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Description

Title of Invention: SCREW TIGHTENING TOOL
Technical Field

The invention relates to a screw tightening tool.

Background Art
Japanese Patent Application Publication No. 2009-078317 provides a screw
tightening tool. that is provided with a mechanical switch directly engaged with an

anvil so that the anvil does not rotate.
Disclosure of Invention

Solution to Problem

It is an object of the invention to provide a screw tightening tool. capable of fastening
a screw manually.

In order to attain the above and other objects, the invention provides a screw
tightening tool including: a handle part to be held by a user; a trigger; a power
supplying section that supplies an electrical power in accordance with an operated
amount of the trigger; and a motor that rotates in accordance with the electrical power
supplied from the power supplying section. The power supplying unit supplies the
motor with a preventing electrical power for preventing the motor from rotating with
respect to the handle part when a predetermined condition is satisfied.

Preferably, the power supplying section supplies the motor with the preventing
electrical power when the operated amount of the trigger falls into a predetermined
range.

Preferably, the power supplying section supplies the motor with a constant electrical
as the preventing electrical power.

Preferably, the power supplying section supplies the motor with the preventing
electrical power during a predetermined period since an operation of the trigger has
been stopped.

Preferably, the power supplying section supplies the motor with the preventing
electrical power when the motor rotates with respect to the handle part without an
operation of the trigger.

Preferably, the motor is a brushless motor having a stator and a rotor that rotates in
accordance with the electrical power supplied to the stator, and

Preferably, the power supplying unit supplies the stator with the preventing electrical

power.
Advantageous Effects of Invention

A screw tightening tool of the present invention can fasten a screw manually.
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Brief Description of Drawings

[fig.1]Fig. 1 is a cross-sectional view showing an impact tool in an electronic pulse
mode, according to a first embodiment of the invention;

[fig.2]Fig. 2 is a perspective view of the impact tool according to the first embodiment
of the invention;

[fig.3]Fig. 3 is an assembly diagram showing a dial and surrounding parts of the
impact tool according to the first embodiment of the invention;

[fig.4]Fig. 4 is a perspective view showing the dial of the impact tool according to the
first embodiment of the invention;

[fig.5]Fig. 5 is a plan view showing a dial seal of the impact tool according to the first
embodiment of the invention;

[fig.6]Fig. 6 is a cross-sectional view of the impact tool according to the first em-
bodiment of the invention, taken along a line VI-VIin Fig. 1;

[fig.7]Fig. 7 is a cross-sectional view of the impact tool according to the first em-
bodiment of the invention, taken along a line VII-VII in Fig. 1;

[fig.8]Fig. 8 is an assembly diagram showing a hammer section and surrounding parts
of the impact tool according to the first embodiment of the invention;

[fig.9]Fig. 9 is a cross-sectional view showing the impact tool in an impact mode,
according to the first embodiment of the invention;

[fig.10]Fig. 10 is a block diagram for illustrating controls of the impact tool according
to the first embodiment of the invention;

[fig.11]Fig. 11 is a diagram for illustrating controls of the impact tool in a drill mode
according to the first embodiment of the invention;

[fig.12]Fig. 12 is a diagram for illustrating controls of the impact tool in a clutch mode
according to the first embodiment of the invention;

[fig. 13A]Fig. 13A is a diagram for illustrating controls of the impact tool in a TEKS
mode according to the first embodiment of the invention;

[fig.13B]Fig. 13B is a diagram for showing positional relationship between a drill
screw and a steel plate when the drill screw is driven by the impact tool in the TEKS
mode according to the first embodiment of the invention;

[fig.14]Fig. 14 is a diagram for illustrating controls of the impact tool in a bolt mode
according to the first embodiment of the invention;

[fig.15]Fig. 15 is a diagram for illustrating controls of the impact tool in a pulse mode
according to the first embodiment of the invention;

[fig.16]Fig. 16 is a flowchart showing controls of the impact tool in the pulse mode
according to the first embodiment of the invention;

[fig.17A]Fig. 17A is a diagram for illustrating relevance between a pulled amount of a



WO 2012/014503 PCT/JP2011/004360

[0013]

[0014]

trigger and controls of a motor of the impact tool in the pulse mode according to the
first embodiment of the invention;

[fig.17B]Fig. 17B is a diagram for illustrating relevance between the pulling amount of
the trigger and PWM duty of the impact tool in the pulse mode according to the first
embodiment of the invention;

[fig.18]Fig. 18 is a flowchart showing controls of the motor depending on the pulling
amount of the trigger of the impact tool in the pulse mode according to the first em-
bodiment of the invention;

[fig.19]Fig. 19 is a flowchart showing controls of an impact tool when a trigger is off,
according to a second embodiment of the invention;

[fig.20]Fig. 20 is a diagram for illustrating rotation of a motor of an impact tool when a
trigger is off, according to a third embodiment of the invention;

[fig.21]Fig. 21 is a flowchart showing controls of the impact tool when a trigger is off,
according to the third embodiment of the invention;

[fig.22]Fig. 22 is a cross-sectional view of an impact tool according to a fourth em-
bodiment of the invention;

[fig.23]Fig. 23 is a cross-sectional view of an impact tool according to a fifth em-
bodiment of the invention;

[fig.24]Fig. 24 is an assembly diagram showing a dial and surrounding parts of an
impact tool according to a sixth embodiment of the invention;

[fig.25]Fig. 25 is a perspective view showing the dial of the impact tool according to
the sixth embodiment of the invention;

[fig.26]Fig. 26 is a cross-sectional view of the dial and surrounding parts of the impact
tool according to the sixth embodiment of the invention;[Explanationof Reference]1
impact tool3 motor22 handle section25 trigger6 inverter circuit7 control section

Best Mode for Carrying out the Invention

Hereinafter, the configuration of an impact tool 1 as the screw tightening tool
according to a first embodiment of the invention will be described while referring to
Figs. 1 through 18. Note that the screw tightening tool according to the present
invention is not limited to the impact tool although the impact tool 1 is used as the
screw tightening tool in the following embodiments.

As shown in Fig. 1, the impact tool 1 mainly includes a housing 2, a motor 3, a
hammer section 4, an anvil section 5, an inverter circuit 6 (see Fig. 10) mounted on a
circuit board 33, and a control section 7 (see Fig. 10) mounted on a board 26. The
housing 2 is made of resin and constitutes an outer shell of the impact tool 1. The
housing 2 is mainly formed by a body section 21 having substantially a cylindrical

shape and a handle section 22 extending downward from the body section 21.
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The motor 3 is disposed within the body section 21 so that the axial direction of the
motor 3 matches the lengthwise direction of the body section 21. Within the body
section 21, the hammer section 4 and the anvil section 5 are arranged toward one end
side of the motor 3 in the axial direction. In descriptions provided below, the anvil
section 5 side is defined as a front side, the motor 3 side is defined as a rear side, and a
direction parallel to the axial direction of the motor 3 is defined as a front-rear
direction. Additionally, the body section 21 side is defined as an upper side, the handle
section 22 side is defined as a lower side, and a direction in which the handle section
22 extends from the body section 21 is defined as an upper-lower direction. Further, a
direction perpendicular to both the front-rear direction and the upper-lower direction is
defined as a left-right direction.

