been reached;

[0046] FIG. 31 shows an electrical diagram/schematic
of a circuit that may be used with the drill of FIG. 1 which
dynamically brakes the drill motor using a motor interface
circuit having a full H-bridge circuit to provide vibratory
feedback to the operator that the torque limit has been
reached; and

[0047] FIGs. 32A and 32B show an electrical diagram/
schematic of a powered tool that provides solid state mo-
tor speed control in correspondence with a variable
speed signal from an optical switch and that dynamically
brakes the motor to indicate a torque limit has been
reached.

Description

[0048] An articulating drill generally designated 100 is
shown in FIG. 1. In the embodiment of FIG. 1, the drill
100 includes a main housing portion 102 and a head
portion 104. The main housing portion 102 houses a mo-
tor and associated electronics for control of the drill 100.
The main housing portion 102 includes a battery recep-
tacle for receiving a rechargeable battery pack 106 as is
known in the art. In one embodiment, the rechargeable
battery pack 106 comprises a lithium-ion battery. The
battery pack 106 is removed by depression of the battery
release tabs 108. FIG. 2 shows the drill 100 with the bat-
tery pack 106 removed. The drill 100 may alternatively
be powered by an external power source such as an ex-
ternal battery or a power cord.

[0049] A variable speed trigger switch 110 controls the
speed at which the motor rotates. The direction of rotation
of the motor is controlled by a reversing button 112 which
slides within a finger platform 114. Ventilation openings
116 allow for cooling air to be circulated around the motor
inside of the main housing 102. A clutch control 118 sets
the maximum torque that may be generated when using
the drill 100. At the position shown in FIG. 1, the clutch
control 118 is at the highest setting or drill mode. At the
highest setting, the clutch is disabled to provide maxi-
mumtorque. By sliding the clutch control 118 downwardly
from the position shown in FIG. 1, a user may set a de-
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sired torque limit that is allowed to be generated by the
drill 100 as discussed in more detail below. Accordingly,
at settings other than the highest setting, a torque above
the setting of the clutch control 118 causes the clutch to
activate.

[0050] The main housing portion 102 also includes an
articulation button 120 and a plurality of angle reference
indicators 122 molded onto the outer surface 124 of the
main housing 102. In the embodiment of FIG. 1, there
are five angle reference indicators 122 used to identify
five angular positions in which the head portion 104 may
be placed.

[0051] The head portion 104 includes a collet locking
device 126 and an angle indicator 128. The angle at
which the head portion 104 is positioned is indicated by
the angle reference indicator 122 with which the angle
indicator 128 is aligned. As shown in FIG. 1, the head
portion 104 is at a 90 degree angle with respect to the
main housing portion 102. InFIG. 2, the head portion 104
is axially aligned with the main housing portion 102. Al-
though the embodiment of FIGs. 1 and 2 has five angle
reference indicators 122, there may be additional or few-
er angle reference indicators 122 and corresponding an-
gles at which the head portion 104 may be placed with
respect to the main housing portion 102.

[0052] Referring now to FIGs. 3 - 6, the collet locking
device 126 is located around a bit holder 130 which is in
turn supported by a ball bearing 132 that is fixed within
a bearing pocket 134 of the head housing 136. The collet
locking device 126 includes a sleeve 138 with recesses
140. A spring 142 is positioned about the bit holder 130.
The bit holder 130 includes a hole 144 which receives a
cylinder pin 146 and recesses 148 which receive steel
balls 150.

[0053] The bearing 132 abuts the head housing 136
of the head portion 104 at the outer rear periphery of the
bearing 132. More specifically, the bearing 132 abuts a
flange 152. In this embodiment, the flange 152 is contin-
uous about the housing 136, although a flange may al-
ternatively be in the form of a plurality of fins located
about the inner portion of the housing 136.

[0054] The bitholder 130 is operably coupled to adrive
collet 154 which is in turn connected to an output pinion
shaft 156 through a drive plate 158 which is fixedly at-
tached to the output pinion shaft 156. A lock ring 160
surrounds the drive collet 154 and three locking pins 162.
The lock ring 160, the drive collet 154, the drive plate
158, and the locking pins 162 all comprise an automatic
spindle lock system such that the output bit holder 130
can only be driven from the pinion side as known in the
art. When driven from the bit side, i.e., when the tool 100
is used as a manual screwdriver, the spindle lock system
keeps the output pinion shaft 156 from rotating thus fa-
cilitating use of the tool 100 as a manual screwdriver. In
an alternative embodiment, a manually manipulated
locking device may be used.

[0055] A piniongear 164 is located at the opposite end
of the output pinion shaft 156 from the drive plate 158.
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One end of the output pinion shaft 156 is maintained in
axial alignment by a bearing 166 which fits within bearing
pocket 168. The opposite end of the output pinion shaft
156 is supported by a sleeve 170. The sleeve 170 is
supported on one side by a flange 172 on the head hous-
ing 136. Onthe opposite side, the sleeve 170is supported
by a bracket 174 also shown in FIGs. 7 and 8.

[0056] The bracket 174 includes a support area 176
configured complimentary to a portion of the sleeve 170.
Two connection arms 178 are configured to be attached
to the head housing 136 as shown in FIG. 9. The bracket
174 eliminates the need to provide a matching flange for
flange 172 molded into the opposite side of the head
housing 136. The elimination of the need for an opposing
flange allows for a significant increase in design freedom
as the space requirements for the support structure for
the sleeve 170 are reduced. The bracket 174 may be
stamped from W108 steel to provide the needed rigidity
and strength.

[0057] Referring now to FIG. 10, the pinion gear 164
forms a portion of an articulating gear system 180. The
articulating gear system 180 further includes abevel gear
182 which is engaged at the output portion of the articu-
lating gear system 180 with the pinion gear 164 and fur-
ther engaged on the motor portion by pinion gear 184.
The shaft 186 of the bevel gear 182 is supported at one
end within a hole 188 (see FIG. 4) of the frame 190. The
frame 190 is made from a zinc and aluminum alloy ZA-
8. This material provides a sufficiently low coefficient of
friction to ensure relatively small frictional forces exist
between the shaft 186 and the frame 190.

[0058] The shaft 186 is radially and axially supported
at the opposite end by a ball bearing 192 supported by
the frame 190. At this end of the shaft 186, however,
comparatively larger forces are generated than at the
end of the shaft 186 inserted within the hole 188. More
specifically, as shown in FIG. 10, both pinion gear 164
and pinion gear 184 are located on the same side of the
bevel gear 182. Accordingly, as the articulating gear sys-
tem 180 rotates, a force is generated on the bevel gear
182 in the direction of the arrow 194 toward the base 196
of the bevel gear 182. This force acts to disengage the
bevel gear 182 from the pinion gear 164 and the pinion
gear 184. With this increased force acting upon the bevel
gear 182, an unacceptable amount of axial force would
be transmitted to the bearing 192. Accordingly, a thrust
bearing 198 is provided to protect the ball bearing 192
and to provide a low friction support for the base 196 of
the bevel gear 182. The thrust bearing 198 is made of a
material with an acceptably low coefficient of friction such
as oil impregnated bronze commercially available from
McMaster Carr of Chicago, lllinois. Accordingly, the fric-
tion generated at the base 196 of the bevel gear 182 is
maintained within acceptable levels.

[0059] Referring again to FIG. 4, the pinion gear 184
is fixedly attached to a planetary gearbox shaft 200 which
receives torque from a planetary gear system generally
indicated as reference numeral 202. The planetary gear
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system 202 receives torque from a motor as is known in
the art. The planetary gear system 202 is located within
a planetary gear housing 204 which is inserted partially
within the frame 190. This arrangement allows for the
planetary gear system 202 to be separately manufac-
tured from the other components while simplifying as-
sembly of the planetary gear system 202 with the other
components. This modularity further allows for alterna-
tive gearings to be provided in the planetary gear system
202 while ensuring a proper fit with the other components.
[0060] Generally, it may be desired to provide a simple
friction fit between the planetary gear housing 204 and
the frame 190. In the embodiment of FIG. 4, however,
the articulating gear system 180 generates an axial force
along the planetary gearbox shaft 200. This axial force
acts to disengage the planetary gear housing 204 from
the frame 190. Accordingly, pins 206 and 208 which ex-
tend through both the planetary gear housing 204 and
the frame 190 are provided. The pins 206 and 208 ensure
the planetary gear housing 204 does not become de-
tached from the frame 190 during operation of the drill
100. Alternatively, the planetary gear housing 204 and
the frame 190 may be formed as an integral unit.
[0061] Continuing with FIG. 4, the frame 190 is config-
ured to slidingly mate with the head housing 136. To this
end, the head housing 136 includes a shroud portion 210
which is complimentarily formed to the frame 190 about
the ball bearing 192. The head housing 136 further in-
cludes a recess 212 which is configured to receive the
portion of the frame 190 which defines the hole 188. Also
shown in FIG. 4 is a well 214 which includes a plurality
of teeth 216 shown in FIG. 11.

