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POWER TOOL HAVING EARLY BRAKING FUNCTIONALITY

A power tool comprising: a motor; a fastener

gripping portion operatively coupled to the motor for
causing movement of the fastener gripping portion be-
tween a home position and a retracted position to set a
fastener; and a controller for controlling the motor where-
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Description
Field
[0001] The present disclosure relates to a power tool

having a movable fastener gripping portion and which
implements early braking functionality.

Background

[0002] Some blind rivet setting tools comprise sensors
for determining the position of the jaw assembly such as
US patent no. 8,109,123. During a reset operation the
jaw assembly is determined to have reached its home
position on the basis of sensor output. If the jaw assembly
overshoots the home position during a reset operation
problems can occur, including damage to the tool and
rivets being incorrectly set in use.

Summary

[0003] According to an aspect of the present invention
there is a provided a power tool comprising: a motor; a
fastener gripping portion operatively coupled to the motor
for causing movement of the fastener gripping portion
between a home position and a retracted position to set
a fastener; and a controller for controlling the motor
wherein during a reset stage of operation, in which the
fastener gripping portion is moved towards the home po-
sition, the controller is configured to decelerate the motor
before the fastener gripping portion reaches the home
position.

[0004] During the reset stage of operation the control-
ler may be configured to drive the motor at a first target
speed during afirst portion of the reset stage of operation
and to decelerate the motor upon determination by the
controller that the fastener gripping portion is within a
threshold distance from the home position.

[0005] The magnitude of the threshold distance may
be at least 75% of the total distance travelled by the fas-
tener gripping portion between the home postion and the
retracted position.

[0006] Thefirsttargetspeed maybethe maximum driv-
ing speed of the motor.

[0007] The motor may be decelerated to a second pre-
determined speed which is maintained until the controller
subsequently determines that the fastener gripping por-
tion is at the home position wherein in response the con-
troller decelerates the motor to a stop.

[0008] The second predetermined speed ranges be-
tween 50% to 80% of the first target speed.

[0009] The controller may be configured to determine
the number of motor turns during movement of the fas-
tener gripping portion from the home position to the re-
tracted position and the number of motor turns during the
reset stage of operation whereby the controller can de-
termine when the fastener gripping portion is within the
threshold distance from the home position when the
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number of motor turns determined during the reset stage
of operation is within a threshold number of the number
of motor turns determined during movement of the fas-
tener gripping portion to the retracted position.

[0010] The controller may determine the fastener grip-
ping portion is at the threshold distance from the home
position when the number of motor turns determined to
have occurred during the reset stage of operation is at
least 75% of the number of motor turns determined to
have occurred during movement of the fastener gripping
portion to the retracted position.

[0011] The power tool as heretofore described com-
prising a sensor which generates an output indicative
that the fastener gripping portion has reached the home
position during the reset stage of operation. The control-
ler may be configured to stop reverse movement of the
motor based on the signal received from the sensor. The
sensor may be a Hall sensor mounted in a fixed position
within the tool which is configured to detect a magnet
which is axially fixed relative to the fastener gripping por-
tion. The magnet may be mounted on an axially moveable
feature of a mechanism which causes axial movement
of the fastener gripping portion during driving of the motor
in use.

[0012] The controller may be configured to control the
motor to move the fastener gripping portion to the home
position if in response to receiving a tool actuation signal
the controller determines that the fastener gripping por-
tion is not at the home position.

[0013] The fastener gripping portion may be a jaw as-
sembly.
[0014] The power tool may be a blind rivet setting tool.

Brief Description of the Drawings

[0015] Various aspects and embodiments of the inven-
tion will now be described by way of non-limiting example
with reference to the accompanying drawings, in which:

Fig. 1 shows a side cross-sectional view of a blind
rivet setting tool;

Fig. 2 shows a close-up of part of the blind rivet set-
ting tool in Fig. 1;

Figs 3a and 3b show a jaw assembly of the blind
rivet setting tool in Fig. 1 in first and second config-
urations respectively;

Fig. 4 shows a cross-sectional view of the blind rivet
setting tool in Fig. 1 along the direction F-F;

Fig. 5a shows an exploded view of a component of
the blind rivet setting tool in Fig. 1;

Fig. 5b shows the componentin Fig. 5ain assembled
form;

Fig. 6 shows a schematic drawing of the blind rivet
setting tool in Fig. 1;

Fig. 7 shows a flow diagram showing the operation
of the blind rivet setting tool in Fig. 1 according to a
first example;

Fig. 8 shows a flow diagram showing the operation
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of the blind rivet setting tool in Fig. 1 according to a
second example; and

Fig. 9 shows a graph of motor speed versus time of
the blind rivet setting tool in use.

Detailed Description

[0016] Fig. 1 shows a side cross-sectional view of a
blind rivet setting tool 100. The tool 100 has a housing
102 of a clam shell type construction having two halves
which are fastened together. A battery 104 is releasably
connected to the base 122 of the handle 106 via a battery
attachment feature. To use the tool 100 a user inserts
the mandrel of a blind rivet into a nose 108 of the tool
100 and pulls a trigger 110. In response to a controller
112 of the tool determining that the trigger 110 has been
pulled the controller 112 generates a signal to activate a
motor 114, which is a DC brushless motor. The motor
114 is located in the handle 106 and has a motor output
shaft 116. Torque from the motor output shaft 116 is
transferred via a transmission 118 to a first bevel gear
120. The transmission 118 comprises a series of plane-
tary gear arrangements for reducing output speed while
increasing torque. The first bevel gear 120 rotates at a
lower speed than the motor output shaft 116 however
with anincreased torque relative to the motor output shaft
116. The motor output shaft 116, transmission 118 and
first bevel gear 120 are aligned along a first axis A-A
which extends along a longitudinal length of the handle
106. By also locating the battery 104 on the first longitu-
dinal axis A-A weight distribution of the tool 100 is im-
proved.

[0017] A secondbevel gear 124 is provided on the end
face of a driving sleeve 126. The driving sleeve 126 is
rotationally fixed relative to an input sleeve 128 of a ball
screw arrangement 130. The driving sleeve 126 and input
sleeve 128 are fixed relative to each other due to a friction
fit arrangement. An internal surface of the input sleeve
128 comprises a threaded surface. The outer surface of
the driving sleeve 126 is supported by bearings 132 which
enable rotation of the driving sleeve 126 with respect to
the housing 102. A threaded rod 134 is mounted within
the input sleeve 128, which extends through the input
sleeve 128. A plurality of balls, such as metal ball bear-
ings, ride in the opposing threaded surfaces of the input
sleeve 128 and threaded rod 134, thereby defining a ball
screw arrangement 130.

