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TOOL CHUCK WITH POWER TAKE OFF FEATURE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This US non-provisional application claims priority under 35
USC §119 to US Provisional Application No. 60/610,973 filed September
20, 2004, the content of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field of the Invention
[0002] The present invention relates in general to tool chucks for
attachment of accessories to power drivers, and more particularly to a
tool chuck having chuck jaws that may be actuated via power from the

driver’s transmission.

2. Description of Related Art

[0003] Conventional tool chucks may have a turn ring that is rotatable
using a chuck key to extend and retract chuck jaws. Although such tool
chucks are generally thought to provide acceptable performance, they
are not without shortcomings. For example, the conventional tool chuck
requires cumbersome chuck key operations, chuck key 'retention, and
other inconveniences.

[0004] In view of the shortcomings associated with chuck keys, tool

_chucks have been developed that have a turn ring (or sleeve) thatis _.
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rotated manually, without using a chuck key, to tighten the chuck jaws.
Other developments include a tool chuck that utilizes power from the
power driver to open and close the chuck jaws. To this end, the tool
chuck may be provided with a sleeve that is axially moveable to a
position in which the sleeve is grounded (i.e., rotationally fixed) to the
housing of the power driver. Thus, when the driver is powered up, a
spindle of the driver (and consequently the chuck jaws) rotates relative
to the sleeve. The relative rotation between the spindle and the sleeve
may tighten or loosen the chuck jaws.

[0005] Conventional keyless tool chucks have associated
disadvantages. For example, they require an operator to manipulate the
sleeve (i.e., rotate the sleeve and/or slide the sleeve axially). Such
manipulations may be difficult, especially when the operator attempts to
simultaneously insert an accessory into the chuck jaws. Also, an
operator may inadvertently release a grounded condition between the

sleeve and the tool housing when the tool is powered up.

SUMMARY
[0006] According to an example, non-limiting embodiment, a tool
chuck may include a shaft supporting chuck jaws. The shaft may
provide a first transmission power path for rotationally driving the chuck
jaws. The shaft may have a through hole. A chuck actuating

mechanism may be provided in the through hole. The chuck actuating
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mechanism may provide a second transmission power path for opening
and closing the chuck jaws.

[0007] According to another example, non-limiting embodiment, a tool
chuck may include a shaft supporting chuck jaws. The shaft may
provide a first transmission power path to the chuck jaws. The shaft
may have a through hole. A chuck actuating mechanism may be
mounted in the through hole. The chuck actuating mechanism may
provide a second transmission power path to the chuck jaws.

[0008] According to another example, non-limiting embodiment, a tool
transmission may include a carrier supporting at least one planetary
gear. A sun gear may be connected to the carrier. The sun gear and the
carrier may be rotationally locked together and axially moveable relative
to each other.

[0009] According to another example, non-limiting embodiment, a
power tool may include a housing. A transmission may be mounted on
the housing. The transmission may have a primary rotational axis. A
collar may be mounted on the housing. The collar may be moveable
relative to the housing to displace at least one element of the
transmission along the primary rotational axis. A central axis of the
collar may be offset from the primary rotational axis.

[0010] The above and other features of the invention including various
and novel details of construction and combinations of parts will now be
more particularly described with reference to the accompanying

drawings. It will be understood that the details of the example
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embodiments are shown by way of illustration only and not as
limitations of the invention. The principles and features of this invention
may be employed in varied and numerous embodiments without

departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Example embodiments of the present invention will become
more fully understood from the detailed description below and the
accompanying drawings, wherein like elements are represented by like
reference numerals, which are given by way of illustration only and thus
are not limiting of the present invention.
[0012] Fig. 1 is a schematic illustration of a tool chuck with a power
take off feature according to an example, non-limiting embodiment of the
present invention.
[0013] Figs. 2 and 3 are schematic illustrations of a tool chuck with a
power take off feature according to another example, non-limiting
embodiment of the present invention.
[0014] Fig. 4 is a schematic illustration of a tool chuck with a power
take off feature according to another example, non-limiting embodiment
of the present invention.
[0015] Fig. 5 is partial side view of a button that may be implemented

to shift operating modes of the example tool chuck depicted in Fig. 4.
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[0016] Fig. 6 is a schematic illustration of a tool chuck with a power
take off feature according to another example, non-limiting embodiment
of the present invention.

[0017] Figs. 7 and 8 are schematic illustrations of a tool chuck with a
power take off feature according to another example, non-limiting
embodiment of the present invention.

[0018] Fig. 9 is an exploded perspective view of a shift collar that may
be implemented to shift operating modes of the example tool chuck
depicted in Figs. 7 and 8.

[0019] Figs. 10 and 11 are schematic illustrations of another example
shift collar.

[0020] Fig. 12 is a partial perspective view of another example shift
collar.

[0021] Figs. 13 and 14 are schematic illustrations of a tool chuck with
a power take off feature according to another example, non-limiting
embodiment of the present invention.

[0022] Figs. 15 - 18 are schematic illustrations of a tool chuck with a
power take off feature according to another example, non-limiting

embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
I. Example Embodiment Depicted in Fig. 1:
[0023] Fig. 1 shows an example, non-limiting embodiment of a tool

chuck 50 with a power take off feature. The tool chuck 50 may be _ _
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provided on a power driver (e.g., a drill) for holding a tool (e.g., a drill
bit). It will be appreciated, however, that the tool chuck 50 may be
suitably implemented on a variety of power drivers (other than drills) for
holding a variety of tools (other than drill bits).

A. The Structure:

[0024] With reference to Fig. 1, the tool chuck 50 may be connected to
the transmission 70 of a power driver. The transmission 70 may couple
an electric motor (not shown) to the tool chuck 50. The transmission 70
may use gearing to effect a change in the ratio between an input rpm
(from the electric motor) and an output rpm (delivered to the tool chuck
50).

[0025] In this example embodiment, the transmission 70 may include
three planetary reduction systems. It will be appreciated, however, that
the invention is not limited in this regard. For example, more or less
than three planetary reduction systems may be implemented. Further,
transmissions other than planetary reduction system transmissions
(e.g., conventional parallel axis transmissions) may be suitably
implemented.

[0026] For clarity of illustration, only a single planetary reduction
system (the “third stage reduction system”) is illustrated in Fig. 1. The
third stage reduction system may include a third stage sun gear 72t
fixed on the front side of a second stage carrier 78s. A plurality of third
stage planetary gears 74t may engage with the third stage sun gear 72t.

_ Each third stage planetary gear 74t may be rotatably mounted on a
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respective shaft 76t that is supported by a third stage carrier 78t. A
third stage ring gear 80t may engage with the third stage planetary gears
74t.

[0027] The third stage ring gear 80t may be moveable in an axial
direction relative to the housing 95 of the power driver to selectively
operate the third stage reduction system. The third stage reduction
system may become operative by moving the third stage ring gear 80t to
an axial rearward position, as shown in Fig. 1. Here, the third stage ring
gear 80t may be rotationally fixed to the housing 95 via cooperating
features. For example, and not as a limitation of the invention, the third
stage ring gear 80t may have longitudinal protrusions 81 that may
engage with fixing elements 96 of the housing 95. Such cooperating
features are well known in this art, and therefore a detailed description
of the same is omitted. When the third stage reduction system is
operative, one rotation of the third stage sun gear 72t may cause only a
fractional rotation of the third stage carrier 78t.

[0028] The third stage reduction system may become inoperative by
moving the third stage ring gear 80t to an axial forward position. In the
axial forward position, the cooperating features 81, 96 of the third stage
ring gear 80t and the housing 95, respectively, may disengage so that
the third stage ring gear 80t may be rotatable relative to the housing 95.
Further, the third stage ring gear 80t may engage with the third stage
planetary gears 74t, as well as the third stage carrier 78t. When the

_ third stage reduction system is inoperative, the third stage sun gear 72t,
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the third stage planetary gears 74t, and the third stage carrier 78t may
rotate together as a unit.

[0029] The first and the second stage reduction systems may be
similar to the third stage reduction system discussed above. For
example, in the second stage reduction system, the second stage sun
gear may be provided on the front side of the first stage carrier. In the
first stage reduction system, the first stage sun gear may be rotationally
fixed to a rotary shaft of the electric motor.

[0030] All of the reduction systems of the transmission 70 may include
a respective ring gear that is axially moveable to selectively operate the
same. Each ring gear may respectively support a radially oriented cam
follower. For example, the outer surface of the ring gear may be
provided with a continuous, circumferential groove in which a wire is
provided. The wire, which may be slidable through the circumferential
groove, may have free ends that extend in a radial direction and out of
the circumferential groove. The free ends of the wire may constitute cam
followers for the corresponding ring gear. The cam followers may be
received in respective slots of a shift collar mounted on the housing 95.
Upon rotating the shift collar, the slots may influence the cam followers
(and thus the corresponding ring gears) to the desired axial positions.
The shift collar will be discussed in greater detail below in section V.
[0031] The input of a particular stage (via the corresponding sun gear)

is the output of the immediately preceding stage (via the preceding
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carrier). Thus, the three reduction systems may operate in combination
or individually to obtain the desired transmission output.

[0032] In this example embodiment, power may be taken off the
transmission 70 via the third stage carrier 78t. To this end, the third
stage carrier 78t may have a front surface provided with drive lugs 62
and a rear surface provided with drive lugs 64. Also, the third stage
carrier 78t may be axially moveable relative to the housing 95 between a
forward position and a rearward position. When the third stage carrier
78t is in the axial forward position, the drive lugs 62 may interact with
lugs 42 provided on an input shaft 40. In this condition, the third stage
carrier 78t and the input shaft 40 may be rotationally fixed together so
that transmission power may be delivered for rotationally driving the tool
chuck 50 (in a normal operating mode). When the third stage carrier 78t
is in the axial rearward position, the drive lugs 62 may disengage the
input shaft 40 and the drive lugs 64 may interact with lugs 34 on a
chuck actuating shaft 30. In this condition, the third stage carrier 78t
and the chuck actuating shaft 30 may be rotationally fixed together so
that transmission power may be delivered for actuating the tool chuck
50 (in a chuck actuating mode).

[0033] The third stage carrier 78t may include an opening through
which the chuck actuating shaft 30 extends. In Fig. 1, the third stage
carrier 78t is at an axial intermediate position (i.e., between the axial

forward position and the axial rearward position). Here, the third stage
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carrier 78t may be axially and rotationally moveable with respect to both
the input shaft 40 and the chuck actuating shaft 30.