[0062] With further reference to FIGs. 12-14, the well
teeth 216 are formed complimentary to a plurality of teeth
218 which are formed in the articulation button 120. The
articulation button 120 includes a raised center portion
220 which is configured to fit within a hole 222 in the main
housing portion 102. The teeth 218 of the articulation
button 120 are further configured to mesh with a plurality
of teeth 224 formed on the inner side of the main housing
portion 102 around the hole 222. The articulation button
120 also includes a spring receiving well 226 on the side
of the articulation button 120 facing the well 214. When
assembled, a spring (not shown) is located within the
well 214 and extends into the spring receiving well 226
forcing the raised center portion 220 of the articulation
button 120 toward a position wherein the articulation but-
ton 120 projects into the hole 222.

[0063] Referring to FIGs. 4 and 15, the frame 190 is
supported axially in the main housing portion 102, which
in this embodiment is made of plastic, by a rib 228. The
rib 228 lies beneath a fin 230 of the frame 190 when the
frame 190 is installed in the main housing portion 102 as
shown in FIG. 3. The planetary gear system 202 is me-
chanically secured to a motor 232 which is itself electri-
cally connected to a printed circuit board 234 which in
turn is electrically connected to a battery contact holder
236. The contact holder 236 mates with battery pack re-
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ceptacles on the battery pack 106 and transmits battery
power to the electronic circuit board 234 through lead
wires (not shown). Another pair of lead wires (not shown)
extend from the circuit board 234 to the motor terminals
238 to deliver the required voltage level to the motor 232.
[0064] Referring now to FIG. 5, a gap 240 is provided
in the portion of the head housing 136 surrounding the
bevel gear 182 which allows the head housing 136 to be
rotated with respect to the main housing portion 102 while
the pinion gear 164 remains engaged with the bevel gear
182. When the head portion 104 is axially aligned with
the main housing portion 102, however, the gap 240 is
exposed as shown in FIG. 16. The articulating gear sys-
tem 180 is thus exposed allowing contaminants access
to the articulating gear system 180 which could foul the
articulating gear system as well as presenting a safety
concern since clothing, fingers or hair could become en-
meshed in the articulating gear system 180. Accordingly,
afloating dust lid 242 shown in FIG. 17 is used to prevent
contamination of the articulating gear system 180 and to
avoid exposure of moving gears to an operator through
the gap 240, particularly when the head housing 136 is
axially aligned with the main housing portion 102 as
shown in FIG. 17.

[0065] The dust lid 242 is located in a channel 244
defined by the main housing portion 102 and the head
housing 136 as shown in FIGs. 18-20. The position of
the dust lid 242 at the lower portion (as depicted in FIGs.
18 and 19) of the channel 244 is constrained either by a
movable dust lid travel limiter 246 positioned on the head
housing 136, shown most clearly in FIGs. 11 and 20, or
by a portion 248 of the frame 190. The position of the
dust lid 242 at the upper portion of the channel 244 is
constrained either by a neck portion 250 of the head
housing 136 or by a lip 252 in the main housing portion
102.

[0066] Referring now to FIGs. 3, and 21-23, the clutch
control 118 is mechanically interfaced with a linear po-
tentiometer 254 on the circuit board 234. Also located on
the circuit board 234 is a light sensor 256 which is covered
by a collapsible rubber boot 258 which is in turn mechan-
ically fastened to the variable speed trigger 110. A re-
flective surface 260 (see FIG. 24) is located on the inside
of the rubber boot 258. A plastic spring locating member
262 which is mechanically secured to the circuit board
234 serves to locate and support a spring 264 which is
mechanically fastened to the variable speed trigger 110.
The spring 264 biases the variable speed trigger 110 in
a direction away from the circuit board 234 about a pivot
266. The circuit board 234 also contains a two position
slide switch 268 which is mechanically interfaced to the
reversing button 112.

[0067] Manipulation of the variable speed trigger 110
about the pivot 266 changes the position of the reflective
surface 260 relative to the light sensor 256 to produce a
variable speed control signal. While the embodiment of
tool 100 incorporates an optical signal generator and re-
ceiver for provision of a variable speed control signal,
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such a tool may alternatively use a pressure transducer,
a capacitive proximity sensor, or an inductive proximity
sensor. In these alternative embodiments, a pressure
sensing switch for generating the variable motor speed
control signal may include a pressure transducer for gen-
erating a variable speed control signal that corresponds
to a pressure applied to the pressure transducer directly
by the operator or through an intermediate member such
as a moveable member that traverses the distance be-
tween the stop position and the full speed position.
[0068] An embodiment of the variable motor speed
control signal implemented with a capacitive proximity
sensor may include a capacitive sensor that generates
a variable speed control signal that corresponds to an
electrical capacitance generated by the proximity of an
operator’s finger or moveable member’s surface to the
capacitive sensor. An embodiment implemented with an
inductive proximity sensor generates a variable speed
control signal that corresponds to an electrical induct-
ance generated by the proximity of an operator’s finger
or moveable member’s surface to the inductive sensor.
[0069] Referringto FIG. 23, the variable speed control
circuit 270 of the tool 100 is schematically shown. The
variable speed control circuit 270 includes a power con-
tact 272 which is operably connected to the variable
speed trigger switch 110. An optical signal generator 274
is coupled to the battery 106 and arranged on the circuit
board 232 such that light emitted from the optical signal
generator 274 is directed toward the reflective surface
260 of the variable speed trigger switch 110 and directed
toward the light sensor 256.

[0070] The light sensor 256 and the optical signal gen-
erator 274 may be located in the same housing or each
may be within a separate housing. When the two com-
ponents are located in the same housing, the light gen-
erator and sensor may emit and receive light through a
single sight glass in the housing. Alternatively, each com-
ponent may have a separate sight glass. An integrated
component having the light generator and sensor in a
single housing is a QRD 1114 Reflective Object Sensor
available from Fairchild Semiconductor of Sunnyvale,
California. Such a housing is substantially smaller than
a potentiometer that has a wiper, which traverses ap-
proximately the same distance as the trigger traverses
from the stop to the full speed position.

[0071] The optical signal generator 274 and the light
sensor 256 may be an infrared light emitter and an infra-
red light receiver. In an alternative embodiment, an IR
transceiver may be contained within a flexible dust cover
that is mechanically fastened to the back of the variable
speed trigger switch. In such an embodiment, the inside
of the cover in the vicinity of the moveable trigger reflects
the optical signal to the receiver for generating the speed
control signal.

[0072] Control of a tool incorporating the light sensor
256 may be adversely affected by external energy sourc-
es such as the sun. Accordingly, in one embodiment, the
collapsible boot or dust cover 258 is made from an
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opaque material or coated with an opaque material such
that energy from the sun which may leak past the housing
and trigger arrangement does not affect the signal re-
ceived by the light sensor 256. Alternatively, a light sen-
sor that is sensitive to a specific frequency band may be
used with a device which shields the light sensor from
only that specific frequency band. In further embodi-
ments, other circuitry or coding which uniquely identifies
the energy from the reflected signal from interfering en-
ergy may be used.

[0073] Thelightsensor 256 is anoptical transistor hav-
ing a collector 276 coupled to the battery pack 106
through the contact 272 and an emitter 278 coupled to
electrical ground though a voltage divider 280 and a ca-
pacitor 282. A timing signal generator 284 receives volt-
age from the voltage divider 280. In the tool 100, the
timing signal generator 264 is a commonly known 555
timer, although other timing signal generators may be
used.

[0074] The output of the timing signal generator 264
is coupled to a gate 286 of a MOSFET 288 that has a
drain 290 coupled to one of the motor terminals 238 and
a source 292 coupled to electrical ground. The other mo-
tor terminal 238 is coupled to the battery pack 106
through the contact 272. A freewheeling diode 294 is
coupled across the motor terminals 238. A bypass con-
tact 296, which is operatively connected to the variable
speed trigger switch 110, is located in parallel to the
MOSFET 288 between the motor terminal 238 and elec-
trical ground and a brake contact 298 is in parallel with
the freewheeling diode 294.