[0018] When the input sleeve 128 is rotatably driven
by the driving sleeve 126 this causes axial movement of
the threaded rod 134. In other words, torque from the
motor 114 is transferred through the transmission 118,
firstand second bevel gears 120, 124 and driving sleeve
126 to the input sleeve 128, whereby rotation thereof
causes axial movement of the threaded rod 134. The
threaded rod 134 is configured to move along a second
longitudinal axis B-B of the tool 100. The threaded rod
134 can move forwards or backwards along the axis B-
B depending on the motor driving direction.
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[0019] Referring to Fig. 2 a connecting sleeve 300 is
attached to a first end 302 of the threaded rod 134, which
is mounted to the threaded rod 134 via a screw thread.
A pull-back hull 304 is threadably attached to the con-
necting sleeve 300. Axial movement of the threaded rod
134 along the second longitudinal axis B-B therefore also
causes axial movement of the pull-back hull 304.
[0020] A jaw assembly 500 is located within the pull-
back hull 304. The jaw assembly (shown in Fig. 3a) has
a plurality of circumferentially arranged jaws 306 each of
which has a ramped outer surface 308 for cooperating
with a conical inner surface 310 of the pull-back hull 304.
A separator sleeve 312 is forced by a spring 314 against
the jaws 306; more specifically a ramped front surface
316 of the separator sleeve 312 is forced against ramped
rear surfaces 318 of the jaws 306. A nosepiece 320 is
releasably attached at the opening to the nose 108 of the
tool 100 which has an annular ramped surface 402. Each
of the jaws 306 have a front ramped surface 400 for co-
operating with the annular ramped surface 402 of the
nose piece 320. Cooperation between the ramped outer
surfaces 308 of the jaws 306 and the conical inner surface
310 of the pull-back hull 304, between the ramped rear
surfaces 318 of the jaws 306 and the ramped front sur-
face 316 of the separator sleeve 312 and between the
front ramped surfaces 400 of the jaws and the annular
ramped surface 402 of the nose piece 320 enables the
tool 100 to set blind rivets in use.

[0021] To seta blind rivet a mandrel thereof is inserted
through the nose piece 320 such that the mandrel ex-
tends between the jaws 306, thereby urging the jaws 306
radially apart (see Fig. 3b). Upon pulling the trigger 110
of the tool 100 the controller 112 causes the threaded
rod 134, and thus the pull-back hull 304, to move along
the second longitudinal axis B-B to the right in Figs. 1
and 2. As the pull-back hull 304 is retracted its conical
inner surface 310 is forced against the outer surfaces
308 of the jaws 306, whereby a component of force draws
the jaws 306 backwards with the pull-back hull 304
whereas another component of force urges the jaws 306
radially inwards thereby clamping the mandrel of the blind
rivet being set between the jaws 306.

[0022] In other words pulling the pull-back hull 304 to
the right in Figs. 1 and 2 causes the jaws 306 to grip and
pull the mandrel of a rivet being set. The blind rivet thus
is pulled against the nose piece 320 for deforming the
blind rivetand when the mandrel of the blind rivetis pulled
far enough for setting the blind rivet the mandrel snaps.
[0023] Subsequentlythe tool 100 isrequired to perform
a reset operation to dispose of the broken mandrel and
to accept a fresh blind rivet for setting. During a reset
operation of the tool 100 the controller 112 causes the
motor 114 to reverse its direction for moving the threaded
rod 134, and thus the pull-back hull 304, in the other
direction along the second longitudinal axis B-B to the
left in Figs. 1 and 2. When the pull-back hull 304 has
been moved sufficiently far to the left the spring 314 via
the separator sleeve 312 will urge the front ramped sur-
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faces 400 of the jaws 306 against the annular ramped
surface 402 of the nose piece 320. Further movement of
the threaded rod 134 to the left in Figs. 1 and 2 will in-
crease the pressure of the spring 314 against the sepa-
rator sleeve 312 and thus cause the front ramped sur-
faces 400 of the jaws 306 to ride along the annular
ramped surface 402 of the nose piece 320 while the
ramped rear surfaces 318 of the jaws 306 ride along the
ramped front surface 316 of the separator sleeve 312.
This causes the jaws 306 to move radially outwards and
release the grip on the snapped mandrel, whereby with
reference to Fig. 1 the released snapped mandrel can
be caused to fall under gravity along an internal path 204
in the direction of a collection chamber 200. Forexample,
after a rivet setting operation, the user tilts the tool 100
such that the snapped mandrel moves into the collection
chamber 200. The internal path 204 is defined by aligned
openings extending through components between the
jaws 306 and the collection chamber 200, including a first
channel 202 extending through the threaded rod 134
along the second longitudinal axis B-B and a second
channel 204 through a guidance sleeve 206.

[0024] Turning to Figs 3a and 3b the jaw assembly 500
will now be discussed in more detail. Fig. 3a shows a
perspective view of the jaw assembly 500 in a first con-
figuration in which the jaws 306 are located radially as
close to each other as possible. Fig. 3b shows a perspec-
tive view of the jaw assembly 500 in a second configu-
ration in which the jaws 306 are urged radially apart from
each other such as by a mandrel of a blind rivet being
inserted through the space between the jaws 306 or the
jaws 306 being forced against the annular ramped sur-
face 402 of the nose piece 320. The jaw assembly 500
comprises three identical jaws 306 circumferentially ar-
ranged about a jaw assembly axis G-G. When the jaw
assembly 500 is mounted in the tool 100, the jaw assem-
bly axis G-G is coaxial with the second longitudinal axis
B-B of the tool 100. The three jaws 306 can move radially
with respect to the jaw assembly axis G-G.

