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AUTOMATIC SHAFT LOCK

ABSTRACT OF THE DISCLOSURE

An automatic shaft lock is incorporated into the transmission or drive components of
a power driving tool of the tyioe commonly used to tighten or loosen threaded fasteners, for
example. The automatic shaft lock operates to prevent an externally-applied rotational back-
force or back-torque, such as results from use of the tool to manually tighten or loosen a
fastener, from being transmitted all the way through the drive components to the tool’s motor
or armature shaft. The shaft lock also effectively reduces the amount of back-torque,
functioning automatically in either rotational direction, due to being disposed at an
intermediate location in the drive train, between an intermediate gear enmeshed for driving

rotation with the tool’s armature shaft and an output gear enmeshed 1n a driving relationship

with the tool’s output shatft.
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AUTOMATIC SHAFT LOCK

BACKGROUND AND SUMMARY OF THE INVENTION

The present invention relates generally to automatic locking mechanisms for power
driven shafts. The invention is particularly well-suited for application in power tools,
especially those of the hand-held variety used for driving threaded fasteners into a workpiece,
for example.

Power tools such as power screwdrivers, nut drivers, and other such fastener drivers
have become widely used for power-driving threaded fasteners into a workpiece or for drniving
one threaded fastener onto or into another threaded fastener. Sometimes, though, due to the
size, length, or condition of the threaded fastener, such power driving tools lack sufficient
torque to tighten (or loosen) the threaded fasteners to the full extent desired by the operator.
In such 1nstances, operators frequently use the power driving tool in a'de-energized state or
in a locked-armature condition to forcibly manually tighten the fastener. Also, in some cases,
operators use the tool tb manually set a fastener in order to more precisely control the final
amount of torque applied to the fastener.

While such manual torque-applying usages are well known and common, they can
sometimes result in damage to the power tool in the form of bent or broken internal drive
components or even possible electrical damage to the power tool’s motor. In addition, if the
operator uses the power tool to manually tighten a fastener when the motor is de-energized,
the back-applied torque can cause slippage in various drive components or can otherwise be
less than fully effectual to allow the operator to manually tighten (or loosen) the fastener.

Accordingly, various shaft lock mechanisms and designs have been provided in

hand-held power tools to alleviate these problems or to aid in manual torque-applying

operations. One example of which, wherein the shaft lock mechanism 1s on the power tool’s
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output shaft, is shown in U.S. Patent No. 5,016,501, granted to Holzer in 1991. However,
many of these mechanisms have themselves proved disadvantageous in that large or excessive
amount of manually-applied back-torque can damage or break the shaft lock mechanisms
themselves. The present invention, therefore, seeks to provide an automatic shaft lock
mechanism that substantially prevents the transmission of back-torque during manual
tightening operations in ways that could result in component breakage, motor damage, or
slippage. The present invention also seeks to provide such a shaft lock mechanism that 1s not
located at the tool’s output shaft and that can thus take advantage of the tool’s output gearing
and thus be sturdier and more effective.

In accordance with one preferred example of the present invention, an interlock
mechanism including an automatic shaft lock apparatus 1s provided for a power tool having
a housing, a longitudinally-extending or axially-extending rotatable armature shaft enmeshed
(either itself or through a pinion gear) with an intermediate gear disposed within the housing
for rotation in response to rotation of the armature shaft, and an intermediate shaft disposed
in the housing for rotation therein and rotationally interconnected with the tool’s bit-holding
chuck. The interlock mechanism drivingly and rotationally interconnects the intermediate
shaft with the intermediate gear in order to cause bi-directional "forward-torque" rotation of
the intermediate shaft in one of two directions in response to corresponding rotation of the
intermediate gear, while the automatic shaft lock portion of the interlock mechanism prevents

rotation of the intermediate gear in response to an external rotational force imposed on the

intermediate shaft in a second opposite or "back-torque" direction.

In order to accomplish this, the automatic shaft lock includes a hollow cylindrical
cavity formed 1n a fixed portion of the housing, preferably in the form of a hollow cyhindrical

cavity (with or without an internal wear sleeve) carried by a fixed bearing plate 1n the

.
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housing, with the hollow cylindrical cavity being radially offset relative to the armature shaft
and having a cylindrical interior cavity surface therein. At least one drive lug (and preferably
more than one) is fixedly disposed on the intermediate gear for concentric rotation therewith
and extends longitudinally or axially into the hollow cylindrical cavity at the radial periphery
thereof, with each of the preferred drive lugs having a drive projection extending radially
inwardly.