[0075] Operation of the drill 100 is explained with initial
reference to FIGs. 24-26. The collet locking device 126
is configured to operate with bits such as the screw driver
bit 300 shown in FIG. 24. The screw driver bit 300 and
the bit holder 130 are complimentarily shaped. In this
example, both the screw driver bit 300 and the bit holder
130 are generally hexagonal in shape, although alterna-
tive shapes may be used. The screw driver bit 300 has
a diameter slightly less than the bit holder 130 so that it
may fit within the bit holder 130. The screw driver bit 300
includes a notched area 302 and a tail portion 304.
[0076] Initially, the sleeve 138 is moved to the right
from the position shown in FIG. 4 to the position shown
in FIG. 26 thereby compressing the spring 142. As the
sleeve 138 moves, recesses 140 in the sleeve 138 are
positioned adjacent to the recesses 148 in the bit holder
130. Then, as the screw driver bit 300 is moved into the
bit holder 130, the tail portion 304 forces the steel balls
150 toward the recesses 140 and out of the channel of
the bit holder 130, allowing the tail portion 304 to move
completely past the steel balls 150.

[0077] At this point, the notched area 302 is aligned
with the recesses 148. The sleeve 138 is then released,
allowing the spring 142 to bias the sleeve 138 onto the
bit holder 130 which is to the left from the position shown
in FIG. 27. As the sleeve 138 moves, the recesses 140
are moved away from the recesses 148 thereby forcing
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the steel balls 150 partially into the channel of the bit
holder 130 as shown in FIG. 27. Movement of the steel
balls 150 into the channel of the bit holder 130 is allowed
since the notched area 302 is aligned with the recesses
148. At this point, the bit 300 is firmly held within the bit
holder 130.

[0078] The head housing 136 is then articulated to a
desired angle with respect to the main housing portion
102. Initially, the spring (not shown) in the spring receiv-
ing well 226 forces the articulation button 120 to extend
into the hole 222. Accordingly, the teeth 218 of the artic-
ulation button 120 are meshed with the teeth 224 in the
main housing portion 102 as well as the teeth 216 in the
well 214 of the head housing 136, thereby angularly lock-
ing the articulation button 120 (and the head housing
136) with the main housing portion 102. Additionally, the
dust lid 242 is constrained at the upper portion of the
channel 244 by the neck portion 250 of the head housing
136 and at the lower portion of the channel 244 by the
portion 248 of the frame 190 as shown in FIG. 18.
[0079] The operator then applies force to the articula-
tion button 120 causing the spring (not shown) to be de-
pressed thereby disengaging the teeth 218 from the teeth
224, Thus, even though the teeth 218 remain engaged
with the teeth 216, the head portion 104 is allowed to
pivot with respect to the main housing portion 102. As
the head portion 104 is articulated, for example, from the
position shown in FIG. 1 to the position shown in FIG. 2,
the pinion gear 164 articulates about the bevel gear 182.
By way of example, FIG. 28 shows the positions of the
pinion gears 164 and 184 with respect to the bevel gear
182 when the drill 100 is in the configuration shown in
FIG. 1. In this configuration, the pinion gear 164 is ap-
proximately 90 degrees away from the pinion gear 184
about the perimeter of the bevel gear 182. As the head
portion 104 is articulated in the direction of the arrow 306,
the pinion gear 164 articulates about the bevel gear 182
in the same direction. Thus, when the head portion 104
is aligned with the main housing portion 102, the pinion
gear 164 is positioned on the bevel gear 182 at a location
180 degrees away from the pinion gear 184 as shown in
FIG. 29.

[0080] Throughout this articulation, the pinion gears
164 and 184 remain engaged with the bevel gear 182.
Accordingly, the bit holder 130 may be rotated by the
motor 232 as the head housing 136 is articulated. Addi-
tionally, the articulation of the head housing 136 causes
the movable dust lid travel limiter 246 to contact the dust
lid 242 and push the dust lid 242 along the channel 244.
Thus, the dust lid 242, which is configured to be wider
than the gap 240 as shown in FIG. 17, restricts access
from outside of the drill 100 to the articulating gear system
180.

[0081] When the articulating drill 100 is rotated to the
desired location, the operator reduces the force applied
to the articulating button 120. The spring (not shown) in
the spring receiving well 226 is then allowed to force the
articulation button 120 away from the well 214 until the
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articulation button 120 extends through the hole 222. Ac-
cordingly, the teeth 218 of the articulation button 120 are
meshed with the teeth 224 in the main housing portion
102 as well as the teeth 216 in the well 214 of the head
housing 136, thereby angularly locking the articulation
button 120 (and the head housing 136) with the main
housing portion 102.

[0082] The desired direction of rotation for the bit 300
is then established by placing the reversing button 112
in the position corresponding to the desired direction of
rotation in a known manner. Rotation is accomplished by
moving the variable speed trigger switch 110 about the
pivot 266 to close the power contact 272. The closing of
the contact 272 completes a circuit allowing current to
flow to the optical signal generator 274 causing light to
be emitted.

[0083] The emitted light strikes the reflective surface
260 and a portion of the light is reflected toward the light
sensor 256. The amount of light reflected by the reflective
surface 260 increases as the reflective surface 260 is
moved closer to the light sensor 256. The increased light
sensed by the light sensor 256 causes increased current
to be conducted by the light sensor 256 and the flow of
current through the light sensor 256 causes current to
flow from the collector 276 to the emitter 278. Thus, as
the intensity of the light impinging on the light sensor 256
increases, the current conducted by the light sensor 256
increases. This increase in current causes the voltage
level presented by the voltage divider 280 to the timing
signal generator 284 to increase. The increased signal
is the variable speed signal and it causes the timing signal
generator 284 to generate a timing signal in a known
manner. In the depicted drill 100, the timing signal gen-
erator 284 is a commonly known 555 timer, although oth-
er timing signal generators may be used.

[0084] The timing signal generator 284 generates a
timing pulse having a logical on-state that corresponds
to the level of the variable speed signal. This signal is
presented to the gate 286 of the MOSFET 288. When
the signal present at the gate 286 is a logical on-state,
the MOSFET 288 couples one of the motor terminals 238
to ground while the other motor terminal 238 is coupled
to battery power through the main contact 272. Thus,
when the variable speed trigger switch 110 reaches a
position where the light sensor 256 begins to detect re-
flected light and generate a variable speed signal, the
timing signal generator 284 begins to generate a signal
that causes the MOSFET 288 to couple one of the motor
terminals 238 to ground. Once this occurs, current begins
to flow through the MOSFET 288 and the motor 232 be-
gins to rotate in the direction selected by the reversing
button 112.

[0085] The freewheeling diode 294 causes appropri-
ate half-cycles of the current in the windings of the motor
232 to flow out of the motor 232, through the diode 294,
and back into the motor 232 when the MOSFET 288 does
not conduct in response to the timing signal being in the
off-state. This action is known as freewheeling and is well
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known.

[0086] When the variable speed trigger 110 is in the
full speed position, the timing signal is predominantly in
the on-state and the bypass contact 296 closes. The clos-
ing of the bypass contact 296 enables the battery current
to continuously flow through the motor 232 so that the
motor 232 rotates at the highest speed.

[0087] When rotationis nolongerdesired, the operator
releases the variable speed trigger switch 110 and the
spring 264 causes the variable speed trigger switch 110
to rotate about the pivot 266 causing the bypass contact
296 to open. Additionally, the brake contact 298 closes
thereby coupling the motor terminals 238. The coupling
of the two motor terminals 238 to one another through
the brake contact 298 enables dynamic braking of the
motor.

[0088] The electronic control of the tool 100 thus re-
quires less space for the components that generate the
variable speed signal than prior art control systems. Be-
cause the distance traveled by the variable speed trigger
switch 110 does not have to be matched by the light signal
generator 274 and the light sensor 256, considerable
space efficiency is gained. Additionally, the light signal
generator 274 and the light sensor 256 do not require
roving parts, so reliability is improved as well. Advanta-
geously, the light signal generator 274 and the light sen-
sor 256 may be mounted on the same printed circuit
board 234 on which the timing signal generator 284 is
mounted.

[0089] As the drill 100 is operated, the bit 300 is sub-
jected to axial forces. The axial forces may result from,
for example, pressure applied by the operator or by an
impact on the bit. In either instance, the articulating gear
system 180 is protected from damage without increasing
the bulk of the components within the articulating gear
system 180. This is accomplished by directing axial forc-
es from the bit 300 to the main housing portion 102 of
the drill 100 while bypassing the articulating gear system.
With initial reference to FIG. 27, an impact on the bit 300
tends to move the bit 300 further into the drill 100, or to
the left as depicted in FIG. 27. In prior art designs, not
only could such a force damage the gear system, but the
steel balls used to retain the bit within the bit holder would
frequently jam necessitating replacement of the collet
locking device.

[0090] As shownin FIG. 27, however, the cylinder pin
146 is positioned such that the tail portion 304 of the bit
300 will contact the cylinder pin 146 before the wall of
the notched area 302 contacts the steel balls 150. Thus,
an axial impact will not cause the steel balls 150 to jam.
Of course, the cylinder pin 146 must be made from a
material sufficient to withstand the axial impact. In ac-
cordance with one embodiment, the cylinder pin 146 is
made of AISI 4135 steel.

