wo 2015/147331 A [N 00RO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/147331 Al

(51

eay)

(22)

(25)
(26)
(30)

1

1 October 2015 (01.10.2015) WIPOIPCT
International Patent Classification: (72)
B25F 5/00 (2006.01)

International Application Number:
PCT/JP2015/060303

International Filing Date:
25 March 2015 (25.03.2015)

Filing Language: English
Publication Language: English
Priority Data:

2014-070587 28 March 2014 (28.03.2014) JP

Applicant: HITACHI KOKI CO., LTD. [JP/IP]; 15-1,
Konan 2-chome, Minato-ku, Tokyo, 1086020 (JP).

(74

(8D

Inventors: TAKANQO, Nobuhiro; c¢/o Hitachi Koki Co.,
LTD., 1060 Takeda, Hitachinaka-shi, Ibaraki, 3128502
(JP). IWATA, Kazutaka; c/o Hitachi Koki Co., LTD.,
1060 Takeda, Hitachinaka-shi, Ibaraki, 3128502 (JP). KO-
IZUMI, Toshiaki; c/o Hitachi Koki Co., LTD., 1060
Takeda, Hitachinaka-shi, Ibaraki, 3128502 (JP).
TADOKORO, Naoki; c/o Hitachi Koki Co., LTD., 1060
Takeda, Hitachinaka-shi, Ibaraki, 3128502 (JP). HAGA,
Hiroshi; c¢/o Hitachi Koki Co., LTD., 1060 Takeda,
Hitachinaka-shi, Ibaraki, 3128502 (JP). SATOU,
Shinichirou; c/o Hitachi Koki Co., LTD., 1060 Takeda,
Hitachinaka-shi, Ibaraki, 3128502 (JP).

Agent: SHIN-EI PATENT FIRM, P.C.; Toranomon East
Bldg. 8F, 7-13, Nishi-Shimbashi 1-chome, Minato-ku,
Tokyo, 1050003 (JP).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: ELECTRIC TOOL

pne

FIG. 4
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motor to an end tool, and a controller configured to control a rotation of the
motor by a duty ratio of a PWM signal, wherein the controller is configured
to set the duty ratio to a reference duty ratio less than 100% when a voltage
of the power supply applied to the electric tool is within a predetermined
range including a rated voltage of the electric tool, and wherein the controller
is configured to drive the motor by setting the duty ratio to be higher than the
reference duty ratio when the voltage of the power supply applied to the elec-
tric tool is lower than the predetermined range.
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DESCRIPTION
Title of Invention

ELECTRIC TOOL

Technical Field

Aspects of the present invention relate to an electric tool using an electric
motor as a power source. - More specifically, the aspects of the present invention
relate to an improved electric tool where a motor can be operated at a predetermined
. rotation number and torque even when an input voltage from an AC pbwef supply is

varied.

Background Art

As a dri{/e source of an electric tool for drjving an end tool, an electric motor
usiﬁg AC power is widely uséd, as disclosed in JP-A-2011-148069. In the case of the
electric motor using the AC power, compared to an electric tooll using a DC motor with
a battery, an output is high, and further, a long timev operatioh is possible. On the
other hand, when using the AC .power, it is required to connect a poWér supply cord to
a socket. Accordingly, available locations may be limited, compared to a portable
electric tool with a battery. When the electric tool using the AC power is used in a
location with no socket, an extension cord 104 wound around a cord reel 103 is often
used to supply power from a socket 105 to an electric tool 101, as shown in Fig. 10.
In this case, the cord reel 103 is placed within a range where a power supply cord 102
extending from the electric tool 101 can be connected. When observing an actual
using site, the extension cord 104 having a length of approximately 100 m or more is

often used.
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Summary of Invention
Technical Problem |

When the power supply cord 102 is connected to the socket 105 through the
long extension cord 104 as in the related art, in addition to the factors of instability of
commercial power supply voltage supplied to the socket 105, the influence of the
voltage drop due to the extension cord 104 cannot be ignored. Accordingly, there is a
pfoblem that the torque or rotation number of the motor of the electric tool 101
becc;mes lower than a rated output. For example, in a case where the commercial
power supply of 230V is used and the extension cord 104 of 100m having a
cross-section area of 2 mm? and aﬁ AC conductor resistance of 11.8 Q/km is used, the
voltage drop of approximately 11.8 V is caused when current is 10 A. Accordingly,
the voltage inputted to the electric tool 101 is dropped more than 5%, compared to the
rated 230 V. As the length of the power supply cord used becomes longer, the
voltage drop due to the extension cord 104 is further increased. Further, the output
variation of the electric tool 101 is increased-in a circumstance where the voltage of the
commercial power sﬁpply itself is unstable. Even in a configuration that the battery is
not directly cénnected to the electric tool but connected to the electric tool through a
cord, the electric tool is affected by the voltage drop due to the cord.

Aspects of the present invention has been made in consideration of the above
situations and an object thereof is to proyide aﬁ electric tool that is capable of
maintaining the rated output even when the voltage variation in the power inputted to
the electric tool occurs to somé extent.

Another object is to provide an electric tool that can be operated in the rated

output even when the voltage drop due to the usage of an extension cord occurs, by
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controlling the duty fatio of a motor to a value less than 100% when the rated power is
inputted.

Another objeot of the present invention is to provide an electric tool that is
capable of realizing the motor control that is strong to the input voltage variation of the

power without an increase in manufacturing cost.

