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(57) A power tool that suppresses unexpected
changes in the speed reduction ratio. A control unit (23)
controls a gear shift actuator (27) to shift a speed reduc-
tion ratio of a power transmission unit (22) in accordance
with the detected load torque. After shifting the speed
reduction ratio, when a ring gear (RG) is not located at

Fig.2

a target position corresponding to the shifted speed re-
duction ratio, that is, when a cam (30) is not located at a
first engagement position or a second engagement po-
sition, the control unit (23) uses the gear shift actuator
(27) to pivot the cam (30) again and move the ring gear
(RG).
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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 and a control unit. The
power transmission unit reduces the rotation speed re-
lated to the rotational power produced by a motor. The
control unit controls the power transmission unit to auto-
matically shift the speed reduction ratio of the power
transmission unit.

[0003] The power tool includes an output shaft and a
tip tool (bit), which is coupled to the output shaft. The
power tool detects the load torque applied to the output
shaft and provides a gear shift actuator with a control
signal for shifting the speed reduction ratio of the power
transmission unit based on the detected load torque.
When the speed reduction ratio is shifted to a predeter-
mined value by the gear shift actuator, the control unit
stops outputting the control signal and stops the gear
shift actuator.

[0004] In such a power tool, the gear shift actuator
stops operating after shifting the speed reduction ratio.
This may result in deviation of the speed reduction ratio
from the predetermined value due to displacement of a
gear caused by operational vibration or wear of mechan-
ical components. The displacement caused by inertial
rotation until the motor of the actuator completely stops
may also result in deviation of the speed reduction ratio
from the predetermined value.

[0005] Itis an object of the presentinvention to provide
a power tool that suppresses unexpected changes in the
speed reduction ratio.

[0006] One aspect of the present invention is a power
tool including a motor and a power transmission unit that
reduces a rotation speed related to rotational power of
the motor in accordance with a speed reduction ratio that
can be shifted and transmits the rotational power to an
output shaft of the power tool. The power transmission
unit includes a shifting member that is moved to shift the
speed reduction ratio. A gear shift actuator moves the
shifting member to shift the speed reduction ratio of the
power transmission unit. A position detector detects a
position of the shifting member and generates a detection
signal. A torque detector detects a load torque applied
to the output shaft. A control unit controls the gear shift
actuator to shift the speed reduction ratio of the power
transmission unit in accordance with the load torque de-
tected by the torque detector. The control unit, after shift-
ing the speed reduction ratio, determines with the detec-
tion signal generated by the position detector whether or
not the shifting member is located at a target position
corresponding to the speed reduction ratio. When deter-
mining thatthe shifting member is notlocated atthe target
position, the control unit controls the gear shift actuator
to move the shifting member to the target position.
[0007] Preferably, in the above structure, when the
control unit determines with the detection signal gener-
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ated by the position detector that the shifting member is
not located at the target position corresponding to the
speed reduction ratio, the control unit controls the gear
shift actuator to move the shifting member to the target
position while decreasing an operational speed of the
gear shift actuator.

[0008] Preferably, in the above structure, after shifting
the speed reduction ratio, when the control unit deter-
mines with the detection signal generated by the position
detector that the shifting member is not located at the
target position corresponding to the speed reduction ra-
tio, the control unit controls the gear shift actuator tomove
the shifting member to the target position. After a prede-
termined time elapses, when the control unit determines
that the shifting member is not located at the target po-
sition, the control unit stops driving the gear shift actuator.
[0009] Preferably, in the above structure, after shifting
the speed reduction ratio, when the control unit deter-
mines with the detection signal generated by the position
detector that the shifting member is not located at the
target position corresponding to the speed reduction ra-
tio, the control unit controls the gear shift actuator tomove
the shifting member further away from the target position
and then move the shifting member to the target position.
[0010] Preferably, in the above structure, the position
detector detects the position of the shifting member and
generates the detection signal in predetermined cycles.
[0011] Preferably, in the above structure, when con-
trolling the gear shift actuator to move the shifting mem-
ber, the control unit varies a speed at which the gear shift
actuator moves the shifting member in accordance with
the position of the shifting member using the detection
signal generated by the position detector.