As shown in Figs. 1 and 2, a first hole 21a from which an operating section 46B
described later protrudes is formed at an upper section of the body section 21, an air
inlet hole 21b for introducing ambient air is formed at a rear end and a rear part of the
body section 21, and an air outlet hole 21c¢ for discharging air is formed at a center part
of the body section 21. A metal-made hammer case 23 accommodating the hammer
section 4 and the anvil section 5 therein is disposed at a front position within the body
section 21. The hammer case 23 has substantially a funnel shape of which diameter
becomes smaller gradually forward, and an opening 23a is formed at the front end part.
A metal 23B is provided on an inner wall defining the opening 23a. A second hole 23b
from which a protruding section 45B described later protrudes is formed at a lower
section of the hammer case 23. A switch 23A is provided adjacent to the second hole
23b. The switch 23 A outputs a signal indicating a main operation mode described later
in accordance with the contact with the protruding section 45Br.

A light 2A is provided at a position adjacent to the opening 23a and below the
hammer case 23 for irradiating a bit mounted on an end-bit mounting section 51
described later. The light 2A is provided to illuminate forward during work at dark
places and to light up a work location. The light 2A is lighted normally by turning on a
switch 2B described later, and goes out by turning off the switch 2B. The light 2A also
has a function of blinking when temperature of the motor 3 rises to inform an operator
of the temperature rising, in addition to the original function of illumination of the light
2A.

The handle section 22 extends downward from a substantially center position of the
body section 21 in the front-rear direction, and is formed as an integral part with the
body section 21. A trigger 25 and a forward-reverse switching lever 2C for switching
rotational direction of the motor 3 are provided at an upper section of the handle
section 22. The switch 2B and a dial 27 are provided at a lower section of the handle
section 22. The switch 2B is for switching on and off of the light 2A, and the dial 27 is
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for switching a plurality of modes in an electronic pulse mode described later by a
rotating operation. A battery 24, which is a rechargeable battery that can be charged re-
peatedly, is detachably mounted at a lower end section of the handle section 22 in
order to supply the motor 3 and the like with electric power. The board 26 is disposed
at a lower position within the handle section 22. A switch mechanism 22A is built in
the handle section 22 for transmitting an operation of the trigger 25 to the board 26.

The board 26 is supported within the handle section 22 by a rib (not shown). The
control section 7, a gyro sensor 26A, an LED 26B, a support protrusion 26C, and a
dial-position detecting element 26D (Fig. 10) are provided on the board 26. As shown
in Fig. 3, a dial supporting section 28 is also mounted on the board 26, and the dial 27
is placed on the dial supporting section 28.

Here, the structure of the dial 27 and the dial supporting section 28 will be described
while referring to Figs. 3 through 5.

As shown in Fig. 4, the dial 27 has a circular shape, and a plurality of through holes
27a is formed in a circumferential arrangement on the dial 27. A plurality of concave
and convex sections 27A is provided on the outer circumferential surface of the dial 27
for preventing slippage when an operator rotates the dial 27. A substantially cylindrical
engaging section 27B is provided at the center of the dial 27 so as to protrude
downward in Fig. 1. An engaging hole 27b is formed at the center of the engaging
section 27B. Four engaging claws 27C and four protrusions 27D are provided around
the engaging section 27B so as to surround the engaging section 27B.

As shown in Fig. 3, the dial supporting section 28 has a ball 28A, a spring 28B, and a
plurality of guiding protrusions 28C. The dial supporting section 28 is formed with a
spring inserting hole 28a, an engaged hole 28b, an LED receiving hole 28c located at
the opposite position from the spring inserting hole 28a with respect to the engaged
hole 28b.

The engaging section 27B, the engaging claws 27C, and the protrusions 27D of the
dial 27 are inserted into the engaged hole 28b from the upper side, and also the support
protrusion 26C on the board 26 is inserted into the engaged hole 28b from the lower
side, thereby allowing the dial 27 to be rotatable about the support protrusion 26C.
Further, the guiding protrusions 28C of the dial supporting section 28 are arranged in a
circumferential shape so as to fit the inner circumference of the concave and convex
sections 27A of the dial 27, and the engaging claws 27C and the protrusions 27D of the
dial 27 are also arranged in a circumferential shape so as to fit the engaged hole 28b of
the dial supporting section 28, which enables smooth rotation of the dial 27. Addi-
tionally, the engaged hole 28b is provided with a step (not shown) so that the engaging
claws 27C inserted in the engaged hole 28b engage the step, thereby restricting

movement of the dial 27 in the upper-lower direction.
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The ball 28A is urged upward by the spring 28B inserted in the spring inserting hole
28a. Hence, by rotating the dial 27, a portion of the ball 28A is buried in one of the
through holes 27a. Because each though hole 27a corresponds to one of a plurality of
modes in an electronic pulse mode to be described later, the operator can recognize
that the mode has changed, from feeling or the like that a portion of the ball 28A is
buried in the through hole 27a. On the other hand, the LED 26B on the board 26 is
inserted in the LED receiving hole 28c. Hence, when a portion of the ball 28A is
buried in the through hole 27a, the LED 26B can irradiate onto the dial seal 29 from
the lower side through the through hole 27a located at a 180-degree opposite position
on the dial 27 with respect to the engaging hole 27b from the through hole 27a in
which the portion of the ball 28A is buried.

Further, a dial seal 29 shown in Fig. 5 is affixed to the top surface of the dial 27.
Characters indicative of a clutch mode, a drill mode, a TEKS (registered trade mark)
mode, a bolt mode, and a pulse mode in the electronic pulse mode are shown in
transparent letters on the dial seal 29. Operations in each mode will be described later.
Each mode can be selected by rotating the dial 27 so that a desired mode is positioned
under the LED 26B. At this time, because light of the LED 26B lights up the
transparent letters on the dial seal 29, the operator can recognize the mode that is
currently set and the location of the dial 27 even during working at dark places.

Referring to Fig. 1, the configuration of the impact tool 1 will be described again. As
shown in Fig. 1, the motor 3 is a brushless motor that mainly includes a rotor 3A
having an output shaft 31 and a stator 3B disposed to confront the rotor 3A. The motor
3 is disposed within the body section 21 so that the axial direction of the output shaft
31 matches the front-rear direction. As shown in Fig. 6, the rotor 3A has a permanent
magnet 3C including a plurality of sets (two sets in the present embodiment) of north
poles and south poles. The stator 3B is three-phase stator windings U, V, and W in star
connection. The south poles and the north poles of the stator windings U, V, and W are
switched by controlling electric current flowing through the stator windings U, V, and
W, thereby rotating the rotor 3A. Further, the rotor 3A can be made stationary relative
to the stator 3B by controlling the stator windings U, V, and W so that a state where
one set of the permanent magnet 3C is opposed to the winding U, V, and W (Fig. 6), is
maintained.

The output shaft 31 protrudes at the front and the rear of the rotor 3A, and is
rotatably supported by the body section 21 via bearings at the protruding sections. A
fan 32 is provided at the protruding section of the output shaft 31 at the front side, so
that the fan 32 rotates coaxially and together with the output shaft 31. A pinion gear
31A is provided at the front end position of the protruding section of the output shaft
31 at the front side, so that the pinion gear 31A rotates coaxially and together with the
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output shaft 31.

The circuit board 33 for mounting thereon electric elements is disposed at the rear of
the motor 3. As shown in Fig. 7, a through hole 33a is formed at the center of the
circuit board 33, and the output shaft 31 extends through the through hole 33a. On the
front surface of the circuit board 33, three rotational-position detecting elements (Hall
elements) 33A and a thermistor 33B are provided to protrude forward. On the rear
surface of the circuit board 33, six switching elements Q1 through Q6 constituting the
inverter circuit 6 are provided at the position indicated by dotted lines in Fig. 7. In
other words, the inverter circuit 6 includes six switching elements Q1 through Q6 such
as FET connected in a three-phase bridge form (see Fig. 10).