An anvil is fixedly disposed (such as by press-fit, for example) on the intermediate
shaft for concentric rotation therewith and is disposed within the hollow cylindrical cavity.
The anvil has an external diameter smaller than the diameter of the interior cavity surface of
the hollow cylindrical cavity and has at least one, and preferably more than one,
longitudinally-extending anvil channels recessed radially inwardly therein for interlockingly
receiving the radially inwardly extending drive projections therein in a driving relationship
therewith. The anvil channels have a circumferential width greater than the circumferential
width of the drive projection in order to permit a predetermined amount of limited relative
rotation therebetween. "The anvil, adjacent drive lugs, and the interior cavity surface of the
hollow cylindrical cavity together form a chamber within the cylindrical cavity, within which
at least one longitudinally-extending cylindrical locking pin is disposed, resting between the
anvil and the interior cavity surface of the hollow cylindrical cavity and between
circumferential sides of the adjacent drive lugs.

The preferred anvil has a radially inwardly recessed flat portion between each of the
adjacent pairs of anvil channels such that there is more radial clearance for the locking pin
(between the interior cavity surface and the anvil) at a generally intermediate location of the
chamber (between the anvil channels) than there is at the circumferential ends of the

chamber, closely adjacent the anvil channels, where the pin or pins become radially "pinched"

3.
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between radially outwardly-raised portions or radially outwardly-protruding "bosses" on either
circumferential side of each of the anvil channels. The locking pins and the anvil are free to
rotate in response to interlocking rotation of the drive lugs, the intermediate gear, and the
anvil, in response to forward-torque rotation of the intermediate gear being driven (in either
rotational direction) by rotation of the armature shaft, with the locking pins being urged and
engaged by circumferential sides of the drive lugs to maintain them in the radially relatively
unrestricted area defined by the above-mentioned flat anvil portions and the cavity inner
surface. The pins, however, become radially wedged or pinched between the anvil boss
surfaces closely adjacent the channels and the interior cavity surface in response to an
externally-applied rotational back-force or back-torque imposed on the intermediate shaft when
the intermediate gear and the armature shaft are rotationally stationary, or in response to such
back-torque imposed in an opposite direction from the direction of the rotational force on the
intermediate shaft imposed by the armature shaft, the intermediate gear, the drive lug, and the
anvil when such external rotational back-torque 1s being imposed on the intermediate shaft of
an energized power tooi. In either case, the automatic shaft lock prevents transmission of the
external rotational back-force and consequent back-torque from being imposed from the
intermediate shaft and the anvil to the inteﬁnediate gear and the armature shaft. The
automatic shaft lock of the present invention functions equally in either rotational direction.

It should be emphasized that such back-torque imposed on the tool’s output shaft is
reduced by virtue of being transmitted through the relatively large output gear and the
relatively small output pinion gear before it is transmitted to the shaft lock mechanism. Or,
stated another way, this arrangement allows the shaft lock mechanism to resist such
back-torque with a "torque-amplified" resistance. This protects the shaft lock mechanism from

breakage, as well as locating it more internally (at a position in the drive train that 1s

_4-
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internally-located relative to the output shaft) where 1t 1s better protected from dust or other
external contaminants.

Additional objects, advantages, and features of the present invention will become
apparent from the following description and the appended claims, taken in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevation view of an exemplary power driving tool incorporating the
present invention, with portions of the tool’s housing broken away to reveal internal
components.

Figure 2 is an exploded perspective view of the major components of the drive and
automatic shaft mechanism.

Figure 3 is an enlarged side elevational cross-sectional view of the components of
Figure 2.

Figure 4 is an end cross-sectional view of the components of Figures 2 and 3, taken
generally along the line 4-4 of Figure 1.

Figure 4a is an enlarged view of the circled portion of Figure 4.

Figure 4b is an enlarged view, similar to that of Figure 4a, but illustrating an
alternative embodiment of the invention.

