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(57) Abstract: A transducer assembly for use in a
power tool includes a bracket aftixed to a housing
of the power tool and a protrusion having an ar-
cuate outer periphery. The protrusion is offset
from a central axis of the bracket and extends
from the bracket in a direction parallel with the
central axis. The transducer assembly also in-
cludes a transducer having an inner hub with an
aperture through which a distal end of the protru-
sion is received. The arcuate outer periphery of
the protrusion is in substantially line contact with
a wall segment at least partially defining the aper-
ture. The transducer also includes an outer rim af-
fixed to a ring gear of the power tool, a flexible
web interconnecting the inner hub to the rim, and

j

7
i

&N
? j F a sensor affixed to the flexible web for detecting
,//1.{ strain of the flexible web in response to a reaction
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PRECISION TORQUE SCREWDRIVER
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to co-pending U.S. Provisional Patent
Application No. 62/153,859 filed on April 28, 2015, U.S. Provisional Patent Application No.
62/275,469 filed on January 6, 2016, and U.S. Provisional Patent Application No. 62/292,566

filed on February 8, 2016, the entire contents of all of which are incorporated herein by

reference.
FIELD OF THE INVENTION
[0002] The present invention relates to a power tool, and more particularly to a
screwdriver.
BACKGROUND OF THE INVENTION
[0003] A rotary power tool, such as a screwdriver, typically includes a mechanical

clutch for limiting an amount of torque that can be applied to a fastener. Such a mechanical
clutch, for example, includes a user-adjustable collar for selecting one of a number of
incrementally different torque settings for operating the tool. While such a mechanical clutch
is useful for increasing or decreasing the torque output of the tool, it is not particularly useful

for delivering precise applications of torque during a series of fastener-driving operations.
SUMMARY OF THE INVENTION

[0004] The invention provides, in one aspect, a transducer assembly for use in a
power tool including a housing, a motor, an output shaft that receives torque from the motor,
and a planetary transmission positioned between the motor and the output shaft. The
planetary transmission includes a ring gear. The transducer assembly includes a bracket
affixed to the housing and a protrusion having an arcuate outer periphery. The protrusion is
offset from a central axis of the bracket and extends from the bracket in a direction parallel
with the central axis. The transducer assembly also includes a transducer having an inner hub
with an aperture through which a distal end of the protrusion is received. The arcuate outer
periphery of the protrusion is in substantially line contact with a wall segment at least

partially defining the aperture. The transducer also includes an outer rim affixed to the ring
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gear, a flexible web interconnecting the inner hub to the rim, and a sensor affixed to the
flexible web for detecting strain of the flexible web in response to a reaction torque applied to

the ring gear from the output shaft.

[0005] The invention provides, in another aspect, a rotary power tool including a
housing, a motor, an output shaft that receives torque from the motor, and a planetary
transmission positioned between the motor and the output shaft. The planetary transmission
includes a ring gear. The power tool also includes a bracket affixed to the housing and a
protrusion having an arcuate outer periphery. The protrusion is offset from a central axis of
the bracket and extends from the bracket in a direction parallel with the central axis. The
power tool further includes a transducer having an inner hub with an aperture through which
a distal end of the protrusion is received. The arcuate outer periphery of the protrusion is in
substantially line contact with a wall segment at least partially defining the aperture. The
transducer also includes an outer rim affixed to the ring gear, a flexible web interconnecting
the inner hub to the rim, and a sensor affixed to the flexible web for detecting strain of the

flexible web in response to a reaction torque applied to the ring gear from the output shaft.

[0006] The invention provides, in yet another aspect, a rotary power tool including a
motor, an output spindle that receives torque from the motor, a clutch positioned between the
motor and the output spindle for limiting an amount of torque that can be transferred from the
motor to the output spindle, and a transducer for detecting the amount of torque transferred
through the clutch to the output spindle. The clutch is adjustable to vary the amount of torque
that can be transferred from the motor to the output spindle in response to feedback from the

transducer of the detected amount of torque transferred through the clutch.

[0007] The invention provides, in a further aspect, a rotary power tool including a
motor, an output spindle that receives torque from the motor, a clutch positioned between the
motor and the output spindle for selectively engaging the output spindle to the motor, and a
transducer for detecting an amount of torque transferred through the clutch to the output
spindle. The clutch is capable of being actuated from a first mode in which the output spindle
is engaged to the motor, to a second mode in which the output spindle is disengaged from the
motor, in response to feedback from the transducer of the detected amount of torque

transferred through the clutch.
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[0008] The invention provides, in another aspect, a method of operating a rotary
power tool. The method includes initiating a fastener driving operation by providing torque
to an output shaft of the power tool, detecting a reaction torque on the output shaft during the
fastener driving operation with a transducer, and mechanically disengaging a clutch in
response to the reaction torque on the output shaft reaching a predetermined torque threshold.
The method also includes viewing a numerical torque value on a display device of the power

tool coinciding with the detected amount of torque transferred through the clutch.

[0009] Other features and aspects of the invention will become apparent by

consideration of the following detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view of a rotary power tool incorporating a transducer

assembly in accordance with an embodiment of the invention.
[0011] FIG. 2 is a cross-sectional view of the power tool along line 2-2 in FIG. 1.

[0012] FIG. 3 is an enlarged cross-sectional view of a portion of the power tool along

line 2-2 in FIG. 1.

[0013] FIG. 4 is an exploded, perspective view of the transducer assembly and a ring

gear of the power tool of FIG. 1.
[0014] FIG. 4A is a cross-sectional view along line 4A-4A in FIG. 4.

[0015] FIG. 5 is a plan view of the transducer assembly and the ring gear of the
power tool of FIG. 1, illustrating forces applied to a transducer of the transducer assembly

during operation of the power tool.

[0016] FIG. 5A is an enlarged plan view of the transducer assembly of FIG. 5,

illustrating an aperture and a protrusion.

[0017] FIG. 5B is an enlarged plan view of the transducer assembly of FIG. 5, but
incorporating an aperture having a different configuration in accordance with another

embodiment of the invention.

[0018] FIG. 6 is a perspective view of a controller of the power tool of FIG. 1.
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[0019] FIG. 7 is a perspective view of the controller of FIG. 6, with portions
removed.

[0020] FIG. 8 is a perspective view of the controller of FIG. 6, with portions
removed.

[0021] FIG. 9 is a schematic of the electrical components incorporated in the power

tool of FIG. 1.

[0022] FIG. 10 is a perspective view of a trigger of the power tool of FIG. 1.
[0023] FIG. 11 is a perspective view of a trigger holder of the power tool of FIG. 1.
[0024] FIG. 12 is a cross-sectional view of the assembled trigger and trigger holder of

FIGS. 10 and 11, respectively, within the power tool of FIG. 1.

[0025] FIG. 13 is a perspective view of a portion of a rotary power tool incorporating

a clutch mechanism in accordance with another embodiment of the invention.

[0026] FIG. 14 is a side view of the rotary power tool of FIG. 13, illustrating the

clutch mechanism.

[0027] FIG. 15 is a longitudinal cross-sectional view the rotary power tool of FIG. 14,
[0028] FIG. 16 is a rear perspective view of a second plate of the clutch mechanism
of FIG. 14.

[0029] FIG. 17 is a front perspective view of a first plate of the clutch mechanism of
FIG. 14.

[0030] FIG. 18 is a graph of torque versus time during an example fastening sequence

using the rotary power tool of FIG. 13.

[0031] FIG. 19 s a side view of a portion of a rotary power tool incorporating a

clutch mechanism in accordance with another embodiment of the invention.

[0032] FIG. 19A is an enlarged side view of the clutch mechanism of FIG. 19 in an

engaged mode.
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[0033] FIG. 20 is a side view of the clutch mechanism in a torque wrench mode.

[0034] FIG. 20A is an enlarged side view of the clutch mechanism of FIG. 20 in the

torque wrench mode.
[0035] FIG. 21 is a side view of the clutch mechanism in a disengaged mode.

[0036] FIG. 21A is an enlarged side view of the clutch mechanism of FIG. 21 in the

disengaged mode.

[0037] FIG. 22 is a perspective view of a portion of a rotary power tool incorporating

a clutch mechanism in accordance with another embodiment of the invention.

[0038] FIG. 23 is a cross-sectional view of the rotary tool of FIG. 22.
[0039] FIG. 24 is an enlarged perspective view of the clutch mechanism of FIG. 22.
[0040] FIG. 25 is a graph of reaction time versus tool output speed during an example

fastening sequence for a hard joint and a soft joint using the rotary power tool of FIG. 22.

[0041] FIG. 26 is a graph of torque versus rotation angle during an example fastening

sequence using the rotary power tool of FIG. 22.

[0042] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
accompanying drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, it is to be understood that the
phraseology and terminology used herein is for the purpose of description and should not be

regarded as limiting.
DETAILED DESCRIPTION

[0043] FIGS. 1 and 2 illustrate a rotary power tool 10 (e.g., a screwdriver) including a
main housing 14, a motor 18 positioned within the main housing 14, a multi-stage planetary
transmission 22 that receives torque from the motor 18, and an output spindle 26 coupled for

co-rotation with the output of the transmission 22. Although not shown, a tool bit may be
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secured to the spindle 26 using, for example, a quick-release mechanism (also not shown) for

performing work on a workpiece.

[0044] In the illustrated embodiment of the tool 10, the motor 18 is a brushless
electric motor capable of producing a rotational output through a drive shaft 30 (FIG. 2)
which, in tumn, provides a rotational input to the transmission 22. The transmission 22
includes a transmission housing 34 affixed to the main housing 14, a ring gear 38 positioned
within the transmission housing 34, and two planetary stages 42, 46, though any number of
planetary stages may alternatively be used. The output spindle 26 is coupled for co-rotation
with a carrier 50 in the second planetary stage 46 of the transmission 22 to thereby receive

the torque output of the transmission 22.

[0045] With reference to FIG. 4, the tool 10 also includes a transducer assembly 54
positioned inline and coaxial with a rotational axis 56 (FIG. 2) of the motor 18, transmission
22, and output spindle 26. As explained in further detail below, the transducer assembly 54
detects the torque output by the spindle 26 and interfaces with the motor 18 (i.e., through a
high-level or master controller 58, shown in FIG. 2) to control the rotational speed of the
motor 18 as the torque output approaches a pre-defined torque value or torque threshold.
Referring to FIGS. 3 and 4, the transducer assembly 54 includes a bracket 62 rotationally
affixed to the transmission housing 34. In the illustrated embodiment of the tool 10, the
bracket 62 includes three radially outward-extending tabs 66 spaced equally about the outer
periphery of the bracket 62 that are received in corresponding slots 68 (one of which is shown
in FIG. 3) in an end face of the transmission housing 34. Altematively, the tabs 66 may each
have an involute shape to facilitate centering and/or fixing the bracket 62 within the
transmission housing 34. A retaining ring 70 is positioned within an associated
circumferential groove 72 in the transmission housing 34 for prohibiting axial movement of

the bracket 62 and the ring gear 38 within the transmission housing 34.