The rotational-position detecting elements 33A are for detecting the position of the
rotor 3A. The rotational-position detecting elements 33A are provided at positions in
confrontation with the permanent magnet 3C of the rotor 3A, and are arranged at a pre-
determined interval (for example, an interval of 60 degrees) in the circumferential
direction of the rotor 3A. The thermistor 33B is for detecting ambient temperature. As
shown in Fig. 7, the thermistor 33B is provided at a position of equal distance from the
left and right switching elements, and is arranged to overlap with the stator windings
U, V, and W of the stator 3B as viewed from the rear. Since the temperature of the ro-
tational-position detecting elements 33A, the switching elements Q1 through Q6, and
the motor 3 easily increase, the rotational-position detecting elements 33A, the
switching elements Q1 through Q6, and the motor 3 are easy to be damaged. Hence,
the thermistor 33B is arranged adjacent to the rotational-position detecting elements
33A, the switching elements Q1 through Q6, and the motor 3, so that the temperature
increase of the rotational-position detecting elements 33A, the switching elements Q1
through Q6, and the motor 3 can be detected accurately.

As shown in Figs. 1 and 8, the hammer section 4 mainly includes a gear mechanism
41, a hammer 42, an urging spring 43, a regulating spring 44, a first ring-shaped
member 45, a second ring-shaped member 46, and washers 47 and 48. The hammer
section 4 is accommodated within the hammer case 23 at the front side of the motor 3.
The gear mechanism 41 is a single-stage planetary gear mechanism, and includes an
outer gear 41A, two planetary gears 41B, and a spindle 41C. The outer gear 41A is
fixed within the body section 21.

The two planetary gears 41B are arranged to meshingly engage the pinion gear 31A
around the pinion gear 31A serving as the sun gear and to meshingly engage the outer
gear 41 A within the outer gear 41A. The two planetary gears 41B are connected to the
spindle 41C having the sun gear. With such configuration, rotation of the pinion gear
31A causes the two planetary gears 41B to orbit the pinion gear 31A, and rotation de-

celerated by the orbital motion is transmitted to the spindle 41C.
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The hammer 42 is disposed at the front side of the gear mechanism 41. The hammer
42 is rotatable and movable in the front-rear direction together with the spindle 41C.
As shown in Fig. 8, the hammer 42 has a first engaging protrusion 42A and a second
engaging protrusion 42B that are arranged at opposite positions with respect to the ro-
tational axis and that protrude frontward. A spring receiving section 42C into which
the regulating spring 44 is inserted is provided at the rear part of the hammer 42.

As shown in Fig. 1, because the front end of the urging spring 43 is connected to the
hammer 42 and the rear end of the urging spring 43 is connected to the front end of the
gear mechanism 41, the hammer 42 is always urged toward the front. On the other
hand, the hammer section 4 of the present embodiment includes the regulating spring
44. As shown in Fig. 8, the regulating spring 44 is inserted into the spring receiving
section 42C via the washers 47 and 48. The front end of the regulating spring 44 abuts
on the hammer 42, and the rear end of the regulating spring 44 abuts on the first ring-
shaped member 45.

The first ring-shaped member 45 has substantially a ring shape, and has a plurality of
trapezoidal first convex sections 45A and a protruding section 45B. The plurality of
first convex sections 45A protrudes rearward and is arranged at four positions with
intervals of 90 degrees in the circumferential direction. The protruding section 45B
protrudes downward and, as shown in Fig. 1, is inserted in the second hole 23b formed
in the hammer case 23. The second hole 23b is formed so that the length in the circum-
ferential direction is substantially identical to the protruding section 45B and that the
length in the front-rear direction is longer than the protruding section 45B, and thus the
first ring-shaped member 45 is not movable in the circumferential direction and is
movable in the front-rear direction.

The second ring-shaped member 46 has substantially a ring shape, and has a plurality
of trapezoidal second convex sections 46A and the operating section 46B. The
plurality of second convex sections 46A protrudes frontward and is arranged at four
positions with intervals of 90 degrees in the circumferential direction. The operating
section 46B protrude upward and, as shown in Fig. 1, is exposed to outside through the
first hole 21a. The first hole 21a is formed so that the length in the circumferential
direction is longer than the operating section 46B and that the length in the front-rear
direction is substantially identical to the operating section 46B, and thus the operator
can operate the operating section 46B to rotate the second ring-shaped member 46 in
the circumferential direction.

When the operating section 46B is not operated, the first convex sections 45A and
the second convex sections 46A are located at positions shifted from each other in the
circumferential direction, as viewed from the rotational axis direction (the front-rear

direction). In this case, since the regulating spring 44 is in a most expanded state as
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shown in Fig. 9, there is room for the hammer 42 to move rearward against the urging
force of the urging spring 43. Note that when the operating section 46B is not operated,
the protruding section 45B of the first ring-shaped member 45 and the switch 23A are
not in contact with each other.

On the other hand, if the operating section 46B is operated, the second ring-shaped
member 46 rotates, and the first convex sections 45A ride on the second convex
sections 46A, thereby causing the first ring-shaped member 45 to move forward
against the urging force of the regulating spring 44. Hence, since the regulating spring
44 is in a most contracted state, the hammer 42 cannot move rearward. Note that when
the operating section 46B is operated, the protruding section 45B and the switch 23A
are in contact with each other due to contraction of the regulating spring 44, as shown
in Fig. 1.

Referring to Fig. 1, the configuration of the impact tool 1 will be described again.
The anvil section 5 is disposed at the front side of the hammer section 4, and mainly
includes the end-bit mounting section 51 and an anvil 52. The end-bit mounting section
51 is formed in a cylindrical shape, and is rotatably supported within the opening 23a
of the hammer case 23 via the metal 23A. The end-bit mounting section 51 is formed,
in the front-rear direction, with a bore hole 51a into which a bit (not shown) is inserted.

The anvil 52 is located at the rear of the end-bit mounting section 51 within the
hammer case 23, and is formed as an integral part with the end-bit mounting section
51. The anvil 52 has a first engaged protrusion 52A and a second engaged protrusion
52B that are arranged at opposite positions with respect to the rotational center of the
end-bit mounting section 51 and that protrude rearward. When the hammer 42 rotates,
the first engaging protrusion 42A and the first engaged protrusion 52A collide with
each other and, at the same time, the second engaging protrusion 42B and the second
engaged protrusion 52B collide with each other, and the hammer 42 and the anvil 52
rotate together. With this motion, the rotational force of the hammer 42 is transmitted
to the anvil 52. The operations of the hammer 42 and the anvil 52 will be described
later in greater detail.

The control section 7 mounted on the board 26 is connected to the battery 24, and is
also connected to the light 2A, the switch 2B, the forward-reverse switching lever 2C,
the switch 23A, the trigger 25, the gyro sensor 26A, the LED 26B, the dial-position
detecting element 26D, the dial 27, and the thermistor 33B. The control section 7
includes an electric-current detecting circuit 71, a switch-operation detecting circuit 72,
an applied-voltage setting circuit 73, a rotational-direction setting circuit 74, a rotor-
position detecting circuit 75, a rotational-speed detecting circuit 76, a striking-impact
detecting circuit 77, a calculating section 78, a control-signal outputting circuit 79 (see
Fig. 10).
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Next, the configuration of control system for driving the motor 3 will be described
with reference to Fig. 10. Each gate of the switching elements Q1 through Q6 of the
inverter circuit 6 is connected to the control-signal outputting circuit 79 of the control
section 7. Each drain or source of the switching elements Q1 through Q6 is connected
to the stator windings U, V, and W of the stator 3B of the three-phase brushless DC
motor 3. The six switching elements Q1 through Q6 performs switching operations by
switching signals H1-H6 inputted from the control-signal outputting circuit 79. Thus,
the DC voltage of the battery 24 applied to the inverter circuit 6 is supplied to the
stator windings U, V, and W as three-phase (U-phase, V-phase, and W-phase) voltages
Vu, Vv, and Vw, respectively.

