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(54) POWER TOOL

(57) A power tool includes: a motor that serves as a
rotational power source and is rotatable in a normal ro-
tation direction and a reverse rotation direction; an output
unit that is driven by the motor to be rotated; and a trans-
mission that is located between the motor and the output
unit and switches a reduction ratio. The power tool further
includes a control means. The control means makes the
transmission perform switching operation of the reduc-
tion ratio in response to a workload, and changes an initial
reduction ratio in the transmission when work is started,
in response to a rotation direction of the motor. The initial
reduction ratio is set as the reduction ratio in an initial
setting.
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Description

TECHNICAL FIELD

[0001] The invention relates generally to power tools
and, more particularly, to a power tool that includes a
gear shifting means.

BACKGROUND ART

[0002] When performing work, such as tightening of a
screw or drilling, using a power tool which is capable of
switching a reduction ratio in response to a workload’s
volume, at first, a user starts performing the work at a
low reduction ratio, that is, a low-torque high-speed ro-
tation, and then increases the reduction ratio, and chang-
es toward a high-torque low-speed rotation side, in order
to perform effectively the work. However, with respect to
the power tool that requires shifting gear by the user’s
hand for switching the reduction ratio, the user needs to
set to the low reduction ratio at the start of the work, and
to switch toward the high reduction ratio side in middle
of the work. Therefore, such a power tool increases the
burden on the user.
[0003] For this reason, in the following Patent literature
1, a power tool has been proposed which detects change
in a load torque directly or indirectly and shifts gear au-
tomatically in response to the change.
[0004] However, with respect to the conventional pow-
er tool that performs automatic gear shift, the low reduc-
tion ratio is fixed at the start of the work, and in addition,
the low reduction ratio is fixed also when a motor is ro-
tated in a reverse rotation direction.
[0005] Therefore, not in the case where the power tool
tightens the screw by a normal rotation of the motor but
in the case where the power tool loosens the screw by a
reverse rotation of the motor, because the low reduction
ratio is fixed, the work is started by the low-torque high-
speed rotation in spite of needing the high-torque at the
start of the work. As a result, the power tool increases
the burden on the motor and the like. If the user starts
loosening the screw after setting to the high reduction
ratio by the user’s hand, the burden on the motor and the
like can be reduced. However, under such hand opera-
tion, the user cannot take advantage of the automatic
gear shift.

PRIOR ART DOCUMENTS

PATENT LITERATURE

[0006] Patent literature 1: Japanese patent application
publication No. 2009-78349

SUMMARY OF THE INVENTION

PROBLEMS TO BE RESOLVED BY THE INVENTION

[0007] It is an object of the invention to provide a power
tool, which can shift gear automatically, and further can
start at reduction ratios respectively suitable for both of
works performed by a normal rotation and a reverse ro-
tation of a motor.

MEANS OF SOLVING THE PROBLEMS

[0008] A power tool of the present invention comprises:
a motor serving as a rotational power source, the motor
being rotatable in a normal rotation  direction and a re-
verse rotation direction; an output unit driven by the motor
to be rotated; and a transmission located between the
motor and the output unit, the transmission switching a
reduction ratio, and wherein the power tool further com-
prises a control means that makes the transmission per-
form switching operation of the reduction ratio in re-
sponse to a workload, the control means changing an
initial reduction ratio in the transmission when work is
started, in response to a rotation direction of the motor,
the initial reduction ratio being set as the reduction ratio
in an initial setting.
[0009] In the power tool, preferably, the initial reduction
ratio when the rotation direction of the motor is the re-
verse rotation direction is set higher than the initial re-
duction ratio when the rotation direction of the motor is
the normal rotation direction. Or, preferably, the initial
reduction ratio when the rotation direction of the motor
is the reverse rotation direction is set lower than the initial
reduction ratio when the rotation direction of the motor
is the normal rotation direction. Or, preferably, the initial
reduction ratio when the rotation direction of the motor
is the normal rotation direction is set at a non-low reduc-
tion ratio side, and the initial reduction ratio when the
rotation direction of the motor is the reverse rotation di-
rection is also set at the non-low reduction ratio side. The
power tool can suitably use the above-mentioned con-
figurations.
[0010] The power tool may further comprise a work-
start gear shift setting means that changes the initial re-
duction ratio in the transmission through user operation
when the work is started.
[0011] In the power tool, the transmission may be ca-
pable of switching the reduction ratio in three speed stag-
es or more.
[0012] In the power tool, the power tool may further
comprise an indicating means that indicates the initial
reduction ratio to a user.