Solution to Problem

Aspects of the present invention are as follows:

| According to an aspect of the present invention, there is provided an electric -
" tool including: a motor configured to be driven by a PWM control of a semiconductor
switching element by using a power supply; a power transmission mechanism
configured to transmit a rotation of the motor to an end tool so as to drive the end tool;
anda controller configured to control a rotation of the motor by a duty ratio of a PWM
signal of the PWM control, wherein tho controller is 'conﬁgnred to set the duty ratio to
a reference duty ratio less than 100%, when a voltage of the power supply applied to
the electric tool is within a predetermined range inclucling a rated voltage of the
electric tool, and wherein the controller is configured to drive the motor by setting the
duty ratio to be higher than the reference duty ratio, when the voltage of the power
supply applied to the electric tool is lower than the predetermined range including the

rated voltage.

In the above electric tool, the power supply may be an AC power supply
supplied‘from the outside through a power supply cord, a rectifier circuit confi gured to

rectify the AC power supply may be provided in a housing of the electric tool, and a
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brushless DC motor configured to be driven by using an inverter circuit may be used as

the motor.

In the above electric tool, the reference duty ratio may be less than 90%, and
the controller may drive the motor by increasing the duty ratio when the voltage of the
power supply applied to the electric tool is lower than the rated voltage, the upper limit

of the increased duty ratio being 100%.

In the above electric tool, the controller may set the duty ratio to be higher
than the reference duty ratio when a potential difference between a first voltage of the
power supply applied to the electric tool before the start of the motor and a second
voltage of the power supply applied to the electric tool after the start of the motor has

become large.

In the above electric tool, the controller may determine the duty ratio from the
second voltage within a predetermined time immediately after a trigger of a switch for

rotating the motor has been pulled.

In the above electric tool, the controller may drive the motor by increasing the

duty ratio when the second voltage has decreased during the rotation of the motor.

In the above electric tool, the controller may drive the motor in a state where
the duty ratio, which has been determined by using the second voltage immediately

after the pulling of the trigger, is fixed until the trigger is returned.
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The above electric tool may further include a rotation number setting unit
configured to set a maximum rotation number of the motor to a plurality of levels, and
the duty ratio may be set to a plurality of steps within a range between 0 and the-

reference duty ratio, in proportion to the set levels of the rotation number.

According to another aspect of the present invention, there is provided an
electric tool including a motor configured to be driven by a PWM control of a
- semiconductor switching element by using a power supply; a power transmission
mechanism configured to transmit a rotation of the motor to an end tool so as to drive
the end tool; and a controller configured to contrbl a rotation of the motor by a duty
ratio of a PWM signal of the PWM control, wherein the controller is Conﬁgured to set
the duty ratio before the start of the motor to be less than 100%, and wherein the
controller is configured to increase the duty ratio when a voltage of the power supply
applied to the electric tool becomes lower than a rated Voltage of the electric tool after

the start of the motor.

According to another aspect of the present invention, there is provided an
electric tool including a motor configured to be driven by a PWM control of | a
semiconductor switching element by using a power supply; a power transmission
mechanism configured to transmit a rotation of the motor to an end tool so as to drive
the end tool; and a controller configured to control a rotation of the motor by a duty
ratio of a PWM signal of the PWM coﬁtrol, wherein the controller is configured to set
the duty ratio before the start of the motor‘ to be less than 100%, and wherein the
controller is configured to drive the motor in a duty ratio higher than a previous duty

ratio when a voltage of the power supply applied to the electric tool after the start of
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the motor becomes lower than a voltage of the power supply before the start of the

motor.

In the above electric tool, the voltage of the power supply may be applied to
the electric tool through a power supply cord, and a state of the motor before the start
may refer to a state before current flows through the motor, and a state of the motor

after the start may refer to a state where current flows through the motor.

Advantageous Effects of Invention

According to the present invention, it is possible to realize an electric tool
where a decrease in a torque or rotation number of a motor can bé suppressed and a
stable operation can be performed even when the power supply is unstable and thus the
voltage Vari.ation.occurs or even when the voltage drop occurs due to the usage of a
cord reel or a powér cable; etc.
The forevgoing and other objects and features of the present invention will be apparent

from the detailed description below and accompanying drawings.

Brief Description of Drawings
Fig. 1 is a longitudinal sectional view of an impact wrench according to an
illustrative embodiment of the present invention;
"Fig. 2 is a side view of the impact wrench according to the illustrative
embodiment of the present invention;
Fig. 3 is a partial rear view of the impact wrench according to the illustrative
embodiment of the present invéntion;

Fig. 4 is a block diagram showing a circuit configuration of a drive control
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system of a motor 3 in the impact wrench according to the illustrative embodiment of
the present invention;

Fig. 5A and 5B are diagrams for explaining a relationship between a set duty
ratio, and no-load input voltage VO and load voltage V1; |

Fig. 6 is a flowchart for explaining a rotation control procedure of the motor
according to the illustrative embodiment of the present invention;

Fig. 7 is a flowchart for explaining é rotation control procedure of a motor
according to a second embodiment of the present invention;

Fig. 8 is a flowchart for explaining a rotation control procedure of a motor
according to a third embodiment of the present invention,

Fig. 9 is a flowchart for explaining a rotation control procedure of a motor
according to a fourth embodiment of the present invention; and

Fig. 10 is a view for explaining an example of the usage of an electric tool.