Figure 5 is an enlarged detail view, similar to that of Figure 4a, illustrating the
preferred driving and shaft lock components during normal energization of the power tool for
rotation in a first rotational direction.

Figure 6 is a detail view similar to that of Figure 5, but illustrating the preferred

components during normal driving rotation in a second, opposite rotational direction.
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Figure 7 is a view similar to that of Figure 5, but further enlarged and 1llustrating the
activation of the preferred automatic shaft lock feature of the present invention in response
to an externally-applied back-torque in a rotational direction opposite to that of the driving
rotational direction of Figure 5.

Figure 8 is a view similar to that of Figure 6, but further enlarged and illusfrating the
activation of the preferred automatic shaft lock feature of the present invention in response
to an externally-applied back-torque in a rotational direction opposite to that of the driving

rotational direction of Figure 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures 1 through 8 depict, for purposes of illustration only, a preferred example (and
one exemplary variation) of the present invention as applied in an electric drill-type power
driver tool. One skilled in the art will readily recognize, however, that the principles and
features of the present invention are equally applicable to power driving tools of many other
configurations, including, for example, those commonly referred to as "power screwdrivers'.

In Figure 1, a power tool 10 includes a housing 12, within which 1s disposed a motor
14 and a drive mechanism 18 for transmitting power from the motor 14 to a chuck 16, which
is adapted to drivingly hold a fastener driver bit, a drill bit, or other such rotating tool bit.

Referring to Figures 1 through 4, the drive mechanism 18 includes a motor armature
shaft 22, preferably supported for rotation within a bearing plate 24 fixedly mounted within
the tool’s housing 12, with the bearing plate 24 preferably including a first bearing opening
26 for rotatably receiving the armature shaft 22, a second bearing opening 28 for rotatably
receiving an intermediate shaft 60, and preferably a third bearing opening 30 for rotatably

receiving an output shaft 64, with the output shaft 64 being drivingly interconnected with the

chuck 16.
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In the preferred exemplary embodiment depicted in the drawings, the armature shaft
22 has a geared end portion 34 thereon (or it can have a separate pinion gear fixedly mounted
thereon), which is enmeshed with an intermediate gear 32 that is slip-fitted or otherwise
mounted for free relative rotation about or on the intermediate shaft 60. The bearing plate
24 also includes a hollow cylindrical cavity 36 formed therein and preferably lined by a
cylindrical sleeve 38, in order to form a hollow interior cavity surface 40 therein. At least
one drive lug 42, and preferably a number of drive lugs 42, are formed on the intermediate
gear 32. The drive lugs 42 extend axially or longitudinally into the hollow cylindrical cavity
36 radially adjacent the interior cavity surface 40, with the drive lugs 42 configured for
concentric rotation with the intermediate gear 32. [Each drive lug 42 has a radially
inwardly-extending drive projection 44 thereon.

An anvil 48 is press-fitted or otherwise fixedly mounted on the intermediate shaft 60
for rotation therewith. As can perhaps best be seen in Figures 4 and 4a, the anvil 48 has at
least one, and preferably a number, of axially-extending anvil channels 50 recessed radially
inwardly therein about its circumferential periphery. The number of anvil channels 50
corresponds to the number of drive projections 44 on the drive lugs 42 of the intermediate
gear 32, with the drive projections 44 being received within the anvil channels 50. Thus, the
anvil 48, circumferentially adjacent pairs of drive lugs 42, and the interior cavity surface 40
of the hollow cylindrical cavity 36 (or the cylindrical sleeve 38) together form a number of
circumferentially spaced-apart annular chambers 52.

Preferably, one cylindrical locking pin 54 is disposed within each chamber 52. The
anvil 48 includes a generally flat anvil surface 58 generally at a circumferential midpoint
between each set of adjacent anvil channels 50. In Figure 4a, the preferred anvil 48 has each

flat surface 58 positioned generally between radially outwardly-raised end portions or anvil

7.
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bosses 56 closely adjacent the anvil channels 50. When the locking pins 54 are at this flat
intermediate surface 58, they are less radially constrained between the anvil 48 and the interior
cavity surface 40 than when they are at the radially outwardly-raised boss portions 56
(adjacent the anvil channels 50), as will be explained in more detail below.

