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POSITION FEEDBACK CONTROL METHOD
AND POWER TOOL

FIELD OF THE INVENTION

[0001] Various embodiments relate to a power tool, and
more particularly, to controlling operation of a power tool
based on a detected position.

BACKGROUND OF THE INVENTION

[0002] Driving screws with a conventional power drill or
driver requires careful, manual throttling of the tool to obtain
a correct depth. A user of such a power drill or driver must
typically release the trigger at precisely the correct moment.
Power driving a screw is generally a quick process, which
makes precise throttling a challenge for most users. Impre-
cise throttling generally results in overdriving or underdriv-
ing the screw. Overdriving a screw results in the screw being
driven too deep and may cause the screw and/or the work-
piece into which the screw is driven to fail. Underdriving
results in the screw not being driven deep enough, thus
requiring restarting the driving process in order to drive the
screw flush. However, restarting the driving process, after
stopping short of flush, commonly results in slippage of the
driver bit, stripping or otherwise damaging the screw, or
damaging the workpiece into which the screw is being
driven.

[0003] Limitations and disadvantages of conventional and
traditional approaches should become apparent to one of
skill in the art, through comparison of such systems with
aspects of the present invention as set forth in the remainder
of the present application.

BRIEF SUMMARY OF THE INVENTION

[0004] A position feedback control method and power tool
using the same are substantially shown in and/or described
in connection with at least one of the figures, and are set
forth more completely in the claims.

[0005] Advantages, aspects and novel features of the pres-
ent invention, as well as details of an illustrated embodiment
thereof, will be more fully understood from the following
description and drawings.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0006] For clarity of illustration, exemplary elements
illustrated in the figures may not necessarily be drawn to
scale. In this regard, for example, the dimensions of some of
the elements may be exaggerated relative to other elements
to provide clarity. Furthermore, where considered appropri-
ate, reference labels have been repeated among the figures to
indicate corresponding or analogous elements.

[0007] FIG. 1 provides a perspective view of a power tool
in accordance with one embodiment.

[0008] FIG. 2 provides another perspective view of the
power tool shown in FIG. 1.

[0009] FIG. 3 provides a side view of the power tool
shown in FIG. 1 including a magnified view of its trigger.

[0010] FIG. 4 provides a top view of the power tool shown
in FIG. 1.
[0011] FIG. 5 provides a front view of the power tool

shown in FIG. 1.
[0012] FIG. 6 provides a back view of the power tool
shown in FIG. 1.
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[0013] FIG. 7 provides a block diagram back of the power
tool shown in FIG. 1.

[0014] FIG. 8 depicts one orientation of positions sensors
for the power tool shown in FIG. 1.

[0015] FIG. 9 depicts a first operating angle of the power
tool shown in FIG. 1.

[0016] FIG. 10 depicts a second operating angle of the
power tool shown in FIG. 1.

[0017] FIG. 11 depicts a flowchart for an example zero
mode of operation for the power tool shown in FIG. 1.
[0018] FIGS. 12A-12C depict a flowchart for an example
blind hole or auto flush mode of operation for the power tool
shown in FIG. 1.

[0019] FIG. 13 depicts one example of an angle indicator
for the power tool shown in FIG. 1.

[0020] FIG. 14 depicts another example of an angle indi-
cator for the power tool shown in FIG. 1.

[0021] FIG. 15 depicts yet another example of an angle
indicator for the power tool shown in FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Aspects of the present invention are generally
related to power tools and position feedback controls for
such power tools. The following description focuses upon an
embodiment of a power drill/driver which may be used to
drill a hole into a workpiece when a drill bit is secured by
a chuck of the power drill/driver or which may be used to
drive a screw into a workpiece when a screw bit is secured
by the chuck of the power drill/driver. However, various
aspects of the position feedback controls may be applicable
to a wide range of power tools such as, for example, drills,
drivers, saws, cutters, and hammers.

[0023] Referring now to FIGS. 1-6, several external views
of a cordless power tool 10 are shown. While a cordless
power tool is depicted, various aspects of the below-de-
scribed power tool 10 may be implemented in a corded
power tool as well. As shown, the power tool 10 may
comprise a handle 20 coupled between an upper portion 30
and a base portion 40. The base portion 40 may be config-
ured to receive a battery pack, which may be used to power
the tool 10. The base portion 40 may further include a lower
support 42 capable of maintaining the power tool 10 in an
upright position when the power tool 10 is placed upon a
horizontal surface.

[0024] The handle 20 may provide a surface via which a
user may grip and hold the power tool 10. As shown, the
handle 20 may include a trigger 22 toward an upper end of
the handle 20. The trigger 22 may be positioned such that the
user may actuate the trigger 22 by squeezing the trigger 22
with a finger (e.g., index finger) of the hand used to hold the
power tool 10.