[0046] As shown in FIG. 3, the bracket 62 further includes a central aperture 74
coaxial with a central axis 76 of the bracket 62 in which a bearing 78 is positioned for
rotatably supporting the drive shaft 30 of the motor 18 which, in turn, is attached to a pinion
82 engaged with the first planetary stage 42. The bracket 62 also includes two axially
extending protrusions 86 radially offset from the central axis 76 in opposite directions (see
also FIG. 4). Each of the protrusions 86 has an arcuate outer periphery, the purpose of which
is described in further detail below. And, each of the protrusions 86 has a distal end portion
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90 positioned within an annular cavity 94 defined within the ring gear 38. In the illustrated
embodiment of the transducer assembly 54, the protrusions 86 are configured as cylindrical
pins press or interference-fit with corresponding apertures in the bracket 62. Alternatively,
the protrusions 86 may have any of a number of different shapes, provided that each
protrusion 86 has a segment located within the ring gear cavity 94 with an arcuate outer
periphery. As a further altermative, the bracket 62 may include more or fewer than two

protrusions 86.

[0047] With reference to FIG. 4, the transducer assembly 54 also includes a
transducer 98 having an outer rim 102, an inner hub 106, and multiple webs 110
interconnecting the outer rim 102 and the inner hub 106. Similar to the bracket 62, the inner
hub 106 of the transducer 98 is coaxial with the central axis 76 and includes a pair of axially
extending, oblong holes 114 radially offset from the central axis 76 in opposite directions in
which the respective protrusions 86 are received. Alternatively, the inner hub 106 may
include more or fewer than two oblong holes 114; however, the number and angular positions
of the oblong holes 114 must correspond with the number and angular positions of the
protrusions 86 on the bracket 62. In the illustrated embodiment of the transducer assembly
54, the holes 114 are defined by a pair of opposed wall segments 118 (FIGS. 5 and 5A) that
are substantially flat. As a result, each of the protrusions 86 is in substantially line contact
with at least one of the wall segments 118 in each of the holes 114. In other words, the
protrusions 86 and the holes 114 are shaped to provide physical contact between the
protrusions 86 and the holes 114 along a line coinciding with a thickness of the inner hub
106. Alternatively, the wall segments 118 may include an arcuate shape having a radius R2
greater than the radius R1 of the outer periphery of each of the protrusions 86 (i.e., the
cylindrical pins shown in FIGS. 5B), also resulting in line contact between the protrusions 86

and the holes 114.

[0048] With reference to FIGS. 4 and 5, the outer rim 102 of the transducer 98 is
generally circular and defines a circumference interrupted by a pair of radially inward-
extending slots 122. In the illustrated embodiment of the transducer assembly 54, the slots
122 are angularly offset from the oblong holes 114 by an angle 6 of 90 degrees (FIG. 5).
Alternatively, the slots 122 may be angularly offset from the oblong holes 114 by any oblique
angle between 0 degrees and 90 degrees. As a further alternative, the slots 122 may be

angularly aligned with the oblong holes 114 such that the slots 122 and the holes 114 may be
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bisected by a single plane. Although the illustrated transducer 98 includes a pair of slots 122
in the outer rim 102, more or fewer than two slots 122 may alternatively be defined in the

outer rim 102.

[0049] With reference to FIGS. 4 and 5, the webs 110 are configured as thin-walled
members extending radially outward from the inner hub 106 to the outer rim 102. In the
illustrated embodiment of the transducer assembly 54, the transducer 98 includes four webs
110 angularly spaced apart in equal increments of 90 degrees. As shown in FIG. 4A, the
thickness T of the webs 110 (i.e., measured in a direction parallel with the central axis 76) is
less than the thickness of the inner hub 106 and the outer rim 102. More particularly, the
thickness T of each of the webs 110 gradually tapers from the inner hub 106 toward the
midpoint of web 110. Likewise, the thickness T of each of the webs 110 gradually tapers
from the outer rim 102 toward the midpoint of web 110. Accordingly, the thickness T of

each of the webs 110 has a minimum value coinciding with the midpoint of the web 110.

[0050] With reference to FIG. 5, the transducer 98 also includes a sensor (e.g., a
strain gauge 126) coupled to each of the webs 110 (e.g., by using an adhesive, for example)
for detecting strain experienced by the webs 110. As described in further detail below, the
strain gauges 126 are electrically connected to the high-level or master controller 58 for
transmitting respective voltage signals generated by the strain gauges 126 proportional to the
magnitude of strain experienced by the respective webs 110. These signals are calibrated to a
measure of reaction torque applied to the outer rim 102 of the transducer 98 during operation
of the power tool 10, which is indicative of the torque applied to a workpiece (e.g., a fastener)

by the output spindle 26.

[0051] With reference to FIGS. 4 and 5, the ring gear 38 includes a pair of radially
inward-extending protrusions 130 positioned in the cavity 94 and radially offset from the
central axis 76 in opposite directions. Alternatively, the outer rim 102 may include more or
fewer than two slots 122; however, the number and angular position of the slots 122 must at
least correspond with the number and angular position of the radially inward-extending
protrusions 130 on the ring gear 38. For example, the outer rim 102 may include any
multiple of the number of slots 122 as the number of protrusions 130 on the ring gear 38 to
facilitate locking the transducer 98 relative to the ring gear 38 and the bracket 62. As shown
in FIG. 5, the radially inward-extending protrusions 130 on the ring gear 38 are partially

received within the respective slots 122 defined in the outer rim102. Each of the protrusions



WO 2016/176202 PCT/US2016/029355

130 is in substantially line contact with one wall segment 134 of the corresponding slot 122.
In other words, the radially inward-extending protrusions 130 and the slots 122 are shaped to
provide physical contact between the protrusions 130 and the slots along a line coinciding

with a thickness of the outer rim 102.

[0052] With reference to FIGS. 1 and 2, the tool 10 also includes a worklight 142
configured to illuminate a workpiece and the surrounding workspace. The worklight 142 is
in electrical communication with and selectively actuated by the high-level or master
controller 58, and is disposed at the forward end of the tool 10 between the trigger 138 and
the transmission housing 34. In the illustrated embodiment, the worklight 142 includes a
light emitting diode (i.e., LED 146) and a cover 150 that shields the LED 146 (FIG. 2). In
some embodiments, the cover 150 may function as a lens to focus or diffuse light emitted by
the LED 146 towards the workpiece and the surrounding workspace. In the illustrated
embodiment of the tool 10, the LED 146 is configured as a multi-color LED 146 (e.g., an
RGB LED), which is operable by the controller 58 to illuminate in one of many different
colors. Alternatively, the LED 146 may be configured to emit only a single color (e.g.,
white). Although the illustrated worklight 142 includes a single LED 146, the worklight 142

may alternatively include multiple multi-color or single-color LEDs.

[0053] During operation, when the motor 18 is activated (e.g., by depressing a trigger
138, shown in FIGS. 1 and 2), torque is transferred from the drive shaft 30, through the
planetary transmission 22, and to the output spindle 26 for rotating a tool bit attached to the
output spindle 26. When the tool bit is engaged with and driving a workpiece (e.g., a
fastener), a reaction torque is applied to the output spindle 26 in an opposite direction as the
output spindle 26 is rotating. This reaction torque is transferred through the planetary stages
42, 46 to the ring gear 38, where it is applied to the outer rim 102 of the transducer 98 by
force components Fz, which are equal in magnitude, radially offset from the central axis 76

by the same amount, and extend in opposite directions from the frame of reference of FIG. 5.

[0054] The force components Fy acting on the outer rim 102 apply a moment to the
transducer 98 about the central axis 76, which is resisted by the bracket 62. Particularly, the
moment is applied to the protrusions 86 extending from the bracket 62 by force components
Fz, which are equal in magnitude, radially offset from the central axis 76 by the same
amount, and extend in opposite directions from the frame of reference of FIG. 5. However,

because the bracket 62 is fixed within the transmission housing 34, the inner hub 106 is
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prevented from angular displacement due to the normal forces Fy applied to the tabs 66 by

the transmission housing 34.

[0055] As the reaction torque applied to the outer ring gear 38 increases, the
magnitude of the force components Fz also increases, eventually causing the webs 110 to
deflect and the outer rim 102 to be displaced angularly relative to the inner hub 106 by a
small amount. As the magnitude of the force components Fx continues to increase, the
deflection of the webs 110 and the relative angular displacement between the outer rim 102
and the inner hub 106 progressively increases. The strain experienced by the webs 110 as a
result of being deflected is detected by the strain gauges 126 which, in turn, output respective
voltage signals to the high-level or master controller 58 in the power tool 10. As described
above, these signals are calibrated to a measure of reaction torque applied to the outer rim
102 of the transducer 98, which is indicative of the torque applied to the workpiece by the
output spindle 26.

[0056] Because the force components Fy are applied to the outer rim 102 by line
contact and the force components Fp are applied to the bracket 62 (via the protrusions 86) by
line contact, more consistent measurements of strain are achievable amongst the four strain
gauges 126 attached to the respective webs 110, thereby resulting in a more accurate
measurement of reaction torque applied to the ring gear 38, and therefore the torque applied
to the workpiece by the output spindle 26. In other words, if either of the force components
Fr, F5 were distributed over an area of the slots 122 or the holes 114, such distribution is
unlikely to be consistent between the two slots 122 or the two holes 114. Consequently, the
inner hub 106 might become skewed or offset relative to the central axis 76, causing one or
more of the webs 110 to deflect more than the others. Such inconsistency in deflection of the
webs 110 would ultimately result in an inaccurate measurement of reaction torque applied to

the ring gear 38.

[0057] The high-level or master controller 58 refers to printed circuit boards (PCBs)
within the handle of the power tool and the circuitry thereon. In particular, as shown in FIG.
6, the controller 58 includes a power PCB 200 and a control PCB 202 in a stacked
arrangement whereby the mounting surfaces of the first and second PCBs form generally
parallel planes. FIG. 7 provides a similar view of the controller 58 as shown in FIG. 6, but

with the power PCB 200 removed to expose the control PCB 202. FIG. 8 provides a view of

10
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the opposite side of the controller 58, relative to FIG. 6, with the control PCB 202 removed to
expose an underside of the power PCB 200.

