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(54) Power tool

(57) A power tool (10) includes a motor (21), an out-
put shaft (25), and a power transmission unit (22) that
transmits rotational power of the motor to the output shaft.
The power transmission unit decreases a rotation speed
in accordance with a speed reduction ratio that can be
changed. A gear shift actuator (27) changes the speed
reduction ratio. A torque detector (41) detects the load
torque applied to the output shaft. A control unit (23) con-
trols the gear shift actuator to change the speed reduction

ratio of the power transmission unit in accordance with
the detected load torque. The control unit stops driving
the motor if the detected torque reaches a threshold dur-
ing a predetermined period from when the power trans-
mission unit increases the speed reduction ratio. The
control unit continues driving the motor when the detect-
ed load torque does not reach the threshold during the
predetermined period.
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Description

[0001] The present invention relates to a power tool.
[0002] Japanese Laid-Open Patent Publication No.
2012-30347 describes an example of a power tool in-
cluding a power transmission unit, which transmits rota-
tional power generated by a motor, and a control unit,
which controls the power transmission unit and automat-
ically changes a speed reduction ratio by shifting gears
when transmitting the rotational power. The motor in-
cludes an output shaft to which a tool (bit) is coupled.
The load torque applied to the output shaft may be de-
tected from a load current (drive current) that is supplied
to the motor.
[0003] The power transmission unit is enlarged as the
number of gears increases. In a power tool, especially,
a portable power tool, it is desirable that the entire tool
be reduced in size. This limits the number of gears that
may be included in the power transmission unit of the
power tool. Thus, the difference in the speed reduction
ratio between gears is large.
[0004] In the power tool, when using a drill driver to
fasten a screw, the load torque applied to the output shaft
increases as the screw becomes fastened. Thus, the
control unit controls the power transmission unit and
shifts gears to one having a high speed reduction ratio.
However, improper fastening of the screw to a fastened
portion may lock the tool (output shaft), or lock the motor.
This increases the load torque. In such a case, the user
receives a large impact when the power tool shifts to a
gear having a high speed reduction ratio. In particular,
when using a power tool including a power transmission
unit with gears having large speed reduction differences,
the impact received by the user is further increased im-
mediately after the power tool shifts to a gear that in-
creases the speed reduction ratio.
[0005] To solve this problem, in addition to a threshold
set to shift gears and increase the speed reduction ratio,
a threshold may be set to determine locking of the motor.
It is determined that the motor is locked when the load
torque exceeds the gear shifting threshold and reaches
the locking threshold. When determined that the motor
is locked, the speed reduction ratio of the power trans-
mission unit is not increased. This suppresses large im-
pacts received by the user.
[0006] However, when fastening a screw with the pow-
er tool, the load torque increases at the moment the screw
is seated. This may produce a condition similar to when
the motor locks and thus interrupt the fastening of the
screw before completion.
[0007] Accordingly, it is an object of the present inven-
tion to provide a power tool that detects motor locking
with further accuracy.
[0008] One aspect of the present invention is a power
tool including a motor, an output shaft, and a power trans-
mission unit that transmits rotational power of the motor
to the output shaft. The power transmission unit decreas-
es a rotation speed, which is related with the rotational