[0025] In some embodiments, the trigger 22 may have a
first range of travel RT, and a second range of travel RT,
which enable a user to select between two modes of opera-
tion. A first operating mode may be associated with a first
range of travel RT, between a rest position 23 and a first stop
position 24. A second operating mode may be associated
with a second range of travel RT, between the first stop
position 24 and a second stop position 25. To demarcate the
two operating modes, the trigger 22 may include a first
spring 26 and a second spring 27 which cooperate to apply
restive forces to the trigger 22. In particular, the first spring
26 may apply a first force to the trigger 22 as it travels along
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the first range of travel between the rest position 23 and the
first stop position 24. The first spring 26 and second spring
27 may cooperate to apply a second force that is greater than
the first force to the trigger 22 as it travels along the second
range of travel from the first stop position 24 to the second
stop position 25. In this manner, the user may need to exert
additional force on the trigger 22 in order to cause the trigger
22 to travel past the first stop position 24.

[0026] As shown, the upper portion 30 may include a
mode selector 32 positioned along a top surface 35. The
upper portion 30 may further include position sensors 34,
34,, 34, positioned around a chuck 36 toward a front 31 of
the power tool 10. The upper portion 30 may further include
an angle indicator 38 positioned toward a back 33 of the
power tool 10.

[0027] In general, the mode selector 32 enables a user to
select from among several different operating modes. To this
end, the mode selector 32 may include a linear, slide selector
that enables the user to linearly, slide the selector among
several different positions. Each of the different positions
may correspond to a different operating mode of the power
tool 10. For example, the mode selector 32, in one embodi-
ment, may provide positions that correspond to various
operating modes associated with the position sensors 34,
34,, 34;. In one embodiment, the mode selector 32 enables
selection among an off mode, a blind hole mode, an auto
flush mode, a custom flush mode, and a zero mode associ-
ated with the position sensors 34,, 34,, 34,.

[0028] The off mode generally corresponds to a mode in
which the position sensors 34,, 34,, 34; are turned off,
disabled, or otherwise ignored. As such, the power tool 10
operates in a manner akin to a similar power tool without
such position sensors 34,, 34,, 34;. The blind hole mode
permits a user of the power tool 10 to drill a blind hole to a
specified and repeatable depth. The auto flush mode permits
a user of the power tool 10 to insert a common style screw,
with a common/included length bit, flush into a workpiece.
The custom flush mode permits a user of the power tool 10
to repeatably drive a screw flush into a workpiece after a
custom zero point has been set. The zero mode permits a
user to set the custom zero point for the blind hole mode or
the custom flush mode. While some embodiments of the
power tool 10 may support each of the above-noted modes,
other embodiments may support a subset of these modes,
may support additional modes, or may support a subset of
these modes as well as additional modes.

[0029] As explained above, the mode selector 32 may
include a linear, slide selector along a top surface 35 of the
upper portion 30. Other embodiments may provide a differ-
ent location for the mode selector 32 such as, for example,
at a different location of the upper portion 30 or in a different
portion of the power tool 10 such as the handle 20 or base
portion 40. Furthermore, while the mode selector 32 is
shown as a linear slide in FIGS. 1-6, other embodiments may
use a different type of selector. For example, the mode
selector 32 may include a rotary dial, a rotary switch, toggle
switch(es), push buttons, radio buttons, etc. that may be
actuated in order to select a desired operating mode.

[0030] A high-level, block diagram of the power tool 10 is
shown in FIG. 7. As shown, the power tool 10 generally
includes a power system 70, a controller 80, and a motor 90.
The power system 70 may include terminals, power regu-
lators, power conditioners, and/or other circuitry which are
configured to distribute electric power to the controller 80,
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the motor 90, position sensors 34,, 34,, 34, angle indicator
38, and possibly other components of the power tool 10. In
some embodiments, the power system 70 may be configured
to receive batteries or battery pack 72 and deliver power
supplied by the received batteries or battery pack to the
respective components of the power tool 10. In some
embodiments, the power system 70 may include a power
cord 74 used to detachably couple the power system 70 to an
electrical power outlet so that the power system 70 may
deliver power supplied by the electrical power outlet to
respective components of the power tool 10.

[0031] The motor 90 may comprise a DC motor such as a
brushless or brushed DC motor. Moreover, the motor 90 may
be coupled to the chuck 36 via a gear box 92. In one
embodiment, the gear box 92 includes a hammer 94 that is
configured to transfer torque from the motor 90 to the chuck
36 as a series of impacts. In other embodiments, the gear box
92 does not include a hammer 94. In such embodiments, the
gear box 92 continually transfers torque from the motor 90
to the chuck 36, instead of transferring as a series of impacts.
Regardless of the manner of coupling the motor 90 to the
chuck 36, the motor 90 generally imparts torque upon the
chuck 36 which causes the chuck 36 to rotate a tool 37 (e.g.,
drill bit, screw driver bit, etc.) held by the chuck 36.
[0032] The controller 80 may control logic and circuitry
that is generally configured to control operation of the power
tool 10. In particular, the controller 80 may receive signals
from the trigger 22, mode selector 32, position sensors 34,
34,, 34,, power system 70, and motor 90. Based on such
signals, the controller 80 may control operation of the power
tool 10 per an operation mode selected by the mode selector
32. In particular, the controller 80 may control operation of
the motor 90 via one or more control signals to the motor 90.
Furthermore, the controller 80 may control a brake 96
configured to stop the motor 90 via one or more control
signals. Besides controlling the motor 90 and the brake 96,
the controller 80 may further determine, based on signals
from the position sensors 34, operating angles of the power
tool 10 along two axes with respect to a workpiece.
[0033] The controller 80 may include a processor 82,
memory 84 including firmware 86, and 1/O ports 88. In
response to executing instructions of the stored firmware 86,
the processor 82 may process signals received via /O ports
88, determine appropriate control signals based on the
received signals, and output signals via /O ports 88 that
control operation of the power tool 10. As explained in
greater detail below, the processor 82 may determine an
operating angle, a drive depth, or both based on signals from
position sensors 34,, 34,, 34, and may adjust operation of
the power tool 10 based on such operating angle, drive
depth, or both.