[0034] An outer surface of the third stage carrier 78t may be provided
with a continuous, circumferential groove 79 in which a wire (not shown)
is provided. The wire, which may be slidable through the circumferential
groove 79, may have free ends that extend in a radial direction and out
of the circumferential groove 79. The free ends of the wire may
constitute cam followers. The cam followers may be received in a slot of
the shift collar mounted on the housing 95. Upon rotating the shift
collar, the slot may influence the cam follower (and thus the third stage
carrier 78t) to the desired axial position.

[0035] The input shaft 40 may be mounted for rotation (via bearings 5,
6) in the housing 95. In this example embodiment, the forward end of
the input shaft 40 may include inclined passageways 9 through which
chuck jaws 2 are respectively slidable. The inclined passageways 9 may
rotationally fix the input shaft 40 to the chuck jaws 2. The input shaft
40 may include a bore having radially inward facing threads 43 that
interact with radially outward facing threads 33 of a chuck actuating
screw 32. That is, the input shaft 40 may be screw coupled to the chuck
actuating screw 32. An o-ring 7, which may be provided between the
input shaft 40 and the chuck actuating screw 32, may prevent debris
from penetrating into and contaminating the inside of the tool chuck 50

and the transmission 70.
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[0036] The chuck actuating screw 32 may be supported by the input
shaft 40. The interaction of the threads 33, 43 may cause the chuck
actuating screw 32 to advance or retract in the axial direction relative to
the input shaft 40. A rear end of the chuck actuating screw 32 may
include a blind hole 31 that receives the forward end of the chuck
actuating shaft 30. The chuck actuating screw 32 and the chuck
actuating shaft 30 may be rotationally fixed together and the chuck
actuating screw 32 may be axially moveable relative chuck actuating
shaft 30. For example, the blind hole 31 may include a longitudinal
spline (not shown) that may be received by a corresponding feature
provided on the chuck actuating shaft 30. Such spline couplings (and
other alternative couplings) are well known in this art, and therefore a
detailed discussion of the same is omitted. The forward end of the chuck
actuating screw 32 may support a pusher head 35.

[0037] The pusher head 35 may be mounted for rotation on the chuck
actuating screw 32. A bearing 8 may be provided to facilitate the relative
rotation between the pusher head 35 and the chuck actuating screw 32.
The pusher head 35 may include radially oriented passageways 36 in
which the chuck jaws 2 are respectively supported. The radially oriented
passageways 36 may guide a radial movement of the chuck jaws 2, and
at the same time may rotationally fix the chuck jaws 2 to the pusher
head 35.

[0038] An automatic spindle lock 20 may be mounted between the

_input shaft 40 and the housing 95. It will be appreciated that automatic
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spindle locks are conventionally known in this art. For example, a
representative automatic spindle lock is described in US Patent No.
6,311,787, the entire contents of which is incorporated herein by
reference. The automatic spindle lock described in US Patent No.
6,311,787 could be suitably implemented in the example embodiment
depicted in Fig. 1 with only slight modifications that may be readily
apparent to those skilled in the art. In any event, the automatic spindle
lock 20, which is only schematically illustrated in Fig. 1, may provide the
following functionality.

[0039] On the one hand, the automatic spindle lock 20 may allow the
input shaft 40 to rotate (relative to the housing 95) when the third stage
carrier 78t is in the axial forward position (i.e., during the normal
operating mode). Here, drive lugs 66 on the front surface of the third
stage carrier 78t may interact with a roller cage (not shown) of the
automatic spindle lock 20. When the driver is powered up, the third
stage carrier 78t (via the drive lugs 66) may rotationally drive the roller
cage, thereby allowing the input shaft 40 to rotate relative to the housing
95.

[0040] On the other hand, the spindle lock 20 may prevent the input
shaft 40 from rotating (relative to the housing 95) when the third stage
carrier 78t is in the axial rearward position (i.e., during the chuck
actuating mode). Here, the drive lugs 66 may disengage the automatic

spindle lock 20. Thus, when the driver is powered up, the third stage
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carrier 78t may not rotationally drive the roller cage so that the input
shaft 40 may be rotationally locked to the housing 95.

B. The Operation:

[0041] The tool chuck 50 may operate differently depending on the
axial position of the third stage carrier 78t. On the one hand, when the
third stage carrier 78t is in the axial forward position, the power output
from the transmission 70 may rotationally drive the tool chuck 50 in the
normal operating mode. On the other hand, when the third stage carrier
78t is in the axial rearward position, the power output from the
transmission 70 may actuate the tool chuck 50 to open or close the
chuck jaws 2 in the chuck actuating mode.

[0042] More specifically, to achieve the normal operating mode, the
operator may rotate the shift collar (relative to the housing 95) to
influence the third stage carrier 78t to the axial forward position. When
the driver is powered up, the drive lugs 62 of the third stage carrier 78t
may rotationally drive the input shaft 40 (via the lugs 42), and the drive
lugs 66 may rotationally drive the roller cage of the automatic spindle
lock 20. At this time, the third stage carrier 78t, the roller cage, and the
input shaft 40 may be driven at the same rotational speed relative to the
housing 95.

[0043] The input shaft 40, via the inclined passageways 9, may rotate
together with the chuck jaws 2. The chuck jaws 2, which are seated in
the radial passageways 36, may rotationally drive the pusher head 35.

. The chuck actuating screw 32 and the chuck actuating shait 30 may
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rotate together with the input shaft 40. Thus, the input shaft 40, the
chuck jaws 2, the pusher head 35, the chuck actuating screw 32, and
the chuck actuating shaft 30 may rotate together as a unit relative to the
housing 95.

[0044] To achieve the chuck actuating mode, the operator may rotate
the shift collar (relative to the housing 95) to influence the third stage
carrier 78t to the axial rearward position. Here, the drive lugs 62, 66
may respectively disengage from the lugs 42 of the input shaft 40 and
the roller cage of the automatic spindle lock 20. When the driver is
powered up, the drive lugs 64 of the third stage carrier 78t may
rotationally drive the chuck actuating shaft 30 (via the lugs 34). At this
time, the third stage carrier 78t and the chuck actuating shaft 30 (and
thus the chuck actuating screw 32) may be driven at the same rotational
speed relative to the housing 95.

[0045] The chuck actuating screw 32 may rotate relative to the input
shaft 40, which may be rotationally locked to the housing 95 via the
automatic spindle lock 20. This relative rotation may cause the chuck
actuating screw 32 to advance or retract in the axial direction
(depending on the rotation direction of the screw 32) by virtue of the
interaction between the radially inward facing threads 43 and the
radially outward facing threads 33. The translational movement of the
chuck actuating screw 32 may push or pull on the pusher head 35.
[0046] The pusher head 35 may remain rotationally fixed to the input

- shaft 40 (via the chuck jaws 2 being situated in the radial passageways
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36 and the inclined passageways 9). Thus, the chuck actuating screw
32 may rotate relative to the pusher head 35. The translational
movement of the pusher head 35 may push or pull on the chuck jaws 2,
thereby opening and/or closing the same.

[0047] For example, during a closing operation, the chuck actuating
screw 32 (together with the pusher head 35 and the chuck jaws 2) may
be advanced in the axial direction. During this time, the inclined
passageways 9 of the input shaft 40 may influence the chuck jaws 2 in a
radial inward direction through the radially oriented passageways 36 of
the pusher head 35.

IL. Example Embodiment Depicted in Figs. 2 and 3:

[0048] Figs. 2 and 3 show another example, non-limiting embodiment
of a tool chuck 50’ with a power take off feature. This example
embodiment is similar to the example embodiment discussed above in
section I. However, in this example embodiment, the second stage
carrier 78s’ and the third stage sun gear 72t’ may be axially moveable
with respect to each other.

A. The Structure:

[0049] With reference to Fig. 2, the tool chuck 50’ may be connected to
the transmission 70’ of a power driver. The transmission 70’ may couple
an electric motor (not shown) to the tool chuck 50°.

[0050] In this example embodiment, the transmission 70’ may include
three planetary reduction systems. But the invention is not limited in

. this.regard. ..
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[0051] The third stage reduction system of the transmission 70’ is
illustrated in Fig. 2. The third stage reduction system may include a
third stage sun gear 72t’ provided on the front side of a second stage
carrier 78s’. Here, the third stage sun gear 72t’ and the second stage
carrier 78s’ may be rotationally fixed together and axially moveable
relative to each other. By way of example only, and not as a limitation of
the invention, the third stage sun gear 72t’ may include a longitudinal
spline 73’ that is received by a cooperating feature provided on the
second stage carrier 78s’.

[0052] A compression spring 61’ may be provided between the second
stage carrier 78s’ and the third stage sun gear 72t’. The compression
spring 61’ may urge the third stage sun gear 72t’in an axial forward
direction. The third stage sun gear 72t’ may include a flange 71’.

[0053] A plurality of third stage planetary gears 74t’ may engage with
the third stage sun gear 72t. Each third stage planetary gear 74t’ may
be rotatably mounted on a respective shaft that is supported by a third
stage carrier 78t’. A third stage ring gear 80t’ may engage with the third
stage planetary gears 74t’.

[0054] The third stage ring gear 80t’ may be moveable in an axial
direction relative to the housing 95’ of the power driver to selectively
operate the third stage reduction system. A shift collar may be
implemented to axially move the third stage ring gear 80t’.

[0055] Power may be taken off the transmission 70’ via the third stage

carrier 78t". .To this end, the third stage carrier 78t’ may have a front.
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surface provided with drive lugs 62°. Also, the third stage carrier 78t
may be axially moveable relative to the housing 95’ between a forward
position and a rearward position. When the third stage carrier 78t’ is in
the axial forward position (as shown in Fig. 2), the drive lugs 62’ may
interact with lugs 42’ provided on an input shaft 40°. In this condition,
the third stage carrier 78t’ and the input shaft 40’ may be rotationally
fixed together so that transmission power may be delivered for
rotationally driving the tool chuck 50’ (in a normal operating mode).
When the third stage carrier 78t’ is in the axial rearward position (as
shown in Fig. 3), the drive lugs 62’ may disengage the input shaft 40’. In
this conditioﬁ, transmission power may be delivered for actuating the
tool chuck 50’ (in a chuck actuating mode).

[0056] The third stage carrier 78t’ may include an opening through
which a chuck actuating shaft 30’ extends. The third stage carrier 78t’
may be axially fixed and rotationally coupled to the chuck actuating
shaft 30°. For example, and turning briefly to Fig. 3A, the third stage
carrier 78t’ and the chuck actuating shaft 30’ may have corresponding
shapes, and an elastomeric member 28’ may be interposed between the
third stage carrier 78t’ and the chuck actuating shaft 30°. As will be
described in more detail below, the elastomeric member 28’ may be
elastically compressible to allow some relative rotation to occur between
the third stage carrier 78t’ and the chuck actuating shaft 30". The chuck

actuating shaft 30’ may be rotatable relative to the input shaft 40’.
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[0057] An outer surface of the third stage carrier 78t’ may be provided
with a continuous, circumferential groove 79’ in which a wire (not
shown) is provided. The wire, which may be slidable through the
circumferential groove 79’, may have free ends that extend in a radial
direction and out of the circumferential groove 79’. The free ends of the
wire may be received in a slot of the shift collar mounted on the housing
95’. Upon rotating the shift collar, the slot may influence the wire (and
thus the third stage carrier 78t’) to the desired axial position.