Descriptioh of Embodiment
[First Embodiment]
Hereinafter, an illustrative embodiment of the present invention will be
' described with reference to the drawings. In the following drawings,‘ an impact
wrench is used as an example of an electric tool, the same components are denoted by
the same reference numerals and a duplicated description thereof is omitted. Further,
as used herein, an upper-lower direction, a left-right direction and a front-rear direction

are described as directions shown in the drawings.

As shown in Fig. 1, an impact wrench 1 includes a housing 2, a motor 3, a

deceleration mechanism 4, a hammer 5, an anvil 6, a light 8, a control unit 7 and a
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power supply cord 9. An end tool (not shown) is mounted to the anvil 6 that is an
output shaft. Fig. 1 shows a mounting part 14 to which a hexagon socket as an end
tool can be mounted. However, instead of the mounting part 14, a mounting hole and
a mounting mechanism may be provided, to which a driver bit with a hexagonal
cross-section or other end tools can be mounted in an one-touch method. The
housing of the impact wrench 1 in a broad sense is configured by the resin housing 2
and a metal hammer case 22. The hammer case 22 is covered by a resin cover 21.
The deceleration mechanism 4 and a striking mechanism are accommodated in the
‘interior of the hammer case 22. A leading end of the anvil 6 is exposed to the outside
from a through hole on a leading end side of the hammer case 22. The housing 2 is
configured by three parts including a body part 2a, a handle part 2b and a board
acconimodating part 2c. The body part 2a has a substaﬁtially cylindrical shape. The
handle part 2b is formed so as to extend in a substantially vertical direction from the
body part 2a. The board accom’modaﬁng part 2¢ is formed at a lower end portion (on
a side apart from the body part 2a) of the handle part 2b. The mofor 3, the
deceleration mechanism 4, the hammer 5 and the anvil 6 are arranged in series in a
rotation axis direction. Rotaﬁon of the motor 3 is transmitted to the end tool through
the deceleration mechanism 4 and the striking mechanism having the hammér 5 aﬁd
the anvil 6. In the present embodiment, an impact wrench inciuding a power
transmission meéhanism is illustratively described as an example of the electric tool.
The power transmission mechanism is composed of the deceleration mechanism 4 and
the striking mechanism. However, theA power transmission mechanism is not limited
thereto, and thé electric tool méy use other power transmission mechanism or other end

tool.
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The handle part 2b is provided with a trigger 26.  The trigger 26 is connected
to a trigger switch 27 accommodated in the handle part 2b to set a rotation speed of the
motor 3. A forward/reverse switching switch 28 (forward/reverse switching lever 10)
is provided immediately above the trigger 26. The forward/reverse switching switch
28 is a connection portion of the handle part 2b and the body part 2a and switches the
rotation direction of the motor 3. The light 8 is an LED (Light Emitting Diode). As-
a light button (not shown) or the trigger 26 is depressed, the light 8 is turned on. The
light 8 illuminates the end tool and its surroundings. In this way, a worker can

perform a work by using a bright light of the light 8 even in a dark place.

The control unit 7 is accommodated in the board accommodating part 2c and
controls the rotation of the motor 3. The poWer supply cord 9vis extended at a lower
side of the board accommodating part 2¢ and supplies power from the outside. An
operation panel 70 is provided at an upper side of the board accommodating part 2¢
and sets the maximum rotation number of the motor in a plurality of levels..v A W(;rker
can set the rotation number of the motof in three levels of low, middle and high levels
by pressing a button (not shown) on the operation panel 70. The control unit 7
includes a control circuit board 71 and a poWer supply circuit board 72, which are
mainly accommodated in the board accommodating part 2c. The control unit 7
cvontrols the rotation speed of the motor 3 by adjusting the amount of power supplied to
the motor 3 in accordance with an operation amount of the trigger 26. A diode bridge
(not shown) is mounted on the power supply circuit board 72. The diode bridge
rectifies and converts the commercial power supply into DC current (e.g., converts AC

100 V into DC 140 V).
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The motor 3 is a brushless DC motor. The motor 3 includes an output shaft
31 extending in a longitudinal direction, a rotor 32 fixed to the output shaft 31 and
having a plurality of magnets 32a, and a stator 34 disposed so as to surround the rotor
32 and ,having a plurality of coils (stator éoils) 33. The motor 3 of the present
embodiment is a 3-phase 4-pole 6-slot motor. However, the number of the poles and
the number of the slots are not limited thereto. The brushless DC motor having other
number of poles and slots may be used. A cooling fan 35 is provided at a front side of
the motor 3 of the output shaft 31 and between the motor 3 and the deceleration
mechanism 4. The cooling fan 35 receives air from an intake port 23a (see Fig. 2) by
rotating in synchronization with thé motor 3. The cooling fan 35 allows the air to
pass through each part of the motor 3, thereby cooling each part. Theh, the cooling
fan 35 allows the air to be discharged to the outside from an exhaust port 23b (sep Fig.
2) to be described later. A circuit board 40 is provided at a rear side in an axial
direction of the motor 3. The circuit board 40 is pfovided for mounting an inverter in
a direction substantially perpendicular to an axial direction of thé output shaft 31.
The circuit board 40 is a substantially circular double-sided board. The contour of the
circuit board 40 is substantially the same as the contour o‘f the motor 3. A switching
element 42 made of a semiconductor such as a FET (Field Effect Transistor) or a
position detection element (not shown) such as a hall IC is mounted on the circuit

board.