power, in accordance with a speed reduction ratio that
can be changed. The power tool further includes a gear
shift actuator, a torque detector, and a control unit. The
gear shift actuator is configured to change the speed re-
duction ratio of the power transmission unit. The torque
detector detects a load torque applied to the output shaft.
The control unit controls the gear shift actuator to change
the speed reduction ratio of the power transmission unit
in accordance with the detected load torque. The control
unit stops driving the motor if the detected torque reaches
a threshold, which is set to detect locking of the motor,
during a predetermined period from when a control is
performed on the power transmission unit to increase the
speed reduction ratio to when a certain amount of time
elapses. The control unit continues driving the motor
when the detected load torque does not reach the thresh-
old during the predetermined period.
[0009] In the above configuration, the threshold set to
detect locking is set to increase as time elapses after the
control unit performs a control to increase the speed re-
duction ratio. The control unit stops driving the motor
when the detected load torque reaches the threshold that
is increased as time elapses. The control unit continues
driving the motor when the load torque does not reach
the threshold that is increased as time elapses.
[0010] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.
[0011] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a schematic diagram of a power tool accord-
ing to one embodiment of the present invention;
Fig. 2 is a diagram illustrating one example of the
operation of the power tool shown in Fig. 1;
Fig. 3 is a diagram illustrating an example of the op-
eration of another power tool;
Fig. 4 is a diagram illustrating an example of the op-
eration of a further power tool;
Fig. 5 is a schematic diagram showing a further pow-
er tool; and
Fig. 6 is a schematic diagram showing a further pow-
er tool.

[0012] One embodiment of a power tool will now be
described with reference to the drawings.
[0013] Referring to Fig. 1, a power tool 10 of the present
embodiment is used as, for example, a drill driver. The
power tool 10 includes a main body 11 and a battery pack
12, which is coupled to the main body 11 in a removable
manner. The main body 11 of the power tool 10 includes
a motor 21, a power transmission unit 22, and a control
unit 23. The motor 21 is driven when supplied with power

1 2 



EP 2 724 821 A1

3

5

10

15

20

25

30

35

40

45

50

55

from the battery pack 12. The power transmission unit
22 transmits rotational power generated by the motor 21
to an output shaft 25. The control unit 23 controls the
power tool 10 including the motor 21. The battery pack
12 includes a rechargeable battery formed by battery
cells (e.g., lithium-ion cells).
[0014] The motor 21 includes a rotation shaft 24 cou-
pled to the power transmission unit 22, which includes a
speed reduction mechanism and a clutch mechanism.
The power transmission unit 22, when transmitting the
rotational power of the motor 21 to the output shaft 25,
decreases a rotation speed, which is related to the rota-
tional power, in accordance with a speed reduction ratio
that can be changed. The power transmission unit 22
includes, for example, two gears, namely a high (H) gear
and a low (L) gear. Thus, the speed reduction ratio of the
power transmission unit 22 may be shifted in two steps.
The output shaft 25 includes a distal end to which a tool
26 (bit) is coupled. Accordingly, when the power trans-
mission unit 22 transmits rotational power from the motor
21 to the output shaft 25, the tool 26 is rotated together
with the output shaft 25. The L gear of the power trans-
mission unit 22 is set to have a higher speed reduction
ratio (lower rotation speed and higher torque) than the H
gear.
[0015] The power transmission unit 22 includes a gear
shift actuator 27 to change the speed reduction ratio. The
gear shift actuator 27 is, for example, a motor actuator
and powered when supplied with drive power from a gear
shift driver 28 under the control of the control unit 23. The
gear shift actuator 27 functions to shift gears of the power
transmission unit 22 under the control of the control unit
23 via the gear shift driver 28. The control unit 23 is pow-
ered when supplied with voltage-regulated power from
the battery pack 12. The gear shift driver 28 is formed
by, for example, an H-bridge circuit including a switching
element (e.g., FET). The control unit 23 sends a control
signal to the gear shift driver 28 to control the rotational
direction of the motor 21 with the gear shift actuator 27
and to control the drive power supplied through pulse
width modulation (PWM) control.
[0016] The motor 21 is driven to generate rotation
when supplied with drive power from a switching drive
circuit 29 including, for example, an H-bridge circuit
formed by a switching element (e.g., FET). The switching
drive circuit 29 receives power from the battery pack 12.
The control unit 23 performs PWM control on the switch-
ing drive circuit 29 to control the drive power supplied to
the motor 21 with the switching drive circuit 29. In other
words, the control unit 23 controls the power supplied to
the motor 21 with the switching drive circuit 29, and con-
trols the speed of the rotation generated by the motor 21.
[0017] The main body 11 of the power tool 10 includes
a trigger switch 31 that may be operated by a user. The
trigger switch 31 includes a switch that starts and stops
the motor 21 and sends an output signal to the control
unit 23 in accordance with the operation amount of the
trigger switch 31 (pulled trigger amount). The control unit