[0012] The presentinvention provides a power toolthat
suppresses unexpected changes in the speed reduction
ratio.

Fig. 1 is a schematic diagram of a power tool accord-
ing to one embodiment;

Fig. 2is a schematic diagram of the power tool shown
in Fig. 1;

Fig. 3 is a plan view of an automatic gear shift device
in the power tool of Fig. 1;

Fig. 4 is a diagram illustrating an example of the op-
eration of the power tool shown in Fig. 1;

Fig. 5is a diagram illustrating an example of the op-
eration of a modified power tool;

Fig. 6 is a diagram illustrating an example of the op-
eration of a modified power tool;

Fig. 7 is a diagram illustrating an example of the op-
eration of a modified power tool; and

Fig. 8 is a diagram illustrating an example of the op-
eration of a modified power tool.

[0013] ReferringtoFig. 1, apowertool 10 ofthe present
embodiment is used as, for example, a drill driver and
includes a main body 11 and a battery pack 12, which is
attached to the main body 11 in a removable manner.
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The main body 11 includes a motor 21, which is driven
when supplied with electric power from the battery pack
12, a power transmission unit 22, which reduces the ro-
tation speed related to the rotational power from the mo-
tor 21, and a control unit 23, which controls the power
tool 10. The battery pack 12 includes arechargeable bat-
tery formed by a plurality of battery cells (e.g., lithium-ion
cells).

[0014] The motor 21 includes a rotation shaft 24. The
power transmission unit 22, which includes a speed re-
duction mechanism and a clutch mechanism, is coupled
to the rotation shaft 24. The power transmission unit 22
reduces the rotation speed related to the rotational power
obtained from the motor 21 and transmits the rotational
power to an output shaft 25. The power transmission unit
22 includes two gears, namely, an H gear and an L gear,
and a ring gear RG (refer to Fig. 2), which serves as a
shifting member. The ring gear RG is moved in the axial
direction of the output shaft 25 and engaged with one of
the two gears. This allows for the speed reduction ratio
to be shifted between two steps. In the present embod-
iment, the ring gear RG is engaged with the H gear at a
first engagement position. Fig. 2 shows two engagement
positions indicated by broken lines, and the first engage-
ment position is the rear one. When the ring gear RG is
located at the first engagement position, the speed re-
duction ratio is relatively low. Thus, the power tool 10
operates in a mode in which the rotation speed is high
and the torque is low.

[0015] Further, when the ring gear RG is moved away
from the first engagement position toward the front, the
ring gear RG is disengaged from the H gear. As the ring
gear RG moves to a second engagement position, which
is the front engagement position indicated by the broken
lines, the ring gear RG is engaged with the L gear. When
the ring gear RG is located at the second engagement
position, the speed reduction ratio is relatively high. Thus,
the power tool 10 operates in a mode in which the rotation
speed is low and the torque is high.

[0016] In this manner, when the ring gear RG moves
from the first engagement position to the second engage-
ment position, the power transmission unit 22 switches
operation modes from the high rotation speed-low torque
mode in which the speed reduction ratio is low to the low
rotation speed-high torque mode in which the speed re-
duction ratio is high. In contrast, when the ring gear RG
moves from the second engagement position to the first
engagement position, the power transmission unit 22
switches operation modes from the low rotation speed-
high torque mode in which the speed reduction ratio is
high to the high rotation speed-low torque mode in which
the speed reduction ratio is low.

[0017] A tip tool 26 (bit) is coupled to the tip of the
output shaft 25. Accordingly, the tip tool 26 is rotated
together with the output shaft 25 when the power trans-
mission unit 22 transmits the rotational power from the
motor 21 to the output shaft 25.