The deceleration mechanism 4 is configured by a planetary gear mechanism
having a plurality of gears. The deceleration mechanism 4 allows the rotation of the
output shaft 31 to be decelerated at a predetermined reduction ratio and to be

transmitted to a spindle 53. Here, the spindle 53 and the hammer 5 are connected to

10
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each other by a cam mechanism. The cam mechanism is configured by a V-shaped
spindle cam groove formed in an outer peripheral surface of the spindle 53, a hammer
cam groove formed in an inner peripheral surface of the hammer 5, and a ball 54
engaged with these cam grooves. The hammer 5 is rotated by the spindle 53 and
provided at its front end with a colliding portion 51. The colliding portion 51 is
projected axially forward in a convex shape. Th¢ anvil 6 is provided at its rear end
with a collided portion 61. The collided portion 61 is extended radially in a concave
shape. As the hammer 5 is rotated, the colliding portion 51 collides with the collided
- portion 61 in a rotation direction. The colliding portion 51 and the collided portion
61 are symmetrically formed at two locations on a rotation plane of the’hammer 5 and
the anvil 6, which are opposed to each other. The hammer 5 is always urged forward
by a spring 52. During the stop of the hammer, the engagement of the ball 54 and the
cam grooves allows the hammer 5 to be positioned at a position that is separated from

an end surface of the collided portion 61 of the anvil 6 by a gap.

When the spindle 53 is rotationally driven, the rotation of the spindle 53 is
transmitted to the hammer 5 through the cam mechanism. -Until the hammer 5 is
rotated a half turn, the‘ colliding portion 51 of the hammer 5 is engag‘ed with the
collided portion 61 of the anvil 6 to rotate the anvil 6. When the relative rotation of
the spindle 53 and thé hammer 5 occurs by an engagement reaction force at that time,
the hammer 5 starts to retreat toward the motor 3 while compressing the spring 52
along the spindle cam groove of the cam mechanism. Further, the retreat movement
df the hammer 5 allows the colliding portion 51 of the hammer 5 to go beyond the
collided portion 61 of the anvil 6 and thus the engagement between the hammer 5 and

the anvil 6 is released. In this case, the hammer 5 is moved by an urging force of the

11
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spring 52 while being rapidly accelerated in a rotation direction and forward by the
action of the cam mechanism and the elastic energy accumulated m the spring 52, in
addition to the rotational force of the spindle 53. The colliding portion 51 <;f the
hammer 5 is re-engaged with the collided portion 61 of the anvil 6, thereby starting to
rotate integrally therewith. At this ﬁme, a strong rotary striking force is applied to the
anvil 6. Accordingly, the strong rotary striking force is transmitted to an end tool (not
shown) that is mounted to the mounting part 14 at a leading end- of the anvil 6.
Thereafter, the same operation is repeated, so that the rotary striking force is
intermittently and repeatedly transmitted to a bolt or the like from the end tool. In

this way, the bolt or the like is tightened.

Fig. 2 is a side view showing an appearance of the impact wrench 1 according
to the illustrative embodiment of the present invention. The housing 2 is configured
by two split housings that can be provided at the left and right in the longitudinal
direction. The left and right housings 2 are fixed to each other by a_“p‘lurality of
screws 24. A plurality of intake ports 23afor taking the outside air is formed at a reér
end surface of the body part 2a. " A plurali‘ty of exhaust ports 23b for discharging the
outside air takén into the housing 2 is formed at both leﬁ and right sides of the body

part 2a and in the vicinity of the peﬁpheries of the cooling fan 35 (see Fig. 1).

- Fig. 3 is a rear view of the impact wrench 1 according to the illustrative
embodiment of the present invention. The intake ports 23a provided at the back sidé
of the body part 2a are provided at the left and right housings 2, respectively. The
intake ports 23a can be relatively largeb openings so as to také a sufﬁc.ient amount of

outside air. The shape of the body part 2a of the housing 2 is a cylindrical shape

12
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whose inner wall substantially conforms to an outer diameter of the motor 3. Below
the body part 2a, the handle part 2b having a diameter smaller than that of the body

part 2a is arranged so as to extend downward.

Next, a configuration and operation of a drive control system of the motor 3
will be described with reference to Fig. 4. Fig. 4 is a block diagram showing the
conﬁgﬁration of the drive control system of the motor. In the present embodiment,
the motor 3 is configured by a three-phase brushless DC motor. The motor 3 is a
so-called inner rotor type and includes the rotor 32, three position detection elements
43 and the stator 34. The rotor 32 is configured by embedding the magnet 32a
(permanent magnet) having a pair of N-pole and S-pole therein. The position
detection elements 43 are arranged at an angle of every 60° so as to detect the rotation
position of the rotor 32. The stator 34 is combosed of star-connected three-phase
windings U, V, W. The three-phase windings U, V, W are controlled at the current

energization interval of 120° electrical angle on the basis of position detection signals

from the position detection elements 43.

An- inverter circuit 41 that is mounted on the circuit _board 40 ’is mainly -
configured by six FETs (hereinafter, simply referred to as “transistor”) Q1 to Q6 and a
flywheel diode (not shown). The six FETs Q1 to Q6 are connected in three-phase
bridge form. As an input power supply to the inverter circuit 41, the present
embodiment uses direct current supplied from a rectifier circuit 73 where an AC power
supply 90 is employed as a diode bridge. Typically, a smoothing capacitor or the li‘ke
is used in the rectifier circuit 73 so as to reduce the ripple inclﬁded in the output wave.