Specifically, the energized stator winding U, V, W, that is, the rotational direction of
the rotor 3A is controlled by the switching signals HI-H6 inputted to the switching
elements Q1-Q6. Further, an amount of power supply to the stator winding U, V, W,
that is, the rotational speed of the rotor 3A is controlled by the switching signals H4,
HS5, and H6 that are inputted to the switching elements Q4-Q6 and also serve as pulse
width modulation signals (PWM signals).

The electric-current detecting circuit 71 detects a current value supplied to the motor
3, and outputs the detected current value to the calculating section 78. The switch-
operation detecting circuit 72 detects whether the trigger 25 has been operated, and
outputs the detection result to the calculating section 78. The applied-voltage setting
circuit 73 outputs a signal depending on an operated amount of the trigger 25 to the
calculating section 78.

Upon detecting switching of the forward-reverse switching lever 2C, the rotational-
direction setting circuit 74 transmits a signal for switching the rotational direction of
the motor 3 to the calculating section 78.

The rotor-position detecting circuit 75 detects the rotational position of the rotor 3A
based on a signal from the rotational-position detecting elements 33A, and outputs the
detection result to the calculating section 78. The rotational-speed detecting circuit 76
detects the rotational speed of the rotor 3A based on a signal from the rotational-
position detecting elements 33A, and outputs the detection result to the calculating
section 78.

The impact tool 1 is provided with a striking-impact detecting sensor 80 that detects
magnitude of an impact that occurs at the anvil 52. The striking-impact detecting
circuit 77 outputs a signal from the striking-impact detecting sensor 80 to the cal-
culating section 78.

The calculating section 78 includes a central processing unit (CPU) for outputting
driving signals based on processing programs and data, a ROM for storing the

processing programs and control data, a RAM for temporarily storing data, and a timer,
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although these elements are not shown. The calculating section 78 generates the
switching signals H1-H6 based on signals from the rotational-direction setting circuit
74, the rotor-position detecting circuit 75 and the rotational-speed detecting circuit 76,
and outputs these signals to the inverter circuit 6 via control-signal outputting circuit
79. Further, the calculating section 78 adjusts the switching signals H4-H6 based on a
signal from the applied-voltage setting circuit 73, and outputs these signals to the
inverter circuit 6 via the control-signal outputting circuit 79. Note that the switching
signals H1-H3 may be adjusted as the PWM signals.

Further, ON/OFF signals from the switch 2B and temperature signals from the
thermistor 33B are inputted into the calculating section 78. Lighting on, blinking, and
lighting off of the light 2A are controlled based on these signals, thereby informing the
operator of a temperature increase in the housing 2.

The calculating section 78 switches the operation mode to an electronic pulse mode
to be described later, based on an input of a signal generated when the protruding
section 45B contacts the switch 23A. Further, the calculating section 78 turns on the
LED 26B for a predetermined period, based on an input of a signal generated when the
trigger 25 is pulled.

Signals from the gyro sensor 26A are also inputted into the calculating section 78.
The calculating section 78 controls the rotational direction of the motor 3 by detecting
a velocity of the gyro sensor 26A. The detailed operations will be described later.

Further, signals from the dial-position detecting element 26D that detects a position
of the dial 27 in the circumferential direction are inputted into the calculating section
78. The calculating section 78 performs switching of the operation mode based on the
signals from the dial-position detecting element 26D.

Next, the usable operation modes and controls of the control section 7 in the impact
tool 1 according to the present embodiment will be described. The impact tool 1
according to the present embodiment has two main modes of the impact mode and the
electronic pulse mode. The main modes can be switched by operating the operating
section 46B to put the switch 23A and the protruding section 45B in contact and out of
contact with each other.

The impact mode is a mode in which the motor 3 is rotated only in one direction for
causing the hammer 42 to strike the anvil 52. At the impact mode, the operating
section 46B is in a state shown in Fig. 9, where the hammer 42 is movable rearward
and the switch 23A and the protruding section 45B are not in contact with each other.
In the impact mode, although a fastener can be driven with a large torque compared
with the electronic pulse mode, noise at fastening work is large. This is because, when
the hammer 42 strikes the anvil 52, the hammer 42 strikes the anvil 52 while being

urged forward by the urging spring 43, and thus the anvil 52 receives not only impacts
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in the rotational direction but also impacts in the front-rear direction (the axial
direction), which causes these impacts in the axial direction to reverberate via a
workpiece. Hence, the impact mode is mainly used when work is done outdoor and
when a large torque is needed.

Specifically, in the impact mode, when the motor 3 rotates, the rotation is transmitted
to the hammer 42 via the gear mechanism 41. Thus, the anvil 52 rotates together with
the hammer 42. As fastening work proceeds and when the torque of the anvil 52
becomes greater than or equal to the predetermined value, the hammer 42 moves
rearward against the urging force of the urging spring 43. At this time, an elastic
energy is stored in the urging spring 43. Then, at a moment when the first engaging
protrusion 42A rides over the first engaged protrusion 52A and the second engaging
protrusion 42B rides over the second engaged protrusion 52B, the elastic energy stored
in the urging spring 43 is released, thereby causing the first engaging protrusion 42A to
collide with the second engaged protrusion 52B and, at the same time, causing the first
engaging protrusion 42A to collide with the first engaged protrusion 52A. With such
configuration, the rotational force of the motor 3 is transmitted to the anvil 52 as a
striking force. Note that the user can recognize by the positions of the protruding
section 45B and the operating section 46B that the impact mode is set. In the present
embodiment, if the impact mode is set, the LED 26B is not turned on. Hence, that the
user can also recognize by this feature that the impact mode is set.

The electronic pulse mode is a mode in which the rotational speed and the rotational
direction (forward or reverse) of the motor 3 is controlled. At the electronic pulse
mode, the operating section 46B is in a state shown in Fig. 1 where the hammer 42 is
not movable in the front-rear direction and the switch 23A and the protruding section
45B are in contact with each other. In the electronic pulse mode, since the hammer 42
is rotated in the reverse direction after colliding the anvil 52, the rotational speed of the
hammer 42 is not increased as the times the hammer 42 collides the anvil 52 is
increased. Therefore, in the electronic pulse mode, compared with the impact mode,
torque for fastening a fastener is small, but noise during fastening work is also small.
Because the hammer 42 is not movable in the front-rear direction, when the hammer
42 collides with the anvil 52, the anvil 52 receives only impacts in the rotational
direction. Thus, impacts in the axial direction do not reverberate via a workpiece.
Hence, the electronic pulse mode is mainly used when work is done indoor. In this
way, in the impact tool 1 of the present embodiment, the above-described impact mode
and electronic pulse mode can be switched easily by operating the operating section
46B, which enables that work is done in a mode suitable for a working place and
required torque.

Next, five detailed modes of the electronic pulse mode will be described with
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reference to Figs. 11 through 15. The electronic pulse mode further has five operation
modes of a drill mode, a clutch mode, a TEKS mode, a bolt mode, and a pulse mode,
which can be switched by operating the dial 27. In the descriptions provided below,
starting current is not considered in determination since a sharp rise of the starting
current shown in Fig. 11, for example, does not contribute to fastening of a screw or a
bolt. This starting current is not considered if dead time of 20 ms (milliseconds), for
example, is provided.