[0018] The power tool 10 includes a gear shift actuator
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27 that shifts the speed reduction ratio by moving the ring
gear RG of the power transmission unit 22. The gear shift
actuator 27 includes a gear shift motor 27a, a speed re-
duction unit 27b, and an output unit 27c. The gear shift
motor 27a produces rotation in forward and reverse di-
rections. The speed reduction unit 27b reduces the rota-
tion speed related to the drive power produced by the
gear shift motor 27a. The output unit 27c¢ is rotated by
the drive power transmitted by the speed reduction unit
27b. The output unit 27c¢ is an output gear as shown in
Fig. 3 and is engaged with a cam 30 of the power trans-
mission unit 22. The cam 30 includes a main body 31
and an engagement block 35. The main body 31 is ar-
cuate and extends along the outer surface of the ring
gear RG. The engagement block 35 projects in the radial
direction from the main body 31 toward the outer side.
[0019] The main body 31 includes cam holes 31a and
31b extending in the circumferential direction near the
two ends of the main body 31. The cams holes 31a and
31b each include first and second holding portions 32a
and 32b, which are separated from each other in the axial
direction of the output shaft 25 and in the circumferential
direction of the main body 31, and a connection portion
32c, which connects the firstand second holding portions
32a and 32b. The engagement block 35 includes an ar-
cuate surface forming a rack 35a that is engaged with
the output unit 27c.

[0020] As shownin Fig. 3, the power transmission unit
22 includes a gear case 22a that accommodates the cy-
lindrical ring gear RG. The gear case 22a includes an
outer wall that is opposed to and spaced apart by a pre-
determined distance from an inner surface of the main
body 31 of the cam 30. A groove RGa extends along the
outer surface of the ring gear RG in the circumferential
direction. The ring gear RG includes a support member
51 that is fitted into the groove RGa and movable relative
to the ring gear RG.

[0021] The support member 51 includes a semi-arcu-
ate support body 52, which extends along the outer sur-
face of the ring gear RG, and two insertion pins 53a and
53b, which extend straight toward the outer side in the
radial direction from the two ends of the support body 52.
The gear case 22a includes two insertion holes 22b. The
insertion pins 53a and 53b of the support member 51 are
received in two insertion holes 22b of the gear case 22a
and the two cam holes 31a and 31b of the cam 30.
[0022] As shown in Fig. 3, when the output unit 27c is
engaged with the teeth at one end of the rack 35a (right
end as viewed in the drawing), the insertion pin 53a of
the support member 51 is arranged at the second holding
portion 32b in the cam hole 31a, and the insertion pin
53b of the support member 51 is arranged at the second
holding portion 32b in the cam hole 31b. Under this sit-
uation, the ring gear RG is arranged at the second en-
gagement position (front engagement position indicated
by the broken lines in Fig. 2) and the speed reduction
ratio is set at the low rotation speed mode.

[0023] When the output unit 27cis rotated in the clock-
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wise direction at the location shown in Fig. 3, the cam 30
is pivoted in the counterclockwise direction. When the
output unit 27c¢ is rotated by a predetermined rotation
angle a1, the teeth at the other side of the rack 35a of
the cam 30 become engaged with the output unit 27c.
Here, the insertion pin 53a of the support member 51 is
arranged at the first holding portion 32a in the cam hole
31a, and the insertion pin 53b of the support member 51
is arranged at the first holding portion 32ain the cam hole
31b. Further, the ring gear RG is moved by the pivoting
of the cam 30 from the second engagement position to
the first engagement position (rear engagement position
indicated by the broken lines in Fig. 2) and the speed
reductionratiois shifted from the low rotation speed mode
to the high rotation speed mode.

[0024] The gear shift actuator 27 includes a position
detector 27d that detects the rotated amount of the output
unit 27c. The position detector 27d has a resistance that
changes in accordance with the rotation angle (rotation
amount) of the output unit 27c. Based on changes in the
resistance, the position detector 27d detects the position
of the ring gear RG with respect to the movement direc-
tion (axial direction of the output shaft 25).