However, in the present embodiment, the output of the rectifier circuit 73 is directly

13



WO 2015/147331 PCT/JP2015/060303

supplied to the im)erter circuit 41 without interposing a capacitor. Of course, the
smoothing capacitor may be used. Each gate of the six transistors Q1 to Qv6
connected in the bridge type is connected to a control signal output circuit 82.
Further, a source or drain of the six transistors Q1 to Q6 is connected to the
star-connected armature windings U, V, W. Thereby, the six transistors Q1 to Q6
perform a switching operation by a switching element driving signal that is outputted
from the control signal output circuit 82. The six transistqrs QI to Q6 supply power
to the armature windings U, V, W by ﬁsing DC voltage applied to the inverter circuit

41 as the three-phase (U-phase, V-phase, W-phase) AC voltages Vu, Vv, Vw.

A coﬁtrol circuit (confroller) is mounted on the control circuit board 71. The
control circuit is configured by an operation unit 81, é current detection circuit 86, a
voltage detection circuit 87, an applied voltage setting circuit 25, a rotation direction
setting circuit 29, a rotor position detection circuit 85, aﬁd the control signal output
circuit 82, etc. The operation unit 81 includes a CPU 84a for outputting a drive signal
based on a processing program and data, a ROM 84b for stbring a control data or
program corresponding to a flowchart (to be described later), a RAM 84c for
temporarily storing data, and a timer 84d, etc. For example, the operation unit 81 can
be realized by using a microcomputer where the above parts are incorporated. The
current detection circuit 86 is a current detection means for detecting the current
inputted to the inverter circuit 41 by measuring the voltage across a shunt resistor 74.
The detected current is inputted to the operation unit 81. In this way, the operation
unit 81 can monitor the value of currént flowing through the motor 3. In the present
embodiment, the shunt resistor 74 is provided between the rectifier circuit 73 and the

inverter circuit 41, thereby detecting the value of current flowing through a

14
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semiconductor switching element. However, the shunt resistor 74 may be provided
between the inverter circuit 41 and the motor 3, thereby directly detecting the current

flowing through the motor 3.

The applied voltage setting circuit 25 inputs a predetermined voltage to the
operationv unit 81, in response to a movement stroke of the trigger 26. The operation
~unit -81 sets the voltage applied to the motor 3, that is, a duty ratio of PWM signal, in
accordance with the predetermined voltage. The rotation direction setting circuit 29
is a circuit for setting the rotation direction of the motor 3 by detecting a forward
rotation operation or a reverse rotation operation by the forward/reverse switching
lever 10 (forward/reverse switching switch 28) of the motor 3. The rotor position
detection circuit 85 is a circuit for detec‘ting a pdsitional relationship between the rotor
32 and the armature windings U, V, W of the stator 34 based on output signals of the
three position detection elements 43. The control signal output circuit 82 supplies
PWM signal to the transistors Q1 to Q6 based on the butput from the operation unit 81.
The power supplied to each of the armature windings U, V, W is adjusted by the
ccontrol of a pulse width of the PWM signal, so that the rotation numbef‘ of the motor 3
in the rotation direction set can be controlled. Although not shown in Fig. 4, an
output signal of a rotation settiﬁg switch of the motor 3 is inputted to the operation unit
81 and adapted to switch a torque value (or the rotation number of the motor). The
operation unit 81 serves as a rotational speed setting unit for setting the maximum
rotation number of the motor 3 in accordénce with the output signal. This refers to
the following control method. Specifically, in a case where an initial duty ratio DO is
set to 86%, the duty ratio of the motor 3 is controlled in 0 to 86% during thé rotation

number of “high level,” the duty ratio of the motor 3 is controlled in 0 to 66% during

15
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the rotation number of “middle level,” and the duty ratio of the motor 3 is controlled in
0 to 46% during the rotation number of “low level.” Further, although not shown in
Fig. 4, a lighting circuit is connected to the operation unit 81 to control the lighting of

the light 8 by an LED or the like for illuminating the vicinity of the end tool.

Next, a rotation control procedure of the motor 3 according to the illustrative
embodiment of the present invéntion will be described with reference to Fig. 5A, 5B
and Fi g. 6. The most essential feature of the present embodiment is that a high-output
motor capéble of achieving higher rotation number and tor’quevthan the rated output
required is used as the motor 3, and in a case where the power supply voltage is a rated
value, even at the maximum output setting of the electric tool, an operation is carried
out in a state of Suppressing the output of the high-output motor. Fig. 5A and 5B are
diagrams for explaining a relationship between a duty ratio (reference duty fatio), and

no-load input voltage VO and load voltage V1. The duty ratio is set and used for the
rotation control of the movtor 3. The operation unit 81 respectively measures the
no-load input voltage VO immediateiy before the pulling of the trigger 26 (or, from the
pulling of the trigger 26 to the start of the motor 3) and the load voltage V1 after the
start .of the motor 3, by using the voltage defection circuit 87. Fig..SA is a diagram
shoWing a relationship between the no-load input voltage VO and the initial duty ratio
DO0. Here, “the duty ratio” refers to a ratio of a period of a pulse wave and a pulse
»width in a PWM (Pulse Width Modulation) control. The PWM control- performs
modulation by changing the duty ratio of a pulse wave éupplied to the motor 3.
Normally, the duty ratio D can be represented by D = oT (here, 1: pulse width, T:
period). In a general electric tool, when the electric tool is operated at the maximum

output by using the rated AC power supply, the motor 3 is driven in the duty ratio of
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100%, i.e., the motor 3 is operated without a pulse modulation. Therefore, the type of
the motor 3 to be used is selected to suit the rated power supply and the required rated
output. However, in the present embodiment, the motor 3 to be used has a
characteristic that the motor is operated in the reference duty ratio D of about 86%
during the rated voltage. This means that the motor becomes overspeed and caﬁnot
withstand thermally when the motor 3 is driven in the duty ratio D of 100% at the rated
voltage. In ordg:r to achieve such a motor characteristic, it is sufficient that the
windings of the coil of the motor 3 are reduced and a thick .winding‘ is used to allow a
large current. Therefore, it does not lead to the large size of the motor 3 itself and

cost increase.