[0091] Referring now to FIG. 4, in the event of an axial
impact, the force is transferred from the cylinder pin 146
to the to the.bit holder 130. The axial force is transmitted
from the bit holder 130 to the bearing 132 whichis located
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within the bearing pocket 134. Accordingly, the axial force
is transferred into the flange 152 (see also FIG. 5) of the
head housing 136. The head housing 136 in this embod-
iment is made from aluminum alloy A3 80 so as to be
capable of receiving the force transmitted by the bearing
132. The force is subsequently transferred to the frame
190 and into the rib 228 of the main housing portion 102.
[0092] More specifically, two paths for the transfer of
axial forces are provided around the articulating gear sys-
tem 180. The first path predominantly transfers axial forc-
es when the head housing 136 is axially aligned with the
main housing portion 102. Inthis configuration, axial forc-
es pass from head housing 136 to the frame 190 primarily
through the recess 212 where the head housing 136 en-
gages the frame 190 about the hole 188 (see FIG. 4) and
at the shroud portion 210 where the head housing 136
engages the frame 190 outwardly of the base of the bevel
gear 196.

[0093] The second path predominantly passes axial
forces when the head housing 136 is at a ninety degree
angle with respect to the main housing portion 102. In
this configuration, axial forces are again transferred from
the cylinder pin 146 to the to the bit holder 130. The axial
forces then pass primarily from the teeth 216 in the well
214 of the head housing 136 to the teeth 218 on the
articulation button 120 and then to the teeth 224 in the
main housing portion 102.

[0094] When the head housing 136 is neither com-
pletely aligned with the main housing portion 102 or at a
ninety degree angle with respect to the main housing
portion 102, axial forces generally pass through both of
the foregoing pathways. Accordingly, the effect of axial
forces on the articulating gear system 180 of the drill 100
are reduced. Because the articulating gear system 180
is thus protected, the articulating gear system 180 may
be constructed to be lighter than other articulating gear
systems.

[0095] In one embodiment, a printed circuit board
which may be used in the drill 100 or another power tool
includes a circuit that provides vibratory feedback to the
operator as shown in FIG. 30. The vibratory feedback
circuit 308 includes a microcontroller 310, a driver circuit
312, and motor interface circuit 314. The driver circuit
312 in this embodiment is an integrated circuit that gen-
erates driving signals for a half-bridge circuit from a single
pulse width modulated (PWM) signal, a torque limit indi-
cating signal, which may be the same signal as the PWM
signal, and a motor direction control signal. The driver
circuit 312 may be a half bridge driver, such as an Allegro
3946, which is available from Allegro Microsystems, Inc.
of Worcester, Massachusetts.

[0096] The output of the driver circuit 312 is connected
to a motor 316 through two transistors 318 and 320 which
may be MOSFETSs, although other types of transistors
may be used. The transistor 318 may be connected to
either terminal of the motor 316 through switches 322
and 324 while the transistor 320 may be connected to
either terminal of the motor 316 through switches 326
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and 328. A shunt resistor 330 is coupled between the
transistor 320 and electrical ground. The high potential
side of the resistor 330 is coupled to the microcontroller
310 through an amplifier 332. A power source 334 is also
provided in the vibratory feedback circuit 308 and a max-
imum torque reference signal is provided from a torque
reference source 336 which may be a linear potentiom-
eter such as the linear potentiometer 254.

[0097] The half-bridge control of the motor 316 elimi-
nates the need for a freewheeling diode because the driv-
er circuit 312 generates motor interface circuit signals for
selectively operating the motor interface circuit 314 to
control the rotational speed of the motor 316. More spe-
cifically, a variable speed control signal 338, which may
be from a trigger potentiometer or the like, is provided to
the microcontroller 310 for regulation of the rotation of
the motor 316 by the microcontroller 310. Based upon
the variable speed control signal 338, the microcontroller
310 generates a PWM signal that is provided to the driver
circuit 312. In response to the PWM signal, the driver
circuit 312 turns transistors 318 and 320 on and off.
[0098] During typical operations, the transistor 318 is
the complement of the transistor 320 such that when the
transistor 320 is on, the transistor 318 is off. The rate at
which the transistor 320 is turned on and off determines
the speed of motor 316. The direction of rotation of the
motor 316 is determined by the position of the switches
322, 324, 326 and 328 under the control, for example, of
a reversing switch.

[0099] The current through the motor 316 is provided
through the transistor 320 and the resistor 330 to elec-
trical ground when the transistor 320 is in the on-state.
This current is related to the torque at which the motor
316 is operating. Thus, the voltage at the high potential
side of the resistor 330 is related to the torque on the
motor 316. This motor torque signal is amplified by the
amplifier 332 and provided to the microcontroller 310.
The microcontroller 310 compares the amplified motor
torque signal to the torque limit signal established by the
torque reference source 336. The torque limit signal,
which may alternatively be provided by a different type
of torque limit signal generator, provides a reference sig-
nal to the microcontroller 310 that corresponds to a cur-
rent through the motor 316 that represents a maximum
torque setting for the motor 316.

[0100] Inresponse tothe microcontroller 310 receiving
a motor torque signal that exceeds the maximum torque
setting for the motor 316, the microcontroller 310 gener-
ates a braking signal that is provided to the driver circuit
312. In response to the braking signal, the driver circuit
312 turns transistor 320 to the off-state and leaves tran-
sistor 318 in the on-state. This enables regenerative cur-
rent to dynamically brake the rotation of the motor 316.
[0101] As dynamic braking occurs, the torque experi-
enced by the motor 316 decreases until the sensed
torque is less than the maximum torque setting for the
motor 316. The microcontroller 310 then returns the tran-
sistor 320 to the on-state, thereby rotating the motor 316
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and increasing the torque experienced by the motor 316.
In this manner, the motor 316 alternates between rotating
and dynamically braking which causes the tool to vibrate
and alert the operator that the torque limit has been
reached. An effective frequency for providing this vibra-
tory feedback is 30 Hz. The torque limit indicating signal
that results in this operation continues as long as the
trigger remains depressed. Alternatively, the microcon-
troller may be programmed to generate the torque limit
indicating signal for a fixed duration and then to stop to
reduce the likelihood that the motor will be overpulsed.
[0102] In one embodiment, vibratory feedback is pro-
vided for the drill 100 with the circuit shown in FIG. 31.
The vibratory feedback circuit 340 includes a microproc-
essor 342, an H-bridge driver circuit 344 and a motor
interface circuit 346. Four MOSFETSs 348, 350, 352 and
354 control power to the motor 232 fromthe rechargeable
battery pack 106 under the control of the H-bridge driver
circuit 344. A shunt resistor 356 is provided between the
MOSFETSs 352 and 354 and electrical ground. The signal
at the high potential side of the resistor 356 corresponds
to the torque being generated by the motor 232. This
motor torque signal is amplified by an amplifier circuit
358, which may be implemented with an operational am-
plifier as shown in FIG. 31, and provided to the micro-
controller 342. The microcontroller 342 compares the
motor torque signal to the torque limit signal and gener-
ates a torque limit indicating signal in response to the
motor torque signal being equal to or greater than the
torque limit signal. The torque limit indicating signal may
have a rectangular waveform.

[0103] In one embodiment, the microcontroller 342
provides a torque limit indicating signal that is a rectan-
gular signal having an off-state of at least 200 pseconds
at a frequency of approximately 30 Hz. This torque limit
indicating signal causes the driver circuit 344 to generate
motor interface control signals that disconnect power
from the motor 232 and couple the MOSFETs 348, 350,
352 and 354 together so the current within the windings
of the motor 232 flows back through the motor 232 to
dynamically brake the motor 232.

[0104] The dynamic braking causes the motor 232 to
stop. Before application of the next on-state pulse, the
microcontroller inverts the signal to the direction control
input of the H-bridge driver 344. Thus, the subsequent
on-state of the rectangular pulse causes the H-bridge
driver circuit 344 to operate the H-bridge to couple the
motor 232 to the rechargeable battery pack 106 with a
polarity that is the reverse of the one used to couple the
motor 232 and the rechargeable battery pack 106 prior
to braking. This brake/reverse/start operation of the mo-
tor at the 30 Hz frequency causes the tool to vibrate in a
manner that alerts the operator that the torque limit has
been reached while preventing the bit from continuing to
rotate during the clutching operation. The dynamic brak-
ing may also be used without inverting the signal.
[0105] In yet another embodiment, the rectangular
waveform may be generated for a fixed duration, for ex-
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ample, 10 to 20 pulses, so the motor is not over-pulsed.
Also, the microcontroller 342 may invert the direction con-
trol signal to the H-bridge driver 344 during the off-time
of the rectangular waveform so that the motor 232 starts
in the opposite direction each time. This action results in
the net output rotation being zero during the clutching
duration. Additionally, the microcontroller 342 may disa-
ble the clutching function in response to the motor direc-
tion control signal indicating reverse, rather than forward,
operation of the motor 232.