The drill mode is a mode in which the hammer 42 and the anvil 52 keep rotating
together in one direction. The drill mode is mainly used when a wood screw is driven
and the like. As shown in Fig. 11, a current flowing through the motor 3 increases as
fastening proceeds.

As shown in Fig. 12, the clutch mode is a mode in which the hammer 42 and the
anvil 52 keep rotating together in one direction and, when a current flowing through
the motor 3 increases to a target value (target torque), driving of the motor 3 is
stopped. The clutch mode is mainly used when an accurate torque is important, such as
when fastening a fastener that appears outside even after fastening is done. The target
value (target torque) can be changed by the numbers of the clutch mode shown in Fig.
5.

In the clutch mode, when the trigger 25 is pulled (t1 in Fig. 12), a preliminary start is
started. At the preliminary start, in order to put the hammer 42 and the anvil 52 in
contact with each other, the control section 7 applies a preliminary-start voltage (for
example, 1.5V) to the motor 3 for a predetermined period (t2 in Fig. 12). At a time
point when the trigger 25 is pulled, there is possibility that the hammer 42 and the
anvil 52 are spaced away from each other. If a current flows through the motor 3 in
that state, the hammer 42 applies a striking force to the anvil 52. There is possibility
that this striking force causes the hammer 42 and the anvil 52 to collide with each
other, and that the target value (target torque) is reached. In the present embodiment,
the preliminary start is performed to prevent collision between the hammer 42 and the
anvil 52, thereby preventing a current flowing through the motor 3 from reaching the
target value (target torque) instantaneously.

When a fastener is seated on a workpiece, the current value rises sharply (t3 in Fig.
12). If this current value exceeds a threshold value A, the control section 7 stops torque
supply to the fastener. However, because the current value has increased sharply when
a bolt is driven, torque may be supplied to the bolt due to inertia if applying of
forward-rotation voltage is simply stopped. Accordingly, in order to stop torque supply
to the bolt, reverse-rotation voltage for braking is applied to the motor 3.

Subsequently, the motor 3 is applied with forward-rotation voltage and reverse-

rotation voltage for pseudo clutch alternately (t4 in Fig. 12). In the present em-
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bodiment, a period for applying the forward-rotation voltage and reverse-rotation
voltage for pseudo clutch is set to 1000 ms (1 second). The pseudo clutch has a feature
of informing the operator that a predetermined current value is reached and hence a
predetermined torque is obtained. The operator is informed that the motor 3 has no
output in a simulated manner, although the motor 3 actually has an output.

If the reverse-rotation voltage for pseudo clutch is applied, the hammer 42 separates
from the anvil 52. If the forward-rotation voltage for pseudo clutch is applied, the
hammer 42 strikes the anvil 52. However, because the forward-rotation voltage and
reverse-rotation voltage for pseudo clutch is set to a voltage (for example, 2V) of a
degree not applying a fastening force to a fastener, the pseudo clutch is generated
merely as striking noise. Due to the generation of the pseudo clutch, the operator can
recognize the end of a fastening operation. After the pseudo clutch operates for a
period t4, the motor 3 stops automatically (t5 in Fig. 12).

As shown in Fig. 13A, the TEKS mode is a mode in which, when a current flowing
through the motor 3 increases to a predetermined value (predetermined torque) in a
state where the hammer 42 and the anvil 52 are rotated together in one direction,
forward rotation and reverse rotation of the motor 3 are switched alternately to fasten a
drill screw by striking force. The TEKS mode is mainly used in a case when a fastener
is fastened to a steel plate. The drill screw is a screw having drill blades at the tip end
for making a hole in a steel plate. A drill screw 53 includes a screw head 53A, a
seating surface 53B, a screw part 53C, a screw end 53D, and a drill 53E (Fig. 13B).

In the TEKS mode, because importance is not given to fastening with accurate
torque, the preliminary start is omitted. First, in a state where the drill 53E of the drill
screw 53 is in contact with a steel plate S as shown in Fig. 13B (a), it is necessary to
make a pilot hole in the steel plate S with the drill 53E. Thus, the motor 3 is rotated at a
high rotational speed a (for example, 17000 rpm) (Fig. 13A (a)). Then, when the tip
end of the drill screw 53 digs into the steel plate S and the screw end 53D reaches the
steel plate S (Fig. 13B (b)), friction between the screw part 53C and the steel plate S
works as resistance and the current value increases. When the current value exceeds a
threshold C (for example, 11A (amperes)) (t2 in Fig. 13A), the mode shifts to a first
pulse mode in which forward rotation and reverse rotation are repeated (Fig. 13A (b)).
In the present embodiment, during the first pulse mode, the motor 3 is rotated forward
at a rotational speed b (for example, 6000 rpm) lower than the rotational speed a. Then,
when the seating surface 53B is seated on the steel plate S (Fig. 13B (c)), the current
value rises sharply. In the present embodiment, the rate of increase in the current value
exceeds a predetermined value, the mode shifts to a second pulse mode (t3 in Fig.
13A) in which forward rotation and reverse rotation are repeated. During the second

pulse mode, the motor 3 is rotated forward at a rotational speed ¢ (for example, 3000
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rpm) lower than the rotational speed b. This can prevent damaging the drill screw 53
and damaging the slot in the head of the drill screw 53 due to excessive torque applied
to the drill screw 53 by the bit.

The bolt mode is a mode in which, when a current flowing through the motor 3
increases to a predetermined value (predetermined torque) in a state where the hammer
42 and the anvil 52 are rotated together in one direction, forward rotation and reverse
rotation of the motor 3 are switched alternately to fasten a fastener by striking force.
The bolt mode is mainly used for fastening a bolt.

In the bolt mode, because importance is not given to fastening with accurate torque,
an operation corresponding to the preliminary start in the clutch mode is omitted. In
the bolt mode, firstly the motor 3 is rotated only in a forward direction to rotate the
hammer 42 and the anvil 52 together in one direction. Then, when the current value of
the motor 3 exceeds a threshold value D (t1 in Fig. 14), a bolt-mode voltage is applied
to the motor 3 with a predetermined interval (t2 in Fig. 14). Application of the bolt-
mode voltage causes forward rotation and reverse rotation of the anvil 52, thereby
fastening a bolt. The bolt-mode voltage has a shorter period of forward rotation
compared with a voltage for preventing damaging of the slot in the screw head, in
order to alleviate reaction. By turning off the trigger 25, the motor 3 stops.

The pulse mode is a mode in which, when a current flowing through the motor 3
increases to a predetermined value (predetermined torque) in a state where the hammer
42 and the anvil 52 are rotated together in one direction, forward rotation and reverse
rotation of the motor 3 are switched alternately to fasten a fastener by striking force.
The pulse mode is mainly used for fastening an elongated screw that is used in a place
that does not appear outside, and the like. With this mode, a strong fastening force can
be provided, and also reaction force from a workpiece can be reduced.

However, because resistance of the fastener increases in a final phase of a fastening
operation, the motor 3 outputs a larger torque, which increases reaction that occurs at
striking in the impact tool 1. If reaction increases, the handle section 22 is rotatably
moved in the opposite direction from the rotational direction of the motor 3 about the
output shaft 31 of the motor 3, thereby worsening workability. Hence, in the present
embodiment, the gyro sensor 26A built in the handle section 22 detects velocity of the
handle section 22 in the circumferential direction about the output shaft 31, that is,
magnitude of reaction that is generated in the impact tool 1. If detection velocity by the
gyro sensor 26A becomes greater than or equal to a threshold value a described later,
the motor 3 is rotated in reverse direction in order to suppress reaction. Note that the
gyro sensor 26A is also called as a gyroscope, and is a measurement instrument for
measuring angular velocity of an object.