23 controls the power supplied to the motor 21 from the
switching drive circuit 29 based on the output signal from
the trigger switch 31 to start and stop the motor and reg-
ulate the rotation speed when operated.
[0018] A current detector 41 is arranged between the
switching drive circuit 29 and the motor 21 to detect the
load current (drive current) supplied to the motor 21. The
current detector 41 includes a detection resistor 42,
which is connected between the switching drive circuit
29 and the motor 21, and an amplification circuit 43 (op-
erational amplifier), which amplifies a terminal voltage of
the detection resistor 42 as a detection signal and pro-
vides the control unit 23 with the detection signal. The
control unit 23 detects a load current based on the de-
tection signal from the current detector 41 for each pre-
determined sampling period. Further, the control unit 23
detects the load torque applied to the output shaft 25
(tool 26) based on the detected load current and the gear
of the power transmission unit 22 when the load current
is detected. The control unit 23 detects locking of the
motor 21 based on the detected load torque and controls
the motor 21 accordingly.
[0019] The control unit 23 is configured to control the
power transmission unit 22 and perform automatic gear
shifting with the gear shift actuator 27 based on the de-
tected load torque. The speed reduction mechanism of
the power transmission unit 22 is, for example, a plane-
tary gear speed reduction mechanism that includes a sun
gear, which is rotated about the axis of the rotation shaft
24 of the motor 21, planet gears, which is engaged with
and arranged around the sun gear, and a ring gear, which
is engaged with the planet gear. The gear shift actuator
27 moves the ring gear to change the planet gear that is
engaged with the ring gear and thereby control gear shift-
ing. The power tool 10 may include a drive state detector
that detects whether the ring gear has been moved to
the correct position by the gear shift actuator 27. In such
a case, the control unit 23 controls the gear shift actuator
27 based on detection signals from the drive state de-
tector.
[0020] When the user pulls the trigger switch 31 of the
power tool 10, the trigger switch 31 provides the control
unit 23 with an output signal, which is in correspondence
with the pulled amount. The control unit 23 controls the
switching drive circuit 29 based on the output signal from
the trigger switch 31 to stop and start the motor 21 and
control the rotation speed of the motor 21. The power
transmission unit 22 transmits the rotational power of the
motor 21 to the output shaft 25 to rotate the tool 26. Fur-
ther, the control unit 23 shifts the power transmission unit
22 to the H gear or the L gear in accordance with the load
torque. The power transmission unit 22 selects the H
gear when the load torque is small so that the tool 26 is
driven at a high rotation speed with a low torque. When
activated, the power transmission unit 22 selects the H
gear. When the load torque increases and exceeds a
predetermined torque, the power transmission unit 22
selects the L gear so that the tool 26 is driven at a low
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rotation speed with a high torque. Further, based on de-
tection signals from the current detector 41, the control
unit 23 detects the locking of the motor 21 and controls
the stopping of the motor 21. When the L gear is selected,
to determine whether or not the motor 21 is locked, in
addition to the load torque (current) detected by the cur-
rent detector 41, temporal changes in the load torque are
also detected.
[0021] The operation of the motor 21 will now be de-
scribed.
[0022] Based on the load torque detected by the cur-
rent detector 41, the control unit 23 detects locking of the
motor 21.
[0023] Fig. 2 is a graph illustrating the load torque T
when the power tool 10 is driven by the H gear, when
gears are shifted, and when the power tool 10 is driven
by the L gear. For example, when fastening a screw with
the power tool 10, the operation starts at time t0. This
varies the load torque (load current). More specifically,
inrush current flows to the motor 21 when the motor 21
is activated. Then, the load produced by the task that is
performed varies the load current. For example, when
fastening a screw, the load current increases as the
screw becomes seated (head of screw comes into con-
tact with fastened subject). The increase in the load cur-
rent becomes significant when the screw (fastening
length) is longer and when the fastened subject is harder.
[0024] At time t1, the power tool 10 is driven by an H
gear, and the load torque T reaches the threshold S1. In
this case, the control unit 23 determines that the load
torque T satisfies a speed shifting condition and controls
the power transmission unit 22 to shift from the H gear
to the L gear. Here, the control unit 23 interrupts the sup-
ply of power to the motor 21.
[0025] At time t2, an activation current is generated
when the control unit 23 restarts the supply of power to
the motor 21 after shifting to the L gear. At time t3, after
shifting to the L gear and subsequent to the generation
of an activation current (inrush current), a timer C starts
measuring time.
[0026] A threshold S3 (lock condition) for the load
torque T after gear shifting (after shifting to the L gear)
is set to allow for the control unit 23 to detect locking of
the motor 21. When the load torque T reaches the thresh-
old S3 and the elapsed time measured by the timer C is
within a predetermined period (period from time t3 to time
t4), the control unit 23 determines that locking has oc-
curred and stops driving the motor 21. After shifting to
the L gear and subsequent to the generation of an acti-
vation current, or inrush current (time t3), as long as the
load torque T does not reach the threshold S3 during the
predetermined period (period from time t3 to time t4), the
control unit 23 continues driving the motor 21. Here, the
timer C measures the time after the activation current is
generated. Thus, the activation current is not compared
with the threshold S3, and locking of the motor 21 is not
determined based on the activation current.
[0027] The advantages of the present embodiment will