In the present embodiment, in the impact wrench 1 of rated voltage alternating
current 230 V (60 Hz), as shown in Fig. 5A, the duty ratio (initial duty ratio) DO in the
initial setting is set to 86% when the measured no-load input voltage VO is equal to or
greater than 225 V. The duty ratio (initial duty ratié) DO in the initial setting is set to
88% when the no-load input voltage VO is less than 225 V. In this way, the motor 3 is
started. Large current flows through the motor 3 when the motor 3 is started.
Acéordingly, the voltage drop occurs When the extension cord 104 shown in Fig. 16 is
used or when the power supply voltage is not stable. In the present embodiment, the
power supply voltage after the start of the motor 3 (load voltage V1) is measured and
the duty ratio D1 during the rotation is adjusted in accordance with the load voltage V1.
Fig. 5B shows an’example therecof. When the load voltage V1 is equal to or greater
than 225 V, the duty ratio D1 is still 86%. When the load voltage V1 is equal to or
greater than 220 V but less than 225 V, the duty ratio D1 becomes 88%. When the

load voltage V1 is less than 220 V, the duty‘ratio D1 becomes 90%. In order to
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change the duty ratios DO, D1 in accordance with the no-load input voltage VO and the
load voltage V1 in this way, the combinations thereof are previously stored as
parameters in the ROM 84b of the operation unit 81 and the motor 3 is controlled by
using the parameters, so that it is possible to supplement the 6utput reduction of the
impact wrench 1 due to the variation of the AC voltage. Here, 225 V may be set
based on a predetermined range including the rated voltage 230 V. In the present
embodiment, it is determined whether or not the load voltage is equal to or greater than
225 V based on the range of +5 V from the rated vc;ltage 230 V. However, the value

of the reference voltage may be set as appropriate.

Fig. 6 is a flowchart for explaining a rotation control procedure of the motor
according to the illustrative embodiment of the present invention. This flowchart is
started when the power supply cord 9 of the impact wrench 1 is éonnected to the socket
105 or the cord reel 103 and the microcomputer included in the operatibn unit 81 is
thus activated. A computer program that is previously stored in the ROM 84b is.
executed by ‘the CPU 84a, so that a series of steps shown in Fig. 6 can be realized -
through software. First, as an initial setting after the power supply is turned on, the
operation unit 81 sets the values of the initial duty ratio DO and the load duty ratfo D1
td 86% (Step 601). Subsequently, the operation unit 81 detects the no-load input
voltage VO from. the output of the voltage detection circuit 87 (Step 602).'
Subsequently, the operation unit 81 determines whether or not the no-load input
voltage VO meaéured is equal to or greater than 225 V (Step 603). Here, when it is
determined that the no-load input voltage VO is equal to or greater than 225 V, the
operation unit 81 sets the duty ratio DO in the initial setting to 86% by using the values

stored in the table of Fig. 5A (Step 604). When it is determined that the no-load input
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voltage VO is less than 225 V, the operation unit 81 sets the duty ratio DO in the initial
setting to 88% (Step 605). Subsequently, the operation unit 81 detects whether or not
the trigger 26 is pulled by a worker (Step 606). When it is detected that the trigger 26
is not pulled, the procedure returns to Step 602. When it is detected in Step 606 that
the trigger 26 is pulled, the motor 3 starts to rotate (Step 611).  In the trigger switch
27 of the present embodiment, a variable switch is used and the rotation number of the
motor 3 is changed in proportionai to the pulled amount of the trigger. Accordingly,
the duty ratio DO set has a value (maximum value) when the trigger 26 is pulled to the
maximum. When the pulled amount of the trigger 26 is small, for example, when the
trigger 26 is pulled about a half, the operation unit 81 sets the duty ratio in accordance
with the pulled state of the trigger. For example, the operation unit 81 adjusts the
duty ratio within the range of 0 to 86%. Meanwhile, in the case of the electric tool
where the trigger 26 is not a variable capacitance switch but an ON/OFF switch, the

electric tool is driven in the duty ratio DO set when the trigger switch is turned on.

Next, once the motor 3 is activated, the operation unit 81 detects the load
voltage V1 at that time from the output of the voltage detectibn circuit _87_ (Step 612).
Subsequently, the operation unit 81 determines whether or not the detected load
voltage V1 is equal to or greater than 225 V (Step 613). When it is determined that
the load voltage V1 is equal to or greater than 225 V, the operation unit 81 resets the
duty ratio D1 during the rotation to 86% and the procedure proceeds to Step 616 (Step
617). When it is‘determined in Step 613 that the load voltage V1 is less than 225 V,
the operation unit 81 determines whether or not the load voltage V1 is equal to or
greater than 220 V (Step 614); When it is determined that the load voltage V1 is

‘equal to or greater than 220 V, the operation unit 81 resets the duty ratio D1 during the
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rotation to 88% and the procedure proceeds to Step 616 (Step 618). When it is
determined in Step 614 that the load voltage V1 is less than 220 V, the operatioﬁ unit
81 resets the duty ratio D1 during the rotation to 90% and the procedure proceeds to
Step 616 (Step 615). The operation unit 81 switches the duty ratio D1 to the reset
value and resumes the rotation control of the motor (Step 616).‘ When the trigger
switch 27 is still turned on, the procedure returns to Stép 613 (Step 616). When the
trigger switch 27 is turned off, the motor is ‘stopped and the pfocedure returns to Step

601 (Step 620).