Figure 4b iilustrates an alternate variation, in which the single locking pin 54 1n each
chamber 52 is replaced by two (or more) locking pins 154 in each chamber 52. In this
alternate embodiment, a somewhat "peaked" anvil cam surface 156 protrudes radially
outwardly between adjacent flats 158 to provide a radially-constructed area for the pins 54.

Referring to Figures 2 through 5, it can be readily seen that when the power tool’s
motor 14 is energized in order to cause rotation of the armature shaft 22, the intermediate gear
32 is therefore caused to rotate in a rotational direction opposite that of the armature shatt 22.
This forward-torque rotation of the intermediate gear 32 causes a corresponding, concentric
rotation of the intermediate gear’s drive lugs 42, whose interlocking drive projections 44
contact the corresponding sides of the anvil channels 50, urging them in a first rotational
direction and causing a same-direction rotation of the anvil 48. Since the anvil 48 1s press-
fitted or otherwise fixedly mounted on the intermediate shaft 60, the intermediate shaft 60 also
rotates in the same rotational direction as the intermediate gear 32. An output pinion gear 62
is preferably press-fitted or otherwise rotationally fixed to the intermediate shaft 60 and 1S
enmeshed with an output gear 60 rotationally fixed to the output shaft 64, thereby transmitting
rotational force to the tool’s chuck 16.

Since many, if not most, power driving tools of the exemplary type described herein
are "reversible", that is being adapted for power driving in either of two opposite forward-

torque rotational directions, the drive mechanism 18 (and the automatic shaft lock) of the

exemplary embodiment depicted herein is adapted for such reversible rotation. As 1s

_8-
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illustrated with reference to Figures 2 through 4a and 6, the intermediate gear 32, the drive
lugs 42, and the drive projections 44 rotate in the opposite rotational direction of that of
Figure 5. Thus, in a similar manner as is discussed above in connection with Figure 35, the
drive Iugs 42 and the drive projections 44 cause such opposite rotation of the anvil 48, by way
of the interlocking engagement between the drive projections 44 and the opposite sides of the
anvil channels 50 from that of Figure 5. Similarly, in Figure 6, this causes a similar opposite
forward-torque rotation of the locking pins 54 by way of contact with the opposite
circumferential sides of the drive lugs 42 from that of Figure 3.

In the event that the power tool 10 is used for manually applying a rotational driving
force to the chuck 16 (and thus to the driven bit held by the chuck 16), a resultant back-
torque or rotational back-force is applied to the output shaft 64, and thus to the output pinion
gear 62 and the intermediate gear 32 in either of two reversible rotational directions opposite
to the rotational forward-torque force being imposed by the motor 14 and the armature shaft
22 (in the case where the power tool is energized). Even when the power tool 10 1s not
energized, such resultanf externally-applied rotational back-torque or rotational back-force 1s
similarly imposed on the intermediate shaft 60. In either of these instances, the armature shaft
22 and the intermediate gear 32 are either stationary or are subjected to rotational forces
opposite to the direction of the externally-applied rotational back-force or back-torque
imposed on the intermediate shaft 60. Because the anvil 48 1s press-fitted or otherwise
rotationally fixed to the intermediate shaft 60, the back-torque imposed on the intermediate
shaft 60 will also be transferred to the anvil 48, causing it to rotate a small amount.
However, the drive projections 44 of the drive lugs 42 do not correspondingly rotate due to
the circumferential clearance within the anvil channels 50. Thus, since the locking pins 54

are not forcibly urged in a circumferential direction by contact with the circumferential sides

0.
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of the drive lugs 42 so that they would remain in the radially relatively unconstrained area
of the chambers 52 adjacent the anvil flats 58, such small amount of rotation of the anvil 48
causes the locking pins 54 to be urged radially outwardly by one of the radially outwardly
raised boss portions 56 of the anvil adjacent the anvil channels 50 on opposite circumferential
ends of the flat anvil surface 58. This causes the locking pins 54 to be tightly pinched or
wedged 1nto one of the radially constricted areas of the anvil chambers 52 (between one of
the radially outwardly raised boss portions 56 of the anvil and the interior cavity surface 40
of the hollow cylindrical cavity 36 or of the cylindrical sleeve 38). This wedging or pinching
action therefore effectively locks the anvil against further rotation and thus also locks the

intermediate shaft 60, the output pinion 62, the output gear 66, and thus the tool’s output shaft
64.