[0025] The gear shift actuator 27 is supplied with elec-
tric power from a gear shift driver 28 that is controlled by
the control unit 23. The gear shift actuator 27 shifts the
gears of the power transmission unit 22 under the control
of the control unit 23 via the gear shift driver 28. Further,
the control unit 23 runs on voltage-regulated electric pow-
er supplied from the battery pack 12. The gear shift driver
28 is formed by, for example, an H-bridge circuit using a
switching element (e.g., FET). The control unit 23 pro-
vides the gear shift driver 28 with a control signal. Based
on the control signal, the gear shift driver 28 controls the
rotational direction of the motor in the gear shift actuator
27 and performs PWM control on the electric power sup-
plied to the gear shift actuator 27.

[0026] As shown in Fig. 1, the power tool 10 includes
a switching drive circuit 29 that is connected to the control
unit 23 and formed by, for example, an H-bridge circuit
using a switching element (e.g., FET). The switching
drive circuit 29 supplies the motor 21 with electric power
to drive and generate rotation with the motor 21. The
control unit 23 performs PWM control on the switching
drive circuit 29 and controls the electric power supplied
to the motor 21 from the battery pack 12. In other words,
the control unit 23 controls the electric power supplied to
the motor 21 via the switching drive circuit 29. This con-
trols the rotation speed of the motor 21.

[0027] The power tool 10 includes a trigger switch Tr
that may be operated by a user. The trigger switch Tr is
activated and deactivated to start and stop the motor 21.
Further, the trigger switch Tr provides the control unit 23
with an output signal that is in accordance with the op-
eration amount of the trigger switch Tr (pulled amount of
trigger). The control unit 23 controls the electric power
supplied to the motor 21 from the switching drive circuit
29 based on the output signal from the trigger switch Tr
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to start and stop the motor 21 and adjust the rotation
speed of the motor 21.

[0028] The power tool 10 includes a current detector
41 arranged between the switching drive circuit 29 and
the motor 21 to detect the drive current supplied to the
motor 21. The current detector 41 includes a detection
resistor 42 and an amplification circuit 43 (operational
amplifier). The detection resistor 42 is connected be-
tween the switching drive circuit 29 and the motor 21.
The amplification circuit 43 amplifies the voltage across
the terminals of the detection resistor 42 to generate a
detection signal provided to the control unit 23. The cur-
rentdetector 41 provides the control unit 23 with detection
signals in predetermined sampling cycles. The control
unit 23 detects the drive current based on detection sig-
nals from the current detector 41. Further, the control unit
23 detects the load torque applied to the output shaft 25
(tip tool 26) based on the detected drive current and the
gear to which the power transmission unit 22 is shifted
when the drive current is detected. The control unit 23
also detects locking of the motor 21 based on the detect-
ed load torque and controls the motor 21 in accordance
with the detection.

[0029] Preferably, the powertool 10 includes arotation
detector 61 arranged on the rotation shaft 24 of the motor
21 to detect the rotation speed of the motor 21. The ro-
tation detector 61 includes a sensor magnet 62, which is
provided with magnetic poles and fixed to and rotated
integrally with the rotation shaft 24, and a Hall element
63, which is arranged opposing the sensor magnet 62.
The Hall element 63 provides the control unit 23 with a
detection signal corresponding to changes in the mag-
netic flux based on the rotation of the sensor magnet 62.
The control unit 23 detects the rotation speed of the motor
21 based on the detection signal from the rotation detec-
tor 61. The control unit 23 also detects locking of the
motor 21 from changes in the rotation speed.

[0030] Inthe power tool 10, the control unit 23 controls
the gear shift actuator 27 and automatically shifts the
gears of the power transmission unit 22 based on the
load torque detected by the control unit 23. The speed
reduction mechanism of the power transmission unit 22
is, for example, a planetary gear speed reduction mech-
anism that includes a sun gear rotated about the rotation
shaft 24 of the motor 21, planet gears engaged with the
sun gear, and the ring gear RG engaged with the planet
gears. The gear shift actuator 27 moves the ring gear
RG to change the planet gear engaged with the ring gear
RG. This controls the gear of the power transmission unit
22. The control unit 23 determines whether or not the
gear shift actuator 27 has moved the ring gear RG to the
correct position based on the detection signal from the
position detector 27d and controls the gear shift actuator
27 accordingly.