[0025] There are situations during which the jaw as-
sembly 500 is removed from the tool, in particular during
routine maintenance of the tool 100 during which it is
disassembled and then reassembled after being
cleaned. Alternatively the jaw assembly 500 may be
swapped with a new jaw assembly because the jaws 306
of the original jaw assembly have worn. Further alterna-
tively the jaw assembly 500 may be swapped with a new
jaw assembly because the different jaw assemblies are
configured for use with different sized mandrels. Refer-
ring again to Figs. 3a and 3b the jaw assembly has a
flexible o-ring 502 for holding the jaws 306 of the jaw
assembly 500 together when it is not located within the
tool 100. Each of the jaws 306 defines part of an annual
groove 504 when the jaws 306 are in the configuration
shown in Fig. 3a wherein the o-ring 502 is located in the
annular groove 504 and biases the jaws 306 together.
The o-ring 502 can be made from an elastic material such
as rubber.
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[0026] The controller 112 will be discussed in more de-
tail with reference to Fig. 6 which shows a schematic
diagram of the tool 100. The controller 112 is connected
to the motor 114 and the battery 104. The controller 112
is configured to selectively control the motor 114 based
on an actuation signal received from a trigger sensor 111
which is configured to generate a signal indicative that
the trigger 110 has been pulled or released and a jaw
assembly home position sensor 800.

[0027] A problem with some blind rivet setting tools
which calculate the position of the jaw assembly 500 is
that the calculated position of the jaw assembly 500 can
drift over time due to cumulative inaccuracies. Some
tools address this by including a clutch mechanism for
protecting components of the tool if the jaw assembly
500 overshoots its intended range of movement during
tool use.

[0028] The tool 100 advantageously does not need a
clutch mechanism because the controller 112 can deter-
mine the absolute position of the jaw assembly 500 with
respect to the housing 102 every fastening operation.
This means that after each fastening operation inaccu-
racies in the jaw assembly 500 position calculation per-
formed by the controller 112 are reset to zero.

[0029] The jaw assembly home position sensor 800 is
configured to generate a signal indicative that the jaw
assembly 500 is at the home position, which is the posi-
tion in which the tool 100 is ready to receive a new blind
rivet for setting. Based on information received from the
jaw assembly home position sensor 800 the controller
112 determines that the jaw assembly 500 is at the home
position irrespective of other position data the controller
112 receives or calculates regarding the jaw assembly
500.

[0030] Withreference to Figs 5aand 5b an anti-rotation
bar 700 is engaged with the threaded rod 134 in a manner
whereby the anti-rotation bar 700 is axially and rotation-
ally fixed to the threaded rod 134. As the input sleeve
128 is rotated the anti-rotation bar 700 cooperates with
the threaded rod 134 and slots 600, 602 in the housing
102 for causing the threaded rod 134 to move axially
along the axis B-B. Since the anti-rotation bar 700 is ro-
tationally fixed with respect to the housing 102 it slides
relative to the housing 102 through the slots 600, 602
during axial movement of the threaded rod 134.

[0031] The anti-rotation bar 700 comprises a central
hole 702 with athreaded inner surface 704 which is tightly
threadably engaged with a reciprocal threaded surface
208 at an end of the threaded rod 134.

[0032] The anti-rotation bar 700 comprises a first arm
706 and a second arm 708. The first and second arms
706, 708 are mounted in first and second slots 600, 602
in the housing 102. When the threaded rod 134 moves
along the second longitudinal axis B-B, the first and sec-
ond arms 706, 708 slide along the first and second slots
600, 602. The first and second slots 600, 602 extend
along longitudinal axes which are parallel to the second
longitudinal axis B-B.
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[0033] The anti-rotation bar 700 has a mounting plate
710 projecting from a central portion 712 of the anti-ro-
tation bar 700. A magnet 714 is mounted to the mounting
plate 710. A sleeve housing 716 is mounted over the anti-
rotation bar 700 as shown in Fig. 5b.

[0034] The sleeve housing 716 comprises a magnet
pocket 718 for receiving the magnet 714 and the sleeve
housing 716 ensures that the magnet 714 does not move
with respect to the anti-rotation bar 700 when mounted
to the anti-rotation bar 700 as shown in Fig. 5b. The mag-
net pocket 718 comprises a window 720 exposing a por-
tion of the magnet 714. This means that the sleeve hous-
ing 716 is not positioned between the magnet 714 and a
Hall sensor comprising the home position sensor 800
(hereafter referred to as Hall sensor 800). Accordingly
the sleeve housing 716 itself does not attenuate the mag-
netic field generated from the magnet 714 in the direction
of the Hall sensor 800 when the jaw assembly 500 is in
the home position.

[0035] The sleeve housing 716 comprises an arm win-
dow 722 configured to receive the first arm 706. When
the sleeve housing 716 is mounted on the anti-rotation
bar 700, the first arm 706 projects through the arm win-
dow 722. The sleeve housing 716 comprises a snap-fit
mechanism 724 for engaging a locking ramp 726 and
snapping against a locking shoulder portion 728 of the
anti-rotation bar 700. This securely engages the sleeve
housing 716 against the anti-rotation bar 700. The sleev-
ing housing 716 comprises a similar lower snap-fit mech-
anism 730 configured to engage a lower locking ramp
732 and snapping against a lower locking shoulder por-
tion 734 of the anti-rotation bar 700.

[0036] Looking at Fig. 4 the tool 100 comprises a print-
ed circuit board (PCB) 606 comprising the Hall sensor
800. The Hall sensor 800 is configured to detect the mag-
net 714 when the jaw assembly 500 is in the home po-
sition. The Hall sensor 800 and the magnet 714 are ar-
ranged to be close to each other when the jaw assembly
500 is in the home position. In some examples, the min-
imum distance X1 between the Hall sensor 800 and the
magnet 714 is 1.1mm. It has been noted that this mini-
mum distance allows for sufficient sensitivity in the Hall
sensor 800 detecting relative movement of the magnet
714 with respect to the Hall sensor 800. Atthe same time
this allows sufficient clearance between the first and sec-
ond arms 706, 708 and the first and second slots 600,
602 to allow slidable movement of the first and second
arms 706, 708 in the first and second slots 600, 602.
[0037] As mentioned above, the anti-rotation bar 700
is axially and rotationally fixed relative to the threaded
rod 134 and is rotationally fixed with respect to the hous-
ing 102. Given that the jaw assembly 500 is caused to
move axially upon axial movement of the threaded rod
134 this means that the anti-rotation bar 700, the magnet
714, the threaded rod 134 and the jaw assembly 500
move together along the second longitudinal axis B-B in
use. Detecting movement of the magnet 714 thus allows
movement of the jaw assembly 500 to be detected.
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[0038] The Hall sensor 800 is configured to detect a
specific magnetic pole. In other words the Hall sensor
800 is configured to detect magnetic flux of one polarity
while being blind to magnetic flux of the other polarity,
meaning the Hall sensor 800 generates a signal in re-
sponse to detection of a specific pole of the magnet 714.
For example the Hall sensor 800 is configured to detect
magnetic flux emanating from the north pole of the mag-
net 714 while being blind to magnetic flux emanating from
the south pole of the magnet 714, meaning the Hall sen-
sor 800 generates a signal in response to detection of
the North pole of the magnet 714.The tool 100 is config-
ured such that the middle portion of the magnet 714 - the
transition between north and south magnetic poles - is
aligned with the Hall sensor 800 when the jaw assembly
500 is in the home position. That is, upon occurrence of
a change in polarity of the magnetic flux to which the Hall
sensor 800 is exposed then the Hall sensor 800 gener-
ates a signal which is indicative of the jaw assembly 500
being in the home position.