[0058] FIG. 9 illustrates a circuit block diagram of components of the master
controller 58 including circuitry on the power PCB 200 and control PCB 202. As shown, the
control PCB 202 includes a microcontroller (MCU) 204, Hall sensor 206, Hall sensor 208,
peripheral MCU 210, NOR gate 212, and an AND gate 214, and the power PCB 200 includes
a switch field effect transistor (FET) 216 and motor FETs 218. A power source 220 is a
power tool battery pack that provides DC power to the various components of the power tool
10. For instance, the power source 220 may be a rechargeable power tool battery pack
having lithium ion cells. In some instances, the power source 122 may receive AC power
(e.g.. 120V/60Hz) via a plug that is coupled to a standard wall outlet, and then filter,
condition, and rectify the received power to output DC power to tool components. Generally
speaking, components of the control PCB 202 detect depression of the trigger 138 by the user
and, in response, control components of the power PCB 200 to supply power from the power

source 220 to drive the motor 18.

[0059] Turning to FIG. 7, the trigger 138 includes a trigger body 230, a holder 232,
an arm 234 fixed to the trigger body 230 and extending through the holder 232, and a spring
236. The holder 232 is fixed to the main housing 14 of the tool 10, and the trigger body 230
is able to move relative to the holder 232 along a longitudinal axis 237 of the arm 234. The
spring 236 provides a biasing force directing the trigger body 230 away from the holder 232.
The arm 234 is fixed to and moves in unison with the trigger body 230. The arm 234
includes a magnet holder 238, which is a cavity or recess that receives and secures a magnet

240.

[0060] FIGS. 10 illustrate the trigger body 230 separate from the holder 232 and arm
234. The trigger body 230 includes four guide channels 242. FIG. 11 illustrates the holder
232 with the arm 234, separate from the trigger body 230. The holder 232 includes four
guides 244, each of which is received by a respective guide channel 242. The guide channels
242 and guides 244 ensure that the trigger body 230 travels along the longitudinal axis 237 of
the arm 234. The holder 232 further includes flanges 246 extending in a direction generally
perpendicular to the longitudinal axis 237 of the arm. As shown in FIG. 12, the flanges 246
are received by recesses 248 of the main housing 14 of the tool 10. The flanges 246 and

recesses 248 cooperate to fix the holder 232 to the main housing 14.

11
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[0061] When a user depresses the trigger body 230 inward toward the holder 232,
overcoming the biasing force of the spring 236, the magnet 240 passes toward and over the
Hall sensors 206 and 208. Each Hall sensor 206 and 208 provides a binary output of logic
high or logic low, depending on the location of the magnet 240. More particularly, the Hall
sensors 206 and 208 output a logic low signal when the trigger body 230 is depressed inward
toward the holder 232 because the magnet 240 passes over the Hall sensors 206 and 208.
Conversely, the Hall sensors 206 and 208 output a logic high signal when the trigger body
230 is biased away from the holder 232 (i.e., not depressed by a user) because the magnet 240
is not near the Hall sensors 206 and 208. Accordingly, the Hall sensors 206 and 208 detect
and output an indication of whether the trigger body 230 is depressed inward or biased

outward (released).

[0062] Returning to FIG. 9, the output of the Hall sensor 206 is provided to a first
input of the NOR gate 212 and to the MCU 204, and the output of the Hall sensor 208 is
provided to a second input of the NOR gate 212 and to the MCU 204. The NOR gate 212
outputs a logic low signal unless both its first and second input receive a logic low signal, in
which case, the NOR gate 212 outputs a logic high signal. In other words, the NOR gate 212
outputs a logic high signal to the AND gate 214 when both the first and second inputs of the
NOR gate 212 receive alogic low signal. However, when either or both of the inputs of the
NOR gate 212 receive a logic high signal, the NOR gate 212 outputs a logic low signal to the
AND gate 214. Similarly, the MCU 204 outputs a logic high signal to the AND gate 214
when both the Hall sensors 206 and 208 output a logic low signal. Otherwise, when either or
both of the inputs of the MCU 204 receive a logic high signal from the Hall sensors 206 and
208, the NOR gate 212 outputs a logic low signal to the AND gate 214.

[0063] The AND gate 214 includes a first input receiving a signal from the NOR gate
212 and a second input receiving a signal from the MCU 204. The AND gate 214 outputs a
logic high signal when both the NOR gate 212 and the MCU 204 output logic high signals to
respective inputs of the AND gate 214. When either or both of the inputs of the AND gate
214 receive logic low signals, the AND gate 214 outputs a logic low signal.

[0064] The AND gate 214 outputs a control signal to the switch FET 216. When the
AND gate 214 outputs a logic low signal, the switch FET 216 is open or “off”” such that
power from the power source 220 does not reach the motor FETs 218. When the AND gate
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214 outputs a logic high signal, the switch FET 216 is closed or “on” such that power from
the power source 220 reaches the motor FETs 218.

[0065] Accordingly, when a user depresses the trigger body 230, the magnet 240
passes over Hall sensors 206 and 208, causing both to output a logic low signal to the NOR
gate 212, which causes the NOR gate 212 to output a logic high signal to the AND gate 214
and the AND gate 214 to output a logic high signal to turn on the switch FET 216. Similarly,
when a user releases the trigger body 230, biasing spring 236 moves the magnet 240 away
from the Hall sensors 206 and 208, causing both Hall sensors 206 and 208 to output a logic
high signal to the NOR gate 212, which causes the NOR gate 212 to output a logic low signal
to the AND gate 214 and the AND gate 214 to output a logic low signal to turn off or open
the switch FET 216. Thus, when the trigger 138 is depressed, the switch FET 216 is turned
on, and when the trigger 138 is released, the switch FET 216 is turned off.

[0066] Additionally, when the MCU 204 receives logic low signals from both Hall
sensors 206 and 208, indicating that the trigger 138 is depressed, the MCU 204 controls the
motor FETs 218 to drive the motor 18. Not illustrated in FIG. 9 are additional Hall sensors
that output motor feedback information, such as an indication (e.g., a pulse) when a rotor
magnet of the motor 18 rotates across the face of the additional Hall sensors. Based on the
motor feedback information from these additional Hall sensors, the MCU 204 can determine
the position, velocity, and/or acceleration of the rotor. The MCU 204 uses this motor
feedback information to control the motor FETs 218 and, thereby, the motor 18. The MCU
204 further receives an indication from a selector Hall sensor (not shown) that provides an
indication of the position of the forward reverse selector 244a. The Hall sensor associated
with the forward reverse selector 244a is located on a PCB that is separate from the power
PCB 200 and that is vertically oriented in front of the selector 244a. The MCU 204 controls
the motor FETs 218 to drive the motor in a forward direction or a reverse direction depending

on the indication from the selector Hall sensor.

[0067] Accordingly, when the trigger 138 is depressed, the MCU 204 detects that the
trigger 138 is depressed and the desired rotational direction from based on the position of the
forward reverse selector 244a, the switch FET 216 is turned on, and the MCU 204 controls
the motor FETs 218 to drive the motor 18. Conversely, when the trigger 138 is released, the
MCU 204 detects that the trigger 138 is released, the switch FET 216 is turned off, and the
MCU 204 ceases switching the motor FETs 218, stopping the motor 18. The trigger 138 may
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be referred to as a contactless trigger because the movement from depressing and releasing
the main body 230 does not physically make and break electrical connections. Rather, Hall
sensors 206 and 208 are used to detect (and inform the MCU 204) of the position of the main

body 230, without contacting a moving component of the trigger 138,

[0068] The Hall sensors 206 and 208 are essentially redundant sensors that are
intended to provide the same output, except that the Hall sensor 208 may change state slightly
before or after Hall sensor 206 given their alignment on the control PCB 202, where Hall
sensor 208 is nearer to the edge. For instance, the Hall sensor 208 may detect the presence of
the magnet 240 as the trigger body 230 is depressed slightly before the Hall sensor 206, and
may detect the absence of the magnet 240 as the trigger body 230 is released by the user
slightly after the Hall sensor 206.

[0069] The high-level or master controller 58 in the power tool 10 is capable of
monitoring the signals output by the strain gauges 126, comparing the calibrated or measured
torque to one or more predetermined values, controlling the motor 18 in response to the
torque output of the power tool 10 reaching one or more of the predetermined torque values,
and actuating the worklight 142 to vary a lighting pattern of the workpiece and surrounding
workspace to signal the user of the tool 10 that a final desired torque value has been applied
to a fastener. In the illustrated embodiment of the power tool 10, the peripheral MCU 210
compares the measured torque from the strain gauges 126 to a first torque threshold and a
second torque threshold, which is greater than the first torque threshold. The peripheral
MCU 210 outputs an indication to the MCU 204 when the measured torque reaches the first
torque threshold, and the MCU 204 controls the motor FETs 218 to reduce the rotational
speed of the motor 18 to reduce the likelihood of overshoot and excessive torque being
applied to the workpiece. Thereafter, the MCU 204 continues to drive the motor 18 at the
reduced rotational speed until the peripheral MCU 210 indicates that the measured torque
reaches the second (and desired) torque value, at which time the MCU 204 controls the motor

FETs 218 to deactivate the motor 18.

[0070] Upon initial activation of the tool 10 for a fastener-driving operation, the
MCU 204 activates the LED 146 in the worklight 142 to emit a white light to illuminate the
workpiece and surrounding workspace in a traditional manner. Thereafter, upon the
measured torque reaching the second (and desire) torque value, the MCU 204 actuates the

LED 146 to vary the lighting pattern emitted by the LED 146 to signal or indicate to the user

14



WO 2016/176202 PCT/US2016/029355

that the desired torque value was successfully attained. For example, the MCU 204 may
actuate the LED 146 to change color from white to green to indicate that the desired torque
value was successfully attained. However, if a problem arises that prevents the desired
torque value from being attained, the MCU 204 may actuate the LED 146 to change color
from white to red. Alternatively, rather than the LED 146 being actuated to change color, the
MCU 204 may vary the lighting pattern of the LED 146 by causing it to flash one or more
different patterns to signal to the user that the desired torque value was successfully attained
and/or not attained. By using the worklight 142 as an indicator to communicate the
performance of the tool 10, users need not take their eyes off of the workpiece during a
fastener driving operation to learn whether or not the desired torque value on a fastener has
been attained. And, because the worklight 132 is located at the front of the tool 10, users
may grasp the tool 10 in different manners to apply sufficient leverage on the workpiece

and/or fastener without concern of unintentionally blocking the worklight 142.

[0071] Although not shown in the drawings, the tool 10 may also include a secondary
display (with a primary display being used to set the torque setting of the tool 10) for
indicating the tool’s torque setting when a battery is not connected to the tool 10. Such a
secondary display may be, for example, a bi-stable display that only requires power when the
image on the display is changed. Such a bi-stable display is commercially available from
Eink Corporation of Billerica, Massachusetts. However, no power is consumed or otherwise
required to maintain a static image on the display. When the torque setting of the tool 10 is
changed (i.e., when a battery is connected), the controller 58 may update the image on the
secondary display to reflect the new torque setting of the tool 10 after it is changed. By
incorporating such a secondary, bi-stable display on the tool 10, large quantities of the tool 10
can be stored in a tool crib, with their batteries removed, while displaying the torque settings
of the tools 10 so that a tool crib manager or individuals accessing the tool crib can choose
which tool 10 to use without first having to attach a battery to the tool 10. Therefore, a tool
10 that is already set to a particular torque setting, as shown by the secondary bi-stable
display, can be selected by an individual without requiring the individual to first attach a
battery to the tool 10 to determine its torque setting. Such a bi-stable display may also, or

alternatively, be incorporated on the battery of the tool 10 to indicated its state of charge.