It should be noted that the above-described automatic shaft locking effect occurs
whenever the tool’s output shaft 64 1s acted upon by an externally applied manual rotational
back-torque or back-force acting in either direction of rotation. However, as described above,
when the tool’s motor 14 1s energized to drive the armature shaft 22, the anvil 48 is free to
rotate 1n either driven rotational direction. Thus, the direction of rotation of the anvil 48 is
not determinative of whether the anvil 48 will be locked. Rather, the determinative factor in
automatic shaft locking i1s whether the torque on the anvil 48 1s applied in a forward-torque
direction by way of the motor 14 and the armature shaft 22 (in the unlocked, normal driving
operation), or in a back-torque or back-force direction by way of the tool’s output shaft 64
(1in the automatic shaft-locking condition). A similar wedging of the pins 54 is caused in the
alternate arrangement of Figure 4b by the peak portions 156.

In addition, 1n either arrangement, since the output gear 66 1s much larger than the

output pinion 62 1n most applications of the present invention, the back-torque transmitted to

~-10-
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the intermediate shaft is reduced from that of the back-torque imposed on the output shaft 64,
thus further protecting the driving and interlocking transmission components and preventing
such high back-torque from the output shaft 64 from being imposed on the armature shaft 22
by way of the intermediate gear 32. Therefore, as mentioned above, this results in such
back-torque being effectively resisted by a torque-amplifying resistance applied through the
intermediate shaft by the shaft lock mechanism.

In addition, 1t should be noted that this effect also results from the automatic shaft lock
being 1n a drive position between the intermediate gear 32 (which is driven by the armature
shaft 22 through 1ts geared portion 34 or an armature pinion thereon) and the output shaft 66
(which 1s 1n a driving engagement with the intermediate shaft 60). This arrangement of the
present invention 1s in direct contrast with the typical prior art arrangement, such as that
shown 1n the above-mentioned U.S. Patent No. 5,016,501, wherein the shaft lock mechanism
1s on the output shaft. The above-described arrangement of the present invention offers the
distinct advantage of the above-described reduction of the back-torque imposed from the
output gear 66 throughfhe output pinion gear 62 to the automatic shaft lock mechanism, thus
protecting the shaft lock mechanism and making it more effective. This arrangement of the
present invention also offers the advantage of the shaft lock mechanism being better protected
from dust or other external contamination.

The foregoing discussion discloses and describes merely exemplary embodiments of
the present invention for purposes of illustration only. One skilled in the art will readily
recognize from such discussion, and from the accompanying drawings and claims, that various
changes, modifications, and variations can be made therein without departing from the spirit

and scope of the invention as defined in the following claims.

-11-



10

15

CA 02277257 1999-07-09

WHAT IS CLAIMED:

1. A power tool having a drive train and a housing, said drive train including an
axially-extending rotatable armature shaft enmeshed with an intermediate gear disposed 1n the
housing for bi-directional forward-torque rotation in response to bi-directional forward-torque
rotation of the armature shaft, an intermediate shaft disposed in the housing for rotation
therein, said intermediate shaft being drivingly interconnected with an output shaft, and a shatft
lock mechanism adapted for rotationally interconnecting the intermediate shaft with the
intermediate gear in order to cause rotation of the intermediate shaft in a forward-torque
direction in response to rotation of the intermediate gear and adapted for preventing rotation
of the intermediate gear in response to an externally-applied rotational back-torque imposed
on the intermediate shaft in a second opposite back-torque direction, said shaft lock
mechanism being drivingly located in said drive train between said intermediate gear and said
intermediate shaft, said intermediate shaft having an output pinion fixed thereon for rotation
therewith, said output shaft having an output gear fixed thereon for rotation therewith and
enmeshed 1n a driving relationship with said output pinion, said output gear being larger than
said output pinion to reduce the magnitude of said back-torque being transmitted to said shaft

lock mechanism.