[0039] This can be used to detect when the jaw as-
sembly 500 has reached its home position during a reset
operation of the tool 100. Continuing with the example in
which the Hall sensor 800 is configured to detect mag-
netic flux emanating from the north pole of the magnet
714 only while being blind to magnetic flux emanating
from the south pole of the magnet 714: the magnet 714
may be aligned such that during a rivet setting operation
when the jaw assembly 500 is retracted and the magnet
714 moves away from the Hall sensor 800 the Hall sensor
800 is only exposed to magnetic flux emanating from the
south pole of the magnet 714 meaning no signal is gen-
erated by the Hall sensor 800. During a reset operation
of the tool as the jaw assembly 500 is moved towards
the home position, and the magnet 714 is moved towards
the Hall sensor 800, the Hall sensor 800 is exposed to
magnetic flux emanating from the south pole of the mag-
net 714 meaning no signal is generated by the Hall sensor
800. However after the jaws 500 have reached the home
position and continue to move beyond the home position,
the magnet moves past the Hall sensor 800 such that
the Hall sensor 800 is only exposed to magnetic flux em-
anating from the north pole of the magnet 714 meaning
a signal is suddenly generated by the Hall sensor 800.
The controller 112 can use this signal to determine that
the reset operation is complete.

[0040] As showninFig. 5a,the magnet 714 comprises
amagnetic axis H-H which extends in adirection between
opposite poles of the magnet 714 and the magnetic axis
H-H is parallel with the second longitudinal axis B-B of
the tool 100 along which the jaw assembly 500 moves
from the home position to a retracted position during a
rivet setting operation. In some examples the heretofore
described arrangement is configured to detect variations
in position of the magnet 714 as low as 0.6mm, which
means the jaw assembly 500 can be determined to have
reached the home position to an accuracy of 0.6mm.
[0041] Operation of the tool 100 will now be discussed
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in more detail with respectto Figs 7, 8 and 9. Fig. 7 shows
a simplified mode of operation of the tool 100. The func-
tionality illustrated in Fig. 7 is implemented by the con-
troller 112 on the basis of software stored in memory 804,
whereby upon the controller 112 running such software
it implements the functionality illustrated in Fig. 7. The
controller 112 is configured to control the tool 100 based
on a signal received from the Hall sensor 800 and motor
status information.

[0042] Based on input from the trigger sensor 111 the
controller 112 initiates a pull action operation (otherwise
referred to as a rivet setting operation) as shown in step
900 of Fig. 7. The jaw assembly 500 is in the home po-
sition when the controller 112 starts the pull action oper-
ation. The controller 112 starts the pull action operation
900 by issuing a control instruction to the motor 114 at
time T = T1 whereby the motor 114 is caused to ramp
up in speed to a predetermined target speed which is
attained at time T2 shown in Fig. 9. In some examples
the predetermined target speed is the maximum driving
speed of the motor. Insome examples the predetermined
target speed may fall in the range between 24,000 RPM
to 30,000 RPM. By configuring the tool 100 so that the
predetermined target speed of the motor 114 between
T1 and T2 is the maximum driving speed of the motor
this provides that the jaw assembly 500 moves from the
home position to the retracted position as quickly as pos-
sible. It will however be appreciated that in practice the
maximum driving speed of the motor 114 is dependent
on various factors such as the level of charge of the bat-
tery 104, the temperature of the battery 104, the magni-
tude of force required to deform the rivet being set and
the magnitude of friction experienced by internal features
of the tool 100 in use.

[0043] The controller 112 issues another control in-
struction to stop the motor 114 when the threaded rod
134 and the jaw assembly 500 are in the retracted posi-
tion as shown in step 902, wherein how this is determined
is explained below. In response the motor 114 brakes at
t=T3 and stops at t=T4; preferably between t=T3 and
t=T4 the motor 114 is braked at the maximum achievable
deceleration rate. The retracted position corresponds
with the maximum distance which the tool 100 is config-
ured to enable the jaw assembly 500 to be retracted.
[0044] The controller 112 is configured to determine
the position of the threaded rod 134 and thereby the jaw
assembly 500 based on motor status information such
as the number of turns (or partial turns) the motor 114
has made since initiation of the pull action operation in
step 900 when the jaw assembly 500 was in the home
position. Deriving the position of a jaw assembly in a blind
rivet setting tool based on motor turns is a known tech-
nique, described for example in EP3530372A1 and
EP3530370A1 the contents of which are incorporated
herein by reference.

[0045] The controller 112 is configured to receive in-
formation indicative of the motor status information from
the motor 114 e.g. information indicative of the number

10

15

20

25

30

35

40

45

50

55

of motor turns performed. Alternatively the controller 112
can optionally determine the number of motor turns
based on information received from the motor 114 upon
implementing software functionality stored in memory
804.

[0046] The controller 112 determines that the jaw as-
sembly 500 is in the retracted position when the number
of motor turns since initiation of the pull action operation
in step 900 reaches a predetermined maximum value
stored in the memory 804. This means that the controller
112 is configured to determine the position of the thread-
ed rod 134 and thus the jaw assembly 500 when moving
towards the retracted position away from the home po-
sition based on motor status information alone.

[0047] The tool 100 then needs to perform a drive back
home operation 1104 (as shown in Fig. 9), alternatively
referred to as a reset operation, in order to move the jaw
assembly 500 back to the home position in order to re-
lease the snapped mandrel of the blind rivet being set
and to be ready to receive a mandrel of a subsequent
blind rivet to be set. To enact the reset operation the
controller 112 issues a control instruction to the motor
114 to drive in a reverse direction and thereby move the
jaw assembly 500 towards the home position as shown
in step 904. In response to the controller 112 issuing this
instruction at T=T5 the motor 114 is caused to ramp up
in speed (in a reverse direction) to the predetermined
target speed which is attained at t=T6. As a reminder, in
some examples the predetermined target speed is the
maximum driving speed of the motor 114 so that the jaw
assembly 500 moves from the retracted position towards
the home position as quickly as possible; again though
as mentioned previously the maximum driving speed of
the motor 114 which is achievable in practice is depend-
ent on various factors such as the level of charge of the
battery 104, the temperature of the battery 104 and the
magnitude of friction experienced by internal features of
the tool 100 in use.