EFFECT OF THE INVENTION

[0013] The power tool of the present invention can start
at reduction ratios respectively suitable for both of works
performed by a normal rotation and a reverse rotation of
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the motor. Therefore, the burden on the power tool can
be reduced, and the work efficiency can be improved,
and the user can work with comfort.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a flow chart showing operation of one ex-
ample of a power tool according to an embodiment
of the present invention.
Fig. 2 is a block diagram showing one example of
the power tool according to the embodiment of the
present invention.
Figs. 3(a) and 3(b) are illustration diagrams of torque
changes with respect to tightening (loosening) of a
screw, and Fig. 3(a) is an illustration diagram in the
case where a motor is rotated in a normal rotation
direction, and Fig. 3(b) is an illustration diagram in
the case where the motor is rotated in a reverse ro-
tation direction.
Fig. 4 is a flow chart showing operation of another
example of the power tool according to the embod-
iment of the present invention.
Figs. 5(a) and 5(b) are illustration diagrams of torque
changes with respect to tightening (loosening) of a
reverse-threaded screw, and Fig. 5(a) is an  illustra-
tion diagram in the case where the motor is rotated
in the normal rotation direction, and Fig. 5(b) is an
illustration diagram in the case where the motor is
rotated in the reverse rotation direction.
Fig. 6 is a flow chart showing operation of yet another
example of the power tool according to the embod-
iment of the present invention.
Figs. 7(a) and 7(b) are illustration diagrams of torque
changes about works respectively.
Fig. 8 is a block diagram showing another example
of the power tool according to the embodiment of the
present invention.
Fig. 9 is a flow chart showing operation of said an-
other example of the power tool according to the em-
bodiment of the present invention.
Fig. 10 is a flow chart showing operation of yet an-
other example of the power tool according to the em-
bodiment of the present invention.
Fig. 11 is an illustration diagram of torque change
about work of drilling.
Fig. 12 is a block diagram showing another example
of the power tool according to the embodiment of the
present invention.
Fig. 13 is a plain view showing said another example
of the power tool according to the embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] The present invention will be explained below
in detail based on examples shown in Figures. A power