By the above procedures, the operation unit 81 performs the rotation control
of the motor 3 in the range of 86 t.o 90% of the maximum value of the duty ratio.’
Even when the AC pbwer supply. supplied to the impact wrench 1 drops below the
rated value by performing the control in this way, the output is compensated by
increasing the duty ratio of the motor 3 to be controlled and therefore the rated output
of the impact wrench 1 can be secured. In the present embodiment, the maximum -
value of the duty ratio is varied in the range of 86 to 90%. However, in the case
where the range is controlled in the range of 86 to 100%, it is poséible to maintain the
rated‘output even when the voltage to be supplied drops to about 200V. Further,
instead of driving the motor 3 while adjlusting the duty ratio D1 determined by using
the voltage V1 measured immediately after the pulling of the trigger 26 until the
trigger 26 is returned, the o‘peration unit 81 may be configured so that the procedure
does not return to Step 613 in Step 619 but is in a standby state. In this way, the duty

ratio DO is not be switched while the electric tool is operated.

[Second Embodiment]
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Next, a rotation control procedure of a motor according to a second
embodiment of the present invention will be described with reference to the flowchart
of Fig. 7. The basic control procedure in the second embodiment is the same as in the
first embodiment. However, the measuring procedure for the no-load irput voltage
V0 in the second embodiment is different from the first embodiment. That is, instead
of periodically measuring the no-load input Voltage VO when the power supply voltage
is connected, the no-load input voltage VO is measured for a short time inimediately
after the pulling of the trigger and before the rotation start of the motor 3. Here, a
state of the motor 3 before the start refers to a state before current flows through the
motor 3 and a state of the motor 3 after the start refers to a state where current flows
through the motor 3. First, the power supply cord 9 of the impact wrench 1 is
connected to the socket 105 or the cord reel 103, so that the microcomputer included in
the operation unit 81 is started. ~Further, as an initial setting, the values of the initial
duty ratio DO and the load duty ratio D1 are set to 86% (Step 701). Further, the value
of the counter n for the measurement of the numBér of times of sampling .is cleared to
zero. Subsequently, the operation unit 81 determines whether or not the trigger
switch 27 is turned on. When it is determined that the trigger switch is turned on, the
procedure proceeds to Step 703.  When it is determined that the trigger switch is ﬁot
turned on, the procedure is in a standby state (Step 702). In Step 703, it is determined
-whether or not a sampling time T1 has elapsed after the turn on of the trigger switch 27
or from the time previously measured. The procedure is in a st”andby state until_' the
sampling time T1 has elapsed (Step 703). When the sampling time T1 has elapsed,
the operation unit 81 measures the no-load input voltage VO and adds the value of the
counter n (Step 704). Subsequently, the operation unit 81 determines whether or not

the number n of times of sampling reaches a predetermined value. When it is
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determined that the number n of times of sampling does not reach the predetermined
value, the procedure returns to Step 703 (Step 705). When the number n of times of
sampling is equal to N in Step 705, the operation unit 81 calculates an average value of
the no-load input voltage VO that is measured by N times (Step 706).  As such, in the
second embodiment, the no-load input voltage VO is measured by a predetermined
number of times of sampling and then the average voltage is calculated. In this way,
the influence of the voltage variation or noise, etc., can be effectively prevented, so
that the measurement accuracy can be improved. In addition, a method of using a
peak voltage (highest value) may be used as a method of calculating the no-load input
voltage VO. A method of calculating an average value from the data excluding the

highest and lowest values may be used or other calculation methods may be used.

Next, the operation unit 81 determines whether or not the Iﬁeasured no-load
input voltagé V0 is equal to or greater than 225 V (Step 707). When it is determined
that the no-load input voltage VO is equal to or greater than 225 V, the operation unit
81 sets the duty ratio DO in the initial setting to 86% by using the values stored in the
table of Fig. SA (Step 708). When it is determined that the no-load input voltage VO
is less than 225 V, the operation unit 81 sets the duty ratio DO in the initial setting to
88% (Step 709). Subsequent procedures are the same as a step group 610 (Steps 611
to 620) shown in Fig. 6 and a duplicated description thereof is thus omitted.
According to the second embodiment, the nb-load input voltage VO is measured
immediately after the pulling of the trigger and before the start of the motor, so that it
is possible to accurately carry out the voltage measuremént. Further, the motor 3 can
be started in a suitable duty ratio and excessive voltage can be prevented from beihg

applied to the motor 3.

22



WO 2015/147331 “PCT/JP2015/060303

[Third Embodiment]

Next, a rotation confrol procedure of a motor according to a third embodiment
of the present invention will be described with reference to the flowchart of Fig. 8.
As shown by a step group 700, the control before the start of the motor in the .third
embodiment is the same as in the second embodiment. However, in Step 701° of the
third embodiment, an operation of assigning 0.118(Q) to Z is executed, as an
impedance value Z0 for computing the voltage drop of the extension cord. This value
may be previously stored in the ROM 84b of the operation unit 81. The other steps
are the same as the steps 702 to 706 in the second embodiment and a duplicated
description thereof is thus omitted. When the average value of the no-load input
bvoltage VO sampled by the number of N times after the pulling of the trigger is
calculated by the step group 700, the duty ratio DO (%) is computed by using the
formula (1) (Step 801).