[0072] FIG. 13 illustrates a portion of a power tool 1010 in accordance with another

embodiment of the invention. The power tool 1010 includes a clutch mechanism 1154, but is
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otherwise similar to the power tool 10 described above with reference to FIGS. 1-12, with
like components being shown with like reference numerals plus 1000. Only the differences

between the power tools 10, 1010 are described below.

[0073] With reference to FIGS. 13 and 14, the power tool 1010 includes a motor
1018, a transmission housing 1034, a multi-stage planetary transmission 1022 within the
transmission housing 1034 that receives torque from the motor 1018, and an output spindle
1026 coupled for co-rotation with the output of the transmission 1022. With reference to
FIG. 15, the transmission 1022 includes a common ring gear 1038 (FIG. 15) positioned
within the transmission housing 1034 for transmitting torque through consecutive planetary

stages 1042, 1046.

[0074] With reference to FIGS. 14 and 15, the tool 1010 also includes a transducer
assembly 1054, which is identical to the transducer assembly 54 described above, positioned
inline and coaxial with a rotational axis 1056 of the motor 1018, the transmission 1022, and
the output spindle 1026. The transducer assembly 1054 detects the torque output by the
spindle 1026 and interfaces with a display device 1057 (FIG. 9) (i.e., through a high-level or
master controller 58, shown in FIG. 2) to display the numerical torque value output by the
spindle 1026 for each fastener-driving operation. Such a display device 1057, for example,
may be situated on board and incorporated with the tool 1010 (e.g., an LCD screen), or may
be remotely positioned from the tool 1010 (e.g., a mobile electronic device). In an
embodiment of the tool 1010 configured to interface with a remote display device, the tool
1010 would include a transmitter (e.g., using Bluetooth or WiFi transmission protocols, for
example) for wirelessly communicating the torque value achieved by the output spindle 1026
for each fastener-driving operation to the remote display device. In contrast with the power
tool 10, the transducer assembly 1054 of the tool 1010 does not interface with the motor 1018
to control the rotational speed of the motor 1018 as the torque output approaches a pre-
defined torque value or torque threshold. Instead, a mechanical clutch mechanism 1154
(FIGS. 14 and 15) inhibits torque output to the workpiece from exceeding the torque
threshold.

[0075] Referring to FIG. 15, the clutch mechanism 1154 is operable to selectively
divert torque output by the motor 1018 away from the output spindle 1026 when a reaction
torque on the output spindle 1026, which is imparted by the fastener or workpiece being

driven by the tool 1010, reaches the predetermined torque threshold of the clutch mechanism

16



WO 2016/176202 PCT/US2016/029355

1154. The clutch mechanism 1154 includes a first plate 1158 (see also FIG. 17) coupled for
co-rotation with an output carrier 1160 of the second planetary stage 1046 of the transmission
1022, a second plate 1162 (see also FIG. 16) coupled for co-rotation with the output spindle
1026, and a plurality of engagement members (e.g., balls 1164) positioned between the first
and second plates 1158, 1162 through which torque is transferred from the transmission 1022
to the output spindle 1026 when the clutch mechanism 1154 is engaged. In the illustrated
embodiment of the tool 1010, the first plate 1158 is integrally formed as a single piece with
the output carrier of the second planetary stage 1046, whereas the second plate 1162 is
slidably coupled and rotationally constrained to the output spindle 1026 via a set of balls
1166 (only one of which is shown in FIG. 15) received in corresponding blind grooves 1168
formed in the second plate 1162 and corresponding dimples 1170 formed in the outer
periphery of the spindle 1026. Accordingly, the second plate 1162 is capable of sliding
axially along the rotational axis 1056 while simultaneously co-rotating with the spindle 1026.
Alternatively, the first plate 1158 may be formed separately from the output carrier 1160 of
the planetary stage 1046 and secured thereto in any of a number of different ways (e.g., using
an interference or press-fit, fasteners, by welding, etc.). Furthermore, the second plate 1166
may alternatively be slidably coupled to the spindle 1026 using another arrangement, such as
a spline-fit, which would permit the second plate 1162 to slide axially relative to the spindle
1026 yet rotationally constrain the second plate 1162 to the spindle 1026.

[0076] With reference to FIGS. 14 and 15, the clutch mechanism 1154 also includes a
thrust bearing 1172 interposed between an inwardly-extending annular wall 1174 of the
transmission housing 1034 and the first plate 1158 to facilitate rotation of the first plate 1158
relative to the housing 1034.

[0077] With reference to FIGS. 16 and 17, the second plate 1162 includes axially
extending protrusions 1176 spaced about the rotational axis 1056. Grooves 1178 are defined
in an end face 1180 of the second plate 1162 by adjacent protrusions 1176 in which the balls
1164 are respectively received. As shown in FIG. 17, the first plate 1158 includes dimples
1182 radially spaced from the rotational axis 1056 in which the balls 1164 are at least
partially positioned, with the remainder of the balls 1164 being received within the respective
grooves 1178 in the end face 1180 of the second plate 1162 (FIG. 16).

[0078] With reference to FIGS. 14 and 15, the tool 1010 also includes a clutch

mechanism adjustment assembly 1184 operable to set the torque threshold at which the clutch
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mechanism 1154 slips (i.e., when the balls 1164 slide from one groove 1178 to an adjacent
groove 1178 by traversing the protrusions 1176). The clutch mechanism adjustment
assembly 1184 includes an adjustment ring or nut 1186 threaded to the output spindle 1026
and an annular spring seat 1188 adjacent the nut 1186 through which the spindle 1026
extends. Particularly, the nut 1186 includes a threaded inner periphery 1190, and the spindle
1026 includes a corresponding threaded outer periphery 1192, Accordingly, relative rotation
between the nut 1186 and the spindle 1026 also results in translation of the nut 1186 along
the spindle 1026 to adjust the preload of a resilient member (e.g., a compression spring
1194). The spring 1194 is positioned circumferentially around the spindle 1026 and between
the second plate 1162 and the seat 1188, and is operable to bias the second plate 1162 toward
the first plate 1158. As shown in FIG. 13, an elongated aperture 1196 formed in the
transmission housing 1034 permits access to the clutch mechanism adjustment assembly
1184 by a hand tool (not shown), which is operable to rotate the nut 1186 relative to the
spindle 1026. Such a hand tool may include a head insertable within a radial slot 1198
formed in the seat 1188 (FIG. 14) and engageable with gear teeth 1200 formed on the nut
1186. Accordingly, rotation of the hand tool would impart rotation to the nut 1186 (relative
to the spindle 1026), changing the compressed length and therefore the preload of the spring

1194. Such a hand tool may resemble, for example, a drill chuck key.

[0079] During operation, the tool 1010 can mechanically limit the amount of torque
transferred to the fastener or workpiece via the clutch mechanism 1154 while simultaneously
providing visual feedback (i.e., through the display device 1057) of the amount of torque
exerted on the fastener or workpiece via the transducer assembly 1054. When incorporated
into a single device, such as the tool 1010, these features (i.e., the visual feedback of torque
output and the mechanical torque-limiting clutch mechanism 1154) allow the operator to
calibrate the torque threshold of the tool 1010 using a trial and error procedure, without using
external or additional machines and/or devices which would otherwise be required for
calibrating the tool 1010. Also, when these features are used in tandem, the operator of the
tool 1010 is provided with immediate visual feedback of the torque value that is exerted on
the fastener or workpiece when the clutch mechanism 1154 slips. Subsequently, the operator
can advantageously adjust the preload on the spring 1194 in order to achieve the desired

torque threshold.
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[0080] With reference to FIG. 18, the fastening sequence begins once the motor 1018
is activated (e.g., by depressing the trigger 138), at which point the reaction torque or the
“running torque” exerted on the spindle 1026 is measured by the transducer assembly 1054
when the tool bit is engaged with and driving the fastener or workpiece. During the fastening
sequence, torque is transferred from the motor 1018, through the planetary transmission
1022, through the clutch mechanism 1154, and to the output spindle 1026 for rotating the tool
bit attached to the output spindle 1026. The reaction torque is applied to the output spindle
1026 by the fastener or workpeice being driven in an opposite direction as the output spindle
1026 is rotating. This reaction torque is transmitted through and applied to the transducer
assembly 1054 by force component Fx (FIG. 5), which is interpreted by the controller 58 as

the running torque.

[0081] Throughout the fastening sequence, the clutch mechanism 1154 is operable in
a first mode, in which torque from the motor 1018 is transferred through the clutch
mechanism 1154 to the output spindle 1026 to continue driving the workpiece, and a second
mode, in which torque from the motor 1018 is diverted from the spindle 1026 toward the first
plate 1158. Specifically, in the first mode, the first plate 1158 and the second plate1162 co-
rotate, causing the spindle 1026 to rotate at least an incremental amount provided that the
reaction torque on the spindle 1026 is less than the torque threshold of the clutch mechanism
1154. As the fastener or workpiece is driven further, the reaction torque on the spindle 1026
increases (illustrated as the positive slope in the graph of FIG. 18). While the reaction torque
is less than the torque threshold, the spring 1194 biases the protrusions 1176 of the second
plate 1162 toward the balls 1164 of the first plate 1158, causing the balls 1164 to jam against
the protrusions 1176 on the second plate 1162 and remain within the grooves 1178 of the
second plate 1162 (FIG. 14). As aresult, the first plate 1158 is prevented from rotating
relative to the second plate 1162 and the output spindle 1026.

[0082] When the reaction torque on the output spindle 1026 reaches the torque
threshold (illustrated by the maximum torque coinciding with the apex of the trace illustrated
in FIG. 18) of the clutch mechanism 1154, the clutch mechanism 1154 transitions from the
first mode to the second mode. Specifically, in the second mode, the frictional force exerted
on the second plate 1162 by the balls 1164 (which are jammed against the protrusions 1176)
is no longer sufficient to prevent the first plate 1158 from rotating or slipping relative to the

second plate 1162. As the first plate 1158 initially begins to slip relative to the second plate
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1162, the balls 1164 roll up and over (i.e., traverse) the respective protrusions 1176,
imparting an axial displacement to the second plate 1162 against the bias of the spring 1194,
ceasing torque transfer to the second plate 1162 and the spindle 1026. In the event the motor
1018 is activated and the torque threshold is continually exceeded, the first plate 1158
continues to rotate relative to the second plate 1162 and the output spindle 1026. As a result,
the reaction torque detected by the transducer assembly 1054 rapidly decreases (illustrated by
the negative slope in the graph of FIG. 18) from the torque value at which the clutch
mechanism 1154 initially slipped or transitioned from the first mode to the second mode.
The first plate 1158 will continue to slip or rotate relative to the second plate 1162 and the
output spindle 1026, causing the balls 1164 to ride up and over the protrusions 1176, so long
as the reaction torque on the output spindle 1026 exceeds the torque threshold of the clutch

mechanism 1154.