[0106] FIGs. 32A and 32B show an embodiment of a
circuit used in a tool that eliminates the need for mechan-
ical contacts. The circuit 360 includes an optical speed
control switch 362, a two position forward/reverse switch
364, a microcontroller 366, a driver circuit 368, an H-
bridge circuit 370, a motor 372, a shunt resistor 374, a
motortorque signal amplifier 376, and atorque limit signal
generator 378. In this embodiment, power is coupled to
the motor 372 through the H-bridge circuit 370, but the
main contact, brake contact, and bypass contact are no
longer required. Thus, this embodiment significantly re-
duces the number of components that are subject to me-
chanical wear and degradation. Because the optical con-
trol switch 362, microcontroller 366, driver circuit 368, H-
bridge circuit 370, and torque signal amplifier 376 may
all be implemented with integrated circuits, then ICs may
be mounted on a common printed circuit and the space
previously occupied by the mechanical contacts and var-
iable signal potentiometer are gained. This construction
further enables the tool components to be arranged in
more efficient geometries.

[0107] In the circuit 360, the optical speed control
switch 362 operates as described above to generate a
variable control signal from the reflection of an optical
signal directed at the reflective surface of a pivoting trig-
ger. The variable speed control signal is provided to the
microcontroller 366 for processing. The microcontroller
366, which may be amicrocontroller available from Texas
Instruments and designated by part number MSP430, is
programmed with instructions to generate a PWM pulse
with an on-state that corresponds to the level of the var-
iable speed signal. The microcontroller 366 provides the
PWNM signal to the driver circuit 368 for generation of the
four motor interface control signals used to couple battery
power to the motor 372. The direction in which the motor
372 is driven is determined by the contacts in the two
position forward/reverse switch 364 through which a sig-
nal is provided to the microcontroller 366. In the circuit
360, the contacts of the two position forward/reverse
switch 364 do not need to carry the current provided to
the motor 372 so the contacts of the two position forward/
reverse switch 364 may be smaller than contacts in other
systems. The directional signal is also provided by the
microcontroller 366 to the driver circuit 368 so the driver
circuit 368 is capable of two directional control of current
in the H-bridge circuit 370.

[0108] The motor torque signal amplifier 376 provides
the torque signal from the high potential side of the shunt
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resistor 374 to the microcontroller 366. The torque limit
signal generator 378 may be implemented with a poten-
tiometer as described above to provide a reference signal
for the microcontroller 366. When the microcontroller 366
determines that the motor torque signal equals or ex-
ceeds the motortorque limit, the microcontroller 366 gen-
erates a torque limit indicating signal so the driver circuit
368 generates the motor interface control signals that
operate the motor 372 in a manner that causes vibration.
For the TD340 driver circuit, the torque limit indicating
signal generated by the microcontroller 366 is a rectan-
gularsignal having an off-state of at least about 200 p.sec-
onds at a frequency of about 30 Hz.

[0109] While the presentinvention has beenillustrated
by the description of exemplary processes and system
components, and while the various processes and com-
ponents have been described in considerable detail, ap-
plicant does not intend to restrict or in any limit the scope
of the appended claims to such detail. Additional advan-
tages and modifications will also readily appear to those
skilled in the art, within the scope defined by the append-
ed claims.

Claims
1. An articulating hand power tool (100) comprising:

a head portion (104) including,

a head housing (136),

a bit holder (130) rotatably positioned within the
head housing, and

a bearing member (132),

a frame (190) rotatably connected to the head
portion (104) for placement in a plurality of po-
sitions with respect to the head portion; and
an articulating gear system (180) for transferring
rotational force generated by a motor to the bit
holder at each of the plurality of positions; char-
acterized in that

afirst axial force is transmitted from the bit holder
(130) to the bearing member (132), and
wherein the first axial force is transferred from
the bearing member (132) into a flange (152) of
the head housing (136) and

wherein the frame (190) is operably connected
to the head housing (136) for receiving the first
axial force transferred to the head housing;
such that the first axial force passes from the
head housing (136) to the frame (190) while by-
passing the articulating gear system (180).

2. The hand power tool of claim 1 wherein the articu-
lating gear system (180) comprises a bevel gear
(182) with a bevel shaft (186) and the frame is con-
figured as a bearing surface for the bevel shaft.

3. The hand power tool of claim 2, further comprising:
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athrust bearing (192) located between the frame
and the bevel gear.

4. The hand power tool of claim 1, further comprising:

a variable speed trigger switch (110) operably
connected to the motor for variably controlling
the speed of the motor and movable within a
plane between a first position corresponding to
a first motor speed and a second position cor-
responding to a second motor speed; and

a finger platform (114) located within the plane
adjacent to the variable speed trigger switch.

5. The hand power tool of claim 1, further comprising:

acylinder pin (146) positioned within the bit hold-
er (130) for receiving the first axial force from a
bit positioned within the bit holder and operable
to transfer the first axial force from the bit to the
bit holder.

6. The hand power tool of claim 5, further comprising:

an outer housing (102) for receiving at least a
portion of the frame and operably connected to
the frame (190) such that the first axial force
received by the frame is transferred to the hous-

ing.
7. The hand ower tool of claim 1, further comprising:

an outer housin (102) for receiving at least a
portion of the frame (190); and

an articulation button (120) movable between a
first position wherein the articulation button con-
tacts the outer housing and the head housing
s0 as to restrict rotation of the head housing with
respect to the outer housing and a second po-
sition wherein the articulation button does not
restrict rotation of the head housing with respect
to the outer housing.

8. The hand power tool of claim 7, wherein:

the bearing member (132) is operable to transfer
a second axial force from the bit holder (130) to
the head housing (136); and

the articulation button (120) is configured to
transfer the second axial force from the head
housing (136) to the outer housing (102).

9. The hand power tool of claim 7, wherein:

the head housing (136) comprises afirst plurality
of teeth (216);

the articulation button (120) comprises a second
plurality of teeth (218); and
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the outer housing (102) comprises a third plu-
rality of teeth (224), wherein the second plurality
of teeth is engaged with both the first plurality of
teeth and the third plurality of teeth when the
articulation button is in the first position and the
second plurality of teeth is engaged with only
one of the first plurality of teeth and the third
plurality of teeth when the articulation button is
in the second position.

10. The hand power tool of claim 1 wherein the head
housing is configured to restrict an output pinion gear
(164) of the articulating gear system (180) from
movement in a direction away from a bevel gear of
the articulating gear system, the head portion further
comprising:

a bracket (174) attached to the head housing for
providing radial support to the output pinion gear
at a location between the pinion gear and the
bevel gear.

11. The hand power tool of claim 1, further comprising:

an outer housing (102) engaged with the head
housing (136) and configured to receive and
support at least a portion of the frame (190);

a gap (240) in the portion of the head housing
surrounding the articulating gear system, which
allows the head housing to be rotated with re-
spect to the outer housing; and

a dust lid (242) which is configured to be wider
than the gap to restrict access from outside of
the hand power tool to the articulating gear sys-
tem.

12. The hand power tool of claim 1, further comprising:

a gap (240) defined by the head housing and
sized to receive a portion of the frame there-
through; and

a dust lid (242) located adjacent the gap for re-
stricting access through the gap.

13. The hand power tool of claim 1, further comprising:

an outer housing (102) engaged with the head
housing (136) and configured to receive and
support at least a portion of the frame (190);
achannel (244) located between the head hous-
ing and the outer housing; and

a dust lid (242) configured to fit slidingly within
the channel.

14. The hand power tool of claim 13, further comprising:

a first dust lid travel limiter (246) on the head
housing configured to move the dust lid within
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the channel as the frame rotates with respect to
the head portion from a first of the plurality of
positions to a second of the plurality of positions;
and

a second dust lid limiter on the outer housing
configured to prevent movement of the dust lid
past the second dust lid limiter as the frame ro-
tates with respect to the head portion from the
first of the plurality of positions to a third of the
plurality of positions, the third of the plurality of
positions and the second of the plurality of loca-
tions located on opposite sides of the first of the
plurality of positions.

15. The hand power tool of claim 13, further comprising:

an articulation detent system including a spring
loaded, toothed button (120) which interfaces
with mating toothed pockets in the head housing
and the outer housing in a locked or unpressed
position and which interfaces only with the head
housing in an unlocked or pressed position thus
allowing movement or rotation of the head por-
tion relative to the outer housing (102), the de-
tent system being concentric with a bevel gear
of the articulating gear system (180).