2. A power tool according to claim 1, further having a bearing plate fixedly
disposed within the housing, said bearing plate having a hollow cavity therein, said shaft lock

mechanism being disposed within said hollow cavity.

_12-
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3. A power tool having a housing, an axially-extending rotatable armature shaft
enmeshed with an intermediate gear disposed in the housing for bi-directional forward-torque
rotation 1n response to bi-directional forward-torque rotation of the armature shaft, an
intermediate shaft disposed in the housing for rotation therein, an output shaft, and a shaft
lock mechanism adapted for rotationally interconnecting the intermediate shaft with the
intermediate gear in order to cause rotation of the intermediate shaft in a first forward-torque
direction 1n response to rotation of the intermediate gear and adapted for preventing rotation
of the intermediate gear in response to an externally-applied rotational back-torque imposed
on the intermediate shaft in a second opposite back-torque direction, said shaft lock

mechanism comprising:

a hollow cylindrical cavity formed 1n a fixed portion of the housing radially offset

relative to the armature shaft and having a cylindrical interior cavity surface therein;

at least one drive lug fixedly disposed on the intermediate gear for concentric rotation
therewith and extending axially into said hollow cylindrical cavity generally adjacent the
radially-outward periphery thereof, said drive lug having a drive projection extending radially

inwardly therefrom;

an anvil fixedly disposed on the intermediate shaft for concentric rotation therewith
and disposed with said cavity, said anvil having an external diameter smaller than the diameter
of said interior cavity surface of said hollow cylindrical cavity, said anvil further having at
least one axially~extendiﬁg anvil channel recessed radially inwardly therein for receiving said
radially inwardly-extending drive projection therein in a driving relationship therewith, said
anvil channel having a circumferential width greater than the circumferential width of said

drive projection to permit a predetermined amount of limited relative rotation therebetween;

-13-
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an annular chamber within said cylindrical cavity defined by said drive lug, said anvil

and said interior cavity surface;

an axially-extending cylindrical locking pin disposed within said chamber between said

anvil and said interior cavity surface of said hollow cylindrical cavity; and

a radially outwardly raised boss surface on said anvil protruding radially outwardly
into said chamber, said raised boss surface being circumferentially spaced from said drive lug
on said intermediate gear, said locking pin and said anvil being free to rotate in response to
forward-torque rotation of said drive lug, forward-torque rotation of the intermediate gear and
forward-torque rotation of said anvil in response to bi-directional forward-torque rotation of
the intermediate gear being driven by the armature shaft, and said anvil rotating relative to
said drive projection in order to radially outwardly wedge said locking pin between said raised
boss surface and said interior cavity surface in response to said externally-applied rotational
back-torque imposed on the intermediate shaft in said second opposite back-torque direction,
thereby preventing transmission of said externally-applied rotational back-torque from said
intermediate shaft and said anvil to the intermediate gear and the armature shaft, said
intermediate shaft being dnivingly interconnected with said output shaft by an output gear
mechanism, said output gear mechanism reducing the magnitude of said back-torque being

transmitted back to said shaft lock mechanism.

-14-

S M-S



CA 02277257 1999-07-09

4 A power tool according to claim 3, wherein said intermediate gear includes a
number of said drive lugs spaced circumferentially thereon, said anvil having a number of said
anvil channels spaced circumferentially thereon corresponding to the number of said drive
lugs, said interlock and shaft lock mechanism further including a number of said locking pins,
each of said locking pins being disposed between two circumferentially-adjacent drive lugs,
said anvil having a generally flat exterior surface portion between a pair of said raised

surfaces, each of said raised surfaces being generally adjacent one of said anvil channels.

5. A power tool according to claim 4, wherein two of said locking pins are

disposed circumferentially adjacent one another between each pair of circumferentially

adjacent drive lugs.

6. A power tool according to claim 3, further including a bearing plate fixedly

disposed within the housing, said hollow cylindrical cavity being formed in said bearing plate.
7. A power tool according to claim 6, wherein a hollow cylindrical sleeve is
disposed within said hollow cylindrical cavity thereby forming said interior cavity surface

therein.

8. A power tool according to claim 3, wherein said intermediate gear is mounted

for free relative concentric rotation on said intermediate shaft.