[0083] As described above, during the entire sequence of a fastener driving operation
(i.e., beginning with the clutch mechanism 1154 operating in the first mode and concluding
with the clutch mechanism 1154 operating in the second mode), the controller 58 calibrates
the voltage signal from the transducer 1054 to a measure of reaction torque transferred
through the clutch mechanism 1154. Coinciding with the transition of the clutch mechanism
1154 from the first mode to the second mode, the controller 58 calculates the peak actual
torque value output by the spindle 1026 (which coincides with the apex of the trace illustrated
in FIG. 18), and prompts the display device 1057 to display the actual torque value output by
the spindle 1026.

[0084] Should the operator of the tool 1010 decide to adjust the tool 1010 to a higher
or lower torque threshold to achieve a different actual torque value output by the spindle
1026, based upon the visual feedback of the actual torque value achieved on the display
device 1057, the operator increases or decreases the preload on the spring 1194, respectively.
To do so, the tool is positioned in the elongated aperture 1196 of the transmission housing
1034 where the tool can engage and rotate the nut 1186. When the nut 1186 is rotated about
the spindle 1026, the nut 1186 translates axially along the rotational axis 1056, which either
compresses or decompresses the spring 1194 depending on the direction of rotation of the nut
1186. The operator may continue to manually calibrate the tool 1010 in this manner by

performing consecutive fastener-driving operations and making incremental adjustments to
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the clutch mechanism adjustment assembly 1184 to change the output torque of the tool

1010.

[0085] FIG. 19 illustrates a portion of a power tool 2010 in accordance with another
embodiment of the invention. The power tool 2010 includes a clutch mechanism 2154, but is
otherwise similar to the power tool 1010 described above with reference to FIGS. 1-12, with
like components being shown with like reference numerals plus 2000. Only the differences

between the power tools 10, 2010 are described below.

[0086] With reference to FIGS. 19, 20, and 21, the power tool 2010 includes a
brushless electric motor 2018 having a drive shaft 2030 for providing a rotational input to a
multi-stage planetary transmission (e.g., transmission 22; FIG. 2). As shown in FIG. 19, the
drive shaft 2030 is formed as two pieces - a first shaft portion 2030a extending from an
armature of the motor 2018 and a second shaft portion 2030b meshed with the transmission.
As explained in detail below, the first and second shaft portions 2030a, 2030b selectively co-
rotate such that, in one manner of operation, the first shaft portion 2030a transmits torque to
the second shaft portion 2030b, and in another manner of operation, the first shaft portion
2030a rotates independently of the second shaft portion 2030b to thereby divert torque from

the second shaft portion 2030b and the transmission.

[0087] The tool 2010 also includes a transducer assembly (not shown, but identical to
the transducer assembly 54 described above) positioned inline and coaxial with a rotational
axis 2056 of the motor 2018, and between the transmission and the motor 2018. The
transducer assembly 54 detects the torque output by the spindle of the tool 2010 (not shown,
but identical to the spindle 26 described above) and interfaces with a display device 1057
(i.e., through a high-level or master controller 58, shown in FIG. 2) to display the numerical
torque value output by the spindle 26 for each fastener-driving operation. Such a display
device, for example, may be situated on board and incorporated with the tool 2010 (e.g., an
LCD screen), or may be remotely positioned from the tool 2010 (e.g., a mobile electronic
device). In an embodiment of the tool 2010 configured to interface with a remote display
device, the tool 2010 would include a transmitter (e.g., using Bluetooth or WiFi transmission
protocols, for example) for wirelessly communicating the torque value achieved by the output
spindle 26 for each fastener-driving operation to the remote display device. In contrast with
the power tool 10, the transducer assembly of the tool 2010 does not interface with the motor

2018 to control the rotational speed of the motor 2018 as the torque output approaches a pre-
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defined torque value or torque threshold. Instead, the mechanical clutch mechanism 2154

inhibits torque output to the workpiece from exceeding the torque threshold.

[0088] Referring to FIG. 19, the clutch mechanism 2154 is interposed between the
first shaft portion 2030a and the second shaft portion 2030b and is electronically controlled
by a master controller (e.g., master controller 58 described above) using input from the
transducer assembly 54. The clutch mechanism 2154 is shiftable between an engaged mode
(FIGS. 19 and 19A), in which the clutch mechanism 2154 interconnects the first and second
shaft portions 2030a, 2030b to permit torque transfer therebetween, and a disengaged mode
(FIGS. 21 and 21A), in which the clutch mechanism 2154 rotationally disconnects the shaft
portions 2030a, 2030b to inhibit torque transfer therebetween. As such, the clutch
mechanism 2154 is capable of selectively diverting torque away from the output spindle 26
when the reaction torque on the spindle 26 detected by the torque transducer exceeds the

predetermined torque threshold.

[0089] With reference to FIG. 19A, the clutch mechanism 2154 includes a first
coupling 2156 coupled for co-rotation with the first shaft portion 2030a and a second
coupling 2158 coupled for co-rotation with the second shaft portion 2030b. The clutch
mechanism 2154 further includes a sleeve 2160 circumferentially disposed around at least a
portion of each of the first and second couplings 2156, 2158, and a plurality of engagement
members (e.g., a first set of balls 2162 and a second set of balls 2164) secured to an inner
periphery of the sleeve 2160 through which torque is transferred from the first coupling 2156
to the second coupling 2158 when the clutch mechanism 2154 is in the engaged mode. In the
illustrated embodiment of the tool 2010, the first and second couplings 2156, 2158 are
generally cylindrical in shape and formed as separate components to those of the first and
second shaft portions 2030a, 2030b. The couplings may be secured for co-rotation with the
shaft portions 2030a, 2030b in any number of different ways (e.g., using an interference or
press-fit, fasteners, complementary cross-sectional shapes, by welding, etc.). Alteratively,
the first and second couplings may be integrally formed as a single piece with the first and

second shaft portions 2030a, 2030b, respectively.

[0090] With continued reference to FIG. 19A, the first coupling 2156 includes a first
groove 2166 and a second groove 2168, both of which are circumferentially disposed on the
outer periphery of the first coupling 2156. Each of the circumferential grooves 2166, 2168
has a semi-spherical profile complementary to the shape of the first set of balls 2162 to
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accommodate sliding or rolling movement of the first set of balls 2162 relative to the first
coupling 2156 alternately within the circumferential grooves 2166, 2168 when the clutch
mechanism 2154 is either in the disengaged mode (as shown in FIGS. 21 and 21A) or a
torque wrench mode (as shown in FIGS. 20 and 20A), which is described in further detail
below. The first circumferential groove 2166 is adjacent the first shaft portion 2030a, and the
second circumferential groove 2168 is disposed on the first coupling 2156 distally from the
first circumferential groove 2166. Accordingly, the first and second circumferential grooves

2166, 2168 are axially spaced from each other along the direction of the rotational axis 2056.

[0091] The first coupling 2156 further includes a cylindrical wall 2170 extending
between the first and second circumferential grooves 2166, 2168. The cylindrical wall 2170
includes a set of longitudinally extending recesses 2172 that interconnect the circumferential
grooves 2166, 2168 and that accommodate the respective balls 2162 when the clutch
mechanism 2154 is in the engaged mode (as shown in FIGS. 19 and 19A). In other words,
the recesses 2172 are angularly offset from each other along the circumference of the
cylindrical wall 2170, and each recess 2172 extends in an axial direction parallel to the
rotational axis 2056 such that each recess 2172 extends in a direction perpendicular to and
between the first and second circumferential grooves 2166, 2168. The recesses 2172 also

have a semi-spherical profile complementary to the shape of the first set of balls 2162.

[0092] With continued reference to FIG. 19A, the second coupling 2158 includes a
single groove 2174 circumferentially disposed on the outer periphery of the second coupling
2158 located at an end of the second coupling 2158 opposite the second shaft portion 2030b.
The circumferential groove 2174 has a semi-spherical profile complementary to the shape of
the second set of balls 2164 to accommodate sliding or rolling movement of the second set of
balls 2164 relative to the second coupling 2158 when the clutch mechanism 2154 is in the
disengaged mode (as shown in FIGS. 21 and 21A).

[0093] The second coupling 2158 also includes a set of slots 2176 angularly offset
from each other along the circumference of the second coupling 2158 and extending in an
axial direction parallel to the rotational axis 2056. The slots 2176 also have a semi-spherical
profile complementary to the shape of the second set of balls 2164 to accommodate the balls
2164 therein. As shown in FIG. 19A, the rear of each of the slots 2176 opens to the
circumferential groove 2174 in the second coupling 2158 and the forward end of each of the

slots 2176 terminates before reaching the second shaft portion 2030b.
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[0094] The recesses 2172 in the cylindrical wall 2170 of the first coupling 2156
divide the cylindrical wall 2170 into multiple wall segments or drive lugs 2178. Accordingly,
when the first set of balls 2162 are received in the respective recesses 2172, the drive lugs
2178 engage the respective balls 2162 in substantially point contact. Likewise, the slots 2176
in the second coupling 2158 divide the second coupling 2158 into multiple wall segments or
driven lugs 2180. Accordingly, when the second set of balls 2164 are received in the
respective slots 2176, the driven lugs 2180 engage the respective ball 2164 in substantially

point contact.

[0095] With reference to FIG. 19, the clutch mechanism 2154 further includes a pair
of springs 2182a, 2182b for biasing the sleeve 2160 towards a default or home position in
which the clutch mechanism 2154 is in the engaged mode. The tool 2010 includes an
actuator 2183 controlled electronically by the master controller 58 in response to input from
the torque transducer 54 for shifting the sleeve 2160 away from the home position shown in
FIGS. 19 and 19A, against the bias of the springs 2182a, 2182b, for shifting the clutch
mechanism 2154 between the engaged and disengaged modes. For example, the actuator
2183 may be configured as one or more electromagnets capable of generating a magnetic
field for attracting one end (or either end) of the sleeve 2160 to shift the sleeve 2160 away
from the home position, or one or more solenoids capable shifting the sleeve 2160 in either
direction away from the home position. In the illustrated embodiment of the clutch
mechanism 2154, the springs 2182a, 2182b are disposed on opposing ends of the sleeve
2160, such that the spring 2182a biases the sleeve 2160 in a forward direction 2184 and the
other spring 2182b biases the sleeve 2160 in rearward direction 2186. Alternatively, other
components may be used to bias the sleeve 2160 toward the home position shown in FIGS.