16. The hand power tool of claim 1, wherein the articu-
lating gear system comprises:

a motor side pinion gear,

an output side pinion gear; and

a bevel gear having afirst side engaged with the
power side inion gear and the output side pinion
gear and a second side supported by a thrust
bearing (198).

17. The hand power tool of claim 16, wherein the thrust
bearing (198) is made from an oil impregnated
bronze.

18. Amethod of transferring axialforces in an articulating
power tool (100) comprising:

transferring an axial force from a bit holder (130)
rotatably positioned within a head housing (136)
of a tool to a bearing member (132); character-
ized by

transferring the axial force from the bearing
member (132) to the head housing (136); and
transferring the axial force from the head hous-
ing (136) to a main housing (102), wherein the
head housing is rotatable with respect to the
main housing;

such that the axial forces are directed from the
bit holder (130) to the main housing (102) while
bypassing an articulating gear system (180).
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The method of claim 18, further comprising:

transferring an axial force from a bit to a cylinder
pin (146) located within the bit holder (130).

The method of claim 18, wherein transferring the ax-
ial force from the head housing to a main housing
comprises:

transferring the axial force from the head hous-
ing (136) to a frame (190) at least partially re-
ceived within the main housing (102); and
transferring the axial force from the frame (190)
to the main housing (102).

The method of claim 18, wherein transferring the ax-
ial force from the head housing to a main housing
comprises:

transferring the axial force from the head hous-
ing (136) to an articulation button (120); and
transferring the axial force from the articulation
button (120) to the main housing (102).

The method of claim 18, wherein transferring the ax-
ial force from the head housing to a main housing
comprises:

transferring a first portion of the axial force from
the head housing (136) to a frame (190) at least
partially received within the main housing (102);
transferring the first portion of the axial force
from the frame (190) to the main housing (102);
transferring a second portion of the axial force
from the head housing (136) to an articulation
button (120); and

transferring the second portion of the axial force
from the articulation button (120) to the main
housing (102).

Patentanspriiche

1.

Gelenkiges angetriebenes Handwerkzeug (100) mit:
einem Kopfabschnitt (104), umfassend

ein Kopfgehause (136),

einen Bithalter (130), welcher drehbar in-
nerhalb des Kopfgehauses positioniert ist,
und

ein Lagerglied (132),

einem Rahmen (190), welcher zur Anordnung
in einer Vielzahl von Positionen in Bezug auf
den Kopfabschnitt drehbar mit dem Kopfab-
schnitt (104) verbunden ist; und

einem gelenkigen Getriebesystem (180) zum
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2,

5.

6.

24

Ubertragen einer durch einen Motor erzeugten
Rotationskraft auf den Bithalter in jeder der Viel-
zahl von Positionen; dadurch gekennzeich-
net, dass

von dem Bithalter (130) eine erste Axialkraft auf
das Lagerglied (132) Gbertragen wird, und
wobei die erste Axialkraft von dem Lagerglied
(132) in einen Flansch (152) des Kopfgehauses
(136) Gbertragen wird, und

wobei der Rahmen (190) mit dem Kopfgehause
(136) zum Aufnehmen der auf das Kopfgehause
Ubertragenen ersten Axialkraft betreibbar ver-
bunden ist;

derart, dass die erste Axialkraft von dem Kopf-
gehause (136) auf den Rahmen (190) Gbergeht
und dabei das gelenkige Getriebesystem (180)
umgeht.

Angetriebenes Handwerkzeug nach Anspruch 1,
wobei das gelenkige Getriebesystem (180) ein Ke-
gelrad (182) mit einer Kegelradwelle (186) aufweist
und der Rahmen als eine Lageroberflache fir die
Kegelradwelle ausgebildet ist.

Angetriebenes Handwerkzeug nach Anspruch 2,
welches weiterhin aufweist:

ein Drucklager (192), welches zwischen dem
Rahmen und dem Kegelrad angeordnet ist.

Angetriebenes Handwerkzeug nach Anspruch 1,
welches weiterhin aufweist:

einen Ausldseschalter (110) fur veranderliche
Geschwindigkeit, welcher zur veranderlichen
Kontrolle der Geschwindigkeit des Motors mit
dem Motor betreibbar verbunden ist und inner-
halb einer Ebene zwischen einer ersten Positi-
on, welche einer ersten Motorgeschwindigkeit
entspricht, und einer zweiten Position, welche
einer zweiten Motorgeschwindigkeit entspricht,
bewegbar ist; und

eine Fingerplattform (114), welche dem Auslo-
seschalter fiir veranderliche Geschwindigkeit
benachbart innerhalb der Ebene angeordnetiist.

Angetriebenes Handwerkzeug nach Anspruch 1,
welches weiterhin aufweist:

einen Zylinderstift (146), welcher zur Aufnahme
der ersten Axialkraft von einem innerhalb des
Bithalters angeordneten Bit innerhalb des Bit-
halters (130) angeordnet ist und zum Ubertra-
gen der ersten Axialkraft von dem Bit auf den
Bithalter betreibbar ist.

Angetriebenes Handwerkzeug nach Anspruch 5,
welches weiterhin aufweist:
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ein auleres Gehaduse (102) zur Aufnahme zu-
mindest eines Abschnitts des Rahmens, wel-
ches mit dem Rahmen (190} derart betreibbar
verbunden ist, dass die von dem Rahmen auf-
genommene erste Axialkraft auf das Gehause
Ubertragen wird.

7. Angetriebenes Handwerkzeug nach Anspruch 1,
welches weiterhin aufweist:

ein auleres Gehause (102) zur Aufnahme zu-
mindest eines Abschnitts des Rahmens (190);
und

einen Gelenkknopf (120), welcher zwischen ei-
ner ersten Position, in der der Gelenkknopf der-
art mit dem aufleren Gehduse und dem Kopf-
gehause in Kontakt steht, dass eine Rotation
des Kopfgehauses bezlglich des aulteren Ge-
hauses beschrankt wird, und einer zweiten Po-
sition, in der der Gelenkknopf die Rotation des
Kopfgehaduses in Bezug auf das dulere Gehau-
se nicht beschrankt, bewegbar ist.

8. Angetriebenes Handwerkzeug nach Anspruch 7,
wobei:

das Lagerglied (132) zum Ubertragen einer
zweiten Axialkraft von dem Bithalter (130) auf
das Kopfgehause (136) betreibbar ist; und

der Gelenkknopf (120) derart ausgebildet ist,
dass er die zweite Axialkraft von dem Kopfge-
hause (136) auf das aulere Gehduse (102)
Ubertragt.

9. Angetriebenes Handwerkzeug nach Anspruch 7,
wobei:

das Kopfgehause (136) eine erste Vielzahl von
Zahnen (216) aufweist;

der Gelenkknopf (120) eine zweite Vielzahl von
Zahnen (218) aufweist; und

das aullere Gehause (102) eine dritte Vielzahl
von Zahnen (224) aufweist, wobei die zweite
Vielzahl von Zahnen sowohl in die erste Vielzahl
von Zahnen als auch in die dritte Vielzahl von
Zahnen eingreift, wenn der Gelenkknopf sich in
der ersten Position befindet, und wobei die zwei-
te Vielzahl von Zahnen nur in eine der ersten
Vielzahl von Zahnen und der dritten Vielzahl von
Zahnen eingreift, wenn der Gelenkknopf sich in
der zweiten Position befindet.

10. Angetriebenes Handwerkzeug nach Anspruch 1,
wobei das
Kopfgehause dazu ausgebildet ist, ein Abtriebsritzel
(164) des gelenkigen Getriebesystems (180) an ei-
ner Bewegung in einer Richtung weg von einem Ke-
gelrad des gelenkigen Getriebesystems zu hindern,
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wobei der Kopfabschnitt weiterhin aufweist:

einen Halter (174), welcher an dem Kopfgehause
befestigt ist, um an einem Ort zwischen dem Ritzel
und dem Kegelrad eine radiale Unterstlitzung fur das
Abtriebsritzel bereitzustellen.

Angetriebenes Handwerkzeug nach Anspruch 1,
welches weiterhin aufweist:

ein aulleres Gehause (102), welches mit dem
Kopfgehause (136) in Eingriff steht und dazu
ausgebildet ist, zumindest einen Abschnitt des
Rahmens (190) aufzunehmen und zu unterstut-
zen;

eine Aussparung (240) in dem Abschnitt des
Kopfgehauses, welcher das gelenkige Getrie-
besystem umgibt, die es dem Kopfgehause er-
maoglicht, bezuiglich des aulieren Gehauses ro-
tiert zu werden; und

einen Staubdeckel (242), welcher breiter als die
Aussparung ausgebildet ist, um einen Zugang
von der Aulenseite des angetriebenen Hand-
werkzeugs zu dem gelenkigen Getriebesystem
zu beschranken.