tool shown in Fig. 2 is an electric drill driver. The power
tool includes: a motor 10 that serves as a power source
and is rotatable in a normal rotation direction and a re-
verse rotation direction; an output unit 12; and a trans-
mission 11 that has a gear shifting  function to switch a
reduction ratio. Then, the rotational output of the motor
10 is outputted to the output unit 12 through the trans-
mission 11. The reference number 18 shown in Fig. 18
represents a battery pack.
[0016] The transmission 11 is capable of switching the
reduction ratio through an electromagnetic member such
as a solenoid. The switching operation of the reduction
ratio is performed under control of a control circuit 13.
[0017] The control circuit 13 controls rotation of the mo-
tor 10 in response to the operation of a trigger switch 14.
The control circuit 13 drives the motor 10 through a motor
drive circuit 15, and is connected to: a rotation number
detection means 16 that detects the rotation number N
of the motor 10; and a current detection means 17 that
detects a motor drive current I. When the switching op-
eration of the reduction ratio is performed automatically
in response to the workload, the control circuit 13 directs
the transmission 11 to switch the reduction ratio in the
transmission 11 in response to a detection output of a
drive status detection means that is constituted by the
rotation number detection means 16 and the current de-
tection means 17.
[0018] Here, in the case where an output load is small
when the motor 10 is started, the motor drive current I
increases, and also the rate of increase in the motor ro-
tation number N increases. In the case where the output
load is large, the motor drive current I similarly increases,
but the rate of increase in the motor rotation number N
decreases or reduces to zero.
[0019] Therefore, with respect to the control circuit 13
that is constituted by one-chip microcomputer or the like
in this power tool, the reduction ratio is set at a low side
(the reduction ratio 1 in Fig. 1) in an initial setting. Then,
when two conditions: "the motor drive current I >= I1 (A)";
and "the rate of increase in the motor rotation number N
<= α1" are fulfilled, the reduction ratio is automatically
changed to a high side (the reduction ratio 2 in Fig. 1).
[0020] Accordingly, in the case where the output load
is small at the time of start and the workload gradually
increases with progression of the work, the motor drive
current I gradually increases and the motor rotation
number N decreases. Then, upon fulfillment of the two
conditions: "the motor drive current I >= I1 (A)"; and "the
rate of increase in the motor rotation number N <= α1",
the control circuit 13 makes the transmission 11 change
automatically the reduction ratio to the high side. In the
decrease in the motor rotation number N, the rate of in-
crease in the motor rotation number N may become a
negative value.
[0021] The automatic gear shift is performed under the
above-mentioned conditions. Therefore, even if there is
an inrush current generated when the motor 10 is started
or an inrush current generated when the user repeatedly
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performs operation for turning on the trigger switch 14
under non-load state of output in order to return to the
brink of the off-state, incorrect switching for the automatic
gear shift can be prevented by setting a value of the
above-mentioned α1 as a determinable rate in increase.
[0022] In the case where the workload decreases with
progression of the work, the reduction ratio is changed
toward a direction to be reduced. When the workload
decreases, the motor drive current I decreases and the
motor rotation number N increases. Therefore, when two
conditions: "the motor drive current I <= I3 (A)"; and "the
motor rotation number N >= N3" are fulfilled, the reduction
ratio is automatically changed to a low reduction  ratio
(that is, the high-speed side).
[0023] Here, the power tool, such as an electric drill
driver, is often used for tightening a screw by rotating the
motor 10 in a normal rotation direction. In this case, the
workload is small at the start of the work and increases
with progression of tightening of the screw. For this rea-
son, preferably, when the above-mentioned automatic
gear shift is performed, the reduction ratio is set at the
low reduction ratio (a low-torque high-speed rotation) in
the initial state as explained above. Preferably, when the
workload increases, automatically the reduction ratio is
changed to a high reduction ratio (a high-torque low-
speed rotation), and when the work is completed and the
trigger switch 14 is turned off, the reduction ratio is re-
turned to the low reduction ratio that has been set in the
initial state.
[0024] Here, when considering the case where the
work is performed by rotating the motor 10 in a reverse
rotation direction, there is the work for loosening of the
screw that has been tightened, as the major example. In
this case, as shown in Fig. 3(b), the workload is large at
the early period of the work. At this time, if the low reduc-
tion ratio is similarly set in the initial setting, a large load
is added to the motor 10 at the start of the work, and
further, the actual work for loosening of the screw starts
after the reduction ratio is switched to the high reduction
ratio. As a result, loss of time may be generated. Also,
motor lock may be generated at the start of the work.
When not assembling work but disassembling work is
performed, most works are performed by rotating the mo-
tor in the reverse rotation direction. For this reason, if the
initial reduction ratio is set in the case of the reverse ro-
tation direction in the same manner as the case of the
normal  rotation direction, such a power tool runs into
many problems.
[0025] Accordingly, in the power tool, the initial reduc-
tion ratio is set at the low reduction ratio when the motor
is rotated in the normal rotation direction, and is set at
the high reduction ratio when the motor is rotated in the
reverse rotation direction, in response to a rotation direc-
tion that has been set by a rotation direction switching
means 19 that switches the rotation direction of the motor
10. It is preferred that switching of the reduction ratio for
this is performed at a timing of when the rotation direction
switching means 19 switches the rotation direction of the