19 and 19A.

[0096] In the engaged mode of the clutch mechanism (FIGS. 19 and 19A), the first
and second sets of balls 2162, 2164 in the sleeve 2160 are engaged, respectively, with the
drive lugs 2178 on the first coupling 2156 and the driven lugs 2180 on the second coupling
2158. Accordingly, a rigid connection is provided by the clutch mechanism 2154 to permit
torque transfer from the first shaft portion 2030a to the second shaft portion 2030b.
However, in the disengaged mode of the clutch mechanism 2154 (FIGS. 21 and 21A), the
first and second sets of balls 2162, 2164 in the sleeve 2160 are positioned, respectively,
within the circumferential groove 2166 in the first coupling 2156 and the circumferential
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groove 2174 in the second coupling 2158. Accordingly, the connection between the first and
second shaft portions 2030a, 2030b is broken because the two sets of balls 2162, 2164 are
disengaged from the drive lugs 2178 and the driven lugs 2180, inhibiting torque transfer from
the first shaft portion 2030a to the second shaft portion 2030b.

[0097] With reference to FIGS. 20 and 20A, as mentioned above, the clutch
mechanism 2154 is also shiftable to a third mode or a “manual torque wrench” mode. In this
mode, the sleeve 2160 is shifted away from the home position in a forward direction 2184,
maintaining the second set of balls 2164 within the slots 2176 but shifting the first set of balls
2162 into the circumferential groove 2168. Accordingly, the connection between the first
and second shaft portions 2030a, 2030b is broken because the first set of balls 2162 are
disengaged from the drive lugs 2178, inhibiting torque transfer from the first shaft portion
2030a to the second shaft portion 2030b. Furthermore, the sleeve 2160 simultaneously
engages a portion of the transmission housing (shown schematically by the oblique lines on
the outer periphery of the sleeve 2160) to rotationally lock the sleeve 2160 relative to the
transmission housing, rigidly connecting the second shaft portion 2030b to the transmission
housing to prevent its rotation (and therefore rotation of the remaining components
downstream of the second shaft portion 2030b ending with the output spindle 26). As such,
the output spindle 26 becomes rotationally locked with respect to the main and transmission
housings of the tool 2010, permitting the tool 2010 to be used as a manual torque wrench by
manually rotating the tool 2010 about the rotational axis 2056 to impart torque to a fastener
or workpiece. For example, mating splines on the interior of the transmission housing and
exterior of the sleeve 2160 may be engaged to rotationally lock the sleeve 2160 to the
transmission housing. Because the transducer assembly 54 is positioned between the second
shaft portion 2030b and the output spindle 26, the transducer assembly 54 would remain
operable to detect the reaction torque applied to the output spindle 26. The manual torque
wrench mode therefore allows manual adjustments of the torque exerted on the fastener or
workpiece while providing feedback to the user of the tool 2010 of the value of torque
applied to the fastener or workpiece with the display device 1057.

[0098] In operation, the clutch mechanism 2154 can mechanically limit the amount of
torque transferred to the fastener or workpiece and the tool 2010 can provide visual feedback
(i.e., through the display device 1057) as to the amount of torque exerted on the fastener or

workpiece during each fastener-driving operation. As shown in FIG. 19, the clutch
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mechanism 2154 is in the engaged mode. To initiate a fastener driving operation, the motor
2018 is activated (e.g., by depressing the trigger 138), which rotates the first shaft portion
2030a in the particular direction desired by the user. Because the first set of balls 2162 are
engaged with the drive lugs 2168 on the first coupling 2156, torque is transmitted through the
sleeve 2160 which, in turn, is transmitted through the second set of balls 2164 and the second
coupling 2158 (via engagement of the second set of balls 2164 and the drive lugs 2180). Asa
result, the second shaft portion 2030b is driven in the same direction as the first shaft portion
2030a and the sleeve 2060, which then drives the transmission 22 and the output spindle 26.
The reaction torque or the “running torque” imparted on the output spindle 26 by the fastener
or workpiece is measured by the transducer assembly 54 as the tool bit is driving the fastener

or workpiece.

[0099] The clutch mechanism 2154 will remain in the engaged mode until the master
controller 58 (using input from the torque transducer 54) determines that the running torque
has reached a predetermined torque threshold. Then, the clutch mechanism 2154 is actuated
from the engaged mode to the disengaged mode, shown in FIGS. 21 and 21 A, by the master
controller 58. Specifically, the master controller 58 activates the actuator 2183, which
shuttles or shifts the sleeve 2160 in the rearward direction 2186 from the home position
against the bias of the spring 2182a, thereby positioning the first set of balls 2162 in the first
circumferential groove 2166 of the first coupling 2156 and the second set of balls 2164 in the
circumferential groove 2174 of the second coupling 2158. At the same time, the master
controller 58 deactivates the motor 2018 and applies dynamic braking to quickly decelerate
the rotation of the first shaft portion 2030a. As a result, the connection between the first and
second shaft portions 2030a, 2030b is quickly disconnected, such that torque subsequently
produced by the motor 2018 as it is being dynamically braked is prevented from being
transmitted beyond the first shaft portion 2030a. This increases the overall accuracy of the
tool 2010 because torque overrun of the fastener or workpiece is minimized or eliminated.
Also, when the clutch mechanism 2154 is actuated from the engaged mode to the disengaged
mode, the maximum torque detected by the transducer assembly 54 may be output to the
display device 1057 for reference by the user. After the motor 2018 has stopped, the actuator
2183 may release the sleeve 2160, thereby permitting the springs 2182a, 2182b to bias the
sleeve 2160 to the home position in FIGS. 19 and 19A coinciding with the engaged mode of
the clutch mechanism 2154 and readying the tool 2010 for a subsequent fastener driving

operation.
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[00100] In some cases, the torque actually applied to a fastener or workpiece (as
indicated by the display device 1057) may be slightly below the desired torque value. In this
case, the clutch mechanism 2154 may be shifted to the manual torque wrench mode, shown
in FIGS. 20 and 20A, to manually apply additional torque to the fastener or workpiece to
achieve the desired torque value. To shift the clutch mechanism 2154 to the torque wrench
mode, the master controller 58 is prompted (e.g., by actuation of a momentary switch
accessible to the user on the exterior of the tool 2010, not shown) to activate the actuator
2183, which shuttles or shifts the sleeve 2160 in a forward direction 2184 from the home
position against the bias of the spring 2182b, thereby positioning the first set of balls 2162
within the second circumferential groove 2168 of the first coupling 2156, but maintaining the
second set of balls 2164 within the slots 2176. As a result, the connection between the first
and second shaft portions 2030a, 2030b is quickly disconnected, thereby inhibiting torque
transfer from the motor 2018 to the output spindle 2026. Simultaneously, the sleeve 2160
becomes rotationally constrained by the transmission housing to effectively lock rotation of
the second shaft portion 2030b and the downstream rotating components of the tool 2010
(including the output spindle 26) to the transmission housing. After manually rotating the
tool 2010 to achieve the desired torque value, the switch may be released, deactivating the
actuator 2183 and permitting the sleeve 2160 to return to the home position under action of

the springs 2182a, 2182b.

[00101] In general, motors are a large contributor to the kinetic energy of a power tool.
The large amount of kinetic energy makes it difficult to precisely control delivered torque
output, particularly, in hard or high stiffness joints. Furthermore, electronically braking the
motor fails to fully dissipate the kinetic energy, often resulting in over-torqued fasteners. The
clutch mechanisms 1010, 2010 are designed for high-precision tightening sequences and
reduce the risk of torque overshoots by coupling and decoupling the motor from the

remainder of the gear train.

[00102] FIG. 22 illustrates a portion of a power tool 3010 in accordance with another
embodiment of the invention. The power tool 3010 includes a clutch mechanism 3154, but is
otherwise similar to the power tool 2010 described above with reference to FIGS. 1-21, with
like components being shown with like reference numerals plus 3000. Only the differences

between the power tools 10, 3010 are described below.
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[00103] With reference to FIGS. 22 and 23, the power tool 3010 includes a brushless
electric motor 3018 having a drive shaft 3030 for providing a rotational input to a multi-stage
planetary transmission (e.g., transmission 22; FIG. 2). As shown in FIG. 23, the drive shaft
3030 is formed as two pieces - a first shaft portion 3030a extending from an armature of the
motor 3018 and a second shaft portion 3030b meshed with the transmission. As explained in
detail below, the first and second shaft portions 3030a, 3030b selectively co-rotate such that,
in one manner of operation, the first shaft portion 3030a transmits torque to the second shaft
portion 3030b, and in another manner of operation, the first shaft portion 3030a rotates
independently of the second shaft portion 3030b to thereby divert torque from the second
shaft portion 3030b and the transmission.

[00104] The tool 3010 also includes a transducer assembly 3054, which is identical to
the transducer assembly 54 described above, positioned inline and coaxial with a rotational
axis 3056 of the motor 3018, and between the transmission and the motor 3018. The
transducer assembly 3054 detects the torque output by the spindle of the tool 3010 (not
shown, but identical to the spindle 26 described above) and interfaces with a display device
1057 (i.e., through a high-level or master controller 58, shown in FIG. 2) to display the
numerical torque value output by the spindle 26 for each fastener-driving operation. In
contrast to the power tool 10, the transducer assembly 3054 of the tool 3010 does not
interface with the motor 3018 to control the rotational speed of the motor 3018 as the torque
output approaches a pre-defined torque value or torque threshold. Instead, the transducer
assembly 3054 interfaces with the clutch mechanism 3154 to inhibit torque output to the

workpiece from exceeding the torque threshold.

[00105] In the illustrated embodiment of FIGS. 22 and 23, the clutch mechanism
(hereinafter referred to as an “electromechanical clutch™ 3154) is capable of separating the
motor 3018 and the transmission to inhibit kinetic energy of the motor 3018 from transferring
to the transmission. The electromechanical clutch 3154 is positioned between the first shaft
portion 3030a and the second shaft portion 3030b, and is electronically controlled by a master
controller (e.g., master controller 58 described above) using input from the transducer
assembly 3054. The electromechanical clutch 3154 is shiftable between an engaged mode
(FIGS. 22 and 23), in which the electromechanical clutch 3154 interconnects the first and
second shaft portions 3030a, 3030b to permit torque transfer therebetween, and a disengaged

mode (not shown), in which the electromechanical clutch 3154 rotationally disconnects the
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shaft portions 3030a, 3030b to inhibit torque transfer therebetween. As such, the
electromechanical clutch 3154 is capable of selectively diverting torque away from the output
spindle 26 when the reaction torque on the spindle 26 detected by the torque transducer 3054

exceeds the predetermined torque threshold.