[0048] Inorderto protectthe tool 100 the controller 112
does not drive the motor 114 at the predetermined target
speed through the entire distance that the jaw assembly
500 moves from the retracted position to the home posi-
tion. Instead the controller 112 is configured to cause the
motor 114 to drive in reverse direction at a reduced speed
when the jaw assembly 500 is determined by the con-
troller 112 to be within a threshold distance of the home
position, which will be described in more detail later.
[0049] During reverse driving of the motor 114 in step
906 of Fig. 7 the controller 112 compares the number of
motor turns occurring during reverse movement with the
number of motor turns which occurred during the pull
action operation. When the number of motor turns deter-
mined to have occurred during reverse movementis with-
in a threshold amount of the number of motor turns which
occurred during the pull action operation the controller
112 in step 908 causes the motor driving speed in the
reverse direction to be reduced so that the jaw assembly
500 can be more precisely positioned in the home posi-
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tion to reduce the extent to which the jaw assembly 500
overshoots the home position. The threshold amount is
realised in step 906 when the number of motor turns de-
termined to have occurred during reverse movement is
within 25% of the number of motor turns which occurred
during the pull action operation. In other words the thresh-
old condition of step 906 is realised when the jaw assem-
bly 500 has been driven 75% of the way back towards
its home position. If during reverse driving of the motor
114 in step 906 the controller 112 determines that the
threshold condition has not been satisfied the motor 114
is caused to continue driving in reverse at the predeter-
mined target speed wherein step 906 is repeated.
[0050] In some embodiments the distance of travel of
the jaw assembly 500 from the home position to the max-
imum stroke pull back position is 25mm. Thus during a
return operation the threshold condition of step 906 is
determined to have been satisfied when the jaw assem-
bly has been returned 75% of the way back towards its
home position, namely when the jaw assembly is within
6.25mm of the home position.

[0051] In some embodiments the distance of travel of
the jaw assembly 500 from the home position to the max-
imum stroke pull back position is 30mm. Thus during a
return operation the threshold condition of step 906 is
determined to have been satisfied when the jaw assem-
bly has been returned 75% of the way back towards its
home position, namely when the jaw assembly is within
7.5mm of the home position.

[0052] Returning to Fig. 9, in response to the controller
112 in step 908 issuing a control instruction to slow the
motor 114 down at time T7 the motor 114 decelerates to
a predetermined early braking speed which is lower than
the predetermined target speed of the motor 114 be-
tween times T2 to T3 and T6 to T7. In this way, the con-
troller 112 provides early braking to the motor 114 before
the jaw assembly 500 reaches the home position.
[0053] In embodiments in which the predetermined
motor target speed between times T2to T3and T6 to T7
ranges between 24,000 RPM to 30,000 RPM the prede-
termined early braking speed ranges between 15,000
RM to 20,000 RPM. More specifically in an embodiment
in which the target motor driving speed between T2 to
T3 and T6 to T7 is 24,000 RPM the early braking speed
is 15,000 RPM. In another embodiment in which the tar-
get motor driving speed between T2 to T3 and T6 to T7
is 30,000 RPM the early braking speed is 20,000 RPM.
[0054] The rate of deceleration between times T7 and
T8 when the motor 114 reaches the predetermined early
braking speed is such that the early braking speed is
achieved before the jaw assembly 500 reaches the home
position, wherein the rate of deceleration between T7
and T8 can be the maximum achievable deceleration rate
although there is freedom to use a less steep rate of
deceleration provided that the early braking speed is
achieved before the jaw assembly 500 reaches the home
position. When the early braking speed has been
achieved at time t = T8 the controller 112 controls the
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motor 114 to keep driving at that speed until the controller
112 detects input from the Hall sensor 800 in step 910
which isindicative that the jaw assembly 500 has reached
the home position as heretofore described. In response
the controller 112 issues in step 912 att = T9 a stop
instruction to stop the motor 114 completely whereby the
motor 114 decelerates (preferably at the maximum
achievable deceleration rate) until the motor 114 stops
turning.

[0055] When the controller 112 receives the signal
from the Hall sensor 800 in step 910 the controller 112
is configured to reset the motor status information to cor-
respond with the jaw assembly 500 being in the home
position. Forexample, the controller 112 resets the active
number of motor turns to zero. This means that any drift
between the active number of motor turns determined by
the controller 112 and the actual number of motor turns
is reset to zero each time the tool 100 is operated.
[0056] This means thatthe controller 112 is configured
to determine the position of the jaw assembly 500, and
thereby control the operating speed of the motor 114,
when the jaw assembly 500 is moving towards the home
position away from the retracted position based on the
motor status information and a signal received from the
Hall sensor 800.

[0057] The jaw assembly 500 has now returned to the
home position and the tool 100 is ready to accept a new
blind rivet.

[0058] As already mentioned the maximum driving
speed of the motor 114 which is achievable in practice
is dependent on multiple factors such as the level of
charge of the battery 104, the temperature of the battery
104, the magnitude of force required to deform the par-
ticular rivet being set and the magnitude of friction expe-
rienced by internal features of the tool 100 in use. In tools
in which a jaw assembly is driven backwards during a
reset operation at maximum speed all the way until the
home position is detected and a complete stop of the
motor is initiated the level of overshoot passed the home
position is variable based on the multiple factors effecting
the maximum driving speed of the motor. Thus when such
tools are designed they need to have high tolerances
builtinto the design to accommodate the variable extents
which the jaw assembly may overshoot the home posi-
tion. The heretofore described early braking functionality
addresses this issue. The early braking speed is chosen
to be lower than the maximum driving speed of the motor
and so is less effected by the factors mentioned above
such as battery charge level, meaning that the tool 100
can more reliably control the motor 114 to operate at a
specific predetermined early braking speed. By causing
the motor 114 to have slowed down to the early braking
speed by the time when the jaw assembly 500 reaches
the home position means that when the home position
is finally reached, and the jaw assembly 500 is braked
hard, the jaw assembly 500 is always braking from the
same speed regardless of tool operating conditions (e.g.
ambienttemperature/battery charge level) and so the lev-
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el of overshoot past the home positionis more predictable
meaning the tool 100 can be controlled within tighter op-
erational tolerances, whereby the tolerances required to
be built into the tool design are less.