[0034] As shown in FIGS. 5 and 8, the power tool 10 may
include three position sensors 34,, 34,, 34, placed in a
triangular configuration around the chuck 36. However,
power tool 10 in other embodiments may include a different
number of position sensors. Each of the position sensors 34,
34,, 34, may include one or more radiation sources and one
or more radiation receivers which cooperate to detect a
distance between the respective sensor and a workpiece. In
general, the one or more radiation sources of each position
sensor 34,, 34,, 34, may project a pattern onto a surface of
the workpiece. The one or more radiation receivers of each
position sensor 34, 34,, 34; may receive the reflected
pattern and generate a signal indicative of the distance
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between the sensor 34,, 34,, 34, and the workpiece. The
position sensors 34,, 34, 34, may use different types of
radiation sources and receivers. For example, the position
sensors 34,, 34,, 34, may operate based on generating and
detecting optical, electromagnetic, or acoustic radiation. In
one embodiment, the position sensors 34,, 34,, 34; may be
implemented with an STMicroelectronics proximity and
ambient light sensing (ALS) module having part number
VL6180X. The STMicroelectronics ALS module measures
the time light takes to travel to an object and reflect back to
the ALS module. The ALS module may then obtain a
distance measurement based on the measured time. In
another embodiment, the position sensors 34,, 34,, 34, may
be implemented in a manner similar to the optical depth
measuring device described in U.S. Pat. No. 4,968,146.
Such optical depth measuring devices obtain a distance
measurement based on the amount of light reflected back to
the device.

[0035] In some embodiments, each position sensor 34,,
34,, 34; may include a single radiation source that projects
a visible pattern on the workpiece. Such a visible pattern
permits one or more radiation receivers of the respective
sensor 34,, 34,, 34, to receive the reflected pattern and
measure a distance to the workpiece based on the received
reflected pattern. Moreover, the visible pattern may permit a
user of the power tool 10 to confirm that each position sensor
34,, 34,, 34, is in fact directed at the workpiece of interest.
When the power tool 10 is used toward an end or edge of a
workpiece, one or more of the position sensors 34,, 34,, 34,
may not be aligned with the workpiece and may be directed
off the end or edge. The visible pattern may enable the user
to realign or re-position the power tool 10 such that each of
the position sensors 34,, 34,, 34, projects its pattern on the
workpiece of interest. Furthermore, the controller 80 may
cause the position sensors 34,, 34,, 34, to alter the displayed
pattern when the controller 80 determines that the respective
position sensor 34, 34,, 34, is not appropriately directed at
the workpiece. For example, the controller 80 may cause the
pattern to blink when not positioned appropriately and to
remain steady when positioned appropriately.

[0036] As shown in FIGS. 8-10, the first position sensor
34, and second position sensor 34, may be positioned such
that the first position sensor 34, is positioned toward the left
of the chuck 36 and the second position sensor 34, is
positioned toward the right of the chuck 36. Moreover, the
first and second position sensor 34,, 34, may be positioned
such that a center of the first position sensor 34, is a distance
D, from a center of the second position sensor 34,. The third
position sensor 34; may be positioned directly below the
chuck 36 such that a line passing through a center of the third
sensor 34; and a center of the chuck 36 evenly bisects the
distance D, between the first and second position sensors
34,, 34, at a point P. Moreover, the third position sensor 34,
may be positioned such that a center of the third position
sensor 34, is a distance E from a line joining the first and
second position sensor 34,, 34,, a distance D, from the
center of the second position sensor 34,, and a distance D,
from the center of the first position sensor 34,. Finally, the
position sensors 34, 34,, 34, may be positioned such that,
when the power tool 10 is perpendicular to the workpiece,
each of the position sensors 34,, 34,, 34, is the same
distance from the workpiece.