[0031] When the user pulls the trigger switch Tr, the
control unit 23 is provided with an output signal that is in
accordance with the pulled amount. The control unit 23
controls the switching drive circuit 29 based on the output
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signal from the trigger switch Tr to start and stop the
motor 21 and control the rotation speed of the motor 21.
The power transmission unit 22 reduces the rotation
speed related to the rotational power from the motor 21
and transmits the rotational power to the output shaft 25
to rotate the tip tool 26. The control unit 23 shifts the
gears of the power transmission unit 22 to the H gear or
the L gear in accordance with the load torque. In this
case, the H gear is selected in the power transmission
unit 22 when the load torque is relatively low to drive the
tip tool 26 at a high rotation speed with a low torque.
When the power tool 10 is activated, the H gear is se-
lected in the power transmission unit 22. When the load
torque increases and exceeds a predetermined torque,
the L gear is selected in the power transmission unit 22.
This drives the tip tool 26 at a low rotation speed with a
high torque. Further, the control unit 23 determines
whether or not locking of the motor 21 is occurring based
on the detection signals from the rotation detector 61 and
the current detector 41 and stops the motor 21 when
detecting locking.

[0032] An example of the operation for shifting gears
(speed reduction ratios) in the power tool 10 will now be
described.

[0033] ReferringtoFigs. 1to 4, when gear shifting con-
ditions are satisfied at time t0, the control unit 23 drives
the gear shift actuator 27 to pivot the cam 30 and move
the ring gear RG. As a result, the ring gear RG switches
from the H gear to the L gear and shifts the speed reduc-
tion ratio. Then, at time t1, when the control unit 23 de-
termines that the output unit 27¢ has been rotated by the
predetermined rotation angle a1 and that the output unit
27c¢ has reached the target position based on the detec-
tion signal of the position detector 27d, the control unit
23 stops the motor 27a of the gear shift actuator 27 and
ends the gear shifting operation.

[0034] The gear shift motor 27a of the present embod-
iment does notinclude a braking function, whichis afunc-
tion that immediately stops the motor with a regenerative
diode when the power supply is cut. Thus, the gear shift
motor 27a continues inertial rotation after the power sup-
ply is cut. The inertial rotation continuously pivots the
cam 30. The pivoting of the cam 30 causes the second
holding portions 32b of the cam 30 to strike the insertion
pins 53a and 53b of the support member 51. The striking
may result in a reaction that pivots the cam 30 in a direc-
tion opposite to the predetermined direction (time t2).
Further, for example, operational vibration may displace
the cam 30 (gear shift cam plate) from a predetermined
position.

[0035] Thus, at time t3, when a predetermined time
elapses from when the gear shifting operation ends (time
t1) and the control unit 23 determines from the detection
signal of the position detector 27d that the cam 30 is not
located at the predetermined position, the control unit 23
drives the motor 27a of the gear shift actuator 27 and
pivots the cam 30 to move the ring gear RG to the pre-
determined position (time t4). In this case, the control
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unit 23 changes the duty ratio of the motor 27a in the
gear shift actuator 27 so that the rotation produced by
the motor 27a is slower than that for a normal gear shifting
operation. Then, as the control unit 23 pivots the cam 30
and determines from the detection signal of the position
detector 27d that the output unit 27¢ (ring gear RG) has
reached the target position, the control unit 23 stops driv-
ing the motor 27a of the gear shift actuator 27 and ends
the control of the gear shift actuator 27.

[0036] The present embodiment has the advantages
described below.

(1) The control unit 23 controls the gear shift actuator
27 to shift the speed reduction ratio of the power
transmission unit 22 in accordance with the detected
load torque. After shifting the speed reduction ratio,
ifthering gear RG (cam 30 is not located at the target
position (first engagement position or second en-
gagement position) corresponding to the shifted
speed reduction ratio, the control unit 23 pivots the
cam 30 again with the gear shift actuator 27 to move
the ring gear RG. Thus, after the speed reduction
ratio is shifted, unexpected shifting of the speed re-
duction ratio may be suppressed.