[0058] The input shaft 40’ may be mounted for rotation (via bearings
5’, 6) in the housing 95°. The forward end of the input shaft 40’ may
include inclined passageways 9’ through which chuck jaws 2’ are
respectively slidable. The inclined passageways 9’ may rotationally fix
the input shaft 40’ to the chuck jaws 2’. The input shaft 40’ may include
a bore having radially inward facing threads 43’ that interact with
radially outward facing threads 33’ of a chuck actuating screw 32’.
[0059] The chuck actuating screw 32’ may be supported by the input
shaft 40’. The interaction of the threads 33’, 43’ may cause the chuck
actuating screw 32’ to advance or retract in the axial direction relative to
the input shaft 40°. A rear end of the chuck actuating screw 32’ may
include a blind hole 31’ that receives the forward end of the chuck
actuating shaft 30°. The chuck actuating screw 32’ and the chuck
actuating shaft 30’ may be rotationally fixed together and axially
moveable relative to each other. For example, the blind hole 31’ may

_include a longitudinal spline (not shown) that may be received by a
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corresponding feature provided on the chuck actuating shaft 30’. The
forward end of the chuck actuating screw 32’ may support a pusher
head 35’.

[0060] The pusher head 35’ may be mounted for rotation on the chuck
actuating screw 32’. A bearing 8’ may be provided to facilitate the
relative rotation between the pusher head 35’ and the chuck actuating
screw 32°. The pusher head 35’ may include radially oriented
passageways 36’ in which the chuck jaws 2’ are respectively supported.
The radially oriented passageways 36’ may guide a radial movement of
the chuck jaws 2’, and at the same time may rotationally fix the chuck
jaws 2’ to the pusher head 35’.

[0061] An automatic spindle lock 20’ may be mounted between the
input shaft 40’ and the housing 95’. On the one hand, the automatic
spindle lock 20’ may allow the input shaft 40’ to rotate (relative to the
housing 95’) when the third stage carrier 78t’ is in the axial forward
position (i.e., during the normal operating mode) as shown in Fig. 2.
Here, drive lugs 66’ on the front surface of the third stage carrier 78t’
may interact with a roller cage (not shown) of the automatic spindle lock
20’. When the driver is powered up, the third stage carrier 78t’ (via the
drive lugs 66’ may rotationally drive the roller cage, thereby allowing the
input shaft 40’ to rotate relative to the housing 95’.

[0062] On the other hand, the spindle lock 20’ may prevent the input

shaft 40’ from rotating (relative to the housing 95’) when the third stage
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actuating mode) as shown in Fig. 3. Here, the drive lugs 66’ may
disengage the automatic spindle lock 20’. Thus, when the driver is
powered up, the third stage carrier 78t’ may not rotationally drive the
roller cage so that the input shaft 40’ may be rotationally locked to the
housing 95°.

B. The Operation:

[0063] The tool chuck 50’ may operate differently depending on the
axial position of the third stage carrier 78t". On the one hand, when the
third stage carrier 78t’is in the axial forward position, the power output
from the transmission 70’ may rotationélly drive the tool chuck 50’ in
the normal operating mode. On the other hand, when the third stage
carrier 78t’ is in the axial rearward position, the power output from the
transmission 70’ may actuate the tool chuck 50’ to open or close the
chuck jaws 2’ in the chuck actuating mode.

[0064] More specifically, to achieve the normal operating mode, the
operator may rotate the shift collar (relative to the housing 95’) to
influence the third stage carrier 78t’ to the axial forward position shown
in Fig. 2. At this time, the spring 61’ may influence the third stage sun
gear 72t’ to move in an axial forward direction together with the third
stage carrier 78t’. The forward travel of the third stage sun gear 7 2t
may be limited by the chuck actuating shaft 30’ (which may move axially
together with the third stage carrier 78t’ and relative to the chuck
actuating screw 32°). Thus, the flange 71’ of the third stage sun gear

72t’ may. ensure that the third stage planets 74t’ remain in the desired
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position on the third stage carrier 78t". In this regard, the flange 71’ may
serve as a keeper.

[0065] When the driver is powered up, the drive lugs 62’ of the third
stage carrier 78t’ may rotationally drive the input shaft 40’ (via the lugs
427), and the drive lugs 66’ may rotationally drive the roller cage of the
automatic spindle lock 20’. The third stage carrier 78t’ may also
rotationally drive the chuck actuating shaft 30’. Thus, the third stage
carrier 78t’, the roller cage, the input shaft 40°, and the chuck actuating
shaft 30’ may be driven at the same rotational speed relative to the
housing 95’. Here, a relative rotation may occur between the chuck
actuating shaft 30’ and the third stage sun gear 72t".

[0066] The input shaft 40, via the inclined passageways 9’, may rotate
together with the chuck jaws 2’. The chuck jaws 2’, which are seated in
the radial passageways 36’, may rotationally drive the pusher head 35’.
The chuck actuating screw 32’ and the chuck actuating shaft 30’ may
rotate together with the input shaft 40°. Thus, the input shaft 40’, the
chuck jaws 2’, the pusher head 35’, the chuck actuating screw 32’, and
the chuck actuating shaft 30’ may rotate together as a unit relative to
the housing 95’.

[0067] To achieve the chuck actuating mode, the operator may rotate
the shift collar (relative to the housing 95’) to influence the third stage
carrier 78t’ to the axial rearward position shown in Fig. 3. The chuck
actuating shaft 30’ (which may move axially together with the third stage

carrier 78t’ and relative to the chuck actuating screw 32°) may drive the
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third stage sun gear 72t’in an axial rearward direction against the
influence of the spring 61°. As shown in Fig. 3, the drive lugs 62’, 66’
may respectively disengage from the lugs 42’ of the input shaft 40’ and
the roller cage of the automatic spindle lock 20’.

[0068] When the driver is powered up, the third stage carrier 78t’ may
rotationally drive the chuck actuating shaft 30°. At this time, the third
stage carrier 78t’ and the chuck actuating shaft 30’ (and thus the chuck
actuating screw 32’) may be driven at the same rotational speed relative
to the housing 95’.

[0069] The chuck actuating screw 32’ may rotate relative to the input
shaft 40’, which may be rotationally locked to the housing 95’ via the
automatic spindle lock 20°. This relative rotation may cause the chuck
actuating screw 32’ to advance or retract in the axial direction
(depending on the rotation direction of the screw 32’) by virtue of the
interaction between the radially inward facing threads 43’ and the
radially outward facing threads 33’. The translational movement of the
chuck actuating screw 32’ may push or pull on the pusher head 35’.
[0070] The pusher head 35’ may remain rotationally fixed to the input
shaft 40’ (via the chuck jaws 2’ being situated in the radial passageways
36’ and the inclined passageways 9’). Thus, the chuck actuating screw
32’ may rotate relative to the pusher head 35’. The translational
movement of the pusher head 35’ may push or pull on the chuck jaws 2’,

thereby opening and/or closing the same.
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[0071] The elastomeric member 28’ situated between the chuck
actuating shaft 30’ and the third stage carrier 78t’ may function as
follows. Assume that the driver is being operated in the chuck actuating
mode to close the chuck jaws 2’ on an accessory. Once the tool chuck
50’ is tight (i.e., when the chuck jaws 2’ clamp the accessory), the chuck
actuating shaft 30’ may stop rotating. At this time, the power from the
transmission 70’ may continue to rotationally drive the third stage
carrier 78t’, thereby causing a relative rotation to occur between the
third stage carrier 78t’ and the chuck actuating shaft 30°. This relative
rotation may compress the elastomeric member 28’. In this way, the
elastomeric member 28’ may make the end of the clamping operation
less abrupt and gentler on the transmission 70°. Further, the angular
compliance provided by the elastomeric member 28’ may make it easier
to re-engage the drive lugs in the forward position.

III. Example Embodiment Depicted in Figs. 4 and 5:

[0072] Fig. 4 shows another example, non-limiting embodiment of a
tool chuck 150 with a power take off feature. This example embodiment
is similar to the previous example embodiment to the extent that it
includes a power take off feature. However, there are several notable
differences as described below.

A. The Structure:

[0073] With reference to Fig. 4, the tool chuck 150 may be connected

to the transmission 170 of a power driver. The transmission 170 may

. couple an electric motor (not shown) to the tool chuck 150.
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[0074] As in the previous embodiment, the transmission 170 may
include three planetary reduction systems. But the invention is not
limited in this regard.

[0075] Only a single planetary reduction system (the “third stage
reduction system”) is illustrated in Fig. 4. The third stage reduction
system may include a third stage sun gear 172t fixed on the front side of
a second stage carrier 178s. A plurality of third stage planetary gears
174t may engage with the third stage sun gear 172t. Each third stage
planetary gear 174t may be rotatably mounted on a respective shaft 176t
that is supported by a third stage carrier 178t. A third stage ring gear
180t may engage with the third stage planetary gears 174t.

[0076] The first and the second stage reduction systems may be
similar to the third stage reduction system. For example, all of the
planetary reduction systems of the transmission 170 may include a
respective ring gear that is axially moveable to selectively operate the
same. The input of a particular stage (via the corresponding sun gear) is
the output of the immediately preceding stage (via the preceding carrier).
Thus, the three reduction systems may operate in combination or
individually to obtain the desired transmission output.

[0077] In this example embodiment, power may be taken off the
transmission 170 via the third stage carrier 178t. To this end, the third
stage carrier 178t and an input shaft 140 may be rotationally fixed

together so that transmission power may be delivered for rotationally

24



WO 2006/034287 PCT/US2005/033697

chuck actuating mode). By way of example only, and not as a limitation
of the invention, the third stage carrier 178t and the input shaft 140
may be of a unitary, one-piece construction.

[0078] In this example embodiment, power may also be taken off the
transmission 170 via the third stage sun gear 172t. As noted above, the
third stage sun gear 172t may be fixed on the front side of the second
stage carrier 178s, and in this regard power may be taken off the
transmission 170 via the second (or previous) stage reduction system.
To this end, the third stage sun gear 172t may have a front surface
provided with drive lugs 164. Also, the third stage sun gear 172t
(together with the second stage carrier 178s) may be axially moveable
relative to the housing 195 between a forward position and a rearward
position.