[00106] With reference to FIG. 23, the electromechanical clutch 3154 includes a rotor
3188 fixedly mounted to the first shaft portion 3030a, a brake pad 3190 coupled for co-
rotation with the rotor 3188, an armature 3192 slidably coupled to the second shaft portion
3030b, a field or coil 3194 wrapped around the armature 3192 for selectively creating an
electromagnetic field, and a clutch housing 3196 enclosing all of the foregoing components
of the clutch 3154. The rotor 3188 is composed of a ferromagnetic material and is coupled
for co-rotation with the first shaft portion 3030a using mating non-circular cross-sectional
profiles on the rotor 3188 and the first shaft portion 3030a, respectively. Additionally, the
rotor 3188 is axially retained to the first shaft portion 3030a by a set screw 3197 (FIG. 24).
In other embodiments, the rotor 3188 may be spline-fit onto the first shaft portion 3030a
having a corresponding spline region. A thrust bearing 3172 is positioned between an
inward-extending annular wall 3174 of the clutch housing 3196 and the rotor 3188 to
facilitate rotation of the rotor 3188 relative to the housing 3196. Fasteners 3198 are received
within corresponding apertures in the rotor 3188 and the brake pad 3190 to connect the rotor
3188 and the brake pad 3190. Although the fasteners 3198 are shown as rivets, in other
embodiments, the fasteners 3198 may alternatively be screws, bolts, pins, or other suitable

fasteners.

[00107] Referring to FIG. 23, the armature 3192 is also composed of a ferromagnetic
material. The armature 3192 is spline-fit to a corresponding spline region 3199 of the second
shaft portion 3030b, thereby permitting the armature 3192 to be axially moveable relative to
the second shaft portion 3030b. Furthermore, the armature 3192 includes a circumferential
groove 3200 extending through the rotor-facing surface of the armature 3192. A cast-in
process fills the circumferential groove 3200 with a material different from the ferromagnetic
material of the armature 3192. The material disposed within the groove 3200 has high
coefficient of friction properties such that a relatively large amount of force is required to
slide an object (e.g., the brake pad 3190) against the material disposed within the groove
3200. Similarly, the armature-facing surface of the brake pad 3190 is composed of a material
having a high coefficient of friction. Consequently, when the brake pad 3190 and the

29



WO 2016/176202 PCT/US2016/029355

armature 3192 contact each other, a large frictional force is generated, thereby ensuring rapid
torque transfer from the rotor 3188 to the armature 3192 (or the first shaft portion 3030a to
the second shaft portion 3030b). In some embodiments, the armature-facing surface of the
brake pad 3190 and the rotor-facing surface of the armature 3192 may each include at least

one ridge to increase the contact surface area of the mating surfaces.

[00108] With continued reference to FIG. 23, energization of the coil 3194 is
controlled by the master controller 58 (shown in FIG. 2) using input from the torque
transducer 3054. When the coil 3194 is energized, the coil 3194 creates a magnetic field,
thereby magnetizing the ferromagnetic material of the rotor 3188 and the ferromagnetic
material of the armature 3192. As such, when the electromechanical clutch 3154 is in the
engaged mode (FIG. 23), current is applied to the coil 3194, causing the rotor 3188 and the
armature 3192 to magnetize which, in turn, engages the armature 3192 and the brake pad
3190. In contrast, when the clutch 3154 is in the disengaged mode (not shown), current is
removed from the coil 3194, causing the rotor 3188 and the armature 3192 to demagnetize
which, in tumn, disengages the armature 3192 and the brake pad 3190. In the disengaged
mode, an air gap exists between the brake pad 3190 and the armature 3192. In some
embodiments, a biasing member (e.g., a spring, not shown) may be positioned between the
brake pad 3190 and the armature 3192 to maintain separation between the brake pad 3190

and the armature 3192 when the electromechanical clutch 3154 is in the disengaged mode.

[00109] In operation, the clutch 3154 can limit the amount of torque transferred from
the tool 3010 to a fastener. When initiating a fastener driving operation, the coil 3194 is
energized and the motor 3018 is activated in response to the user depressing the trigger 138,
which rotates the first shaft portion 3030a in the particular direction desired by the user.
Because the brake pad 3190 is engaged with the armature 3192 in the engaged mode of the
clutch 3154, torque is transmitted through the first shaft portion 3030a to the second shaft
portion 3030b. The second shaft portion 3030Db is driven in the same direction as the first
shaft portion 3030a, which then drives the transmission 22 and the output spindle 26. The
reaction torque or the “running torque” imparted on the output spindle 26 by the fastener or

workpiece is measured by the transducer assembly 3054 as the tool bit is driving the fastener.

[00110] The electromechanical clutch 3154 will remain in the engaged mode until the
master controller 58 (using input from the torque transducer 3054) determines that the

running torque has reached a predetermined torque threshold. Then, the electromechanical
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clutch 3154 is actuated from the engaged mode to the disengaged mode by the master
controller 58. Specifically, the master controller 58 removes current from the coil 3194,
which demagnetizes the rotor 3188 and the armature 3192, thereby separating the armature
3192 from the brake pad 3190. As a result, the rotational connection between the first and
second shaft portions 3030a, 3030b is quickly disconnected, such that torque subsequently
produced by the motor 3018 as it is being dynamically braked is prevented from being
transmitted beyond the first shaft portion 3030a. This increases the overall accuracy of the
tool 3010 because torque overrun of the fastener is reduced or altogether eliminated. After
the motor 3018 has stopped, the controller 58 may re-energize the coil 3194, thereby
magnetizing the rotor 3188 and the armature 3192, to re-engage the armature 3192 and the
brake pad 3190 for readying the tool 3010 for a subsequent fastener driving operation.

[00111] The amount of transferable torque permitted by the clutch 3154 can be adjusted
by: (1) altering the magnitude of the current applied to the coil 3194; (2) altering the size of
ridges on the brake pad 3190 and the armature 3192; (3) increasing the coefficient of friction
of the materials on the break pad 3190 and the armature 3192; or any combination thereof.
Altering the magnitude of the current applied to the coil 3194 can be programed through the
display device 1057 on the tool 3010, the tool’s user interface, or through a remote display

wirelessly in communication with the tool 3010.

[00112] As shown in FIG. 25, torque overrun on the fastener or workpiece element
varies greatly depending on the type of joint (e.g., a hard joint or soft joint) being fastened.
Common factors of torque overrun includes delayed reaction time of when the motor is
deactivated and the amount of time it takes for the motor to stop. Therefore, it is beneficial to
decouple the motor from the transmission since at least 90% of a rotary power tool’s kinetic
energy is generated from the motor. Another way to combat torque overrun is to detect, as
early as possible, the moment when the fastener is seated. FIG. 26 illustrates a typical bolt
torque profile, in which torque versus rotation angle is measured during a fastening sequence.
The torque exerted on the fastener increases as the fastener is seated, which is one reason
why early detection is critical. Signal filtering of the measured torque via the controller can
delay the reaction time of the controller, thereby further increasing the torque on the fastener
until the peak torque exceeds the target. The electromechanical clutch 3154 assists in

avoiding torque overruns, such as those described above, on a fastener.

[00113] Various features of the invention are set forth in the following claims.
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What is claimed is:

1. A transducer assembly for use in a power tool including a housing, a motor, an
output shaft that receives torque from the motor, and a planetary transmission positioned
between the motor and the output shaft, the planetary transmission including a ring gear, the
assembly comprising:

a bracket affixed to the housing;

a protrusion including an arcuate outer periphery, the protrusion being offset
from a central axis of the bracket and extending from the bracket in a direction parallel with
the central axis; and

a transducer including

an inner hub having an aperture through which a distal end of the
protrusion is received, the arcuate outer periphery of the protrusion being in
substantially line contact with a wall segment at least partially defining the aperture,

an outer rim affixed to the ring gear,

a flexible web interconnecting the inner hub to the rim, and

a sensor affixed to the flexible web for detecting strain of the flexible

web in response to a reaction torque applied to the ring gear from the output shaft.
2. The transducer assembly of claim 1, wherein the arcuate outer periphery of the
protrusion is defined by a first radius, and wherein the wall segment includes an arcuate

shape defined by a second radius greater than the first radius.

3. The transducer assembly of claim 1, wherein the wall segment is substantially

flat.
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4. The transducer assembly of claim 1, wherein the protrusion is a first
protrusion and the aperture in the inner hub is a first aperture, and wherein the transducer
assembly further comprises

a second protrusion including an arcuate outer periphery, the second
protrusion being offset from the central axis of the bracket and extending from the bracket in
a direction parallel with the central axis, and

a second aperture in the inner hub through which a distal end of the second
protrusion is received, the arcuate outer periphery of the second protrusion being in
substantially line contact with a second wall segment at least partially defining the second

aperture.

5. The transducer assembly of claim 4, wherein the first and second protrusions
are radially offset from the central axis in opposite directions, and wherein the first and

second apertures are radially offset from the central axis in opposite directions.

6. The transducer assembly of claim 1, further comprising:
aradially extending slot defined in one of the ring gear and the outer rim; and
aradially extending protrusion affixed to the other of the ring gear and the
outer rim, the protrusion being in substantially line contact with a wall segment at least

partially defining the slot.

7. The transducer assembly of claim 6, wherein the aperture of the inner hub is

angularly offset from the radially extending slot by an angle of about 90 degrees.

8. The transducer assembly of claim 1, wherein the flexible web is a first of a
plurality of flexible webs that are angularly spaced apart in equal increments about the central
axis, wherein a thickness of the flexible webs gradually tapers from at least one of the outer

rim or the inner hub toward a midpoint of each of the flexible webs.
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9. The transducer assembly of claim 8, wherein the thickness of each of the
flexible webs gradually tapers from the outer rim toward the midpoint of each of the flexible
webs, and wherein the thickness of each of the flexible webs gradually tapers from the inner

hub toward the midpoint of each of the flexible webs.

10. The transducer assembly of claim 8, wherein the tapering thickness of the

flexible webs is measured in a direction parallel with the central axis.

11. The transducer assembly of claim 1, wherein the flexible web is a first of a
plurality of flexible webs interconnecting the inner hub to the rim, and wherein the sensor is a

first of a plurality of sensors affixed to the respective flexible webs.
12. The transducer assembly of claim 1, wherein the sensor is a strain gauge

configured to output a voltage signal proportional to the magnitude of strain of the flexible

web.
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13. A rotary power tool comprising:

a housing;

a motor;

an output shaft that receives torque from the motor;

a planetary transmission positioned between the motor and the output shaft,
the planetary transmission including a ring gear;

a bracket affixed to the housing;

a protrusion including an arcuate outer periphery, the protrusion being offset
from a central axis of the bracket and extending from the bracket in a direction parallel with
the central axis; and

a transducer including

an inner hub having an aperture through which a distal end of the
protrusion is received, the arcuate outer periphery of the protrusion being in
substantially line contact with a wall segment at least partially defining the aperture,

an outer rim affixed to the ring gear,

a flexible web interconnecting the inner hub to the rim, and

a sensor affixed to the flexible web for detecting strain of the flexible

web in response to a reaction torque applied to the ring gear from the output shaft.