The operation in the pulse mode according to the present embodiment will be
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described with reference to Figs. 15 and 16. In the pulse mode, too, an operation corre-
sponding to a preliminary start is omitted.

In the flowchart of Fig. 16, the control section 7 first determines whether the trigger
25 is pulled (S1). If the trigger 25 is pulled (t1 in Fig. 15, S1: YES), the control section
7 starts forward rotation of the motor 3 (S2). Next, the control section 7 determines
whether velocity of the gyro sensor 26A exceeds a threshold value a (8 m/s
(meter/second) in the present embodiment) (S3). If the velocity exceeds the threshold
value a (t2 in Fig. 15, S3: YES), the control section 7 stops the motor 3 for a prede-
termined period (S4), and subsequently starts reverse rotation of the motor 3 (t3 in Fig.
15, S5). Next, the control section 7 determines whether the velocity of the gyro sensor
26A falls below a threshold value b (3 m/s in the present embodiment) (S6). If the
velocity falls below the threshold value b (t4 in Fig. 15, S6: YES), the control section 7
stops the motor 3 for a predetermined period (S7), and subsequently returns to S1 to
restart forward rotation of the motor 3 (t5 and thereafter in Fig. 15).

According to this configuration, because the motor 3 is rotated reversely when the
velocity of the gyro sensor 26A exceeds the threshold value a, reaction generated in the
impact tool 1 can be suppressed. Further, one can conceive a control method of
switching from forward rotation to reverse rotation when the current value of the motor
3 exceeds a predetermined value. In such a control, however, a fastening force
becomes weak when the predetermined value is small, whereas large reaction is
generated when the predetermined value is large. In contrast, in the present em-
bodiment, when the output of the gyro sensor 26A exceeds the threshold value a, it is
determined that an acceptable range of reaction is exceeded, and the motor 3 is rotated
reversely. Hence, a maximum fastening force can be obtained within the acceptable
range of reaction.

Next, controls of the motor 3 according to the pulled amount of the trigger 25, which
are common in all the operation modes in the electronic pulse mode, will be described
with reference to Figs. 17 and 18.

Normally, the trigger 25 is so configured that, as the pulled amount is larger, the duty
of PWM signal outputted to the inverter circuit 6 becomes larger. However, if a thin
sheet is affixed to a surface layer of a workpiece, there is possibility that the thin sheet
is broken at a moment when a fastener is seated on the workpiece. In order to prevent
this, the operator changes an electric driver to a manual drive just before a fastener is
seated on a workpiece, so that he can fasten the fastener manually, which worsens
workability. Thus, in the impact tool 1 of the present embodiment, PWM signal with a
constant duty such that the torque of the motor 3 is substantially identical to torque of
the fastener is outputted to the inverter circuit 6 when the pulled amount of the trigger

25 is in a predetermined zone, thereby enabling the impact tool 1 to be used to fasten
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the fastener manually.

Fig. 17A is a diagram for illustrating relevance between the pulled amount of the
trigger 25 and controls of the motor 3 of the impact tool 1. Fig. 17B is a diagram for il-
lustrating relevance between the pulling amount of the trigger 25 and PWM duty of the
impact tool 1. As to the pulled amount of the trigger 25, a first zone, a second zone
(not shown in Fig. 17B), and a third zone are provided. The first zone and the second
zone are provided between the two third zones. The third zone is a zone in which con-
ventional controls are performed. The first zone is obtained by pulling the trigger 25 by
a predetermined amount from the third zone. The first zone is a zone in which the
torque of the motor 3 is substantially identical to torque of the fastener. The second
zone is obtained by pulling the trigger 25 further slightly from the first zone.

When the pulled amount of the trigger 25 is in the first zone, torque of the motor 3 is
constant. It is supposed that the torque of the fastener just before the fastener is seated
on a workpiece falls into a range between 5 - 40 N*m. Therefore, in the present em-
bodiment, the torque of the motor 3 is set to the value falling into the above range.
When the operator rotates the impact tool 1 about the output shaft 31 with the torque of
the motor 3 having the value falling into the above range, the motor 3 rotates with the
rotation of the impact tool 1 since the torque of the motor 3 is substantially identical to
torque of the fastener. Thus, when the torque of the motor 3 is set to the value falling
into the above range, the operator can manually fasten the fastener (Fig. 17A (a)) even
if the torque of the motor 3 and the torque of the fastener are not identical to one
another accurately.

However, when the fastener is fastened to a certain degree, the impact tool 1 is
moved to a position where it is difficult to rotate the fastener manually (Fig. 17A (b)).
Here, in the present embodiment, the motor 3 is rotated reversely in a low speed in the
second zone where the trigger 25 is pulled slightly from the first zone. If the operator
pulls the trigger 25 further slightly in a state shown in Fig. 17A (b) by rotatably
moving the impact tool 1 manually, the pulled amount of the trigger 25 goes into the
second zone and the motor 3 rotates reversely at a low speed. At this time, if the
operator rotatably moves the impact tool 1 reversely about the output shaft 31 at a
speed substantially identical to the speed of the motor 3, the position of the impact tool
1 can be returned to a state shown in Fig. 17A (c) without rotating the fastener (Fig.
17A (e)). A holding mechanism for holding the pulled amount of the trigger 25 in the
second zone may be provided to easily hole the pulled amount of the trigger 25 in the
second zone. Then, by returning the pulled amount of the trigger 25 to the first zone,
the torque of the motor 3 becomes constant again, which allows a fastener to be
fastened manually (Fig. 17A (c)). In this way, in the impact tool 1 according to the
present embodiment, by adjusting the pulled amount of the trigger 25, the impact tool 1
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can be used like a ratchet wrench. Further, setting torque (duty ratio) of the first zone
can be changed by a dial (not shown). Hence, a fastening operation can be performed
with torque that is appropriate for hardness of a workpiece.

Fig. 18 is a flowchart showing controls of the motor 3 depending on the pulling
amount of the trigger 25. The flowchart of Fig. 18 starts when the battery 24 is
mounted. First, the control section 7 determines whether the trigger 25 is turned on
(S21). If the trigger 25 is turned on (S21: YES), the control section 7 determines
whether the pulled amount of the trigger 25 is within the first zone (S22). If the pulled
amount of the trigger 25 is not within the first zone (S22: NO), the control section 7
drives the motor 3 at a duty ratio corresponding to the pulled amount of the trigger 25
(S26) and returns to S22. If the pulled amount of the trigger 25 is within the first zone
(S22: YES), the control section 7 drives the motor 3 at a setting duty ratio that is set
preliminarily (S23), and subsequently determines whether the pulled amount of the
trigger 25 is within the second zone (S24). If the pulled amount of the trigger 25 is not
within the second zone (S24: NO), the control section 7 returns to S22 again. If the
pulled amount of the trigger 25 is within the second zone (S24: YES), the motor 3
rotates reversely in a low speed (S25) and the control section 7 returns to S24.

According to this configuration, even when a fastener is fastened to a workpiece of
which surface layer is affixed with a thin sheet, it is not necessary to change to a
manual tool such as a driver when the fastener is seated on the workpiece, and the
fastener can be manually fastened only by an operation of the trigger 25, which
improves workability. Note that, in the present embodiment, the impact tool 1 can be
used like a ratchet wrench by reversely rotating the motor 3 in the second zone. Even if
such configuration is not used, the operator may adjust the trigger 25 finely to obtain
similar effects.