[0079] When the third stage sun gear 172t is in the axial forward
position, the drive lugs 164 may interact with lugs 134 provided on a
chuck actuating shaft 130. In this condition, the third stage sun gear
172t and the chuck actuating shaft 130 may be rotationally fixed
together so that transmission power may be delivered for actuating the
tool chuck 150 (in the chuck actuating mode). When the third stage sun
gear 172t is in the axial rearward position depicted in Fig. 1, the drive
lugs 164 may disengage the chuck actuating shaft 130. In this
condition, the third stage sun gear 172t and the chuck actuating shaft

130 may rotate relative to each other (in the normal operating mode).
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[0080] An outer surface of the second stage carrier 178s may be
provided with a continuous, circumferential groove in which a wire is
provided. The wire, which may be slidable through the circumferential
groove, may have free ends that extend in a radial directién and out of
the circumferential groove. Turning briefly to Fig. 5, the free ends of the
wire may be coupled to a button 189 mounted for axial movement on the
housing 195. The button 189 may be moved relative to the housing 195,
thereby influencing the wire (and thus the second stage carrier 178s and
the third stage sun gear 172t) to the desired axial position. The button
189 may be operatively connected to a switch for selectively powering up
the driver. Here, the switch may power up the driver when the button
189 is manipulated to place the second stage carrier 178s and the third
stage sun gear 172t in the axial forward position.

[0081] It will be readily apparent to those skilled in the art that the
second stage carrier 178s may be positioned axially by structure other
than the button 189 depicted in Fig. 5. For example, the free ends of the
wire provided on the second stage carrier 178s may be received in a slot
of the shift collar. Upon rotating the shift collar, the slot may influence
the wire (and thus the second stage carrier 178s) to the desired axial
position. Since the shift collar may also be used to axially position the
ring gears of the planetary reduction systems, the driver may be
operated in the chuck actuating mode at a pre-determined gear

reduction and torque.
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[0082] Turning back to Fig. 4, the input shaft 140 may be mounted for
rotation (via a bearing 105) in the housing 195. In this example
embodiment, the forward end of the input shaft 140 may include
passageways 109 through which chuck jaws 102 are respectively
slidable. The passageways 109 may guide a radial movement of the
chuck jaws 102, and at the same time may rotationally fix the input
shaft 140 to the chuck jaws 102. The input shaft 140 may include a
bore through which the chuck actuating shaft 130 extends. The input
shaft 140 and the chuck actuating shaft 130 may be axially fixed
together and rotatable relative to each other. An o-ring 107, which may
be provided between the input shaft 140 and the chuck actuating shaft
130, may prevent debris from penetrating into and contaminating the
inside of the tool chuck 150 and the transmission 170.

[0083] The chuck actuating shaft 130 may have radially inward facing
threads 143 that interact with radially outward facing threads 133 of a
chuck actuating screw 132. That is, the chuck actuating shaft 130 may
be screw coupled to the chuck actuating screw 132.

[0084] The chuck actuating screw 132 may be advanced or retracted
in the axial direction relative to the chuck actuating shaft 130 (and thus
the input shaft 140) due to the interaction of the threads 133, 143. The
forward end of the chuck actuating screw 132 may include inclined
passageways 136 in which the chuck jaws 102 are respectively
supported. The inclined passageways 136 may rotationally fix the chuck

jaws 102 to the chuck actuating screw 132._
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B. The Operation:

[0085] The tool chuck 150 may operate differently depending on the
axial position of the third stage sun gear 172t. On the one hand, when
the third stage sun gear 172t is in the axial rearward position, the power
output from the transmission 170 may rotationally drive the tool chuck
150 in the normal operating mode. On the other hand, when the third
stage sun gear 172t is in the axial forward position, the power output
from the transmission 170 may actuate the tool chuck 150 to open or
close the chuck jaws 102 in the chuck actuating mode.

[0086] More specifically, to achieve the normal operating mode, the
operator may move the button 189 (relative to the housing 195) to
influence the second stage carrier 178s (and thus the third stage sun
gear 172t) to the axial rearward position illustrated in Fig. 4. When the
driver is powered up, the third stage carrier 178t may rotate together
with the input shaft 140. At this time, the third stage sun gear 172t and
the chuck actuating shaft 130 may rotate relative to each other and
relative to the housing 195.

[0087] The input shaft 140, via the passageways 109, may rotate
together with the chuck jaws 102. The chuck jaws 102, which are
seated in the inclined passageways 136, may rotationally drive the chuck
actuating screw 132. The chuck actuating screw 132 and the chuck
actuating shaft 130 may rotate together with the input shaft 140. Thus,

the input shaft 140, the chuck jaws 102, the chuck actuating screw 132,
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and the chuck actuating shaft 130 may rotate together as a unit relative
to the housing 195.

[0088] To achieve the chuck actuating mode, the operator may move
the button 189 (relative to the housing 195) to influence the second
stage carrier 178s (and thus the third stage sun gear 172t) to the axial
forward position. When the driver is powered up, the third stage carrier
178t may rotate together with the input shaft 140. By virtue of the
passageways 109, 136, the input shaft 140, the chuck jaws 102, and the
chuck actuating screw 132 may rotate together as a unit. At the same
time, the drive lugs 164 of the third stage sun gear 172t may rotationally
drive the chuck actuating shaft 130 (via the lugs 134).

[0089] When the third stage reduction is operative (as shown in Fig.
4), one rotation of the third stage sun gear 172t may cause (via the third
stage planetary gears 174t and the rotationally fixed third stage ring gear
180t) only a fractional rotation of the third stage carrier 178t. In other
words, relative to the housing 195, the third stage sun gear 172t (and
thus the chuck actuating shaft 130) may rotate faster than the third
stage carrier 178t (and thus the chuck actuating screw 132).

[0090] The speed differential between the rotationally driven chuck
actuating shaft 130 and the rotationally driven chuck actuating screw
132 may result in a relative rotation between the two component parts.
This relative rotation may advance or retract the chuck actuating screw
132 in the axial direction (depending on the rotation direction of the

transmission 170 output) by virtue of the interaction between the
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radially inward facing threads 143 and the radially outward facing
threads 133. As the chuck actuating screw 132 advances or retracts
relative to the chuck actuating shaft 130 (and the input shaft 140), the
chuck jaws 102 may slide through the passageways 136. The
passageways 136 may influence the chuck jaws 102 to move radially and
through the passageways 109 of the input shaft 140, thereby opening
and/or closing the chuck jaws 102.

IV. Example Embodiment Depicted in Fig. 6:

[0091] Fig. 6 shows another example, non-limiting embodiment of a
tool chuck 250 with a power take off feature. This example embodiment
is similar to the example embodiment discussed above in section III.
However, this example embodiment may implement chuck jaws similar
to those illustrated in Fig. 1.

A. The Structure:

[0092] Fig. 6 illustrates only a single planetary reduction system (the
“third stage reduction system”) of the transmission 270. The third stage
reduction system may include a third stage sun gear 272t fixed on the
front side of a second stage carrier 278s. A plurality of third stage
planetary gears 274t may engage with the third stage sun gear 272t.
Each third stage planetary gear 274t may be rotatably mounted on a
respective shaft 276t that is supported by a third stage carrier 278t. A
third stage ring gear 280t may engage with the third stage planetary

gears 274t.
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[0093] As in the previous embodiments, the transmission 270 may
include additional planetary reduction systems (e.g., a first stage
reduction system and a second stage reduction system) that may be
similar to the illustrated third stage reduction system.

[0094] Power may be taken off the transmission 270 via the third stage
carrier 278t. To this end, the third stage carrier 278t and an input shaft
240 may be rotationally fixed together so that transmission power may
be delivered for rotationally driving the tool chuck 250 (in both a normal
operating mode and a chuck actuating mode).

[0095] Power may also be taken off the transmission 270 via the third
stage sun gear 272t. To this end, the third stage sun gear 272t may
have a front surface provided with drive lugs 264. Also, the third stage
sun gear 272t (together with the second stage carrier 278s) may be
axially moveable relative to the housing 295 between a forward position
and a rearward position.

[0096] When the third stage sun gear 272t is in the axial forward
position, the drive lugs 264 may interact with lugs 234 provided on a
chuck actuating shaft 230 so that transmission power may be delivered
for actuating the tool chuck 250 (in the chuck actuating mode). When
the third stage sun gear 272t is in the axial rearward position depicted
in Fig. 6, the drive lugs 264 may disengage the chuck actuating shaft
230 so that the third stage sun gear 272t and the chuck actuating shaft
230 may rotate relative to each other (in the normal operating mode).

_ The second stage carrier 278s (and thus the third stage sun gear 272t)
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may be moved to the desired axial position via a button (as described
with reference to Fig. 3) or in the alternative, with the shift collar
(described in more detail below).

[0097] The input shaft 240 may be mounted for rotation (via bearings
205, 206) in the housing 295. The forward end of the input shaft 240
may include inclined passageways 209 through which chuck jaws 202
are respectively slidable. The inclined passageways 209 may rotationally
fix the input shaft 240 to the chuck jaws 202. The input shaft 240 may
. include a bore through which the chuck actuating shaft 230 extends.
The input shaft 240 and the chuck actuating shaft 230 may be axially
fixed together and rotatable relative to each other. An o-ring 207 may be
provided between the input shaft 240 and the chuck actuating shaft
230.

[0098] The chuck actuating shaft 230 may have radially inward facing
threads 243 that interact with radially outward facing threads 233 of a
chuck actuating screw 232.

[0099] The chuck actuating screw 232 may be advanced or retracted
in the axial direction relative to the chuck actuating shaft 230 (and thus
the input shaft 240) due to the interaction of the threads 233, 243. The
forward end of the chuck actuating screw 232 may include radially
oriented passageways 236 in which the chuck jaws 202 are respectively
supported. The radially oriented passageways 236 may guide a radial
movement of the chuck jaws 202, and at the same time may rotationally

fix the chuck jaws 202 to the chuck actuating screw 232.
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B. The Operation:

[0100] The tool chuck 250 may operate in the normal operating mode
when the third stage sun gear 272t is in the axial rearward position, and
in the chuck actuating mode when the third stage sun gear 272t is in
the axial forward position.

[0101] During the normal operating mode, i.e., when the second stage
carrier 278s (and thus the third stage sun gear 272t) are in the axial
rearward position illustrated in Fig. 6 and when the driver is powered
up, the third stage carrier 278t may rotate together with the input shaft
240. At this time, the third stage sun gear 272t and the chuck actuating
shaft 230 may rotate relative to each other and relative to the housing
295.