[0037] With the position sensors 34, 34,, 34, positioned
in such a manner, the controller 80 may determine an angle
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a, that corresponds to a left-to-right tilt of the power tool 10
with respect to the workpiece and an angle [ that corre-
sponds to a back-to-front tilt of the power tool 100 with
respect to the workpiece. In particular, the controller 10 may
determine the angle o, per below Equation 1 using distance
S,, S, respectively obtained from sensors 34,, 34, and the
known distance D, between sensors 34,, 34,. The controller
80 may similarly determine an angle o, per below Equation
2 using distance S,, S; respectively obtained from sensors
34,, 34, and the known distance D, between sensors 34,
34,. Likewise, the controller 80 may determine an angle o,
per below Equation 3 using distance S;, S; respectively
obtained from sensors 34, 34; and the known distance D,
between sensors 34,, 34,. Finally, the controller 80 may
determine an angle §§ per below Equation 4 using distance
S,. S,, S, respectively obtained from sensors 34, 34,, 34,
and the known distance E from the third position sensor 34,
to the line connecting the first position sensor 34, and the
second position sensor 34;.

Equation 1
@ = arccos

[S1 = S2l

D+ (51 =520
|S2 — S3] ]

VD3 +(S -85
|81 = Ss] ]

D+ (S —83)%

S1+.5,
2

Equation 2
@ = arccos

Equation 3
@3 = arccos

Equation 4

_S3

B = arccos

[0038] The above Equation 4 is based on the third position
sensor 34 equally bisecting the distance between the first
and second sensor 34,, 34, in the manner describe above.
However, Equation 4 may be easily modified to address an
embodiment in which the third position sensor 34, is not
equidistant between the first and second position sensor 34,
34,. In particular, the term (S,+S,)/2, which corresponds to
the average distance detected by the first and second position
sensors 34, 34,, would change to (off,/D,)*S, +(off,/D,)
*S, where off; and off, respectively correspond to the dis-
tance between the point P at which the third position sensor
34, bisects the distance D, and the respective position sensor
34,, 34,.

[0039] Referring now to FIG. 11, a flowchart 200 for a
zero mode of operation is shown. As noted above, the power
tool 100 in the zero mode of operation may permit a user to
set a custom zero value Z for later use by the blind hole
mode or the custom flush mode. To this end, the user at 205
may drill a hole or drive a screw to a desired depth. In one
embodiment, the power tool 10 is configured to generate an
indication as each predetermined depth interval is reached.
For instance, the power tool 10 may generate one or more
signals that cause a haptic buzz, an audible beep, a visual
LED illumination, etc. to occur as each predetermined depth
interval (e.g., ¥4") is obtained. For example, the power tool
10 may provide a short indication when a 4" depth is
obtained, provide a double short indication when a 14" depth
is obtained, provide a short indication when a 34" depth is
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obtained, and provide a long indication when a 1" depth is
obtained. Based on such indications, the user may manually
stop the power tool 10 at the desired depth in order to cause
the power tool 10 to set and store the desired zero value Z
for future reference. While the power tool 10 may use the
same indication as each interval depth is obtained, varying
the indications in a manner similar to the above, reduces the
likelihood that the user loses count of the number of indi-
cations and thus sets the zero value Z for an undesired depth.
[0040] The controller 80 at 210 may detect that a user has
obtained the desired depth and desires to set the zero value
Z. The controller 80 at 215 may obtain a distance measure-
ment S,, S,, S; for each of the position sensors 34,, 34,, 34,
based on signals received from each of the position sensors
34,, 34,, 34;. The controller 80 at 220 may detect and
disregard blocked distance measurement S,, S,, S;. In a
work environment, it is not uncommon for dust, dirt, wood
particles, etc., to cover one or more of the position sensors
34,, 34,, 34,. Distances less than a distance C,, C,, C; from
the respective position sensor 34, 34,, 34, to the distal end
39 of the chuck 36 (FIGS. 3 and 4) may be indicative of the
respective sensor 34,, 34,, 34, being blocked by such
particles, may be indicative of a malfunction of the respec-
tive sensor 34,, 34,, 34;, or may be indicative that some-
thing else is causing an incorrect reading. Accordingly, the
controller 80 at 220 may disregard or discard any distance
measurement S, S,, S; that is less than the distance C,, C,,
C, from the respective sensor 34, 34,, 34, to the distal end
39 of the chuck 36.

[0041] If the controller 80 determines at 222 that all
distance measurements S,, S,, S; have been disregarded,
then controller 80 at 225 may generate signals which present
the user with an error or warning message. For example, the
controller 80 may present such an error message via the
angle indicator 38, via visible patterns projected by the
sensors 34, 34,, 34;, or both.

[0042] Ifthe controller 80 determines at 224 that only one
of distance measurements S, S,, S; was retained or not
disregarded, then controller 80 proceeds to 226 in order to
select the one retained distance measurement S,, S,, S; as
the custom zero value Z. The controller 80 at 250 may store
the obtained zero value Z for future reference.