Next, the configuration of an impact tool 201 according to a second embodiment of
the invention will be described while referring to Fig. 19. Here, parts and components
identical to those in the first embodiment are designated by the same reference
numerals to avoid duplicating description. In the first embodiment, when a fastener is
fastened manually, the pulled amount of the trigger 25 is adjusted. In the second em-
bodiment, a manual fastening operation can be achieved by electrically locking the
motor 3 for a predetermined period after turning off the trigger 25.

Fig. 19 is a flowchart showing controls according to the second embodiment. The
flowchart shown in Fig. 19 starts when the battery 24 is mounted. First, the control
section 7 determines whether the trigger 25 is turned on (S201). If the trigger 25 is
turned on (S201: YES), the control section 7 drives the motor 3 in accordance with the
mode that is set (S202), and subsequently determines whether the trigger 25 is turned
off (5203). Here, turning off the trigger 25 includes an automatic stop of the motor 3
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during the clutch mode (t5 in Fig. 12). If the trigger 25 is turned off (S203: YES), the
control section 7 locks the motor 3 (S204). Specifically, as shown in Fig. 6, the control
section 7 controls currents flowing through the stator windings U, V, and W so that
one stator winding comes to a position in confrontation with one permanent magnet 3C
and that another stator winding opposed to the one stator winding comes to a position
in confrontation with another permanent magnet 3C opposed to the one permanent
magnet 3C. At this time, the electrical power is supplied to the stator winding at 100%
in order to fix the motor. With this operation, the motor 3 is electrically locked. Sub-
sequently, the control section 7 determines whether a predetermined period has elapsed
after the trigger 25 is turned off (S203: YES) (S205). If the predetermined period has
not elapsed (S205: NO), the control section 7 returns to S204. If the predetermined
period has elapsed (S205: YES), the motor 3 is released from locking (S206).

With such configuration, the operator can fasten a fastener manually simply by
turning off the trigger 25.

Next, the configuration of an impact tool 301 according to a third embodiment of the
invention will be described while referring to Figs. 20 and 21. Here, parts and
components identical to those in the first and second embodiments are designated by
the same reference numerals to avoid duplicating description. In the second em-
bodiment, the motor 3 is electrically locked for a predetermined period after the trigger
25 is turned off. In the third embodiment, after the trigger 25 is turned off, controls are
performed to detect rotation of the motor 3 and to prevent rotation.

Fig. 20 is a diagram for illustrating rotation of the motor 3 when the trigger 25 is off.
Fig. 20(a) shows a state in which the trigger 25 is turned off after the trigger 25 is
turned on, and the motor 3 is stopped. Even if the impact tool 301 is rotatably moved
in the forward rotation in this state as shown in Fig. 20(b), the rotor 3A rotates very
little because the motor 3 is stopped. However, it can be considered as viewed from the
handle section 22 that the rotor 3A rotates in the reverse direction. Hence, in the
present embodiment, this rotation is detected and the motor 3 is supplied with a current
that rotates the rotor 3A in the direction preventing rotation, that is, in the forward
direction. Further, as shown in Fig. 20(c), while the handle section 22 is rotatably
moved, turning on and off of the motor 3 is repeated to maintain a state in which both
torques are matched. Thus, by supplying currents in the stator windings U, V, and W,
torque for rotating the rotor 3A and reaction force from the fastener are matched,
which creates a state in which the rotor 3A does not rotate relative to the handle section
22. Hence, the operator can fasten the fastener manually by rotatably moving the
handle section 22.

Fig. 21 is a flowchart showing controls according to the third embodiment. The

flowchart shown in Fig. 21 starts when the battery 24 is mounted. First, the control
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section 7 determines whether the trigger 25 is turned on (S201). If the trigger 25 is
turned on (S201: YES), the control section 7 drives the motor 3 in accordance with the
mode that is set (S202), and subsequently determines whether the trigger 25 is turned
off (S203). If the trigger 25 is turned off (S203: YES), the control section 7 determines
whether the motor 3 is rotated by signals from the rotational-position detecting
elements 33A (S301). If the motor 3 is rotated (S301: YES), the control section 7
supplies the motor 3 with a current that prevents rotation (S302). Specifically, as
shown in Figs. 20(b) and (c), the control section 7 controls currents flowing through
the stator windings U, V, and W so that the south pole comes to a position in con-
frontation with the north pole of the permanent magnet 3C and that the north pole
comes to a position in confrontation with the south pole of the permanent magnet 3C.
Subsequently, the control section 7 determines whether a predetermined period has
elapsed after the trigger 25 is turned off at S203 (S303). If the predetermined period
has not elapsed (S303: NO), the control section 7 returns to S301. If the predetermined
period has elapsed (S303: YES), the motor 3 is stopped (S304).

Next, the configuration of an impact tool 401 according to a fourth embodiment of
the invention will be described while referring to Fig. 22. Here, parts and components
identical to those in the first embodiment are designated by the same reference
numerals to avoid duplicating description. In the first embodiment, rotation of the
motor 3 is transmitted to the spindle 41C and the hammer 42 via the gear mechanism
41. However, in the fourth embodiment, an output from a motor 403 is directly
transmitted to a hammer 442 without a gear mechanism and a spindle.

With the configuration in the first embodiment, because the gear mechanism 41 is
connected to the housing 2, a reaction force that occurs when the motor 3 rotates the
gear mechanism 41 is generated in the impact tool 1 (the housing 2). More specifically,
when the spindle 41C is rotated in one direction via the gear mechanism 41, the gear
mechanism 41 generates a rotational force opposite to the one direction (reaction force)
in the impact tool 1, and this rotational force causes the handle section 22 to rotatably
move in the reverse direction about the axial center of the output shaft 31 of the motor
3 (reaction). In particular, in the electronic pulse mode where the hammer 42 and the
spindle 41C always rotate together, the above-described reaction becomes more
apparent. However, because a gear mechanism is not provided in the fourth em-
bodiment, the above-described reaction force is transmitted softly from the permanent
magnet 3C to the housing 2 via the stator 3B. Accordingly, the impact tool 401 is a
power tool with less reaction force and good workability. Further, a fastening operation
can be done smoothly without reaction force, thereby reducing the number of striking
pulses and suppressing power consumption.

As shown in Fig. 22, an inner cover 429 is provided within the housing 2. The motor
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403 is a brushless motor that mainly includes a rotor 403 A, a stator 403B, and an
output shaft 431 extending in the front-rear direction. A rod-like member 434 is
provided to be rotatable coaxially at the front end of the output shaft 431. The rod-like
member 434 is rotatably supported by the inner cover 429. The hammer 442 is fixed to
the front end of the rod-like member 434, so that the rod-like member 434 is
configured to rotate together with the hammer 442. The hammer 442 has a first
engaging protrusion 442A and a second engaging protrusion 442B. The first engaging
protrusion 442 A and the second engaging protrusion 442B of the hammer 442 rotate
together with the first engaged protrusion 52A and the second engaged protrusion 52B
of the anvil 52, respectively, thereby applying a rotational force to the anvil 52. Also,
the first and second engaging protrusions 442A and 442B collide with the first and
second engaged protrusions 52A and 52B, respectively, thereby applying a striking
force to the anvil 52.