12. Angetriebenes Handwerkzeug nach Anspruch 1,

welches weiterhin aufweist:

eine Aussparung (240), welche durch das Kopf-
gehause definiert ist und bemessen ist, um ei-
nen Abschnitt des Rahmens durch sich aufzu-
nehmen; und

einen Staubdeckel (242), welcher der Ausspa-
rung benachbart angeordnet ist, um einen Zu-
gang durch die Aussparung zu beschranken.

13. Angetriebenes Handwerkzeug nach Anspruch 1,

welches weiterhin aufweist:

ein aulReres Gehause (102), welches mit dem
Kopfgehduse (136) in Eingriff steht und dazu
ausgebildet ist, zumindest einen Abschnitt des
Rahmens (190) aufzunehmen und zu unterstuit-
zen;

einen Kanal (244), welcher zwischen dem Kopf-
gehause und dem aulleren Gehaduse angeord-
net ist; und

einen Staubdeckel (242), welcher derart ausge-
bildet ist, dass er gleitend in den Kanal hinein-
passt.

14. Angetriebenes Handwerkzeug nach Anspruch 13,

welches weiterhin aufweist:

einen ersten Staubdeckelwegbegrenzer (246)
an dem Kopfgehause, welcher ausgebildet ist,
um den Staubdeckel innerhalb des Kanals zu
bewegen, wenn der Rahmen bezlglich des
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Kopfabschnitts aus einer ersten der Vielzahl von
Positionen in eine zweite der Vielzahl von Posi-
tionen rotiert; und

einen zweiten Staubdeckelbegrenzer an dem
auleren Gehause, welcher ausgebildet ist, um
eine Bewegung des Staubdeckels an dem zwei-
ten Staubdeckelbegrenzer vorbei zu verhin-
dern, wenn der Rahmen bezliglich des Kopfab-
schnitts aus der ersten der Vielzahl von Positio-
nen in eine dritte der Vielzahl von Positionen
rotiert, wobei die dritte der Vielzahl von Positio-
nen und die zweite der Vielzahl von Positionen
auf gegeniiberliegenden Seiten der ersten der
Vielzahl von Positionen angeordnet sind.

15. Angetriebenes Handwerkzeug nach Anspruch 13,

welches weiterhin aufweist:

ein Gelenkarretiersystem, welches einen feder-
belasteten, gezahnten Knopf (120) beinhaltet,
der in einer verriegelten oder ungedrtickten Po-
sition mit entsprechenden gezahnten Taschen
in dem Kopfgehause und dem aueren Gehau-
se gekoppelt ist und der in einer entriegelten
oder gedriickten Position nur mit dem Kopfge-
hause gekoppelt ist und dadurch eine Bewe-
gung oder eine Rotation des Kopfabschnitts re-
lativzu dem aufReren Gehause (102) erméglicht,
wobei das Arretiersystem zu einem Kegelrad
des gelenkigen Getriebesystems (180) konzen-
trisch ist.

16. Angetriebenes Handwerkzeug nach Anspruch 1,

wobei das gelenkige Getriebesystem Folgendes
aufweist:

ein motorseitiges Ritzel,

ein abtriebsseitiges Ritzel, und

ein Kegelrad, welches eine mit dem antriebssei-
tigen Ritzel und dem abtriebsseitigen Ritzel in
Eingriff stehende erste Seite und eine durch ein
Drucklager (198) abgestitzte zweite Seite auf-
weist.

17. Angetriebenes Handwerkzeug nach Anspruch 16,

wobei das Drucklager (198) aus einer Slimpragnier-
ten Bronze hergestellt ist.

18. Verfahren zur Ubertragung axialer Krafte in einem

gelenkigen angetriebenen Werkzeug (100), welches
aufweist:

Ubertragen einer Axialkraft von einem drehbar
innerhalb eines Kopfgehduses (136) eines
Werkzeugs angeordneten Bithalter (130) aufein
Lagerglied (132); gekennzeichnet durch
Ubertragen der Axialkraft von dem Lagerglied
(132) auf das Kopfgehause (136); und
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19.

20.

21.

22,

28

Ubertragen der Axialkraft von dem Kopfgehau-
se (136) auf ein Hauptgehause (102), wobei das
Kopfgehduse bezliglich des Hauptgehduses
drehbar ist;

derart, dass die Axialkrafte von dem Bithalter
(130) zu dem Hauptgehause (102) geleitet wer-
den, wahrend sie ein gelenkiges Getriebesy-
stem (180) umgehen.

Verfahren nach Anspruch 18, welches weiterhin auf-
weist:

Ubertragen einer Axialkraft von einem Bit auf
einen innerhalb des Bithalters (130) angeordne-
ten Zylinderstift (146).

Verfahren nach Anspruch 18, wobei das Ubertragen
der Axialkraft von dem Kopfgehause auf ein Haupt-
gehause aufweist:

Ubertragen der Axialkraft von dem Kopfgehau-
se (136) auf einen Rahmen (190), welcher zu-
mindest teilweise innerhalb des Hauptgehauses
(102) aufgenommen ist; und

Ubertragen der Axialkraft von dem Rahmen
(190) auf das Hauptgehause (102).

Verfahren nach Anspruch 18, wobei das Ubertragen
der Axialkraft von dem Kopfgehause auf ein Haupt-
gehause aufweist:

Ubertragen der Axialkraft von dem Kopfgeh&u-
se (136) auf einen Gelenkknopf (120); und
Ubertragen der Axialkraft von dem Gelenkknopf
(120) auf das Hauptgehause (102).

Verfahren nach Anspruch 18, wobei das Ubertragen
der Axialkraft von dem Kopfgehause auf ein Haupt-
gehause aufweist:

Ubertragen eines ersten Anteils der Axialkraft
von dem Kopfgehause (136) auf einen Rahmen
(190), welcher zumindest teilweise innerhalb
des Hauptgehauses (102) aufgenommen ist;
Ubertragen des ersten Anteils der Axialkraft von
dem Rahmen (190) auf das Hauptgehause
(102);

Ubertragen eines zweiten Anteils der Axialkraft
von dem Kopfgehause (136) auf einen Gelenk-
knopf (120); und

Ubertragen des zweiten Anteils der Axialkraft
von dem Gelenkknopf (120} auf das Hauptge-
hause (102).

Revendications

1.

Outil a main electrique articulé (100) comprenant :
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une partie de téte (104) comprenant :

un logement de téte (136),

un porte-méche (130) positionné rotatif
dans le logement de la téte, et

un élément de roulement (132),

un cadre (190) raccordé rotatif a la partie
de téte (104) destiné a se placer dans une
pluralité de positions par rapport a la partie
de téte ; et

un systeme d’engrenage articulé (180) des-
tine a transférer une force de rotation gene-
rée par un moteur au porte-méche au ni-
veau de chacune de la pluralité des
positions ; caractérisé en ce que

une premiére force axiale est transmise du
porte-méche (130) al'élément de roulement
(132), et

dans lequel la premiere force axiale est
transférée de I'élément de roulement (132)
dans une bride (152) du logement de la téte
(136), et

dans lequel le cadre (190) est raccorde de
maniére fonctionnelle au logement de la té-
te (136), afin de recevoir la premiére force
axiale transferee au logement de la téte ;
de sorte que la premiére force axiale passe
du logement de la téte (136) au cadre (190)
tout en contournant le systéme d’engrena-
ge articulé (180).

2. Outil amain electrique selon larevendication 1, dans

lequel le systéme d'engrenage articulé (180) com-
prend un engrenage a roue conique (182) muni d’'un
arbre conigque (186) et le cadre est configuré sous
laforme d’une surface portante pour I'arbre conique.

Outil 2 main électrique selon la revendication 2, com-
prenant en outre :

un palier de butee (192) situe entre le cadre et
I'engrenage a roue conique.

Outil 2a main électrique selon la revendication 1, com-
prenant en outre :

un commutateur de déclencheur a vitesse va-
riable (110) raccordé de maniere fonctionnelle
au moteur, afin de commander de fagon variable
la vitesse du moteur et mobile dans un plan situé
entre une premiére position correspondant a
une premiere vitesse du moteur et une seconde
position correspondant a une seconde vitesse
du moteur ; et

un support pour le doigt (114) situé dans le plan
adjacent au commutateur de déclencheur a vi-
tesse variable.
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5. Outilamain électrique selon larevendication 1, com-

prenant en outre :

un mandrin cylindrique (146) positionne a l'inté-
rieur du porte-meéche (130) destiné a recevoir la
premiére force axiale en provenance d’'une me-
che positionnée a l'intérieur du porte-méche et
opérationnel pour transférer la premiére force
axiale provenant de la méche jusqu'au porte-
méche.