motor 10.
[0026] Because the initial reduction ratio is switched in
response to the rotation direction of the motor 10, as de-
scribed above, the control circuit 13 in the power tool
controls the transmission 11 to start operation in the state
of the low reduction ratio when the motor 10 is rotated in
the normal rotation direction, and then automatically to
switch the reduction ratio to the high reduction ratio with
the increase in the workload, and then to return to the
low reduction ratio when the work is completed and the
trigger switch 14 is turned off.
[0027] When the rotation direction switching means 19
sets the rotation direction of the motor 10 to the reverse
rotation direction, the transmission 11 is switched to the
state of the high reduction ratio at this time. Therefore,
the user can start work in the state of the high-torque
low-speed rotation upon turning on the trigger switch 14.
Then, the workload gradually decreases, and then if the
above-mentioned conditions are fulfilled, the reduction
ratio in the transmission 11 is automatically changed to
the low reduction ratio side. Then, when the work is com-
pleted and the trigger  switch 14 is turned off, the reduc-
tion ratio in the transmission 11 is automatically returned
to the high reduction ratio side.
[0028] The power tool has the advantage that there is
no need to separately perform switching operation of the
reduction ratio in the transmission 11 not only upon tight-
ening of the screw but also upon loosening of the screw,
and further the reduction ratio at the start of each work
is set so as to become suitable for the work. Therefore,
the user can use the power tool with good usability.
[0029] Here, as a type of the screw, there is a so-called
reverse-threaded screw. Tightening of this reverse-
threaded screw is performed by rotating the motor 10 in
the reverse rotation direction. Loosening of the reverse-
threaded screw is performed by rotating the motor 10 in
the normal rotation direction. Therefore, in the case
where the reverse-threaded screw is used as the work’s
object, the reverse of setting in the above-mentioned ex-
ample may be performed. Specifically, the initial reduc-
tion ratio may be set to the high reduction ratio when the
motor is rotated in the normal rotation direction, and may
be set to the low reduction ratio when the motor is rotated
in the reverse rotation direction, in response to the rota-
tion direction that has been set by the rotation direction
switching means 19. Fig. 4 shows a flow chart in this
case. Fig. 5(a) shows torque change when the reverse-
threaded screw is loosened by rotating the motor in the
normal rotation direction. Fig. 5(b) shows torque change
when the reverse-threaded screw is tightened by rotating
the motor in the reverse rotation direction.
[0030] In this case, because the reduction ratio is set
to the high reduction ratio when the motor 10 is rotated
in the normal rotation direction, the user  can start work
in the state of the high-torque low-speed rotation upon
turning on the trigger switch 14. Then, the workload grad-
ually decreases, and then if the predetermined conditions
are fulfilled, the reduction ratio is automatically changed
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to the low reduction ratio side. When the work is com-
pleted and the trigger switch 14 is turned off, the reduction
ratio in the transmission 11 is automatically returned to
the high reduction ratio side.
[0031] When the rotation direction switching means 19
sets the rotation direction of the motor 10 to the reverse
rotation direction, the transmission 11 is switched to the
state of the low reduction ratio at this time. Therefore,
the user can start work in the state of the low reduction
ratio upon turning on the trigger switch 14. When the
workload increases, the reduction ratio in the transmis-
sion 11 is automatically changed to the high reduction
ratio. Then, when the work is completed and the trigger
switch 14 is turned off, the reduction ratio is returned to
the low reduction ratio.
[0032] For this reason, in the case of this example, the
power tool can be also used for tightening or the like of
the reverse-threaded screw that is the exact opposite of
tightening of the normal screw.
[0033] In addition, there is a case where the tightening
torque change is different, depending on the type of the
work’s object, with respect to the work performed by ro-
tating the motor in the normal rotation direction. When a
screw with a small diameter is tightened, the torque is
changed as shown in Fig. 7(a), and it can be expected
that the work is effectively performed by starting at the
low-torque high-speed rotation in the low reduction ratio
side. On the other hand, when a screw with a large di-
ameter (e.g., a coach screw) is tightened, the torque is
changed as shown in Fig. 7(b), and it can be  expected
that the motor lock is generated soon after the start of
the work when the work is started in the low reduction
ratio side.
[0034] In this case where high tightening torque is
needed soon after the start of the work, the user can
effectively perform the work by starting at the high reduc-
tion ratio, and the burden on the power tool, caused by
the motor lock or the like, can be reduced. Then, when
the tightened screw is loosened, high torque is needed
at the start of loosening. As a result, also in this case,
the high-torque low-speed rotation in the high reduction
ratio is suitable for the start of the work. Therefore, in the
case where high torque is needed at the start of the work
with respect to both of the normal and reverse rotations,
as shown in Fig. 6, it is preferred that the high reduction
ratio is set in the initial state.
[0035] When it is considered that desirable initial re-
duction ratio is different depending on the type of the
work’s object, preferably, the power tool has the config-
uration that the initial reduction ratio can be set through
the user operation. Fig. 8 shows the power tool that fur-
ther includes a work-start gear shift setting means 20 in
which the initial reduction ratio is set through the user
operation. The control circuit 13 stores a reduction ratio
that has been set by the work-start gear shift setting
means 20, and then controls the transmission 11 so as
to use the stored reduction ratio as the initial reduction
ratio. Fig. 9 shows a flow chart with respect to the power