[0043] Otherwise, the controller 80 at 230 may determine,
for each pair of retained distance measurements S;, S,, S;,
the corresponding angle o), a5, o5 per Equations 1-3. In one
embodiment, if distance measurements S,, S,, S; were not
retained for one or both sensors 34, 34,, 34, of a respective
pair, then the controller 80 at 230 may set the corresponding
angle o, a,, 0 to a value that indicates that the angle o,
o.,, 03 is unknown or that the angle o, a.,, o, lies outside
a predetermined, acceptable range.

[0044] At 235, the controller 80 may determine the angle
[ per Equation 4. In one embodiment, if distance measure-
ments S, S,, S; were not retained for all three sensors 34,,
34,, 34,, then the controller 80 at 235 may set the angle f§
to a value that indicates that the angle {3 is unknown or that
the angle p lies outside the predetermined, acceptable range.
[0045] At 240, the controller 80 may determine whether
all of the angles o, a,, a5, f lie within of the predetermined,
acceptable range. For example, the controller 80 may deter-
mine that an angle o, a,, o, f lies within the predeter-
mined, acceptable range if the respective angle is between
75° and 105° degrees, which is £15° from perpendicular. If
all angles o, a,, a5, P lie within the predetermined,
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acceptable range, then the controller 80 may proceed to 245
in order to determine and store the custom zero value Z. In
particular, the controller 80 at 245 may average the distance
measurements S, S,, S; to obtain the custom zero value Z.
At 250, the controller 80 may store the obtained value Z in
memory 84 for future reference.

[0046] If all angles o, a,, o, B do not lie within the
predetermined, acceptable range, then the controller 80 at
225 may present an error or warning message to the user via
the angle indicator 38, a pattern projected by the position
sensors 34, 34,, 34;, or both. For example, the controller 80
may cause the angle indicator 38 to present an error code,
flash an LED, or generate some other visual presentation
indicative of an error. Alternatively, or in addition to, the
controller 80 may cause the position sensors 34,, 34,, 34; to
project a blinking pattern, a different color pattern, or some
other visual depiction that conveys an error or warning
message to the user of the power tool 10.

[0047] The controller 80 at 260 may then select the
shortest retained distance measurement S,, S,, S; for use as
the custom zero value Z. Doing so ensures that the controller
80 does not use measurements S, S,, S; that are likely
associated with position sensors 34,, 34,, 34, that are not
properly aligned with the workpiece (e.g., projecting their
respective radiation off an end or edge of the workpiece).
The controller 80 then may proceed to 250 in order to store
the obtained zero value Z for future reference.

[0048] Referring now to FIGS. 12A-12B, a flowchart 300
for one implementation of a control logic for the custom
flush mode or the auto flush mode of the power tool 10 is
shown. During the custom flush mode, the zero value 7 is a
custom value set via the process of FIG. 11 or a similar
process. During the auto flush mode, the zero value is set
based on a common style screw and possibly a user selection
that identifies a common style from a set of predefined
common styles of screws.

[0049] At block 305, the controller 80 may determine
whether the trigger 22 is activated. If it is not activated, the
controller 80 at 310 may determine whether the motor 90 is
stopped. If it is not stopped, then the controller 80 at 315
may activate the brake 96 in order to apply the brake 96 to
the motor 90 and stop the motor 90. Otherwise, the control-
ler 80 does nothing and returns to 305 to determine if the
trigger 22 is activated.

[0050] Ifthe trigger is activated, the controller at 320 may
obtain a distance measurement S, S,, S, from each of the
position sensors 34, 34,, 34,. The controller 80 at 325 may
disregard or discard any distance measurement S,, S,, S,
that is less than a respective chuck distance C,, C,, C;,
which corresponds from the respective sensor 34, 34,, 34,
to the end of the chuck 36 along a line that is normal to the
workpiece.

[0051] At 330, the controller 80 determines whether a
drill/drive process is already in progress. In one embodi-
ment, the controller 80 may make such determination based
upon whether a flag F is set. For example, if it is set, then
the controller 80 may determine that the power tool 10 is in
the middle of driving a screw flush or drilling a hole and may
continue to 345. Otherwise, the controller 80 may determine
that the power tool 10 is initiating a drill/drive process. In
which case, the controller 80 at 335 may initialize control
values for the drill/set process. For example, the controller
80 may set the flag F to indicate that the process of driving
a screw flush or drilling a blind hole has begun. The
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controller 80 may further store initial values (e.g., 0) for an
initial depth measurement M and an initial revolutions per
minute (RPM) value R of the power tool 10. The controller
80 at 340 may store the retained distance measurements S,
S,, S; in the memory 84 and proceed to 360 in order to
determine the number of retained measurements.

[0052] At 345, the controller 80 may compare the current
distance measurements S;, S,, S; with previous distance
measurements S, S,, S; stored in memory 84 and retain the
current distance measurements S;, S,, S; that are not more
than a threshold percentage (e.g., 10%) T different than the
corresponding previous reading. By disregarding such dis-
tance measurements S;, S,, S;, the controller 80 may
avoiding basing depth measurements upon distance mea-
surements S;, S,, S; that do not accurate reflect the depth of
the power tool 10. For example, a position sensor S, S,, S,
during the drilling/driving process may become misaligned
and project its radiation off an end or edge of the workpiece
or may become blocked by dust and/or debris generated
during the drilling/driving process.