Outil a main électrique selon larevendication 5, com-
prenant en outre :

un boitier extérieur (102) destiné a recevoir une
partie du cadre et raccordé de fagon fonction-
nelle au cadre (190), de sorte que la premiére
force axiale regue par le cadre soit transférée
au boitier.

Outil a main électrique selon larevendication 1, com-
prenant en outre :

un boitier extérieur (102) destiné a recevoir au
moins une partie du cadre (190) ; et

un bouton articulé (120) mobile entre une pre-
miére position dans laquelle le bouton articulé
vient au contact du boitier extérieur et du loge-
ment de |a téte, de maniére a limiter la rotation
du logement de la téte par rapport au boitier ex-
térieur et une seconde position dans laquelle le
bouton articulé ne limite pas la rotation du loge-
ment de la téte par rapport au boitier exterieur.

8. Outil a main électrique selon larevendication 7, dans

lequel :

I'élement de roulement (132) est opérationnel
pour transferer une seconde force axiale prove-
nant du porte-méche (130) jusqu’au logement
de latéte (136) ; et

le bouton articulé (120) est configuré pour trans-
férer la seconde force axiale provenant du loge-
ment de la téte (136) jusqu’au boitier exterieur
(102).

9. Outil a main électrique selon larevendication 7, dans

lequel :

le logement de téte (136) comprend une premie-
re pluralité de dents (216) ;

le bouton articulé (120) comprend une seconde
pluralite de dents (218) ; et

le boitier extérieur (102) comprend une troisie-
me pluralité de dents (224), dans lequel la se-
conde pluralité de dents est mise en contact a
la fois avec la premiéere pluralité de dents et la
troisieme pluralité de dents lorsque le bouton
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articulé se trouve dans la premiere position et
la seconde pluralite de dents est mise en contact
uniguement avec I'une de la premiére pluralité
de dents et de la troisiéme pluralité de dents
lorsque le bouton articulé se trouve dans la se-
conde position.

Outil 2a main électrique selon la revendication 1, dans
lequel le logement de téte est configuré de maniére
a limiter la course d’'un pignon de sortie (164) du
systeme d’engrenage articulé (180) dans une direc-
tion opposée a un engrenage aroue conique du sys-
téme d’engrenage articule, la partie de téte compre-
nant en outre :

un support (174) rattaché au logement de la téte
destiné a fournir un support radial au pignon de
sortie 2 un emplacement situe entre le pignon
de sortie et I'engrenage a roue conique.

Outil 2a main électrique selon la revendication 1, com-
prenant en outre :

un boitier extérieur (102) en contact avec le lo-
gement de la téte (136) et configuré pour rece-
voir et supporter au moins une partie du cadre
(190).

un espace (240) dans la partie du logement de
téte entourant le systéme d’engrenage articulg,
qui permet au logement de la téte d'effectuer
une rotation par rapport au boitier exterieur ; et
un couvercle anti-poussiére (242) configuré de
maniere a étre plus large que I'espace, afin de
restreindre I'accés au systéme d’engrenage ar-
ticulé depuis I'extérieur de I'outil & main électri-
que.

Outil 2 main électrique selon la revendication 1, com-
prenant en outre :

un espace (240) délimité par le logement de téte
et dimensionné pour recevoir une partie du ca-
dre a travers celui-ci ; et

un couvercle anti-poussiére (242) situé adjacent
a 'espace, afin de limiter I'acces par I'espace.

Outil 2 main électrique selon la revendication 1, com-
prenant en outre :

un boitier extérieur (102) en contact avec le lo-
gement de la téte (136) et configuré pour rece-
voir et supporter au moins une partie du cadre
(190);

un canal (244) situé entre le logement de la téte
et le boitier extérieur ; et

un couvercle anti-poussiére (242) configuré
pour s’adapter par coulissement a l'intérieur du
canal.
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14. Outil 2 main électrique selon la revendication 13,

comprenant en outre :

un premier limiteur de course (246) du couvercle
anti-poussiere disposé sur le logement de téte,
configuré pour déplacer le couvercle anti-pous-
siere dans le canal au fur et a mesure que le
cadre effectue une rotation par rapport a la partie
de téte depuis une premiéere position sélection-
née parmi la pluralité des positions jusqu'a une
seconde position sélectionnée parmi la pluralité
des positions ; et

un second limiteur du couvercle anti-poussiére
disposé sur le boitier extérieur, configuré pour
empécher le déplacement du couvercle anti-
poussiere au-dela du second limiteur du couver-
cle anti-poussiére au fur et a mesure que le ca-
dre effectue une rotation par rapport a la partie
de téte depuis la premiére position sélectionnée
parmi la pluralité des positions jusqu’a une troi-
sieme position sélectionnée parmi la pluralité
des positions, la troisiéme position sélectionnée
parmi la pluralité des positions et la seconde po-
sition sélectionnée parmi la pluralité des posi-
tions étant situées sur les cotés opposes de la
premiére position selectionnee parmila pluralité
des positions.

15. Outil 2 main électrique selon la revendication 13,

comprenant en outre :

un systéme de détente articulé comprenant un
bouton denté a ressort (120) qui établit une in-
terface avec des évidements dentés correspon-
dants dans le logement de téte et le boitier ex-
térieur dans une position verrouillée ou non en-
clenchée, et qui établit une interface unique-
ment avec le logement de téte dans une position
non verrouillée ou enclenchée, ce qui permet de
déplacer ou de faire tourner la partie de téte par
rapport au boitier extérieur (102), le systeme de
détente étant concentriqgue a un engrenage a
roue conique du systéme d’engrenage articulé
(180).

16. Outil a main électrique selon la revendication 1, dans

lequel le systéme d’engrenage articulé comprend :

un pignon latéral de moteur,

un pignon latéral de sortie ; et

un engrenage a roue conique dont le premier
cOté est mis en contact avec le pignon latéral de
puissance et le pignon latéral de sortie et un
second cété supporté par un palier de butée
(198).

17. Outil 2 main électrique selon la revendication 16,

dans lequel le palier de butée (198) est en bronze
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imprégné d’huile. provenant du logement de téte (136) jusqu’'a un
bouton articulé (120); et
18. Procedé de transfert de forces axiales dans un outil transférer la seconde partie de la force axiale
electrique articulé (100) comprenant ; provenant du bouton articule (120) jusqu’au boi-
5 tier principal (102).

le transfert d’une force axiale provenant d'un

porte-méche (130) positionné rotatif a I'intérieur

d'un logement de téte (136) d’'un outil a un elé-

ment de roulement (132) ; caractérisé par

le transfert de la force axiale de I'élément de 70

roulement (132) au logement de téte (136) ; et

le transfert de la force axiale du logement de

téte (136) a un boitier principal (102), dans le-

quel le logement de la téte est apte a tourner

par rapport au boitier principal ; 15

de sorte que les forces axiales sont dirigees de-

puis le porte-méche (130) jusqu’au boitier prin-

cipal (102) tout en contournant un systeme d’en-

grenage articulé (180).

20
19. Procédé selon la revendication 18, comprenant en
outre :

le transfert d’'une force axiale provenant d’'une
méche jusgu’a un mandrin cylindrique (146) si- 25
tué a l'intérieur du porte-méche (130).

20. Procéde selon la revendication 18, dans lequel le
transfert de la force axiale provenant du logement
de téte jusqu’a un boitier principal consiste a : 30

transférer la force axiale provenant du logement

de téte (136) jusqu’'a un cadre (190) logé au
moins en partie dans le boitier principal (102) ; et
transféerer la force axiale provenant du cadre 35
(190) jusqu'au boitier principal (102).

21. Procéde selon la revendication 18, dans lequel le
transfert de la force axiale provenant du logement
de téte jusqu’a un boitier principal consiste a : 40

transférer la force axiale provenant du logement
de téte (136) jusqu’a un bouton articulé (120) ; et
transférer la force axiale provenant du bouton
articulé (120) jusqu’au boitier principal (102). 45

22. Procéde selon la revendication 18, dans lequel le
transfert de la force axiale provenant du logement
de téte jusqu’a un boitier principal consiste a :

50
transférer une premiéere partie de la force axiale
provenant du logement de téte (136) jusqu’a un
cadre (190) logé au moins en partie dans le boi-
tier principal (102) ;
transférer la premiére partie de la force axiale 55
provenant du cadre (190) jusqu’au boitier prin-
cipal (102);
transférer une seconde partie de la force axiale

18
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