(2) When determining with the detection signal of the
position detector 27d that the ring gear RG is not
located at the target position corresponding to the
speed reduction ratio, the gear shift actuator 27 is
operated at an operation speed that is slower than
normalto move thering gear RG to the target position
corresponding to the shifted speed reduction ratio.
Thus, for example, after the power supply for the
gear shift motor 27a is cut, the inertial rotation
amount of the gear shift motor 27a may be compen-
sated for even when there is no braking function.
More specifically, when the second holding portions
32b of the cam 30 strikes against the insertion pins
53a and 53b of the support member 51, the reaction
moves the cam 30 in a direction opposite to the pre-
determined direction by an amount that is compen-
sated for.

[0037] It should be apparent to those skilled in the art
that the presentinvention may be embodied in many oth-
er specific forms without departing from the spirit or scope
of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms.

[0038] In the above embodiment, the control process-
es described below may be added.

[0039] Referring to Fig. 5, after shifting the speed re-
duction ratio, if the control unit 23 determines with the
detection signal of the position detector 27d that the cam
30 is not located at the target position corresponding to
the speed reduction ratio (t5), the control unit 23 controls
the gear shift actuator 27 (motor 27a) to move the ring
gear RG to the target position corresponding to the speed
reduction ratio. Then, after a predetermined time elapses
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(time t6), if the control unit 23 determines that the cam
30 is not located at the target position corresponding to
the speed reduction ratio, the control unit 23 stops driving
the gear shiftactuator 27 (motor 27a). By performing such
a control, the operation of the gear shift actuator 27 may
be stopped without forcibly moving the ring gear RG to
the target position. This reduces the risk of damaging the
gear shift actuator 27 and the power transmission unit 22.
[0040] ReferringtoFig.6,the controlunit23 may detect
the position of the ring gear RG in predetermined cycles.
In this manner, by detecting the position of the ring gear
RG for a number of times, whenever the ring gear RG is
separated from the target position, the ring gear RG may
be moved to the target position.

[0041] Referring to Fig. 7, after shifting the speed re-
duction ratio, if the control unit 23 determines with the
detection signal of the position detector 27d that the cam
30 is not located at the target position corresponding to
the speed reduction ratio, the control unit 23 moves the
ring gear RG further away from the target position (time
t7). Then, the control unit 23 controls the gear shift actu-
ator 27 to move the ring gear RG to the target position
corresponding to the speed reduction ratio (time t8).
[0042] When moving the ring gear RG, the control unit
23 may use the detection signal of the position detector
27d to vary the speed at which the ring gear RG is moved
in accordance with the position of the ring gear RG. For
example, as shown in Fig. 8, when gear shift conditions
are satisfied at time t10, the control unit 23 drives the
gear shift actuator 27 (motor 27a) and pivots the cam 30.
The control unit 23 drives the motor 27a with a duty ratio
of 100% until time t11. Then, the control unit 23 drives
the motor 27a with a duty ratio of 60%. Then, the control
unit 23 drives the motor 27a with a duty ratio of 40% until
gear shifting is completed at time t14. When the gear
shifting is completed (time t14), the control unit 23 stops
driving the motor 27a. In this manner, the control unit 23
gradually decreases the rotation speed of the motor 27a
from when the gear shifting is started to decrease the
movement speed of the ring gear RG. Such a control
decreases the amount the cam 30 is moved in a direction
opposite to the predetermined direction by the reaction
produced when the cam 30 strikes the support member
51 due to inertia.

[0043] Inthe above embodiment, after shifting from the
H gear to the L gear (after shifting the speed reduction
gear), when the position of the ring gear RG is detected
and the cam 30 is not located at the second engagement
position that is the target position, the ring gear RG is
moved to the second engagement position. However,
thereis no limit to such a control. For example, after shift-
ing from the L gear to the H gear (after shifting the speed
reduction gear), when the position of the ring gear RG is
detected and the cam 30 is not located at the first en-
gagement position that is the target position, the ring gear
RG may be moved to the first engagement position.
[0044] Inthe above embodiment, the power transmis-
sion unit 22 shifts to two speed reduction ratios. Instead,
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speed reduction ratios.