tool.
[0036] In the case where the power tool is adopted to
include for example a push switch as the work-start gear
shift setting means 20, the initial reduction ratio that is
used at the start of the work under the normal  rotation
state is switched by operating the push switch when the
power tool is in the halting state and the rotation direction
has been set to the normal rotation direction by the rota-
tion direction switching means 19. The initial reduction
ratio that is used at the start of the work under the reverse
rotation state is switched by operating the push switch
when the power tool is in the halting state and the rotation
direction has been set to the reverse rotation direction.
Further, the power tool has the configuration that the in-
itial reduction ratio is switched sequentially by repeating
the ON operation of the push switch. Of course, the work-
start gear shift setting means 20 is not limited to the push
switch. As described above, the power tool has the con-
figuration that the initial reduction ratio is changed in re-
sponse to the rotation direction that has been set by the
rotation direction switching means 19, and therefore, the
power tool can perform the setting operations for the in-
itial reduction ratio when the motor is rotated in the normal
rotation direction and the initial reduction ratio when the
motor is rotated in the reverse rotation direction, while
being reduced in the number of components. Further,
the power tool can provide the user good usability.
[0037] There is a case where the user performs the
same work continuously. In this case, the user can per-
form the same work continuously in the state, by setting
the initial reduction ratio only once in response to the
contents of the work. Therefore, the work efficiency can
be improved, and the efficiency in the use of one power
tool can be also improved.
[0038] The power tool of the present invention may
have the configuration that the transmission 11 is capable
of switching the reduction ratio in three speed stages.
Fig. 10 shows a flow chart in this case.
[0039] In the state where the reduction ratio is set in
the lowest stage, the reduction ratio is switched to the
middle reduction ratio that is one stage higher than the
lowest reduction ratio, upon fulfillment of two conditions:
"the motor drive current I >= I1 (A)"; and "the rate of in-
crease in the motor rotation number N <= α1". In this
state, further, when two conditions: "the motor drive cur-
rent I >= I2 (A)"; and "the rate of increase in the motor
rotation number N <= α2" are fulfilled, the reduction ratio
is automatically changed to a higher side.
[0040] On the other hand, in the state where the re-
duction ratio is set in the highest stage, the reduction
ratio is switched to the middle reduction ratio, upon ful-
fillment of two conditions: "the motor drive current I <= I4
(A)"; and "the motor rotation number N >= N4". In this
state, when two conditions: "the motor drive current I <=
I3 (A)"; and "the motor rotation number N >= N3" are
fulfilled, the automatic gear shift to a high-speed side is
performed.
[0041] As described above, in the case where the
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transmission 11 is capable of switching the reduction ra-
tio in three speed stages, preferably, the initial reduction
ratio is switched to the middle reduction ratio (a middle-
torque middle-speed rotation), in both cases of the nor-
mal rotation direction and the reverse rotation direction.
Here, in the case of drilling a hole in wood, the user may
need to make holes with various diameters, such as ϕ
10mm to ϕ 30mm. Fig. 11 shows the torque characteristic
with respect to drilling the hole in wood. As shown in Fig.
11, the torque increases at the start of the drilling and
then decreases gradually and then becomes stable. Fi-
nally, when the drill penetrates through wood, the torque
reduces to zero. For this reason, when the work is started
at the low reduction ratio, the  reduction ratio is changed
to the middle reduction ratio side soon after the start of
the drilling, and then the work is completed while the mid-
dle reduction ratio is maintained. If the work needs high
torque, the middle reduction ratio is further changed to
the high reduction ratio and the work is then completed.
That is, in the case of drilling a hole in wood, there is little
need to perform the work at the low reduction ratio. There-
fore, by starting at the middle reduction ratio, the work
can be effectively performed without unnecessary gear
shift and the burden on the user can be reduced.
[0042] When it is also considered that the power tool
is applied to the above-mentioned tightening or the like
of the screw, it is preferred that the power tool includes
the work-start gear shift setting means 20 that is capable
of changing the initial reduction ratio through user oper-
ation.
[0043] Figs. 12 and 13 show the power tool that further
includes an indicating means 21 indicating the above-
mentioned initial reduction ratio that has been initially set
to a user. Preferably, this indicating means 21 is provided
with three light emitting diodes located at the upper side
of the power tool for example. The respective three light
emitting diodes correspond to the low reduction ratio (H),
the middle reduction ratio (M), and the high reduction
ratio (L). In this case, the indicating means 21 turns on
a light emitting diode corresponding to the initial reduction
ratio at the start of the work in the rotation direction that
has been set by the rotation direction switching means
19. In this way, the indicating means 21 notifies the user
of the initial reduction ratio in the present rotation direction
of the motor.
[0044] In addition, the indicating means 21 may be pro-
vided with a total of  six light emitting diodes, three of
which are used for the normal rotation direction, and the
remaining three are used for reverse rotation direction.
Because the user can easily recognize whether it is a
predetermined initial reduction ratio, or an initial reduction
ratio that has been set by the user, the power tool can
prevent failure of the work caused by performing the work
at the wrong initial reduction ratio.
[0045] As explained above, the power tool of the
present invention includes the motor 10, the transmission
11 and the output unit 12, as shown in Fig. 2. The motor
10 is defined as a rotational power source. The motor 10