[0053] The controller 80 at 350 may update stored dis-
tance measurements S|, S,, S; based on the retained distance
measurements S, S,, S;. The controller 80 at 360 may then
determine how many distance measurements S|, S,, S; were
retained. If zero distance measurements S,, S,, S; were
retained, then the controller 80 at 365 may generate one or
more control signals which may cause the positions sensors
34,, 34,, 34, and/or the angle indicator 38 to display a
warning to the user. The controller 80 at 370 may apply the
brake 98, stop the motor 90, and stop the drill/drive process.
[0054] If a single measurement S;, S,, S; was retained,
then the controller 80 at 375 may use the retained measure-
ments S, S,, S; as the depth measurement M for the power
tool 10. At 380, the controller 80 may determine whether the
depth measurement M for the power tool 10 is greater than
the zero value Z. If greater than the zero value Z, then the
controller 80 at 385 may generate one or more signals that
cause the motor 90 to drive or continue to drive the chuck
36. Otherwise, the controller 80 at 370 may generate one or
more signals which apply the brake 96 and stop the motor 90
prior to clearing the flag F at 385 and exiting the flowchart
300. The controller 80 upon determining at 380 that the
depth measurement has reached the zero value Z may further
present the user with an indication that the desired depth has
been reached. For example, the controller 80 may generate
one or more signals which may cause an audible indication
via a speaker, bell, striker, etc. and/or a visual indication via
lights of, for example, the angle indicator 38.

[0055] If two or more measurements S,, S,, S; were
retained, then the controller 80 at 390 may determine the
respective angle o, o.,, o, for each retained pair of mea-
surements S|, S,, S; per Equations 1-3. At 395, the controller
80 may determine whether all angles o, a.,, o, are within
an acceptable range (e.g., between 75° and 105°). If all
angles o, a.,, d, are not within the acceptable range, then
the controller 80 at 397 may generate one or more signals
which cause the position sensors 34,, 34,, 34, and/or the
angle indicator 38 to display a warning message to the user.
At 400, the controller 80 may set the depth measurement M
to the shortest retained distance measurement S|, S,, S;. The
controller 80 may then proceed to 380 in order to determine
whether the obtained depth measurement M indicates that
the power tool 10 has attained the desired depth associated
with the stored zero value Z.
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[0056] If all angles o, a.,, &, are within the acceptable
range, then the controller 80 at 405 may set the depth
measurement M to an average of the retained distance
measurement S|, S,, S;. The controller 80 may then proceed
to 380 in order to determine whether obtained depth mea-
surement M indicates that the power tool 10 has attained the
desired depth associated with the stored zero value 7.

[0057] As noted above, if the obtained depth measurement
M is greater than the zero value Z, then the controller 80 at
385 may generate one or more signals which cause the motor
90 to drive or continue to drive the chuck 36. Then, the
controller 80 as depicted in FIG. 12C may protect the power
tool 10 from cam-out. In particular, the controller 80 at 430
may determine whether the obtained depth measurement M
is greater than the previously stored depth measurement M.
If the depth measurement M has increased, then a cam-out
condition, in which the driver bit has slipped from the head
of the screw, may have occurred power tool 10. In which
case, the controller 80 may proceed to 440 to further check
for a cam-out condition. Otherwise, the controller 80 at 435
may update the stored depth measurement M and return to
305 to check the status of the trigger 22.

[0058] At 440, the controller 80 may compare the current
RPM value of the motor 90 to the stored RPM value R to
determine whether the RPM value of the motor 90 has
increased by more than a threshold RPM value (e.g., 100
RPM) TR. In one embodiment, the motor 90 is implemented
with a brushless DC motor with internal circuitry that
controls the rate of the motor 90. In such embodiments, the
controller 80 may obtain the current RPM value from such
internal circuitry of the motor 90. In other embodiments, the
power tool 10 may include an inductive sensor on the motor
90 that provides the controller 80 with one or more signals
indicative the current RPM value of the motor 90. If the
RPM value has not increased by more than the threshold
RPM value TR, then controller 80 may determine that a
cam-out condition has not occurred. As such, the controller
80 at 445 may update the stored RPM value R and proceed
to 305 to check the status of the trigger 22.

[0059] However, if the RPM value has increased by more
than the threshold RPM value TR, then the controller 80 may
determine that a cam-out condition has occurred. Accord-
ingly, the controller 80 at 450 may generate one or more
control signals which apply the brake 96 and stop the motor
90. The controller 80 at block 455 may wait until the current
RPM value is zero and an average of the sensor measure-
ments S;, S,, S; is within a threshold level (e.g., 0.063
inches) TM of the stored depth measurement M. After
determining the current RPM value and the average of the
sensor measurements S1, S2, S3 are within the threshold
level TM, the controller 80 may proceed to 305 to check the
status of the trigger 22.