In the present embodiment, because a gear mechanism (reducer) is not provided, the
motor 403 with a low rotational speed is used. In such configuration, however, even if
a fan is provided on the output shaft 431 like the first embodiment, a sufficient cooling
effect cannot be obtained due to the low rotational speed. Further, in the present em-
bodiment, because a gear mechanism (reducer) is not provided, the motor 403 with a
large output torque is used. Hence, the motor 403 of the present embodiment has a
larger size than the motor 3 of the first embodiment, and thus requires larger cooling
capacity than the first embodiment.

Hence, in the present embodiment, a fan 432 is provided at a lower part of the handle
section 22. The fan 432 is controlled to rotate regardless of rotation of the motor 403.
Specifically, the fan 432 is connected to the control section 7. The control section 7
controls the fan 432 to rotate when the trigger 25 is pulled, and controls the fan 432 to
stop when the trigger 25 is off. Further, in the present embodiment, an air inlet hole
435 is formed at the lower part of the handle section 22, and an air outlet hole 436 is
formed at the upper part of the body section 21, so that air flows in a path indicated by
the arrow in Fig. 22. With such configuration, even if the motor 403 has a low ro-
tational speed and a large size, a sufficient cooling effect can be obtained. Further,
because the fan 432 is disposed within the handle section 22, the length of the body
section 21 of the impact tool 401 in the front-rear direction can be shortened.

Further, a fan switch 402D is provided at the outer frame of the handle section 22. By
pressing the fan switch 402D, the fan 432 can be rotated without pulling the trigger 25.
Thus, for example, when the operator is informed of a temperature rise of the motor
403 by the light 2A, the motor 403, the board 26, and the circuit board 33 can be
cooled forcefully by pressing the fan switch 402D, without pulling the trigger 25.

Next, the configuration of an impact tool 501 according to a fifth embodiment of the
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invention will be described while referring to Fig. 23. Here, parts and components
identical to those in the first and fourth embodiments are designated by the same
reference numerals to avoid duplicating description.

In the present embodiment, a fan 532 is provided at the rear side of the motor 403
within the body section 21. The fan 532 is connected to the control section 7. The
control section 7 controls the fan 532 to rotate when the trigger 25 is pulled, and
controls the fan 532 to stop when the trigger 25 is off. Like Figs. 1 and 2, the air inlet
hole 21b for introducing ambient air is formed at a rear end and a rear part of the body
section 21, and the air outlet hole 21c¢ for discharging air is formed at a center part of
the body section 21. In this way, because the fan 532 is disposed at the rear side of the
motor 403, cooling air directly hits the motor 403, thereby improving cooling ef-
ficiency.

Next, the configuration of an impact tool 601 according to a sixth embodiment of the
invention will be described while referring to Figs. 24 through 26. Here, parts and
components identical to those in the first embodiment are designated by the same
reference numerals to avoid duplicating description.

In the present embodiment, as shown in Figs. 24 through 26, a dial 627 is provided at
the handle section 22, instead of the dial 27. A disk section 627B of the dial 627 is
made of a transparent member, so that light from the LED 26B can transmit the disk
section 627B and irradiate the dial seal 29 from below. A plurality of convex sections
627E is provided at the lower surface of the disk section 627B so as to protrude
downward. The plurality of convex sections 627E is provided at equal intervals in a
circumferential arrangement around a through hole 627a. As shown in Fig. 26, when
the ball 28A of the dial supporting section 28 is located between the convex sections
627E, each mode in the electronic pulse mode is set.

While the invention has been described in detail with reference to the above em-
bodiments thereof, it would be apparent to those skilled in the art that various changes
and modifications may be made therein without departing from the scope of the claims.

In the above-described embodiment, the gyro sensor 26A is provided on the board 26
to detect reaction that occurs in the handle section 22. However, a position sensor may
be provided on the board 26 to detect reaction that occurs in the handle section 22
based on distance by which the handle section 22 is moved. Similarly, an acceleration
sensor may be provided instead of the gyro sensor 26A.

However, because an output of the acceleration sensor is not linked directly to a
traveling amount of the housing, the acceleration sensor is not suitable for detection of
reaction. For example, the acceleration sensor outputs vibrations of the housing and the
acceleration sensor itself, which are different from the actual travel of the housing. Ac-

cordingly, it is preferable to use a velocity sensor which is effective in indicating the
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traveling amount of the housing.

In the above-described embodiment, a gyro sensor is used to detect reaction. Alter-
natively, the traveling amount of the housing may be measured with a GPS, for
example. In this case, if the traveling amount of the housing per unit time becomes
larger than or equal to a predetermined value, the rotational direction of the motor is
changed from the forward rotation to the reverse rotation. Also, an image sensor may
be used instead of a GPS.

Alternatively, reaction may be detected by detecting a current instead of using a gyro
sensor. However, there is a case in which reaction does not correspond to an output
value of the current, and an output value of the gyro sensor always corresponds to
reaction. Hence, reaction can be detected more accurately when the gyro sensor is used
to detect reaction, than a case in which reaction is detected based on the current.
Further, it is conceivable that a torque sensor is provided to the output shaft, instead of
the gyro sensor. However, there is also a case in which an output of the torque sensor
does not correspond to reaction, and the gyro sensor can detect reaction more ac-
curately.

Although a monochromatic LED is used as the LED 26B in the above-described em-
bodiment, a full color LED may be provided. In that case, the color may be changed
depending on a mode set by the dial 27. Further, a color in each mode may be changed
by providing color cellophanes at the dial 27. Also, a new informing light may be
provided at the body section 21, so that the color of the informing light changes
depending on the set mode. Thus, the operator can confirm the set mode at a position
closer to his hand.

In the third embodiment, controls are performed so that rotation of the motor 3 is
detected to prevent rotation. However, the rotor 3A may be so controlled that the
above-described controls are performed only when the rotor 3A is rotated in the
direction shown in Fig. 20 (b), and that a fastener is not rotated as shown in Fig. 17A
(b) when the rotor 3A is rotated in the direction opposite from the direction shown in
Fig. 20 (b). With this control, the electronic pulse driver can be used like a ratchet
wrench, as the first embodiment.

In the fourth and fifth embodiments, the fans 432 and 532 stop automatically when
the trigger 25 is off. However, if detection temperature of the thermistor 33B is higher
than or equal to a predetermined value when the trigger 25 is turned off, the fans 432
and 532 may be driven automatically until the temperature falls below the prede-

termined value.
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Claims

A screw tightening tool comprising:

a handle part to be held by a user;

a trigger;

a power supplying section that supplies an electrical power in ac-
cordance with an operated amount of the trigger; and

a motor that rotates in accordance with the electrical power supplied
from the power supplying section,

wherein the power supplying unit supplies the motor with a preventing
electrical power for preventing the motor from rotating with respect to
the handle part when a predetermined condition is satisfied.

The screw tightening tool according to claim 1, wherein the power
supplying section supplies the motor with the preventing electrical
power when the operated amount of the trigger falls into a prede-
termined range.

The screw tightening tool according to claim 2, wherein the power
supplying section supplies the motor with a constant electrical as the
preventing electrical power.

The screw tightening tool according to claim 1, wherein the power
supplying section supplies the motor with the preventing electrical
power during a predetermined period since an operation of the trigger
has been stopped.

The screw tightening tool according to claim 1, wherein the power
supplying section supplies the motor with the preventing electrical
power when the motor rotates with respect to the handle part without an
operation of the trigger.

The screw tightening tool according to claim 1, wherein the motor is a
brushless motor having a stator and a rotor that rotates in accordance
with the electrical power supplied to the stator, and

wherein the power supplying unit supplies the stator with the

preventing electrical power.
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