[0059] In view of the foregoing paragraph it will be ap-
preciated that there is some freedom for a designer to
select a suitable percentage change reduction in motor
speed during a reset stage of operation between the pre-
determined target speed and the early braking speed. If
the early braking speed is very low this will of course
reduce the potential level of overshoot of the jaw assem-
bly 500 past the home position, however, the overall du-
ration of the reset operation will be increased. On the
other hand if the early braking speed is much closer to
the predetermined target speed this will reduce the over-
all duration of the reset operation but will increase the
potential level of overshoot of the jaw assembly 500 past
the home position. Some balance must therefore be
struck in selecting a suitable percentage change reduc-
tion in motor speed during a reset stage of operation be-
tween the predetermined target speed and the early brak-
ing speed, which maintains the potential level of over-
shoot of the jaw assembly 500 past the home position
within acceptable levels while maintaining a reasonable
overall duration of the reset operation. With this in mind,
it is envisaged that in some embodiments during a reset
stage of operation the early braking speed can range
between 50% to 80% of the predetermined target speed.
In some embodiments during a reset stage of operation
the early braking speed can range between 60% to 70%
of the predetermined target speed. In some embodi-
ments during a reset stage of operation the early braking
speed can be range between 62% to 67% of the prede-
termined target speed.

[0060] Anotherexample willnow be discussed with ref-
erence to Fig. 8 which is identical to Fig. 7 except that
the operation of the tool 100 comprises additional func-
tionality which will now be described. The functionality
illustrated in Fig. 8 is implemented by the controller 112
on the basis of software stored in memory 804, whereby
upon the controller 112 running such software it imple-
ments the functionality illustrated in Fig. 8

[0061] The controller 112 is configured to actuate the
tool 100 in response to receiving an actuation signal from
the trigger sensor 111 in step 1000. The controller 112
then determines that the user wishes to use the tool 100
and in response determines whether the jaw assembly
500 is in the home position in step 1002. The controller
112 can determine whether the jaw assembly 500 is in
the home position similarly to before, namely based on
whether a signal is generated by the Hall sensor 800. If
in step 1002 the controller 112 determines that a signal
is generated by the Hall sensor 800 then the jaw assem-
bly 500 is determined to be in the home position and in
response the controller 112 proceeds to step 900 and
initiates the pull action of step 900 as before.

[0062] Conversely if in step 1002 the controller 112
determines that a signal is not generated by the Hall sen-
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sor 800 then the jaw assembly 500 is determined not to
be in the home position. This may be the case if power
was removed before the tool 100 could finish performing
areset operation 1104. In response to the controller 112
making a negative determination in step 1002 it issues
a control instruction to drive the motor 114 in reverse at
a low speed in step 908 until in step 910 the controller
112 detects a signal generated by the Hall sensor 800
indicative that the jaw assembly 500 is in the home po-
sition; the low reverse driving speed of the motor 114 is
lower than the aforementioned target driving speed be-
tween T2 to T3 and T6 to T7 discussed in connection
with Fig. 9.

[0063] Insome embodiments in which the target motor
driving speed between T2 to T3 and T6 to T7 ranges
between 24,000 to 30,000 RPM the low reverse driving
speed ranges between 15,000 to 20,000 RPM. More spe-
cifically in an embodiment in which the target motor driv-
ing speed between T2 to T3 and T6 to T7 is 24,000 RPM
the low reverse driving speed is 15,000 RPM. In another
embodiment in which the target motor driving speed be-
tween T2 to T3 and T6 to T7 is 30,000 RPM the low
reverse driving speed is 20,000 RPM.

[0064] In response to the controller 112 receiving a
positive determination in step 910 subsequently the con-
troller 112 in step 912 stops reverse driving of the motor
114 (preferably at the maximum achievable deceleration
rate), whereby the jaw assembly 500 is now in the home
position. The user then depresses the trigger 110 again
and the tool repeats steps 1000, 1002 and then proceeds
to step 900 to initiate the pull action.

[0065] Once the pull action has been initiated in step
900, the controller 112 determines the displacement of
the jaw assembly 500 from the home position in the man-
ner already described based on counting motor turns. If
the controller 112 determines in step 1004 that the
number of motor turns during the rivet setting stage of
operation has reached a predetermined maximum
number of motor turns stored in memory 804 (whereby
the jaw assembly 500 is in the maximum pull back stroke
position) the controller 112 stops the motor 114 in step
902 as before.

[0066] If the controller 112 makes a negative determi-
nation in step 1004 the controller 112 continues the pull
action and then determines in step 1006 whether the
number of motor turns during the rivet setting stage of
operation has reached a predetermined minimum
number of motor turns stored in memory 804.

[0067] If in step 1006 the controller 112 makes a neg-
ative determination the controller 112 continues the pull
action.

[0068] If in step 1006 the controller 112 makes a pos-
itive determination the controller 112 then determines in
step 1008 whether the trigger 110 is deactivated based
on input from the trigger sensor 111.

[0069] If in step 1008 the controller 112 makes a neg-
ative determination then the controller 112 continues the
pull action in step 900. However, if in step 1008 the con-
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troller 112 makes a positive determination the controller
112 stops the motor 114 in step 902 as before.

[0070] Subsequently steps 902 to 912 in Fig. 8 are im-
plemented in a similar manner to the correspondingly
numbered steps in Fig. 7 which have already been dis-
cussed.

[0071] It will be appreciated that whilst various aspects
and embodiments have heretofore been described the
scope of the present invention is not limited thereto and
instead extends to encompass all arrangements, and
modifications and alterations thereto, which fall within the
spirit and scope of the appended claims.

[0072] For instance, whilst illustrative embodiments
have been described as employing software it will be
appreciated by persons skilled in the art that the func-
tionality provided by such software may instead be pro-
vided by hardware (for example by one or more applica-
tion specific integrated circuits), or indeed by a mix of
hardware and software.