[0045] In the above embodiment, the gear shift actua-
tor 27 is a motor actuator. However, the gear shift actu-
ator 27 does not have to use a motor as a drive source
and may use a solenoid or the like instead.

[0046] In the above embodiment, motor locking is de-
tected. However, this detection may be omitted.

[0047] In the above embodiment, the power tool 10 is
embodied in a drill driver but may be embodied in a dif-
ferent type of power tool such as an impact driver, an
impact wrench, a hammer drill, a vibration drill, a jigsaw,
and a sealing gun.

[0048] The presentexamples and embodiments are to
be considered as illustrative and not restrictive.

Claims
1. A power tool (10) characterized by comprising:

a motor (21);

a power transmission unit (22) that reduces a
rotation speed related to rotational power of the
motor (21) in accordance with a speed reduction
ratio that can be shifted and transmits the rota-
tional power to an output shaft (25) of the power
tool (10), wherein the power transmission unit
(22) includes a shifting member (RG) that is
moved to shift the speed reduction ratio;

a gear shift actuator (27) that moves the shifting
member (RG) to shift the speed reduction ratio
of the power transmission unit (22);

a position detector (27d) that detects a position
of the shifting member (RG) and generates a
detection signal;

a torque detector (41) that detects a load torque
applied to the output shaft; and

a control unit (23) that controls the gear shift
actuator to shift the speed reduction ratio of the
power transmission unit in accordance with the
load torque detected by the torque detector (41),
wherein the control unit, after shifting the speed
reduction ratio, determines with the detection
signal generated by the position detector (27d)
whether or not the shifting member (RG) is lo-
cated at a target position corresponding to the
speed reduction ratio; and

when determining that the shifting member (RG)
is not located at the target position, the control
unit (23) controls the gear shift actuator to move
the shifting member (RG) to the target position.

2. The power tool according to claim 1, being charac-
terized in that:

when the control unit (23) determines with the
detection signal generated by the position de-
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tector (27d) that the shifting member (RG) is not
located at the target position corresponding to

the speed reduction ratio, the control unit (23)
controls the gear shift actuator (27) to move the
shifting member (RG) to the target position while 5
decreasing an operational speed of the gear
shift actuator (27).

3. Thepowertool accordingto claim 1 or 2, being char-
acterized in that: 10

after shifting the speed reduction ratio, when the

control unit (23) determines with the detection

signal generated by the position detector (27d)

that the shifting member (RG) is not located at 75

the target position corresponding to the speed

reduction ratio, the control unit (23) controls the

gear shift actuator (27) to move the shifting

member (RG) to the target position; and

after a predetermined time elapses, when the 20

control unit (23) determines that the shifting

member (RG) is not located at the target posi-

tion, the control unit (23) stops driving the gear

shift actuator (27).

25
4. The power tool according to any one of claims 1 to
3, being characterized in that:

after shifting the speed reduction ratio, when the
control unit (23) determines with the detection 30
signal generated by the position detector (27d)

that the shifting member (RG) is not located at

the target position corresponding to the speed
reduction ratio, the control unit (23) controls the
gear shift actuator (27) to move the shifting 35
member (RG) further away from the target po-
sition and then move the shifting member (RG)

to the target position.

5. The power tool according to any one of claims 1to 40
4, being characterized in that:

the position detector detects the position of the
shifting member (RG) and generates the detec-
tion signal in predetermined cycles. 45

6. The power tool according to any one of claims 1 to
5, being characterized in that:

when controlling the gear shift actuator (27) to 50
move the shifting member, the control unit (23)
varies a speed at which the gear shift actuator
(27) moves the shifting member (RG) in accord-
ance with the position of the shifting member
(RG) using the detection signal generated by 55
the position detector (27d).
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Fig.2
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Fig.4
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Fig.8
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