is configured to be rotatable in regard to normal and re-
verse rotations. More specifically, the motor 10 is config-
ured to be rotatable in regard to the normal and reverse
rotations, thereby being rotated in the normal rotation
direction and in the reverse rotation direction. The output
unit 12 is configured to be driven by the motor 10 to be
rotated.
[0046] The power tool further includes the control
means. The control means is configured to make the
transmission 11 perform the switching operation of the
reduction ratio in response to the workload. The control
means changes the initial reduction ratio in the transmis-
sion 11 when work is started, in response to a rotation
direction of the motor 10. The initial reduction ratio is set
as the reduction ratio in an initial setting.
[0047] The control means is the control circuit 13 as
shown in Fig. 2 for example.
[0048] As shown in the flow chart of Fig. 1, the initial
reduction ratio when the rotation direction of the motor
10 is the reverse rotation direction is set higher than the
initial reduction ratio when the rotation direction of the
motor 10 is the normal rotation direction.
[0049] When explained from other aspect, the control
means sets the reduction ratio, so that the initial reduction
ratio when the rotation direction of the motor 10 is the
reverse rotation direction is set higher than the initial re-
duction ratio when the rotation direction of the motor 10
is the normal rotation direction.
[0050] When further explained from other aspect, the
rotation direction switching means 19 is configured to
switch the rotation direction of the motor 10. This makes
the motor 10 rotate in the normal rotation direction or in
the reverse rotation direction, in response to the rotation
direction of the motor 10 that has been set by the rotation
direction switching means 19. When the rotation direction
switching means 19 sets the rotation direction of the mo-
tor 10 so that the motor 10 is rotated in the normal rotation
direction, the control means is configured to rotate the
motor 10 at a first reduction ratio. When the rotation di-
rection switching means 19 sets the rotation direction of
the motor 10 so that the motor 10 is rotated in the reverse
rotation direction, the control means is configured to ro-
tate the motor 10 at a second reduction ratio. In this case,
the second reduction ratio is higher than the first reduc-
tion ratio.
[0051] The rotation direction switching means 19 may
be a switch or a lever provided with the power tool for
example, but is not limited to those. That is, as long as
the rotation direction switching means 19 is a component
that is capable of switching the rotation direction of the
motor 10, anything can be adopted.
[0052] Also, there is a case where the power tool is
used for a reverse-threaded  screw.
[0053] Therefore, as shown in the flow chart of Fig. 4,
the initial reduction ratio when the rotation direction of
the motor 10 is the reverse rotation direction may be set
lower than the initial reduction ratio when the rotation
direction of the motor 10 is the normal rotation direction.
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[0054] When explained from other aspect, the control
means sets the reduction ratio, so that the initial reduction
ratio when the rotation direction of the motor 10 is the
reverse rotation direction is set lower than the initial re-
duction ratio when the rotation direction of the motor 10
is the normal rotation direction.
[0055] When further explained from other aspect, the
rotation direction switching means 19 is configured to
switch the rotation direction of the motor 10. This makes
the motor 10 rotate in the normal rotation direction or in
the reverse rotation direction, in response to the rotation
direction of the motor 10 that has been set by the rotation
direction switching means 19. When the rotation direction
switching means 19 sets the rotation direction of the mo-
tor 10 so that the motor 10 is rotated in the reverse rotation
direction, the control means is configured to rotate the
motor 10 at the first reduction ratio. When the rotation
direction switching means 19 sets the rotation direction
of the motor 10 so that the motor 10 is rotated in the
normal rotation direction, the control means is configured
to rotate the motor 10 at the second reduction ratio. In
this case, the second reduction ratio is higher than the
first reduction ratio.
[0056] The initial reduction ratio when the rotation di-
rection of the motor 10 is the normal rotation direction
may be set at a non-low reduction ratio side  and also
the initial reduction ratio when the rotation direction of
the motor 10 is the reverse rotation direction may be also
set at the non-low reduction ratio side.
[0057] As shown in Fig. 8, the power tool further in-
cludes the work-start gear shift setting means 20 that
changes the initial reduction ratio in the transmission 11
through user operation when the work is started.
[0058] As shown in Fig. 10, the transmission 11 is ca-
pable of switching the reduction ratio in three speed stag-
es or more.
[0059] As shown in Fig. 13, the power tool further in-
cludes the indicating means that indicates the initial re-
duction ratio to a user.
[0060] Further, as shown in Fig. 2, the power tool in-
cludes the rotation direction switching means 19. The
rotation direction switching means 19 is configured to
switch the rotation direction of the motor 10. This makes
the motor 10 rotate in the normal rotation direction or in
the reverse rotation direction, in response to the rotation
direction of the motor 10 set by the rotation direction
switching means 19. When the rotation direction switch-
ing means 19 sets the rotation direction of the motor 10
so that the motor 10 is rotated in the normal rotation di-
rection, the transmission 11 is configured to set the re-
duction ratio to be lower than a predetermined reduction
ratio. When the rotation direction switching means 19
sets the rotation direction of the motor 10 so that the
motor 10 is rotated in the reverse rotation direction, the
transmission 11 is configured to set the reduction ratio
to be higher than a predetermined reduction ratio.
[0061] Further, as shown in Fig. 2, the power tool in-
cludes the motor rotation number detection means 16