[0073] Insome examples the battery 104 is removable
fromthe tool 100 or alternatively the battery 104 is integral
to the tool 100. Alternatively or additionally the tool 100
may comprise other power sources e.g. it may be con-
figured to receive power from a mains power supply.
[0074] As shown in Fig. 1, the driving sleeve 126 and
input sleeve 128 are fixed to each other due to a friction
fit arrangement. Alternatively the driving sleeve 126 and
input sleeve 128 can be fixed via an interlocking arrange-
ment such as a spline fit arrangement or other male and
female interlocking-type arrangement.

[0075] As shown in Fig. 3a, the o-ring 502 is seated in
a groove 504. In some alternative examples the o-ring
502 may be replaced with any suitable means to keep
the jaws 306 together such as a c-clip, a circlip, an e clip,
a snap ring, or another spring fastener.

[0076] The o-ring 502 is made from an elastic material
such as rubber. In other examples, the o-ring 502 is op-
tionally made from polyurethane, PTFE, ethylene propyl-
ene rubber, neoprene, nitrile, or silicone.

[0077] Asshown in Fig. 3athe jaw assembly 500 com-
prises three jaws 306. However, in alternative examples,
the jaw assembly 500 can comprise any number of jaws
306 more than two.

[0078] Insome examples the jaws 306 do not interlock
with each other for maintaining jaw alignment.

[0079] As shown in Figs 3a and 3b the jaws 306 are
identical. This makes manufacture simpler because a
single tooling can be used to create multiple jaws 306.
[0080] Ingeneralthe functionality described in connec-
tion with Figs. 7 and 8 may be implemented in hardware
or special purpose circuits, software, logic, or any com-
bination thereof. For example some aspects may be im-
plemented in hardware while other aspects may be im-
plemented in firmware or software which may be execut-
ed by the controller 112, microprocessor or other com-
puting device although the disclosure is not limited there-
to. While various aspects of the disclosure may be illus-
trated and described as block diagrams, flow charts, or
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using some other pictorial representation, it is well un-
derstood that these blocks, apparatus, systems, tech-
niques or methods described herein may be implement-
ed in, as non-limiting examples, hardware, software,
firmware, special purpose circuits or logic, general pur-
pose hardware or by the controller 112 or other comput-
ing devices or some combination thereof.

[0081] The examples of this disclosure may be imple-
mented by computer software executable by a data proc-
essor or by hardware or by a combination of software
and hardware. The data processing may be provided by
means of one or more data processors. Further in this
regard it should be noted that any blocks of the logic flow
as in the Figures may represent program steps, or inter-
connected logic circuits, blocks and functions, or a com-
bination of program steps and logic circuits, blocks and
functions.

[0082] The memory 804 may be of any type suitable
to the local technical environment and may be imple-
mented using any suitable data storage technology, such
as semiconductor based memory devices, magnetic
memory devices and systems, optical memory devices
and systems, fixed memory, and removable memory. Al-
so the controller 112 may be of any type suitable to the
local technical environment, and may include one or
more of general purpose microprocessors, digital signal
processors (DSPs) or processors based on multi core
processor architecture as non-limiting examples.

[0083] Some examples of the disclosure may be im-
plemented as a chipset, in other words a series of inte-
grated circuits communicating among each other. The
chipset may comprise microprocessors arranged to run
code, application specific integrated circuits (ASICs), or
programmable digital signal processors for performing
the operations described above.

[0084] As shown in Fig. 5a, the anti-rotation bar 700
optionally comprises the mounting plate 710 projecting
from the central portion 712 of the anti-rotation bar 700
for receiving the magnet 714. In some other examples,
the magnet 714 is mounted to the central portion 712 (or
any other part of the anti-rotation bar 700) in a recess in
the central portion 712. The magnet 714 is optionally
mounted to the anti-rotation bar 700 (whether in a recess
or on the mounting plate 710) using glue or the attractive
magnetic force of the magnet 714 against the ferrous
anti-rotation bar 700.

[0085] As shown in Fig. 5a, the anti-rotation bar 700
optionally comprises the sleeve housing 716 configured
to secure the magnet 714 against the anti-rotation bar
700. In some other examples, the sleeve housing 716 is
not provided.

[0086] It will be appreciated that the specific shape of
the anti-rotation bar 700 and position of the slots 600,
602 can be adapted, provided that the anti-rotation bar
700 achieves the purpose of guiding axial movement of
the threaded rod 134. Moreover the specific location of
the magnet 714 on the anti-rotation bar 700 and the way
in which the magnet 714 is attached to the anti-rotation
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bar 700 may be adapted provided that the controller 112
is still able to determine when jaw assembly 500 is in the
home position based on interaction between the magnet
714 and Hall sensor 800.

[0087] Whilst Figs 4, 5a, 5b disclose an example for
mounting the magnet 714 on the anti-rotational bar 700,
in alternative embodiments the magnet 714 can be
mounted to another component which moves together
with the threaded rod 134 during operation of the tool
100, wherein the position of the Hall sensor 800 is cor-
respondingly adapted.

[0088] In alternative embodiments the tool 100 may
detect during a reset operation when the jaw assembly
500 is approaching the home position in a different man-
ner to that heretofore described. For example instead of
making a decision in step 906 based on motor turns the
tool 100 may instead have a switch that mechanically
interacts with the anti-rotation bar 700 when the anti-ro-
tation bar is a predetermined distance along the length
of the tool axis B-B. Thus during reverse movement of
the jaw assembly 500 as the jaw assembly 500 approach-
es the home position the switch is actuated by interacting
with the anti-rotation bar (or a feature attached thereto)
for generating output to the controller 112 indicative that
the jaw assembly 500 is approaching the home position,
whereby in response the controller 112 can initiate the
heretofore described early breaking functionality of steps
908, 910 and 912. In other embodiments the tool 100
may have an optical sensor for detecting whether a fea-
ture of the anti-rotation bar 700 is in front of the sensor,
which could be used for generating output indicative that
the jaw assembly 500 is approaching the home position
during a reset operation whereby in response the con-
troller 112 initiates early braking.

[0089] Fig. 4 showsaHallsensor800whichis mounted
ona PCB 606 and configured to detect the relative move-
ment of the magnet 714 with respect to the Hall sensor
800. In alternative embodiments the Hall sensor 800 can
be replaced with an alternative sensor configured to de-
tect when the jaw assembly 500 is in the home position.
For example the Hall sensor 800 can be replaced with a
switch e.g. a microswitch which is actuated by interacting
with the anti-rotation bar 700 (or a feature attached there-
to) when the jaw assembly 500 is in the home position.
In other words in such embodiments when the jaw as-
sembly 500 is in the home position the switch is actuated
by the anti-rotation bar 700 and generates output indic-
ative that the jaw assembly 500 is in the home position
whereby in response the controller 112 implements step
912.