-15-
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9. A power tool having a housing, axially-extending rotatable armature shaft
extending through an armature bearing opening in a bearing plate fixed to the housing, the
armature shaft being disposed for bi-directional forward-torque rotation therein and having an
armature gear thereon, an intermediate gear disposed in the housing and enmeshed with the
armature gear for bi-directional forward-torque rotation in response to rotation of the armature
gear, an intermediate shaft disposed in the housing for bi-directional rotation therein and an
output shaft; said intermediate gear being mounted for free relative concentric rotation on said
intermediate shaft, and an interlock mechanisra for rotationally interconnecting the
intermediate shaft with the intermediate gear for rotation of the intermediate shaft in a first
torward-torque bi-direction in response to rotation of the intermediate gear and for preventing
rotation of the intermediate gear in response to an externally-applied rotational back-torque
imposed on the intermediate shaft in a second opposite back-torque bi-direction, said interlock

mechanism comprising:

a hollow cylindrical cavity formed in the bearing plate at a radially offset position

relative to the armature bearing opening and having a cylindrical interior cavity surface

therein;

a number of drive lugs fixedly disposed on the intermediate gear and extending
longitudinally into said hollow cylindrical cavity adjacent the radially-outward periphery

thereof, said drive lugs each having a drive projection extending radially inwardly therefrom:;

an anvil fixedly disposed on the intermediate shaft for concentric rotation therewith
and disposed with said cavity, said anvil having an external diameter smaller than that of said
Interior cavity surface of said hollow cylindrical cavity so as to be spaced radially inwardly

therefrom, said anvil having a number of longitudinally-extending anvil channels recessed

-16-
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radially inwardly therein and opening outwardly therefrom, each anvil channel receiving one
of said radially inwardly-extending drive projections therein in a driving relationship
therewith, said anvil channels having circumferential widths greater than that of said drive

projection to permit predetermined limited amount of relative rotation therebetween;

sald drive lugs, said anvil and said interior cavity surface defining a number of
circumferentially spaced-apart chambers within said radial space in said cylindrical cavity, a

longitudinally-extending cylindrical locking pin disposed within each of said chambers;

said anvil further having a radially outwardly-raised boss surface thereon extending
radially outwardly into each of said chambers, each of said raised boss surfaces being disposed
generally adjacent one of said channels formed in said anvil, one of said locking pins being
disposed circumferentially between circumferentially adjacent ones of said raised boss

surfaces;

said locking pins and said anvil being free to rotate in response to forward-torque
rotation of said drive lugs, forward-torque rotation of the intermediate gear, and forward-
torque rotation of said anvil in response to rotation of the intermediate gear being driven by
the armature shaft, and said anvil rotating relative to said drive projections to a predetermined
limited amount in order to radially outwardly wedge said locking pins between one of said
raised boss surfaces and said interior cavity surface in response to said externally-applied
rotational back-torque imposed on the intermediate shaft and said anvil in said second opposite
back-tdrque bi-direction in order to thereby prevent transmission of said externally-applied
rotational back-torque from said intermediate shaft and said anvil to the intermediate gear and

the armature shaft; and
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sald intermediate shaft being drivingly interconnected with said output shaft by an

output gear mechanism, said output gear mechanism reducing the magnitude of said

50 back-torque being transmitted back to said interlock mechanism.
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10. A power tool according to claim 9, wherein said intermediate gear includes
three of said drive lugs thereon, said anvil correspondingly having three of said anvil channels
therein, thus defining three of said chambers, and at least one of said locking pins being

disposed in each of said chambers between each pair of circumferentially adjacent drive lugs.

11. A power tool according to claim 10, wherein two of said locking pins are
disposed circumferentially adjacent one another between each pair of circumferentially

adjacent drive lugs.

2. A power tool according to claim 11, wherein a hollow cylindrical sleeve is
disposed within said hollow cylindrical cavity thereby forming said interior cavity surface

therein.

13. A power tool according to claim 12, wherein said locking pin is wedged
between one of said raised boss surfaces and said interior cavity surface in response to said

predetermined limited relative rotation of said anvil relative to said drive projection, thereby
restricting the radial space between said anvil and said interior cavity surface in which said

locking pin is disposed.

-19-
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