and the motor current detection means 17. The motor
rotation number detection means 16 is configured to de-
tect the rotation number of the motor 10. The control
means is configured to detect whether or not the infor-
mation obtained from the rotation number of the motor
10 fulfills a first rotation condition. Then, the motor current
detection means 17 is configured to detect a drive current
in the motor 10. The control means is configured to detect
whether or not a current value of the drive current in the
motor 10 fulfills a first current state. When the rotation
direction switching means 19 sets the rotation direction
of the motor 10 so that the motor 10 is rotated in the
normal rotation direction, the control means is configured
to control the transmission 11 to set the reduction ratio
to be lower than a predetermined reduction ratio. When
the control means detects: that the rotation information
detected by the motor rotation number detection means
16 fulfills the first rotation condition; and that the current
value of the drive current in the motor 10 detected by the
motor current detection means 17 fulfills the first current
state, and further the rotation direction switching means
19 makes the motor 10 rotate in the normal rotation di-
rection, the control means is configured to control the
transmission 11 to set the reduction ratio to be higher
than a predetermined reduction ratio.
[0062] As one example, the rotation information rep-
resents the rate of increase in the rotation number of the
motor 10. The control means is configured to detect
whether or not the first rotation condition is fulfilled: the
rate of increase in the rotation number of the motor 10 is
less than or equal to a predetermined rate of increase.
The control means is configured to detect whether or not
the first current state is fulfilled: the current value of  the
drive current in the motor 10 is more than or equal to a
first current value.
[0063] As one example, the rotation information is the
rotation number of the motor 10, but is not limited to that.
That is, the rotation information may be the rate of in-
crease in the rotation number of the motor 10. Or, the
rotation information may be information that corresponds
to the rotation number of the motor 10. Or, the rotation
information may be information that corresponds to the
rate of increase in the rotation number of the motor 10.
[0064] The control means further includes the motor
rotation number detection means 16 and the motor cur-
rent detection means 17. The motor rotation number de-
tection means 16 is configured to detect the rotation
number of the motor 10. The control means is configured
to detect whether or not the rotation information obtained
from the rotation number of the motor 10 fulfills a second
rotation condition. The motor current detection means 17
is configured to detect the current value of the drive cur-
rent in the motor 10. The control means is configured to
detect whether or not a current value of the drive current
in the motor 10 fulfills a second current state. When the
rotation direction switching means 19 sets the rotation
direction of the motor 10 so that the motor 10 is rotated
in the reverse rotation direction, the transmission 11 is
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configured to set the reduction ratio to be higher than a
predetermined reduction ratio. When the control means
detects: that the rotation information detected by the mo-
tor rotation number detection means 16 fulfills the second
rotation condition; and that the current value of the drive
current in the motor 10 detected by the motor  current
detection means 17 fulfills the second current state, and
further the rotation direction switching means 19 makes
the motor 10 rotate in the reverse rotation direction, the
transmission 11 is configured to set the reduction ratio
to be lower than a predetermined reduction ratio.
[0065] As one example, the rotation information rep-
resents the rotation number of the motor 10. The control
means is configured to detect whether or not the second
rotation condition is fulfilled: the rotation number of the
motor 10 is more than or equal to a predetermined rota-
tion number. The control means is configured to detect
whether or not the second current state is fulfilled: the
current value of the drive current in the motor 10 is less
than or equal to a second current value.
[0066] The power tool further includes the work-start
gear shift setting means 20. The work-start gear shift
setting means 20 is configured to change the reduction
ratio when operation of the motor 10 is started.
[0067] The work-start gear shift setting means 20 is
configured to have a first setting state or a second setting
state selectively. When the work-start gear shift setting
means 20 has the first setting state and the rotation di-
rection switching means 19 sets the rotation direction of
the motor 10 so that the motor 10 is rotated in the normal
rotation direction, the transmission 11 is configured to
set the reduction ratio to be lower than a predetermined
reduction ratio. When the work-start gear shift setting
means 20 has the second setting state and the rotation
direction switching means 19 sets the rotation direction
of the motor 10 so that the motor 10 is rotated in the
normal rotation direction, the transmission 11 is config-
ured to set the reduction ratio to be higher than a prede-
termined reduction ratio.
[0068] As explained above, the power tool may be
used for removing a screw, and may be used with respect
to a reverse-threaded screw.
[0069] In those cases, the work-start gear shift setting
means 20 is configured to have a first setting state or a
second setting state selectively. When the work-start
gear shift setting means 20 has the first setting state and
the rotation direction switching means 19 sets the rotation
direction of the motor 10 so that the motor 10 is rotated
in the reverse rotation direction, the transmission 11 is
configured to set the reduction ratio to be higher than a
predetermined reduction ratio. When the work-start gear
shift setting means 20 has the second setting state and
the rotation direction switching means 19 sets the rotation
direction of the motor 10 so that the motor 10 is rotated
in the reverse rotation direction, the transmission 11 is
configured to set the reduction ratio to be lower than a
predetermined reduction ratio.
[0070] In the above-mentioned explanations, the rota-