[0060] As explained above, the controller 80 applies the
brake 96 and stops the motor 90 when the zero value Z is
reached. In one embodiment, a user via the trigger 22 may
cause the controller 80 to further drive the motor 90 per a
finishing or incremental mode of operation. For example, the
user can over-travel the trigger 22 such that the trigger 22
moves past the first stop position 24 and to the second stop
position 25 in order to select the finishing mode of operation.
In another embodiment, the user can continue to hold the
trigger 22 for a predetermined time after the zero value Z is
reached in order to select the finishing mode of operation.
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[0061] In the finishing mode of operation, the controller
80 may cause the motor 90 to drive the chuck 36 at a
finishing rate which causes the chuck 36 to turn at a slower
rate than the normal operating rate until the trigger 22 is
released. For example, for an impact tool, the controller 80
may cause the hammer 94 via the motor 90 to impact the
chuck 36 at a slower finishing rate (e.g., 1 impact/second).
For a non-impact tool, the controller 80 may cause the motor
90 to rotate the chuck 36 at a slower finishing rate (e.g., %
turn/second). Such a slower finishing rate permits further
driving of the screw into the workpiece while reducing the
odds of cam-out and making it easier for the user to control
the power tool 10 such that the screw is driven flush into the
workpiece without overdriving.

[0062] Referring now to FIGS. 13-15, a few different
example embodiments of the angle indicator 38 are shown.
In FIG. 13, an angle indicator 500 is shown which comprises
a single indicator light 510. In such an embodiment, the
controller 80 may generate signals which continually illu-
minate the light 510 when the power tool 10 is perpendicular
or within an acceptable range (e.g., is £15°) of perpendicular
to the workpiece. The controller 80 may further generate
signals which cause the light 510 to convey messages (e.g.,
warning and/or error messages) to the user via various
blinking patterns of the light 510.

[0063] In FIG. 14, an angle indicator 520 is shown which
includes a central indicator light 521 as well as a left
indicator light 522, a right indicator light 524, a top indicator
light 526, and bottom indicator light 528. The controller 80
may generate signals which drive the central indicator light
521 in a manner similar to the indicator light 510 of FIG. 15.
Namely, the controller 80 may continually illuminate the
central indicator light 521 when the power tool 10 is within
an acceptable range of being perpendicular to the workpiece.
When the power tool 10 is not in an acceptable range of
being perpendicular, the controller 80 may illuminate
respective one or ones of the indicator lights 522, 524, 526,
528 to indicate in which direction the power tool 10 is out
of alignment. By illuminating the indicator lights 522, 524,
526, 528, the controller 80 may help the user to realign the
power tool 10 such that it is within the acceptable range of
being perpendicular to the workpiece.

[0064] InFIG. 15, an angle indicator 530 is shown having
a first display 532 and a second display 534. In one embodi-
ment, each display 532 and 534 comprises a two-digit, seven
segment display. The controller 80 may generate control
signals which cause the displays 532, 534 to present the
determined angles a and f. In one embodiment, the angle o
corresponds to a left-and-right angle of the power tool 10
and the angle f§ corresponds to an up-and-down angle of the
power tool 10. In such an embodiment, the display 532 may
depict the left-and-right or a angle and the display 534 may
depict the up-and-down or f§ angle. Besides displaying the
respective angles, the controller 80 may further cause the
displays 532, 534 to display one or more messages (e.g.,
warning or error messages). Such messages may include one
or more numeric symbols, alphabetic symbols, or other
symbols. The controller 80 may further cause displays 532,
534 to present various blinking patterns to further convey
messages to the user.

[0065] While the present invention has been described
with reference to certain embodiments, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted without departing from

Nov. 28, 2019

the scope of the present invention. In addition, many modi-
fications may be made to adapt a particular situation or
material to the teachings of the present invention without
departing from its scope. Therefore, it is intended that the
present invention not be limited to the particular embodi-
ment or embodiments disclosed, but that the present inven-
tion encompasses all embodiments falling within the scope
of the appended claims.

What is claimed is:
1. A power tool, comprising:

a first position sensor configured to generate a first signal
indicative of a first distance between the first position
sensor and a workpiece;

a second position sensor configured to generate a second
signal indicative of a second distance between the
second position sensor and the workpiece; and

a controller configured to determine a first angle of the
power tool with respect to the workpiece based on the
first signal and the second signal and present an indi-
cation as to whether the first angle is within a prede-
termined range.

2. The power tool of claim 1, further comprising:

a third position sensor configured to generate a third
signal indicative of a third distance between the third
position sensor and the workpiece;

wherein the controller is further configured to determine
a second angle of the power tool with respect to the
workpiece based on the first signal, the second signal,
and the third signal and present an indication as to
whether the second angle is within the predetermined
range.

3. The power tool of claim 2, further comprising:

a chuck configured to secure a tool; and

a motor configured to rotate the chuck and secured tool;
wherein the controller is further configured to:

obtain a depth measurement based on the first signal,
the second signal, and third signal; and

generate, based on the obtained depth measurement,
one or more control signals that control operation of
the motor.