now be described.

(1) The control unit 23 stops driving the motor 21
when the load torque (load current) reaches the lock-
ing threshold S3 set to detect locking of the motor
21. The load torque is detected within a predeter-
mined period (from time t3 to time t4) from when the
speed reduction ratio is increased by controlling the
power transmission unit 22. The control unit 23 con-
tinues driving the motor 21 when the detected load
torque does not reach the threshold S3 within the
predetermined period (from time t3 to time t4). Lock
detection is performed within a predetermined period
after shifting to the high torque gear. This reduces
the possibility of the user receiving an impact from
the power tool 10 caused by locking of the motor 21.
Further, after gear shifting, locking detection is not
performed after the predetermined period elapses.
This ensures that the fastening of a screw is com-
pleted (screw is seated). Thus, the locking of the
motor 21 may be accurately detected.
(2) The control unit 23 starts measuring time with the
timer C from time t3 when inrush current decreases
and the load current stabilizes after the shifting of
gears. Since the inrush current is not compared with
the threshold S3, erroneous locking determination
of the motor 21 is not caused by inrush current.

[0028] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms. Particularly, it should be understood
that the present invention may be embodied in the fol-
lowing forms.
[0029] In the above embodiment, a single locking
threshold S3 is set for the predetermined period from
when the timer C starts measuring time (time t3) to time
t4. However, predetermined thresholds may be set in ac-
cordance with the elapsed time from when the timer C
starts measuring time. For example, as shown in Fig. 3,
a predetermined period from when the timer C starts
measurement (time t5) to time t9 includes four sessions.
Four locking thresholds S4a, S4b, S4c, and S4d are re-
spectively set for the four sessions. The threshold S4a
used from when the timer C starts measurement (time
t5) to when time t6 is reached is set to be lower than the
other thresholds S4b, S4c, and S4d. The threshold S4b
used from time t6 to time t7 is set to be lower than thresh-
olds S4c and S4d. The threshold S4c used between time
t7 and time t8 is lower than the threshold S4d used be-
tween time t8 and time t9.
[0030] When determining that the threshold S4a has
been reached between time t5 to time t6, the control unit
23 determines that the locking condition has been satis-
fied and stops driving the motor 21. When the threshold
S4a is not reached between time t5 to time t6, the control
unit 23 continues to drive the motor 21. When determining
that the threshold S4b has been reached between time
t6 to time t7, the control unit 23 determines that the locking
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condition has been satisfied and stops driving the motor
21. When the threshold S4b is not reached between time
t6 to time t7, the control unit 23 continues to drive the
motor 21. When determining that the threshold S4c has
been reached between time t7 to time t8, the control unit
23 determines that the locking condition has been satis-
fied and stops driving the motor 21. When the threshold
S4c is not reached between time t7 to time t8, the control
unit 23 continues to drive the motor 21. When determining
that the threshold S4d has been reached between time
t8 to time t9, the control unit 23 determines that the locking
condition has been satisfied and stops driving the motor
21. When the threshold S4d is not reached between time
t8 to time t9, the control unit 23 continues to drive the
motor 21. Fig. 3 shows an example in which the motor
21 is continuously driven until the fastening of a screw is
completed.
[0031] As described above, the thresholds S4a, S4b,
S4c, and S4d used to detect locking of the motor 21 are
set to increase as time elapses after the control unit 23
executes control to significantly increase the speed re-
duction ratio. When the load torque reaches the threshold
S4a, S4b, S4c, or S4d, the control unit 23 stops driving
the motor 21. When the load torque does not reach the
thresholds S4a, S4b, S4c, and S4d, the control unit 23
continues driving the motor 21. If the user recognizes
that the speed reduction ratio has been changed as time
elapses, protection becomes unnecessary. Thus, by
gradually moderating (increasing) the locking threshold,
the operability may be improved.
[0032] In the above embodiment, when re-driving the
motor 21 after shifting to the L gear, the timer C does not
start measuring time when inrush current is generated.
However, as long as a threshold is set taking into con-
sideration the inrush current as shown in Fig. 4 (i.e., as
long as the threshold is set to be greater than the inrush
current), time measurement may be started as soon as
gears are shifted. In the example shown in Fig. 4, the
control unit 23 starts measuring time with the timer C
when the motor 21 restarts the driving of the motor 21
(time t2). Then, after the driving of the motor 21 is restart-
ed, the control unit 23 compares the load current (load
torque) with threshold S5a until time t10 during which
inrush current is generated. The control unit 23 deter-
mines that the locking condition is satisfied when the load
current (load torque) reaches threshold S5a and stops
driving the motor 21. When the load current (load torque)
does not reach threshold S5a, the control unit 23 contin-
ues driving the motor 21. Then, the control unit 23 com-
pares the load current (load torque) with threshold S5b
from time t10 0 to time t5, which is when the inrush current
decreases and the load current stabilizes. The control
unit 23 determines that the locking condition is satisfied
when the load current (load torque) reaches threshold
S5b and stops driving the motor 21. When the load cur-
rent (load torque) does not reach threshold S5b, the con-
trol unit 23 continues driving the motor 21.
[0033] This modification obtains advantage (2) of the