[0102] The input shaft 240 may rotate together with the chuck jaws
202, which may in turn rotationally drive the chuck actuating screw
232. The chuck actuating screw 232 and the chuck actuating shaft 230
may rotate together with the input shaft 240. Thus, the input shaft 240,
the chuck jaws 202, the chuck actuating screw 232, and the chuck
actuating shaft 230 may rotate together as a unit relative to the housing
295.

[0103] During the chuck actuating mode, i.e., when the second stage
carrier 278s (and thus the third stage sun gear 272t) are in the axial
forward position and when the driver is powered up, the third stage

carrier 278t may rotate together with the input shaft 240, the chuck

jaws.202, and the chuck actuating screw 232. At the same time, the = |
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drive lugs 264 of the third stage sun gear 272t may rotationally drive the
chuck actuating shaft 230 (via the lugs 234).

[0104] When the third stage reduction is operative (as shown in Fig.
6), one rotation of the third stage sun gear 272t may cause only a
fractional rotation of the third stage carrier 278t. In other words,
relative to the housing 295, the third stage sun gear 272t (and thus the
chuck actuating shaft 230) may rotate faster than the third stage carrier
278t (and thus the chuck actuating screw 132). This speed differential
may cause the chuck actuating screw 232 to advance or retract in the
axial direction by virtue of the interaction between the radially inward
facing threads 243 and the radially outward facing threads 233.

[0105] The translational movement of the chuck actuating screw 232
relative to the chuck actuating shaft 230 (and the input shaft 240) may
push or pull on the chuck jaws 202, thereby opening and/or closing the
same. For example, during a closing operation, the chuck actuating
screw 232 (together with the chuck jaws 202) may be advanced in the
axial direction. During this time, the inclined passageways 209 of the
input shaft 240 may influence the chuck jaws 202 in a radial inward
direction through the radially oriented passageways 236 of the chuck
actuating screw 232.

V. Example Embodiment Depicted in Figs. 7 and 8:

[0106] Figs. 7 and 8 shows another example, non-limiting embodiment
of a tool chuck 350 with a power take off feature. This example

... _ _embodiment is similar to the previous example embodiments to the
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extent that it includes a power take off feature. However, in this
example embodiment, the second stage carrier and the third stage sun
gear may be axially moveable with respect to each other.

A. The Structure:

[0107] With reference to Fig. 7, the tool chuck 350 may be connected
to the transmission 370 of a power driver. The transmission 370 may
couple an electric motor to the tool chuck 350.

[0108] As in the previous embodiments, the transmission 370 may
include three planetary reduction systems, but the invention is not
limited in this regard. Fig. 7 depicts all three planetary reduction
systems inclusive of a first stage reduction system, a second stage
reduction system, and a third stage reduction system.

[0109] The first stage reduction system may include a first stage sun
gear 372f fixed to a rotary shaft of the electric motor. A plurality of first
stage planetary gears 374f may engage with the first stage sun gear 372f.
Each first stage planetary gear 374f may be rotatably mounted on a
respective shaft 376f that is supported by a first stage carrier 378f. A
first stage ring gear 380f may engage with the first stage planetary gears
374f. The first stage ring gear 380f may be axially fixed to the housing
395 of the driver.

[0110] The second stage reduction system may include a second stage
sun gear 372s fixed on the front side of the first stage carrier 378f. A
plurality of second stage planetary gears 374s may engage with the

second stage sun gear 372s. Each second stage planetary gear 374s _
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may be rotatably mounted on a respective shaft 376s that is supported
by a second stage carrier 378s. The second stage carrier 378s may be
axially fixed to the housing 395 via a retaining plate 388. A second stage
ring gear 380s may engage with the third stage planetary gears 374s.
[0111] The third stage reduction system may include a third stage sun
gear 372t provided on the front side of the second stage carrier 378s.
Here, the third stage sun gear 372t and the second stage carrier 378s
may be rotationally fixed together and axially moveable relative to each
other. By way of example only, and not as a limitation of the invention,
the third stage sun gear 372t may include a longitudinal spline that is
received by a cooperating feature provided on the second stage carrier
378s. It will be appreciated that numerous and varied couplings of this
type may be suitably implemented as is well known in this art. A
plurality of third stage planetary gears 374t may engage with the third
stage sun gear 372t. Each third stage planetary gear 374t may be
rotatably mounted on a respective shaft 376t that is supported by a
third stage carrier 378t. A third stage ring gear 380t may engage with
the third stage planetary gears 374t.

[0112] In this example embodiment, the second stage ring gear 380s
and the third stage ring gear 380t may be axially moveable to selectively
operate the corresponding planetary reduction systems, while the first
stage reduction system may remain operative. To this end, the ring
gears 380s and 380t may be provided with continuous, circumferential

__grooves in which respective wires 312s and 312t may be provided. The.
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wires 312s and 312t may be slidable through the respective grooves.
The ends of the wires 312s and 312t, which may serve as cam followers,
may extend out of the grooves and be received by respective slots of the
shift collar 310. Upon rotating the shift collar 310 relative to the
housing 395, the slots may influence the wires 312s and 312t (and thus
the corresponding ring gears) to the desired axial positions.

[0113] As shown in Figs. 7 and 8, all three planetary reduction
systems are operative. From the relative positions illustrated in Figs. 7
and 8, the second stage ring gear 380s may be moved to an axial reward
position to make the second stage reduction inoperative. Also, the third
stage ring gear 380t may be moved to an axial forward position to make
the third stage reduction inoperative.

[0114] Power may be taken off the transmission 370 via the third stage
carrier 378t. To this end, the third stage carrier 378t and an input shaft
340 may be rotationally fixed together so that transmission power may
be delivered for rotationally driving the tool chuck 350 (in both a normal
operating mode and a chuck actuating mode).

[0115] Power may also be taken off the transmission 370 via the third
stage sun gear 372t. To this end, the third stage sun gear 372t may
have a front surface provided with drive lugs 364. Also, the third stage
sun gear 372t may be axially moveable relative to the housing 395 (and
thus the second stage carrier 378s by virtue of the retaining plate 388)

between a forward position and a rearward position.
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[0116] When the third stage sun gear 372t is in the axial forward
position (as shown in Fig. 8), the drive lugs 364 may interact with lugs
334 provided on a chuck drive coupling 360. In this condition, the third
stage sun gear 372t and the chuck drive coupling 360 may be
rotationally fixed together so that transmission power may be delivered
for actuating the tool chuck 350 (in the chuck actuating mode). When
the third stage sun gear 372t is in the axial rearward position (as shown
in Fig. 7), the drive lugs 364 may disengage the chuck drive coupling
360. In this condition, the third stage sun gear 372t and the chuck
drive coupling 360 may rotate relative to each other (in the normal
operating mode).

[0117] An outer surface of the third stage sun gear 372t may be
provided with a continuous, circumferential groove in which a wire 314
may be provided. The wire 314, which may be slidable through the
circumferential groove, may have free ends that extend in a radial
direction and out of the circumferential groove. The free ends of the wire
314 may be received in a slot of the shift collar 310. Upon rotating the
shift collar 310, the slot may influence the wire 314 (and thus the third
stage sun gear 372t) to the desired axial position.

[0118] The input shaft 340 may be mounted for rotation (via bearings
305 and 306) in the housing 395. The forward end of the input shaft
340 may include inclined passageways 309 through which chuck jaws
302 are respectively slidable. The inclined passageways 309 may

. rotationally fix the input shaft 340 to the chuck jaws 302. The input
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shaft 340 may include a bore through which a chuck actuating shaft
330 extends. The input shaft 340 and the chuck actuating shaft 330
may be axially fixed together and rotatable relative to each other.

[0119] The chuck actuating shaft 330 may have radially inward facing
threads 343 that interact with radially outward facing threads 333 of a
chuck actuating screw 332. The rear end of the chuck actuating shaft
330 may support the chuck drive coupling 360. The chuck actuating
shaft 330 and the chuck drive coupling 360 may be rotationally fixed
together and axially moveable with respect to each other. By way of
example only, and not as a limitation of the invention, the chuck
actuating shaft 330 may include a longitudinal spline that is received by
a cooperating feature provided on the chuck drive coupling 360.

[0120] A compression spring 361 may be captured between the input
shaft 340 and the chuck drive coupling 360. The compression spring
361 may influence the chuck drive coupling 361 into engagement with
the third stage carrier 378t, as shown in Fig. 7. In this condition, the
chuck drive coupling 360 may be rotationally fixed to the third stage
carrier 378t via cooperating features (not shown). However, and with
reference to Fig. 8, the chuck drive coupling 360 may be driven against
the bias of the compression spring 361 to an axial forward position (via
an axial forward movement of the third stage sun gear 372t). Here, the
cooperating features may disengage so that the chuck drive coupling 360
and the third stage carrier 378t may be rotatable relative to each other.

. By way of example only, and not as a limitation of the invention, the _
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cooperating features may include a set of radially outward facing teeth
356 provided on the chuck drive coupling 360 and a corresponding set of
radially inward facing teeth 357 provided on the third stage carrier 378t.
[0121] The chuck actuating screw 332 may be advanced or retracted
in the axial direction relative to the chuck actuating shaft 330 (and thus
the input shaft 340) due to the interaction of the threads 333, 343. The
forward end of the chuck actuating screw 332 may include radially
oriented passageways 336 in which the chuck jaws 302 are respectively
supported. The radially oriented passageways 336 may guide a radial
movement of the chuck jaws 302, and at the same time may rotationally
fix the chuck jaws 302 to the chuck actuating screw 332.

B. The Operation:

[0122] The tool chuck 350 may operate in the normal operating mode
when the third stage sun gear 372t is in the axial rearward position, and
in the chuck actuating mode when the third stage sun gear 372tis in
the axial forward position. During both modes, the second stage carrier
378s may remain at the same axial position relative to the housing 395
by virtue of the retaining plate 388.

[0123] During the normal operating mode, i.e., when the third stage
sun gear 372t is in the axial rearward position illustrated in Fig. 7 and
when the driver is powered up, the third stage carrier 378t may
rotationally drive the input shaft 340 and the chuck drive coupling 360

(via the cooperating features 356, 357). At this time, the third stage sun
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gear 372t and the chuck drive coupling 360 may rotate relative to each
other and relative to the housing 395.

[0124] The input shaft 340 may rotate together with the chuck jaws
302, which may in turn rotationally drive the chuck actuating screw
332. The chuck actuating screw 332 and the chuck actuating shaft 330
(which may be rotationally fixed to the chuck drive coupling 360) may
rotate together with the input shaft 340. Thus, the input shaft 340, the
chuck jaws 302, the chuck actuating screw 332, the chuck actuating
shaft 330, and the chuck drive coupling 360 may rotate together as a
unit relative to the housing 395. In the condition shown in Fig. 7, the
third stage carrier 378t, the input shaft 340, and the chuck drive
coupling 360 may be rotationally fixed together and this may effectively
lock the tool chuck 350 and prevent loosening of the tool chuck during
the normal operating mode.