tion direction of the motor 10 when the motor 10 is rotated
in the normal rotation direction is a direction opposite to
the rotation direction of the motor 10 when the motor 10
is rotated in the reverse rotation direction. Accordingly,
in the case where the rotation direction of the motor 10
is defined as the rotation direction to the right when the
motor 10 is rotated in the normal rotation direction, the
rotation direction of the motor 10 is defined as the rotation
direction to the left when the motor 10 is rotated in the
reverse rotation direction. In the case where the rotation
direction of the motor 10 is defined as the rotation direc-
tion to the left when the motor 10 is rotated in the normal
rotation direction, the rotation direction of the motor 10
is defined as the rotation direction to the right when the
motor 10 is rotated in the reverse rotation  direction.

EXPLANATION OF REFERENCE NUMERALS

[0071]

10 Motor

11 Transmission

12 Output unit

13 Control unit

14 Trigger switch

15 Motor drive circuit

16 Motor rotation number detection means

17 Motor current detection means

18 Battery pack

19 Rotation direction switching means

20 Work-start gear shift setting means

21 Indicating means

Claims

1. A power tool, comprising:

a motor serving as a rotational power source,
the motor being rotatable in a normal rotation
direction and a reverse rotation direction;
an output unit driven by the motor to be rotated;
and
a transmission located between the motor and
the output unit, the transmission switching a re-
duction ratio,
wherein the power tool further comprises a con-
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trol means that makes the transmission perform
switching operation of the reduction ratio in re-
sponse to a workload, the control means chang-
ing an initial reduction ratio in the transmission
when work is started, in response to a rotation
direction of the motor, the initial reduction ratio
being set as the reduction ratio in an initial set-
ting.

2. The power tool according to claim 1,
wherein the initial reduction ratio when the rotation
direction of the motor is the reverse rotation direction
is set higher than the initial reduction ratio when the
rotation direction of the motor is the normal rotation
direction.

3. The power tool according to claim 1,
wherein the initial reduction ratio when the rotation
direction of the motor is the reverse rotation direction
is set lower than the initial reduction ratio when the
rotation direction of the motor is the normal rotation
direction.

4. The power tool according to claim 1,
wherein the initial reduction ratio when the rotation
direction of the motor is the normal rotation direction
is set at a non-low reduction ratio side, the initial re-
duction ratio when the rotation direction of the motor
is the reverse rotation direction being also set at the
non-low reduction ratio side.

5. The power tool according to any one of claims 1 to
4, further comprises a work-start gear shift setting
means that changes the initial reduction ratio in the
transmission through user operation when the work
is started.

6. The power tool according to any one of claims 1 to 5,
wherein the transmission is capable of switching the
reduction ratio in three speed stages or more.

7. The power tool according to any one of claims 1 to
6, further comprises an indicating means that indi-
cates the initial reduction ratio to a user.
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