above embodiment.
[0034] Although not particularly mentioned in the
above embodiment, locking detection may be performed
when the H gear is selected. For example, as shown by
the broken lines in Fig. 2, when the tool 26 (motor 21)
becomes locked at time tx1, the load torque T suddenly
increases. For the detected load torque T, threshold S1
(gear shifting condition) for shifting from the H gear to
the L gear and threshold S2 (locking condition) for de-
tecting locking of the motor 21 are set in the control unit
23. Threshold S2 is set as a larger torque value than
threshold S1.
[0035] When the load torque T exceeds threshold S1
within a short period and suddenly increases to threshold
S2, the control unit 23 determines that the motor 21 is
locked and stops the motor 21 (time tx2). That is, the
control unit 23 determines that locking of the motor 21
has occurred when the load torque T exceeds gear shift-
ing threshold S1 within a short period and suddenly in-
creases to threshold S2. When such lock determination
is given, the control unit 23 does not shift to the L gear
even when the load torque T exceeds the threshold S1.
[0036] Although not particularly mentioned in the
above embodiment, as shown in Fig. 1, a rotation detec-
tor 51 that detects the rotation speed of the motor 21 may
be used to detect locking of the motor 21. The rotation
detector 51 is arranged on, for example, the rotation shaft
24 of the motor 21. The rotation detector 51 is fixed to
the rotation shaft 24 so as to rotate integrally with the
rotation shaft 24. Further, the rotation detector 51 in-
cludes a sensor magnet 52, which has a plurality of mag-
netic poles, and a Hall element 53, which is arranged
opposing the sensor magnet 52. The Hall element 53
provides the control unit 23 with a detection signal indi-
cating changes in the magnetic flux caused by rotation
of the sensor magnet 52. The control unit 23 detects the
rotation speed of the motor 21 based on the detection
signal from the rotation detector 51. The control unit 23
also detects locking of the motor 21 from changes in the
rotation speed. More specifically, the control unit 23 de-
tects locking based on the rotation speed of the motor
21 that is detected by the rotation detector 51. When the
motor 21 locks, the rotation speed of the motor 21 sud-
denly decreases. Accordingly, the control unit 23 is con-
figured to detect locking based on both of the load torque
T and the rotation speed. For example, even when the
load torque T exceeds the threshold S2, as long as the
rotation speed does not decrease or the decreasing rate
of the rotation speed is low, the control unit 23 determines
that the motor 21 is not locked. This increases the locking
detection accuracy.
[0037] In the above embodiment, the load torque T is
indirectly detected from the load current that is supplied
to the motor 21. However, there is no limitation to such
a structure. For example, the torque applied to the output
shaft 25 may be directly measured.
[0038] In the above embodiment, the power tool 10
may include an acceleration sensor that detects move-