[0125] During the chuck actuating mode, i.e., when the third stage
sun gear 372t is in the axial forward position illustrated in Fig. 8 and
when the driver is powered up, the third stage carrier 378t may rotate
together with the input shaft 340, the chuck jaws 302, and the chuck
actuating screw 332. At the same time, the drive lugs 364 of the third
stage sun gear 372t may rotationally drive the chuck drive coupling 360
(via the lugs 334) and thus the chuck actuating shaft 330. As shown in
Fig. 8, the chuck drive coupling 360 (and the teeth 356) may be
disengaged from the third stage carrier 378t (and the teeth 357) so that

these component parts may be rotatable relative to each other.
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[0126] When the third stage reduction is operative (as shown in Figs. 7
and 8), one rotation of the third stage sun gear 372t may cause only a
fractional rotation of the third stage carrier 378t. In other words,
relative to the housing 395, the third stage sun gear 372t (and thus the
chuck drive coupling 360 and the chuck actuating shaft 330) may rotate
faster than the third stage carrier 378t (and thus the chuck actuating
screw 332). This speed differential may cause the chuck actliating screw
332 to advance or retract in the axial direction by virtue of the
interaction between the radially inward facing threads 343 and the
radially outward facing threads 333.

[0127] The translational movement of the chuck actuating screw 332
relative to the chuck actuating shaft 330 (and the input shaft 340) may
push or pull on the chuck jaws 302, thereby opening and/or closing the
same. For example, during a closing operation, the chuck actuating
screw 332 (together with the chuck jaws 302) may be advanced in the
axial direction. During this time, the inclined passageways 309 of the
input shaft 340 may influence the chuck jaws 302 in a radial inward
direction through the radially oriented passageways 336 of the chuck
actuating screw 332.

VI. Example Embodiment of a Shift Collar - Fig. 9:

[0128] Fig. 9 shows an example, non-limiting embodiment of a shift
collar 310 that may be implemented to axially position the various
components of the transmission 370 depicted in Figs. 7 and 8. That is,

‘the shift collar 310 may be actuated to axially position the second and
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the third stage ring gears 380s, 380t, respectively, and the third stage
sun gear 372t. It will be appreciated, however, that the shift collar 310
may be suitably implemented in numerous and varied embodiments.
For example, the shift collar 310 may be implemented to axially position
ring gears, as well as the third stage carrier 78t of Fig. 1, the third stage
carrier 78t’ of Fig. 2, the third stage sun gear 172t together with the
second stage carrier 178s of Fig. 4, and the third stage sun gear 272t
together with the second stage carrier 278s of Fig. 6.

A. The Structure:

[0129] With reference to Fig. 9, the shift collar 310 may have a hollow,
cylindrical shape. The shift collar 310 may be mounted on the housing
395 to be axially fixed to the housing 395 and rotatable relative to the
housing 395. The shift collar 310 may include a protrusion 311 that
may be manipulated by a user.

[0130] The shift collar 310 may also include slots that extend in a
circumferential direction around the shift collar 310. In this example
embodiment, three slots 313s, 313t, 315 may be provided. The number
of slots may correspond to the number of transmission elements that
may be axially displaceable. However, the invention is not limited in this
regard to the extent that more or fewer slots may be provided.

[0131] The housing 395 may have a hollow cylindrical shape and
extend through the shift collar 310. To facilitate understanding, only a

portion of the housing 395 is illustrated. Other portions of the housing
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395 may cover the exterior of the shift collar 310, and a window may be
provided in the housing to give a user access to the protrusion 311.
[0132] The housing 395 may also include longitudinal slots 396. In
this example embodiment, the longitudinal slots 396 may be
diametrically opposed to each other, but the invention is not limited in
this regard. As shown, the longitudinal slots 396 may be
discontinuously provided along the length of the housing 395. The
longitudinal slots 396 may extend across (and underneath) the slots
313s, 313t, 315 of the shift collar 310.

[0133] The second and the third stage ring gears 380s, 380t and the
third stage sun gear 372t may be provided with continuous,
circumferential grooves in which respective wires 312s, 312t, 314 may
be provided. The wires may be slidable through the corresponding
circumferential grooves. Each of the wires 312s, 312t, 314 may have
ends that extend in a radial direction and out of the corresponding
.groove. The ends of each wire may extend through the longitudinal slots
396 of the housing 395 and into a corresponding slot of the shift collar
310. In this example embodiment, the ends of the wire 312s may extend
into the slot 313s of the shift collar 310, the ends of the wire 314 may
extend into the slot 315 of the shift collar 310, and the ends of the wire
312t may extend into the slot 313t of the shift collar 310.

B. The Operation:

[0134] The user may rotate the shift collar 310 (via the protrusion 311)

. relative to the housing 395 and the wires 312s, 312t, 314, which may
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remain rotationally fixed to the housing 395 via the longitudinal slots
396. During this relative rotation, the ends of the wires 312s, 312t, 314
may respectively slide through the slots 313s, 313t, 315 of the shift
collar 310.

[0135] The shape of each slot 313s, 313t, 315 may influence the
corresponding wire 312s, 312t, 314, respectively, to a desired axial
position. In this regard, the ends of the each wire may serve as a cam
follower and the corresponding slot may serve as a cam. The
longitudinal slots 396 of the housing 395 may guide the axial
movements of the wires 312s, 312t, 314. The wires 312s, 312t, 314 may
move axially together with the second stage ring gear 380s, the third
stage ring gear 380t, and the third stage sun gear 372t, respectively.
[0136] When the shift collar 310 rotates, a given transmission element
may remain in the same axial position or move in an axial direction
(forward or rearward) depending on the shape of the corresponding slot
of the shift collar 310. Consider the slot 313t depicted in Fig. 9. Here,
the section 313ta of the slot 313t may extend in a circumferential
direction only. This slot section 313ta may not cause any axial
displacement of the third stage ring gear 380t. The next section 313tb of
the slot 313t may extend in an axial forward direction. This slot section
313tb may cause the third stage ring gear 380t to move in an axial
forward direction. And the next section 313tc of the slot 313t may
extend in an axial rearward direction. This slot section 313tc may cause

the third stage ring gear 380t to move in an axial rearward direction.. .
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[0137] When the driver is powered up, a wire may slide through the
continuous, circumferential groove of the corresponding transmission
element. For example, the wire 314 (which may remain rotationally fixed
to the housing 395) may slide through the groove of the third stage sun
gear 372t. Also, if a planetary reduction system is inoperative, then the
corresponding wire (which may remain rotationally fixed to the housing
395) may slide through the groove of the corresponding ring gear.

C. Modification for Clutch Pin - Figs. 10 and 11:

[0138] Some power drivers may include a clutch mechanism. Clutch
mechanisms are well known in this art, and therefore a detailed
discussion of the same is omitted. Conventionally, the clutch
mechanism may include a clutch pin mounted on an outward facing
surface of the housing. This outboard mounting location may limit the
travel of the shift collar relative to the housing. It may be desirable to
avoid such limited travel, especially for implementations in which the
shift collar may be used to select another setting like the chuck
actuating mode described above, for example.

[0139] In the example embodiment depicted in Figs. 10 and 11, the
center 317 of the shift collar 310’ may be eccentric to the center 318 of
the housing 395°. In this arrangement, the clutch pin 325’ may extend
parallel to the rotational axis of the power driver. The clutch pin 325’
may also extend through a side wall of the housing 395’ that extends

through the shift collar 310’. In this regard, the clutch pin 325’ may be
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located radially inward of the shift collar 310’°, and therefore may not
limit the travel of the shift collar 310’.

D. Modification for Powering Up the Driver - Fig. 12:

[0140] Fig. 12 illustrates the exterior of a power driver. Here, the
housing 395” of the power driver may include a window. The protrusion
311” of the shift collar may remain exposed through the window, thereby
giving a user access to the protrusion 311”. The protrusion may be
moved to any of four positions 1, 2, 3, 4. The invention is not, however,
limited in this regard.

[0141] The positions 2 and 3 may be selected to operate the driver in
normal operating modes that may be associated with corresponding gear
reductions. In this regard, the positions 2 and 3 may be selected to
operate the driver at two different speeds. When either one of these two
positions is selected, the user may squeeze a trigger (which is hidden
from view in Fig. 12) to power up the driver.

[0142] The positions 1 and 4 may be selected to operate the driver in
chuck actuating modes. For example, position 1 may be selected to
tighten the chuck jaws and position 4 may be selected to loosen the
chuck jaws. The positions 1 and 4 may be spring loaded. In this case,
the user may press and hold the protrusion 311” in either of the two
positions 1 and 4. When the user releases the protrusion 3117, the
protrusion 311” may automatically move to a normal operation position.
[0143] The shift collar may be operatively connected to a switch for

. powering up the driver.. On the one hand, when the protrusion 3117 is
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pressed and held in either position 1 or 4, the switch may be actuated to
power up the driver. On the other hand, when the protrusion 311”is in
either position 2 or 3, the switch may remain open so as not to power up
the driver.

[0144] The example shift collar depicted in Fig. 12 may operate as
follows. The user may insert an accessory into the tool chuck, and slide
the protrusion 311” to positiont 1. As the user holds the protrusion 3117
in position 1, the driver may be powered up (without the user having to
squeeze the trigger) and transmission power may be delivered to the tool
chuck to tighten the chuck jaws onto the accessory.

[0145] Once the accessory is locked in the chuck jaws, the user may
release the protrusion 311”7, which may then automatically return to
position 2 (which is associated with a normal operating mode). The user
may operate the driver (and accessory) in a normal operating mode by
simply squeezing the trigger, and without having to shift the protrusion
311”. The accessory could be released from the tool chuck by holding
the protrusion 311” at the position 4.

[0146] Numerous and varied modifications of the shift collar positions
(and the associated functionalities) may be readily apparent to those
skilled in the art. For example, the positions 1, 2, 3 may be selected to
operate the driver in normal operating modes and at three distinct
speeds, respectively. Position 4 may be selected to operate the driver in
chuck actuating modes. Here, to tighten or loosen the tool chuck, a user

may.move the shift collar protrusion to position 4. A chuck icon may be
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embossed on the housing rather than a number (to be user friendly).
The user may then squeeze the trigger to power up the driver. If the
driver is set to run in a forward direction (via a conventional direction
switch), then the tool chuck may be tightened. If the driver is set to run
in a reverse direction (via the direction switch), then the tool chuck may
be loosened.