14. The rotary power tool of claim 13, wherein the protrusion is a first protrusion
and the aperture in the inner hub is a first aperture, and wherein the transducer assembly
further comprises

a second protrusion including an arcuate outer periphery, the second
protrusion being offset from the central axis of the bracket and extending from the bracket in
a direction parallel with the central axis, and

a second aperture in the inner hub through which a distal end of the second
protrusion is received, the arcuate outer periphery of the second protrusion being in
substantially line contact with a second wall segment at least partially defining the second

aperture.
15.  The rotary power tool of claim 14, wherein the first and second protrusions are

radially offset from the central axis in opposite directions, and wherein the first and second

apertures are radially offset from the central axis in opposite directions.
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16. The rotary power tool of claim 13, further comprising:
aradially extending slot defined in one of the ring gear and the outer rim; and
aradially extending protrusion affixed to the other of the ring gear and the
outer rim, the protrusion being in substantially line contact with a wall segment at least

partially defining the slot.

17. The rotary power tool of claim 16, wherein the aperture of the inner hub is

angularly offset from the radially extending slot by an angle of about 90 degrees.

18.  The rotary power tool of claim 13, wherein the flexible web is a first of a
plurality of flexible webs that are angularly spaced apart in equal increments about the central
axis, wherein a thickness of the flexible webs gradually tapers from at least one of the outer

rim or the inner hub toward a midpoint of each of the flexible webs.

19.  The rotary power tool of claim 13, wherein the sensor is a strain gauge
configured to output a voltage signal proportional to the magnitude of strain of the flexible

web.
20.  The rotary power tool of claim 19, further comprising a controller in electrical

communication with the strain gauge for receiving and calibrating the voltage signal to a

measure of reaction torque applied to the outer rim during operation of the power tool.
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21. A rotary power tool comprising:

a motor;

an output shaft that receives torque from the motor;

a clutch positioned between the motor and the output shaft for limiting an
amount of torque that can be transferred from the motor to the output shaft; and

a transducer for detecting the amount of torque transferred through the clutch
to the output shaft,

wherein the clutch is adjustable to vary the amount of torque that can be
transferred from the motor to the output shaft in response to feedback from the transducer of

the detected amount of torque transferred through the clutch.

22.  The rotary power tool of claim 21, wherein the clutch includes a first plate
coupled to the motor, a second plate coupled to the output shaft for co-rotation therewith and
slidable movement relative thereto, and a plurality of engagement members positioned

between the first and second plates.

23.  The rotary power tool of claim 22, wherein the clutch is operable in a first
mode, in which the first and second plates co-rotate via the engagement members, and a

second mode, in which the first plate rotates relative to the second plate.

24.  The rotary power tool of claim 23, wherein the second plate includes a
plurality of protrusions against which the engagement members are jammed in the first mode,
and wherein the engagement members traverse the protrusions in the second mode, causing

the second plate to slide along the output shaft.

25. The rotary power tool of claim 21, further comprising a clutch adjustment

assembly operable to set a torque threshold of the clutch.
26.  The rotary power tool of claim 25, wherein the clutch adjustment assembly

includes an adjustment ring threadably coupled to the output shaft and a resilient member

interposed between the clutch and the adjustment ring.
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27. The rotary power tool of claim 26, wherein the adjustment ring is rotatable
relative to the output shaft to alter a pre-load tension of the resilient member, thereby altering

the torque threshold of the clutch.

28.  The rotary power tool of claim 21, further comprising a controller in electrical
communication with the transducer for receiving a voltage signal output by the transducer

and calibrating the voltage signal to a measure of torque transferred through the clutch.
29.  The rotary power tool of claim 28, further comprising a display device in

electrical communication with the controller and operable to display a numerical torque value

output by the output shaft for each fastener-driving operation performed by the power tool.
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30. A method of operating a rotary power tool, the method comprising:

initiating a fastener driving operation by providing torque to an output shaft of
the power tool;

detecting a reaction torque on the output shaft during the fastener driving
operation with a transducer;

mechanically disengaging a clutch in response to the reaction torque on the
output shaft reaching a predetermined torque threshold; and

viewing a numerical torque value on a display device of the power tool

coinciding with the detected amount of torque transferred through the clutch.

31. The method of claim 30, further comprising:
adjusting the predetermined torque threshold of the clutch;
initiating a second fastener driving operation by providing torque to the output
shaft of the power tool; and
viewing a different, second numerical torque value on the display device of
the power tool coinciding with a second detected amount of torque transferred through the

clutch.

32, The method of claim 31, further comprising calibrating the predetermined
torque threshold of the clutch until a desired torque threshold for the power tool is attained by
repeating the steps of’

adjusting the predetermined torque threshold of the clutch;

initiating further fastener driving operations by providing torque to the output
shaft of the power tool; and

viewing numerical torque values on the display device of the power tool
coinciding with the detected amounts of torque transferred through the clutch for the

respective fastener driving operations.
33. The method of claim 32, wherein the step of calibrating the predetermined

torque threshold of the clutch is performed by trial and error without using an external or

additional machine.
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34, The method of claim 31, wherein the step of adjusting the predetermined
torque threshold of the clutch further comprises adjusting a clutch adjustment assembly with

a hand tool.
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35. A rotary power tool comprising:

a motor;

an output shaft that receives torque from the motor;

a clutch positioned between the motor and the output shaft for selectively
engaging the output shaft to the motor; and

a transducer for detecting an amount of torque transferred through the clutch
to the output shaft,

wherein the clutch is capable of being actuated from a first mode in which the
output shaft is engaged to the motor, to a second mode in which the output shaft is
disengaged from the motor, in response to feedback from the transducer of the detected

amount of torque transferred through the clutch.

36.  The rotary power tool of claim 35, further comprising a controller in electrical
communication with the transducer for receiving a voltage signal output by the transducer

and calibrating the voltage signal to a measure of torque transferred through the clutch.

37.  The rotary power tool of claim 36, further comprising a display device in
electrical communication with the controller and operable to display a numerical torque value

output by the output shaft for each fastener-driving operation performed by the power tool.

38.  The rotary power tool of claim 36, wherein the motor includes a drive shaft
defined by a first shaft portion and a separate, second shaft portion meshed with a

transmission of the power tool.

39.  The rotary power tool of claim 38, wherein the clutch is interposed between
the first and second shaft portions to selectively couple the first and second shaft portions for

co-rotation.

40.  The rotary power tool of claim 39, wherein the controller is operable to shift
the clutch from the first mode, in which the first and second shaft portions are coupled for co-
rotation, to the second mode, in which the second shaft portion is rotatable relative to the first
shaft portion, in response to the detected amount of torque transferred through the clutch

reaching a predetermined torque threshold.
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41.  The rotary power tool of claim 39, wherein the clutch includes a first coupling
disposed on the first shaft portion, a second coupling disposed on the second shaft portion,
and a sleeve circumferentially disposed around at least a portion of each of the first and

second couplings.

42, The rotary power tool of claim 41, further comprising an actuator for shifting
the sleeve to at least one of a first position coinciding with the first mode, or a second

position coinciding with the second mode.

43. The rotary power tool of claim 41, further comprising a biasing member for
biasing the sleeve toward at least one of a first position coinciding with the first mode, or a

second position coinciding with the second mode.

44, The rotary power tool of claim 43, wherein the biasing member biases the
sleeve toward the first position, and wherein the rotary power tool further comprises an

actuator for shifting the sleeve from the first position toward the second position.

45.  The rotary power tool of claim 41, wherein each of the first and second
couplings includes a plurality of drive lugs and an adjacent circumferential groove, and
wherein the clutch further comprises a first set of engagement members that are selectively
engageable with the drive lugs of the first coupling, and a second set of engagement members

that are selectively engageable with the drive lugs of the second coupling.

46.  The rotary power tool of claim 45, wherein the first and second sets of
engagement members are engaged with the drive lugs of the first and second couplings,
respectively, in the first mode to transfer torque from the first shaft portion to the second

shaft portion.

47.  The rotary power tool of claim 46, wherein the first and second sets of
engagement members are positioned within the circumferential grooves of the first and
second couplings, respectively, in the second mode to permit the second shaft portion to

rotate relative to the first shaft portion.
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48.  The rotary power tool of claim 45, wherein the clutch is shiftable to a manual
torque wrench mode, in which the second set of engagement members are engaged with the
drive lugs of the second coupling, and in which the first set of engagement members are
positioned within the circumferential groove of the first coupling, and in which the sleeve is

affixed to a housing of the power tool.

49.  The rotary power tool of claim 48, wherein the first and second sets of

engagement members are configured as balls affixed to an inner periphery of the sleeve.

50.  The rotary power tool of claim 39, wherein clutch includes a rotor composed
of ferromagnetic material coupled for co-rotation with one of the first shaft portion or second
shaft portion, and an armature coupled for co-rotation with the other of the first shaft portion
or the second shaft portion, and wherein the rotor is coupled for co-rotation with the armature

when the clutch is actuated from the second mode into the first mode.

51. The rotary power tool of claim 50, wherein the clutch further includes a coil
surrounding at least a portion of the armature, and wherein the controller is operable to
energize the coil to generate a magnetic field to magnetize the rotor and the armature, thereby
attracting the armature toward the rotor into frictional contact therewith and for coupling the

armature to the rotor for co-rotation in the first mode of clutch operation.

52.  The rotary power tool of claim 51, wherein the controller is operable to de-
energize the coil in the second mode of clutch operation, thereby permitting an air gap to

open between the rotor and the armature.

53.  The rotary power tool of claim 52, wherein the clutch further includes a brake
pad coupled for co-rotation with an armature-facing side of the rotor and engagable with the
armature in the first mode of clutch operation, and wherein the brake pad is composed of a

material having a larger coefficient of friction than the material composing the rotor.
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54.  The rotary power tool of claim 53, wherein the armature includes a rotor-
facing side and a groove disposed within the rotor-facing side, and wherein the groove is
filled with a material having a larger coefficient of friction than the material composing the

armature.

55.  The rotary power tool of claim 50, wherein the rotor is coupled for co-rotation
with the first shaft portion, and wherein the armature is coupled for co-rotation with the

second shaft portion.

56.  The rotary power tool of claim 55, wherein the rotor is affixed to the first shaft
portion, and wherein the armature is rotationally constrained relative to the second shaft
portion but slidable along the second shaft portion in response to the clutch being actuated

between the first and second modes.
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