[0090] In other embodiments the Hall sensor 800 can
be replaced by an optical sensor configured to detect the
presence or absence of a reference indicator on the
threaded rod 134 or the anti-rotation bar 700 when the
jaw assembly 500 is in the home position for indicating
that the jaw assembly 500 is in the home position. In
other words in such embodiments when the jaw assem-
bly 500 is in the home position the optical sensor gener-
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ates outputindicative that the jaw assembly 500 is in the
home position whereby in response the controller 112
implements step 912.

[0091] As already described in connection with step
906 the threshold amount is realised when the number
of motor turns determined to have occurred during re-
verse movement is within 25% of the number of motor
turns which occurred during the pull action operation.
However there is flexibility in the specific distance imple-
mented in practice provided the same overall functional-
ity is achieved, for instance in some embodiments the
threshold amountis realised in step 906 when the number
of motor turns determined to have occurred during re-
verse movement is reaches a specific percentage of the
number of motor turns which occurred during the pull
action operation ranging between 5% to 25% (optionally
between 10% to 15%) of the number of motor turns which
occurred during the pull action operation.

[0092] The motor 114 has been described as being a
brushless motor and the controller 112 cooperates with
the brushless motor (in particular with its control elec-
tronics) in order to control the brushless motor and de-
termine motor status information e.g. number of motor
turns. In other embodiments however the motor 114 may
be a brushed motor having a motor output shaft driven
by a stator and having at least one magnet on the motor
output shaft. For the controller 112 to determine motor
turn information of such a brushed motor the tool 100
additionally has a motor sensor (not shown) for generat-
ing output indicative of motor turn information; such as a
Hall sensor which cooperates with the at least one mag-
net on the motor output shaft and which generates output
indicative of variations in magnetic flux density as the
motor shaft rotates which can be used by the controller
112 to determine motor turn information e.g. number of
motor turns. Since the concept of determining motor turn
information in the context of brushed and brushless mo-
tors is already known, meaning that the aforementioned
ways of determining motor turn information are not the
only ways of doing so, there is freedom for a designer to
select a way of determining motor turn information when
designing a tool 100 which implements the invention de-
scribed herein. Whether or not a brushless motor is used
the controller 112 can determine the direction of rotation
of the motor 114 based on whether the controller 112 is
implementing a pull action 900 (in which case the motor
114 will be rotating in a first direction) or whether the
controller is implementing a reset operation (in which
case the motor 114 will be rotating in a second direction).
It is here mentioned that in battery operated embodi-
ments the motor 114 is configured to operate using DC
current, whereas in mains operated embodiments the
motor is configured to operate using AC current.

[0093] Finally the heretofore described functionality
need not necessarily be used exclusively in blind rivet
setting tools but may be used in other power tools having
afastener gripping portion which moves backwards from
a home position in order to set the fastener and which is
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then returned to the home position wherein the speed of
movement of the fastener gripping portion during the re-
turn stage of operation can be controlled to reduce the
likelihood of it overshooting the home position. For ex-
ample the heretofore described functionality can be im-
plemented in other tools such as rivet setting tools (not
necessarily blind rivet fastening tools), swage fastener
tools and lockbolt fastener tools.

Claims
1. A power tool comprising:

a motor;

a fastener gripping portion operatively coupled
to the motor for causing movement of the fas-
tener gripping portion between a home position
and a retracted position to set a fastener; and
a controller for controlling the motor wherein dur-
ing a reset stage of operation, in which the fas-
tener gripping portion is moved towards the
home position, the controller is configured to de-
celerate the motor before the fastener gripping
portion reaches the home position.

2. The power tool of claim 1 wherein during the reset
stage of operation the controller is configured to drive
the motor at a first target speed during a first portion
of the reset stage of operation and to decelerate the
motor upon determination by the controller that the
fastener gripping portion is within a threshold dis-
tance from the home position.

3. The power tool of claim 2 wherein the magnitude of
the threshold distance is at least 75% of the total
distance travelled by the fastener gripping portion
between the home postion and the retracted posi-
tion.

4. The power tool of claim 2 or 3 wherein the first target
speed is the maximum driving speed of the motor.

5. The power tool of any of claims 2 to 4 wherein the
motor is decelerated to a second predetermined
speed which is maintained until the controller sub-
sequently determines that the fastener gripping por-
tion is at the home position wherein in response the
controller decelerates the motor to a stop.

6. The power tool of claim 5 wherein the second pre-
determined speed ranges between 50% to 80% of
the first target speed.

7. The power tool of any of claims 2 to 6 wherein the
controller is configured to determine the number of
motor turns during movement of the fastener grip-
ping portion from the home position to the retracted
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10.

1.

12.

13.

14.

15.

position and the number of motor turns during the
reset stage of operation whereby the controller can
determine when the fastener gripping portion is with-
in the threshold distance from the home position
when the number of motor turns determined during
the reset stage of operation is within a threshold
number ofthe number of motor turns determined dur-
ing movement of the fastener gripping portion to the
retracted position.

The power tool of claim 7 wherein the controller de-
termines the fastener gripping portion is at the
threshold distance from the home position when the
number of motor turns determined to have occurred
during the reset stage of operation is at least 75%
of the number of motor turns determined to have
occurred during movement of the fastener gripping
portion to the retracted position.

The power tool of any preceding claim further com-
prising a sensor which generates an outputindicative
that the fastener gripping portion has reached the
home position during the reset stage of operation.

The power tool of claim 9 wherein the controller is
configured to stop reverse movement of the motor
based on the signal received from the sensor.

The power tool of claim 9 or 10 wherein the sensor
is a Hall sensor mounted in a fixed position within
the tool which is configured to detect a magnet which
is axially fixed relative to the fastener gripping por-
tion.

The power tool of claim 11 wherein the magnet is
mounted on an axially moveable feature of a mech-
anism which causes axial movement of the fastener
gripping portion during driving of the motor in use.

The power tool of any preceding claim wherein the
controller is configured to control the motor to move
the fastener gripping portion to the home position if
in response to receiving a tool actuation signal the
controller determines that the fastener gripping por-
tion is not at the home position.

The power tool of any preceding claim wherein the
fastener gripping portion is a jaw assembly.

The power tool of any preceding claim wherein the
power tool is a blind rivet setting tool.
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