VII. Example Embodiment Depicted in Figs. 13 and 14:

[0147] Figs. 13 and 14 show another example, non-limiting
embodiment of a tool chuck 450 with a power take off feature. The tool
chuck 450 may be connected to a parallel axis transmission 470.
Parallel axis transmissions may be typically implemented in corded drills
and drivers, but the invention is not limited in this regard.

A. The Structure:

[0148] With reference to Fig. 13, the parallel axis transmission 470
may couple an electric motor to the tool chuck 450. The electric motor
may have a rotary shaft that supports an output gear 499. The output
gear 499 may engage with and rotationally drive an intermediate shaft
490.

[0149] The intermediate shaft 490 may be mounted for rotation in the
housing 495 of the driver. The intermediate shaft 490 may support an
input gear 491, a chuck actuating drive gear 492, and an input shaft
drive gear 493. The input gear 491 may engage with the output gear

499, the chuck actuating drive gear 492 may engage with a chuck
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actuating driven gear 482, and the input shaft drive gear 493 may
engage with an input shaft driven gear 483.

[0150] Power may be taken off the transmission 470 via the input
shaft drive gear 493 in both a normal operating mode and a chuck
actuating mode. Power may also be taken off the transmission 470 via
the chuck actuating drive gear 492 in a chuck actuating mode. As will
be discussed in greater detail below, the mode of the driver may be
selected by moving a shift plate 485 between an axial forward position
(as shown in Fig. 13) and axial rearward position (as shown in Fig. 14).
The shift plate 485 may be moved to the desired axial position via a shift
collar, as discussed above.

[0151] An input shaft 440 may be mounted for rotation (via bearings
405, 406) in the housing 495. The rear end of the input shaft 440 may
be fixed to the input shaft driven gear 483. The input shaft driven gear
483 may have a rear surface provided with lugs 442. The forward end of
the input shaft 440 may include inclined passageways 409 through
which chuck jaws 402 are respectively slidable. The inclined
passageways 409 may rotationally fix the input shaft 440 to the chuck
jaws 402. The input shaft 440 may include a bore having radially
inward facing threads 443 that interact with radially outward facing
threads 433 of a chuck actuating screw 432.

[0152] The chuck actuating screw 432 may be supported by the input
shaft 440. The interaction of the threads 433, 443 may cause the chuck

actuating screw 432 to advance or retract in the axial direction relative
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to the input shaft 440. A rear end of the chuck actuating screw 432 may
include a blind hole 431 that receives the forward end of a chuck
actuating shaft 430. The chuck actuating screw 432 and the chuck
actuating shaft 430 may be rotationally fixed together and the chuck
actuating screw 432 may be axially moveable relative to the chuck
actuating shaft 430.

[0153] The rear end of the chuck actuating shaft 430 may support the
chuck actuating driven gear 482 and the shift plate 485. The chuck
actuating driven gear 482 may be mounted on the chuck actuating shaft
430 so that the two component parts may be rotatable relative to each
other and axially fixed together. The chuck actuating driven gear 482
may have a front surface provided with drive lugs 464.

[0154] The shift plate 485 may be mounted on the chuck actuating
shaft 430 so that the two component parts may be rotationally fixed
together and axially moveable relative to each other. The shift plate 485
may have a rear surface provided with lugs 434 (see Fig. 13) and a front
surface provided with lugs 462 (see Fig. 14). When the shift plate 485 is
in the axial forward position, as shown in Fig. 13, the lugs 462 may
interact with the lugs 442 so that the shift plate 485 and the input shaft
driven gear 483 may be rotationally fixed together. And when the shift
plate 485 is in the axial rearward position, as shown in Fig. 14, the lugs
434 may interact with the lugs 464 so that the shift plate 485 and chuck

actuating driven gear 482 may be rotationally fixed together.
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[0155] A pusher head 435 may be mounted for rotation on the forward
end of the chuck actuating screw 432. A bearing 408 may be provided
to facilitate the relative rotation between the pusher head 435 and the
chuck actuating screw 432. The pusher head 435 may include radially
oriented passageways 436 in which the chuck jaws 402 are respectively
supported. The radially oriented passageways 436 may guide a radial
movement of the chuck jaws 402, and at the same time may rotationally
fix the chuck jaws 402 to the pusher head 435.

B. The Operation:

[0156] The tool chuck 450 may operate in the normal operating mode
when the shift plate 485 is in the axial forward position, and in the
chuck actuating mode when the shift plate 485 is in the axial rearward
position.

[0157] During the normal operating mode, i.e., when the shift plate
485 is in the axial forward position illustrated in Fig. 13 and when the
driver is powered up, the input shaft drive gear 493 may rotationally
drive the input shaft driven gear 483. Here, the shift plate 485 (and
thus the chuck actuating shaft 430) may rotate together with the input
shaft 440 due to the interacting lugs 442, 462. That is, the interacting
lugs 442, 462 may rotationally lock the input shaft 440 to the chuck
actuating shaft 430 and this may prevent the tool chuck 450 from
loosening during the normal operating mode. In this condition, the
chuck actuating shaft 430 and the chuck actuating driven gear 482 may

rotate relative to each other and relative to the housing 495.
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[0158] The input shaft 440 may rotate together with the chuck jaws
402, which may in turn rotationally drive the pusher head 435. The
chuck actuating screw 432 and the chuck actuating shaft 430 may
rotate together with the input shaft 440. Thus, the input shaft 440, the
chuck jaws 402, the pusher head 435, the chuck actuating screw 432,
and the chuck actuating shaft 430 may rotate together as a unit relative
to the housing 495.

[0159] During the chuck actuating mode, i.e., when the shift plate 485
is in the axial rearward position illustrated in Fig. 14 and when the
driver is powered up, the input shaft drive gear 493 may rotationally
drive the input shaft driven gear 483. The input shaft 440 may rotate
together with the chuck jaws 402 and the pusher head 435. At the same
time, the chuck actuating drive gear 492 may rotationally drive the
chuck actuating driven gear 482. The shift plate 485 (and thus the
chuck actuating shaft 430) may rotate together with the chuck actuating
driven gear 482 due to the interacting lugs 434, 464.

[0160] The chuck actuating drive gear 492 may be larger than the
input shaft drive gear 493, and thus the chuck actuating driven gear
482 may be driven at a faster rotational speed than the input shaft
driven gear 483. As a result, relative to the housing 495, the chuck
actuating shaft 430 (and thus the chuck actuating screw 432) may
rotate faster than the input shaft 440. This speed differential may cause
the chuck actuating screw 432 to advance or retract in the axial

_.direction by virtue of the interaction between the radially inward facing .
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threads 443 and the radially outward facing threads 433. The
translational movement of the chuck actuating screw 432 may push or
pull on the pusher head 435.

[0161] The pusher head 435 may remain rotationally fixed to the input
shaft 440 (via the chuck jaws 402 being situated in the radial
passageways 436 and the inclined passageways 409). Thus, the chuck
actuating screw 432 may rotate relative to the pusher head 435. The
translational movement of the pusher head 435 may push or pull on the
chuck jaws 402, thereby opening and/or closing the same.

[0162] In this example embodiment, the chuck actuating drive gear
492 may be larger than the input shaft drive gear 493 so that the chuck
actuating driven gear 482 may be driven at a faster rotational speed
than the input shaft driven gear 483. However, the invention is not
limited in this regard. For example, the chuck actuating drive gear 492
may be smaller than the input shaft drive gear 493 so that the chuck
actuating driven gear 482 may be driven at a slower rotational speed
than the input shaft driven gear 483. This configuration may be
advantageous with respect to chuck holding performance.

VIII. Example Embodiment Depicted in Figs. 15-18:

[0163] Figs. 15-18 show another example, non-limiting embodiment of
a tool chuck 550 with a power take off feature. The tool chuck 550 may
be connected to a parallel axis transmission 570. Here, the chuck
actuating mode may be achieved by rotationally locking the chuck

- .actuating shaft to the housing of the driver.
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A. The Structure:

[0164] With reference to Fig. 15, the parallel axis transmission 570
may couple an electric motor to the tool chuck 550. The electric motor
may have a rotary shaft that supports an output gear 599. The output
gear 599 may engage with and rotationally drive an intermediate shaft
590.

[0165] The intermediate shaft 590 may be mounted for rotation in the
housing 595 of the driver. The intermediate shaft 590 may support an
input gear 591 and an input shaft drive gear 593. The input gear 591
may engage with the output gear 599, and the input shaft drive gear 593
may engage with an input shaft driven gear 583.

[0166] Power may be taken off the transmission 570 via the input
shaft drive gear 593 in both a normal operating mode and a chuck
actuating mode. As will be discussed in greater detail below, the mode
of the driver may be selected by moving a shift plate 585 between an
axial rearward position (as shown in Fig. 15) and an axial forward
position (as shown in Fig. 16). The shift plate 585 may be moved to the
desired axial position via a shifter 586.

[0167] For example, a user may move a protrusion of the shifter 586
laterally (i.e., perpendicular to the plane of the drawing sheet). This
lateral movement of the protrusion may cause the shifter 586 to rotate
about the axis of the chuck actuating shaft 530. With reference to Fig.
16, the shifter 586 may have a forward facing surface provided with

_rotary cam surfaces 587. The rotary cam surfaces 587 may interact with |
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rotary cam surfaces 584 on the rearward facing surface of a shift plate
585. When the shifter 586 is rotated, the rotary cam surfaces 584, 587
may cause the shift plate 585 to move forward with enough force to
compress a compression spring 553 so that the shift plate 585 may
engage with a lock plate 554, as shown in Fig. 16. And when the shifter
586 is rotated in the opposite direction, the shift plate 585 may move
(under the influence of the compression spring 553) in the rearward
direction and out of engagement with the lock plate 554, as shown in
Fig. 15. The shift plate 585 may remain rotationally fixed to the housing
595.

[0168] An input shaft 540 may be mounted for rotation (via bearings
505, 506) in the housing 595. The rear end of the input shaft 540 may
be fixed to the input shaft driven gear 583. The input shaft driven gear
583 may have a rear surface provided with an assembly inclusive of a
retainer 552 and a lock plate 554. A compression spring 553 may be
captured between the input shaft driven gear 583 and the lock plate 554
to influence the lock plate 554 in an axial rearward direction and against
the retainer 552.

[0169] The forward end of the input shaft 540 may include inclined
passageways 509 through which chuck jaws 502 are respectively
slidable. The inclined passageways 509 may rotationally fix the input
shaft 540 to the chuck jaws 502. The input shaft 540 may include a
bore having radially inward facing threads 543 that interact with radially

_ outward facing threads 533 of a chuck actuating screw 532.
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[0170] The chuck actuating screw 532 may be supported by the input
shaft 540. The interaction of the threads 533, 543 may cause the chuck
actuating screw 532 to advance or retract in the axial direction relative
to the input shaft 540. A rear end of the chuck actuating screw 532 may
include a blind hole 531 that receives the forward end of a chuck
actuating shaft 530. The chuck actuating screw 532 and the chuck
actuating shaft 530 may be rotationally fixed together and the chuck
actuating screw 532 may be axially moveable relative to the chuck
actuating shaft 530.