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ment of the power tool 10 (main body 11) in the rotation
direction of the output shaft 25.
[0039] For example, as shown in Fig. 5, in the main
body 11 of the power tool 10, the control unit 23 is incor-
porated in a battery pack support 61 that supports the
battery pack 12. An acceleration sensor 62 is arranged
on a substrate of the control unit 23. Under a situation in
which the tool 26 (output shaft 25) becomes locked there-
by causing the power tool 10 to rotate, the acceleration
sensor 62 detects movement of the power tool 10 as
acceleration and provides the control unit 23 with a de-
tection signal indicating the acceleration. The arrow 63
shown in Fig. 5 indicates the rotation direction of the pow-
er tool 10 when locked, and the arrow 64 indicates the
direction of the detected acceleration component. This
configuration allows for the control unit 23 to determine
whether or not locking has caused movement of the pow-
er tool, that is, whether or not the motor 21 is locked.
[0040] The acceleration of the power tool 10 increases
as the distance from the rotation axis of the tool 26 (output
shaft 25) increases. Accordingly, the locking detection
accuracy may be increased by arranging the acceleration
sensor 62 at a location separated as much as possible
from the rotation axis. The acceleration sensor 62 may
be arranged between the main body 11 of the power tool
10 and the battery pack 12. Alternatively, the acceleration
sensor 62 may be incorporated in the battery pack 12.
In each of these cases, the acceleration sensor 62 is
configured to send a detection signal to the control unit
23.
[0041] The direction, component, and the like of the
acceleration detected by the acceleration sensor 62 may
be changed in accordance with the configuration of the
power tool 10. For example, Fig. 6 shows a power tool
10 for a saw or the like. In this case, the rotation direction
of the tool 26 (circular saw) and the holding style of the
power tool 10 differs from the drill driver shown in Fig. 5.
Thus, the acceleration component detected by the ac-
celeration sensor 62 is set based on the direction the
power tool 10 moves when the motor 21 locks.
[0042] In the above embodiment, the power transmis-
sion unit 22 shifts to one of two speed reduction ratios.
Instead, the power transmission unit 22 may shift to one
of three or more speed reduction ratios.
[0043] In the above embodiment, the gear shift actua-
tor 27 is a motor actuator. However, the drive source
does not have to be a motor and may be a solenoid or
the like.
[0044] In the above embodiment, the power tool 10 is
a drill driver. Instead, the power tool 10 may be of a dif-
ferent type such as an impact driver, an impact wrench,
a hammer drill, a vibration drill, a jigsaw, a sealing gun,
or the like.
[0045] In the above embodiment, after increasing the
speed reduction ratio, the control unit 23 may start meas-
uring timing with the timer C as the load current detected
when restarting driving of the motor 21 becomes lower
than the threshold set to detect locking of the motor 21.