4. The power tool of claim 2, further comprising:

a chuck having a distal end configured to secure a tool;
and

a motor configured to rotate the chuck and secured tool;
wherein the controller is further configured to:

determine the first distance, the second distance, and
the third distance based on the first signal, second
signal, and the third signal;

retain any of the first distance, the second distance, and
the third distance that is greater than a distance
between the respective position sensor and the distal
end of the chuck;

determine a depth measurement based on the retained
distances; and

generate, based on the obtained depth measurement,
one or more control signals that control operation of
the motor.
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5. The power tool of claim 2, further comprising:

a chuck having a distal end configured to secure a tool;

and

a motor configured to rotate the chuck and secured tool;

wherein the controller is further configured to:

determine the first distance, the second distance, and
the third distance based on the first signal, the second
signal, and the third signal;

determine a depth measurement based on the first
distance and the second distance if the first angle is
within the predetermined range; and

generate, based on the obtained depth measurement,
one or more control signals that control operation of
the motor.

6. The power tool of claim 4, wherein the controller is
configured to generate the one or more control signals such
that the one or more control signals stop the motor when the
controller detects a cam-out condition based on the obtained
depth measurement.

7. The power tool of claim 4, wherein the controller is
configured to generate the one or more control signals such
that the one or more control signals stop the motor when the
controller determines the obtained depth measurement cor-
responds to a predetermined depth for stopping the motor.

8. The power tool of claim 1, further comprising:

a chuck having a distal end configured to secure a tool;

a motor configured to rotate the chuck and secured tool;

and

a trigger having a first range of travel associated with a

first operating mode and a second range of travel
associated with a second operating mode;

wherein the controller is configured to generate one or

more control signals that operate the motor per the first
operating mode based on the trigger being in the first
range of travel and that operate the motor per the
second operating mode based on the trigger being in the
second range of travel.

9. The power tool of claim 1, further comprising:

a chuck having a distal end configured to secure a tool;

a motor configured to rotate the chuck and secured tool;

and

a trigger;

wherein, in response to the trigger being actuated, the

controller is configured to generate one or more control
signals that operate the motor per a first operating mode
until the obtained depth measurement corresponds to a
predetermined depth and per a second operating mode
after the predetermine depth is reached.

10. A method, comprising:

generating, with a first position sensor of a power tool, a

first signal indicative of a first distance between the first
position sensor and a workpiece;
generating, with a second position sensor of the power
tool, a second signal indicative of a second distance
between the second position sensor and the workpiece;

determining a first angle of the power tool with respect to
the workpiece based on the first signal and the second
signal; and

presenting an indication as to whether the first angle is

within a predetermined range.

11. The method of claim 10, further comprising:

generating, with a third position sensor of the power tool,

a third signal indicative of a third distance between the
third position sensor and the workpiece;
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determining a second angle of the power tool with respect
to the workpiece based on the first signal, the second
signal, and the third signal; and

presenting an indication as to whether the second angle is
within the predetermined range.

12. The method of claim 11, further comprising:

obtaining a depth measurement based on the first signal,
the second signal, and third signal; and

generating, based on the obtained depth measurement,
one or more control signals that control operation of a
motor of the power tool.

13. The method of claim 11, further comprising:

determining the first distance, the second distance, and the
third distance based on the first signal, the second
signal, and the third signal;

retaining any of the first distance, the second distance, and
the third distance that is greater than a distance between
the respective position sensor and a distal end of a
chuck for the power tool;

determining a depth measurement based on the retained
distances; and

generating, based on the obtained depth measurement,
one or more control signals that control operation of the
motor.

14. The method of claim 11, further comprising:

determining the first distance, the second distance, and the
third distance based on the first signal, the second
signal, and the third signal;

determining a depth measurement based on the first
distance and the second distance if the first angle is
within the predetermined range; and

generating, based on the obtained depth measurement,
one or more control signals that control operation of the
motor.

15. The method of claim 12, further comprising:

detecting, based on the obtained depth measurement, a
cam-out condition; and

in response to said detecting, generating the one or more
control signals such that the one or more control signals
stop the motor.

16. The method of claim 12, further comprising:

determining that the obtained depth measurement corre-
sponds to a predetermined depth; and

in response to said determining, generating the one or
more control signals such that the one or more control
signals stop the motor.

17. The method of claim 10, further comprising:

in response to a trigger of the power tool being in a first
range of travel, generating the one or more control
signals such that the one or more control signals
operate a motor of the power tool per a first operating
mode; and

in response to the trigger being in a second range of travel,
generating the one or more control signals such that the
one or more control signals operate the motor per a
second operating mode.

18. The method of claim 10, further comprising:

in response to a trigger of the power tool being actuated,
generating one or more control signals that operate a
motor of the power tool per a first operating mode until
the obtained depth measurement corresponds to a pre-
determined depth; and
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in response to the trigger being actuated after the prede-
termine depth is reached, generating one or more
control signals that operate the motor per a second
operating mode.
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