[0171] The rear end of the chuck actuating shaft 530 may support the
lock plate 554 and the shift plate 585. The lock plate 554 may be
mounted on the chuck actuating shaft 530 so that the two component
parts may be rotationally fixed together and axially moveable relative to
each other. The rear surface of the lock plate 554 may include lugs 542.
[0172] The shift plate 585 may be mounted on the chuck actuating
shaft 430 so that the two component parts may be rotatable and axially
moveable relative to each other. The shift plate 585 may be rotationally
fixed to the housing 595. The shift plate 585 may have a front surface
provided with lugs 562. When the shift plate 585 is in the axial
rearward position, as shown in Fig. 15, the lugs 562 may be disengaged
from the lugs 542 so that the lock plate 554 may be rotatable relative to
the shift plate 585 (and thus the housing 595). And when the shift plate

585 is in the axial forward position, as shown in Fig. 16, the lugs 562
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may interact with the lugs 542 so that the lock plate 554 and the shift
plate 585 (and thus the housing 595) may be rotationally fixed together.
[0173] A pusher head 535 may be mounted for rotation on the forward
end of the chuck actuating screw 532. A bearing 508 may be provided
to facilitate the relative rotation between the pusher head 535 and the
chuck actuating screw 532. The pusher head 535 may include radially
oriented passageways 536 in which the chuck jaws 502 are respectively
supported. The radially oriented passageways 536 may guide a radial
movement of the chuck jaws 502, and at the same time may rotationally
fix the chuck jaws 502 to the pusher head 535.

B. The Operation:

[0174] The tool chuck 550 may operate in the normal operating mode
when the shift plate 585 is in the axial rearward position, and in the
chuck actuating mode when the shift plate 585 is in the axial forward
position.

[0175] During the normal operating mode, i.e., when the shift plate
585 is in the axial rearward position illustrated in Fig. 15 and when the
driver is powered up, the input shaft drive gear 593 may rotationally
drive the input shaft driven gear 583. Here, the lock plate 554 (and thus
the chuck actuating shaft 530) may rotate together with the input shaft
540 due to the frictional engagement between the spring loaded lock
plate 554 and the retainer 552. In this condition, the lock plate 554
(and thus the chuck actuating shaft 530) may rotate relative to the shift

plate 585 (and thus the housing 5995).
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[0176] The input shaft 540 may rotate together with the chuck jaws
502, which may in turn rotationally drive the pusher head 535. The
chuck actuating screw 532 and the chuck actuating shaft 530 may
rotate together with the input shaft 540. Thus, the input shaft 540, the
chuck jaws 502, the pusher head 535, the chuck actuating screw 532,
and the chuck actuating shaft 530 may rotate together as a unit relative
to the housing 595.

[0177] During the chuck actuating mode, i.e., when the shift plate 585
is in the axial forward position illustrated in Fig. 16 and when the driver
is powered up, the input shaft drive gear 593 may rotationally drive the
input shaft driven gear 583. The input shaft 540 may rotate together
with the chuck jaws 502 and the pusher head 535. At the same time,
the lugs 562 may engage with the lugs 542 to rotationally fix together
the shift plate 585 and the lock plate 554. In this way, the lock plate
554 (and thus the chuck actuating shaft 530 and the chuck actuating
screw 532) may be rotationally grounded to the housing 595. When in
the forward axial position, the shift plate 585 may press the lock plate
554 in an axial forward direction (and against the influence of the spring
553) so that the frictional engagement between the lock plate 554 and
the retainer 552 may be released.

[0178] The input shaft 540 may rotate relative to the chuck actuating
screw 532, which may be rotationally locked to the housing 595. This
relative rotation may cause the chuck actuating screw 532 to advance or

 retract in the axial direction (depending on the rotation direction of the
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input shaft 540) by virtue of the interaction between the radially inward
facing threads 543 and the radially outward facing threads 533. The
translational movement of the chuck actuating screw 532 may push or
pull on the pusher head 535.

[0179] The pusher head 535 may remain rotationally fixed to the input
shaft 540 (via the chuck jaws 502 being situated in the radial
passageways 536 and the inclined passageways 509). Thus, the pusher
head 535 may rotate relative to the chuck actuating screw 532. The
translational movement of the pusher head 535 may push or pull on the
chuck jaws 502, thereby opening and/or closing the same.

[0180] Figs. 17 and 18 show example shapes of the interacting lugs
562, 542 respectively provided on the shift plate 585 and the lock plate
554. As shown in Fig. 17, each of the lugs 562, 542 may have an
inclined face (relative to the rotational axis of the tool chuck) that may be
active during the chuck actuating mode when the tool chuck is being
tightened. When the tool chuck becomes tight, the inclined faces may
cause the shift plate 585 and the lock plate 554 to move away from each
other, thereby compressing the spring 553. Eventually, the abutting
lugs 562, 542 may slip past each other, thereby causing a hammering
effect. The hammering effect of the lugs 562, 542 may facilitate
tightening of the tool chuck and may provide and audible indication to
the user that the tool chuck is tight. It is also believed that the inclined

surfaces may be so designed to provide optimum and consistent chuck
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tightening and thus removing end user variability from the chuck
tightening process.

[0181] As shown in Fig. 18, each of the lugs 562, 542 may have a
parallel face (relative to the rotational axis of the tool chuck) that may be
active during the chuck actuating mode when the tool chuck is being
loosened. Here, the orientation of the parallel faces may allow for more
loosening torque to be applied, as compared to the tightening torque that

may be applied by the inclined faces.
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WHAT IS CLAIMED IS.

1. A tool chuck comprising:

a shaft supporting chuck jaws, the shaft providing a first
transmission power path for rotationally driving the chuck jaws, the
shaft having a through hoie; and

a chuck actuating mechanism provided in the through hole, the
chuck actuating mechanism providing a second transmission power

path for opening and closing the chuck jaws.

2. The tool chuck as set forth in claim 1, wherein the chuck
actuating mechanism includes

a chuck actuating screw that is screw coupled to the shaft; and

a chuck actuating shaft that is rotationally locked to the chuck

actuating screw.

3. The tool chuck as set forth in claim 2 comprising:
a pusher head mounted for rotation on the chuck actuating screw,

the pusher head supporting the chuck jaws.

4, The tool chuck as set forth in claim 3, wherein the shaft, the

chuck jaws and the pusher head are rotationally locked together.

5. The tool chuck as set forth in claim 2, wherein the chuck

~actuating mechanism includes
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a shift plate rotationally locked to the chuck actuating shaft; and

a chuck actuating driven gear mounted for rotation on the chuck
actuating shaft;

wherein the shift plate is moveable between an axial forward
position in which the shift plate engages with the shaft, and an axial
rearward position in which the shift plate engages the chuck actuating

driven gear.

6. The tool chuck as set forth in claim 1, wherein the chuck
actuating mechanism includes

a chuck actuating shaft that is mounted for rotation in the
through hole of the shaft; and

a chuck actuating screw that is screw coupled to the chuck

actuating shatft.

7. The tool chuck as set forth in claim 6, wherein the chuck

actuating screw includes passageways supporting the chuck jaws.

8. The tool chuck as set forth in claim 7, wherein the

passageways are inclined with respect to a longitudinal axis of the shatft.

9. The tool chuck as set forth in claim 7, wherein the

passageways are perpendicular to the to a longitudinal axis of the shaft.
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10. The tool chuck as set forth in claim 6, wherein the shaft, the
chuck jaws and the chuck actuating screw are rotationally locked

together.

11. The tool chuck as set forth in claim 6, wherein the chuck
actuating mechanism includes
a chuck drive coupling that is rotationally locked to the chuck

actuating shaft.

12. The tool chuck as set forth in claim 11, comprising a spring

captured between the shaft and the chuck drive coupling.

13. The tool chuck as set forth in claim 1, wherein the shaft and
the chuck actuating mechanism are provided at the output of a

transmission.

14. The tool chuck as set forth in claim 13, wherein the

transmission includes a planetary reduction system.

15. The tool chuck as set forth in claim 13, wherein no more

than one of the first and the second transmission power paths is

engageable with the transmission at any given instant in time.
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16. The tool chuck as set forth in claim 13, wherein both of the
first and the second transmission power paths are engageable with the

transmission at the same time.

17. The tool chuck as set forth in claim 1 mounted on a corded

power driver.

18. The tool chuck as set forth in claim 1 mounted on a cordless

power driver.

19. A tool chuck comprising:

a shaft supporting chuck jaws, the shaft providing a first
transmission power path to the chuck jaws, the shaft having a through
hole; and

a chuck actuating mechanism mounted in the through hole, the
chuck actuating mechanism providing a second transmission power

path to the chuck jaws.

20. A tool transmission comprising:

a carrier supporting at least one planetary gear; and

a sun gear connected to the carrier, the sun gear and the carrier
being rotationally locked together and axially moveable relative to each

other.
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21. The tool transmission as set forth in claim 20, wherein the

carrier is axially fixed to a tool housing.

22. The tool transmission as set forth in claim 21, wherein the
sun gear is moveable to an axial forward position to achieve a chuck
actuating mode and an axial rearward position to achieve a normal

operating mode.

23. The tool transmission as set forth in claim 20, wherein the

carrier and the sun gear are couple together via at least one spline.

24. The tool transmission as set forth in claim 20, wherein the

sun gear has a bore into which the carrier is inserted.

25. The tool transmission as set forth in claim 20, comprising:

a first stage reduction system having a power input coupled to a
motor;

a second stage reduction system having a power input coupled to
the first stage reduction system; and

a third stage reduction system having a power input coupled to
the second stage reduction system;

wherein the carrier and the at least one planetary gear are

constituent elements of the second stage reduction system; and
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wherein the sun gear is a constituent element of the third stage

reduction system.

26. A power tool comprising:

a housing;

a transmission mounted on the housing, the transmission having
a primary rotational axis; and

a collar mounted on the housing, the collar being moveable
relative to the housing to displace at least one element of the
transmission along the primary rotational axis, a central axis of the

collar being offset from the primary rotational axis.

27. The power tool as set forth in claim 26, wherein the collar

encircles the housing.

28. The power tool as set forth in claim 26 comprising:

a clutch pin extending through a side wall of the housing.

29. The power tool as set forth in claim 28, wherein the clutch

pin is located radially inward of the collar.
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