[0046] This avoids erroneous determination of motor
locking based on the inrush current generated when re-
starting driving of the motor. Thus, locking may be de-
tected with further accuracy.
[0047] The present examples and embodiments are to
be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein.

Claims

1. A power tool (10) including:

a motor (21);
an output shaft (25);
a power transmission unit (22) that transmits ro-
tational power of the motor (21) to the output
shaft (25), wherein the power transmission unit
(22) decreases a rotation speed, which is related
with the rotational power, in accordance with a
speed reduction ratio that can be changed;
a gear shift actuator (27) configured to change
the speed reduction ratio of the power transmis-
sion unit (22);
a torque detector (41) that detects a load torque
applied to the output shaft (25); and
a control unit (23) that controls the gear shift
actuator (27) to change the speed reduction ratio
of the power transmission unit (22) in accord-
ance with the detected load torque,
the power tool (10) being characterized in that:

the control unit (23) stops driving the motor
(21) if the detected torque reaches a thresh-
old, which is set to detect locking of the mo-
tor (21), during a predetermined period from
when a control is performed on the power
transmission unit to increase the speed re-
duction ratio to when a certain amount of
time elapses; and
the control unit (23) continues driving the
motor (21) when the detected load torque
does not reach the threshold during the pre-
determined period.

2. The power tool (10) according to claim 1, being char-
acterized in that:

the threshold set to detect locking is set to vary
as time elapses after the control unit (23) per-
forms a control to increase the speed reduction
ratio;
the control unit (23) stops driving the motor (21)
when the detected load torque reaches the
threshold that is varied as time elapses; and
the control unit (23) continues driving the motor
(21) when the load torque does not reach the
threshold that is varied as time elapses.

9 10 



EP 2 724 821 A1

7

5

10

15

20

25

30

35

40

45

50

55

3. The power tool (10) according to claim 1, being char-
acterized in that:

the threshold set to detect locking is set to in-
crease as time elapses after the control unit (23)
performs a control to increase the speed reduc-
tion ratio;
the control unit (23) stops driving the motor (21)
when the detected load torque reaches the
threshold that is increased as time elapses; and
the control unit (23) continues driving the motor
(21) when the load torque does not reach the
threshold that is increased as time elapses.

4. The power tool (10) according to claim 3, being char-
acterized in that:

the predetermined period includes a first ses-
sion (t5-t6), a second session (t6-t7), a third ses-
sion (t7-t8), and a fourth session (t8-t9);
the threshold set to detect locking takes a first
value (S4a) in the first session (t5-t6), a second
value (S4b) in the second session (t6-t7), a third
value (S4c) in the third session (t7-t8), and a
fourth value (S4d) in the fourth session (t8-t9);
the first value (S4a) is smaller than the second
value (S4b);
the second value (S4b) is smaller than the third
value (S4c); and
the third value (S4c) is smaller than the fourth
value (S4d).

5. The power tool (10) according to any one of claims
1 to 4, being characterized in that the control unit
(23) further includes a timer (C) that starts measuring
time after an inrush current flows to the motor (21)
subsequent to when a control for increasing the
speed reduction ratio is performed on the power
transmission unit (22).

6. The power tool (10) according to any one of claims
1 to 5, being characterized by:

an acceleration sensor (62) that detects accel-
eration of the power tool (10) and provides the
control unit (23) with a detection signal indicating
the acceleration;
wherein the control unit (23) determines whether
or not the motor (21) is locked based on the de-
tection signal.
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