DO = 230/(average VO value) x 86 (formula 1)

(Heré, D0=100 when »the computed value of the duty ratio DO exceeds 1_00)

Since the duty ratio is calculated by the equation in thislway, it is possible to
finely respond to the voltage variation. Accordingly, the motor 3 can be started in an

optimal duty ratio DO, compared to the first and second embodiments.

Next, the rotation of the motor 3 is started as a worker pulls the trigger 26
(Step 811). Subsequently, the operation unit 81 detects the load voltage V1 at that
time from the output of the voltage detection circuit 8 7 when the motor 3 is activated.
However, in order to perform the detection at timing when a predetermined time T2

has elapsed from the start of the motor, the operation unit 81 is in a standby state until
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the predetermined time T2 has elapsed (Step 812). For example, the predetermined
time T2 may be about 10 ms. When the predetermined time T2 has elapsed from the
start of the motor 3, the operation unit 81 detects the load voltage V1 at that time from
the output of the voltage detection circuit 87 and simultaneously detects the current i,
at that time from the output of the current detection circuit 86 (Step 813).
Subsequently, the operation unit 81 calculates an expected tool applied voltage V2
applied to the electric tool by using the formula (2) (Step 814).

V2 = (average VO value) - [;; x Z0 (formuia 2)

Subsequently, the operation unit 81 calculates the duty ratio D1 by using the
calculated V2 by the formula (3) (Step 815).

D1=V2/V1 x D0 (formula 3)

The operation unit 81 switches the duty ratio to the duty ratio D1 oEtained by
the calculation to continuously perform the 'rotation control of the motor (Step 816).
The operation unit 81 causes the procedure to return to Step 813 when the trigger
switch 27 is still turned on (Step 817).  The operation unit 81 stops the motor and then
causes the procedure to return to Step 701° when the trigger switch 27 ié turned off

(Step 818).

According to the third embodiment, the no-load input voltage VO is measured
immediately after the pulling of the trigger and before the start of the motor, so that it
is possible to accurately carry out the voltage measurement. Accordingly, the ‘motor 3
can be started in a suitable duty ratio. Furthermore, immediately after the start of the
motor '3, the expected tool applied voltage V2 is calculated in consideration of the
voltage drop situation of the power supply cord. Then, the optimal duty ratio D1 is

set on the basis of the expected tool applied voltage V2. The motor 3 can be
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optimally controlled and operated at constant output even in a poor environment where

the voltage drop is large.

In Step 815, a PID control may be executed by using a transfer function G.
In this case, the proportional gain Kp is equal to V2/V1 and the transfer function G is
calculated from the following formula (4).

G=Kp(1 + 1/Tis + Tqs) (formula 4)

Here, Tis(sec): Integration time

'Tds(sec.): Derivative time

Here, the integration time and the derivative time are parameters and set to
suit the actual operation of the motor. Then, D1 is calculated from D1 = G x D0 and

the motor control is performed.

[Fourth Embodiment]

Next, a rotation control prdcedure of a motor according to a fourth
embodiment of the present invention will be described with reference to the flowchart
- of Fig. 9. The control for the steps (step group 810) after the start of the motor 3 in
 the fourth embodiment is the same as in the third embodiment. However, the control
before the start of the motor 3 in the fourth embodiment is différent from the control in
the third embodiment. First, the power supply cord 9 of the impact wrench 1 is
connected to the socket 105 or the cord reel 103, so that the microcomputer included in
the operation unit 81 is started. Further, as an initial setting, the values of the initial
dufy ratio DO and the load duty ratio D1 are set to 86%. Simultaneously, as an
impedance value Z0 for computing the voltage drop of the extension cord, 0.118(Q2) is

assigned to Z (Step 901). The initial values of these parameters may be previously
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stored in the ROM 84b of the operation unit 81. Subsequently, in order to measure
the no-load input voltage VO at timing when a predetermined time T1 ﬁas elapsed from
the start of the microcomputer, the operation unit 81 is in a standby state until the
predetermined time T1 has elapsed (Step 902). Subsequently, the operation unit 81
detects the no-load input voltage VO at that time from the output of the voltage
detection circuit 87 when the predetermined time T1 has elapsed (Step 903). Then,
the operation unit 81 calculates the duty ratio DO in the initial setting from the formula
(5) (Step 904).

D0 =230/V0 x 86 (formula 5)

When the calculatién is completed, _the operation unit 81 detects whether or
not the trigger switch 27 is turned on. When it is detected that the trigger switch 27 is
turned on, the procedure proceeds to step group 810. When it is detected that the
trigger sWitch 27 is still turned off, the procedure returns to Step 903. Control
procedures in the step group 810 are the same as in the third embodiment shown in Fig.

8 and a duplicated description thereof is thus omitted.

As such, in the fourth embodiment, the measuring procedure for the no-load
input voltage VO ié simplified compared to the third embodiment. Further, in the
control after the start of the motor 3, the duty ratio D1 is finely controlled.
Accordingly, the electric tool such as the impact wrench can be stably used in a stable
state even in an environment Where the power supply voltage is unstable and the

voltage variation is large.

Hereinabove, the present invention has been described with reference to the

illustrative embodiments. However, the present invention is not limited to the
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above-described iliustrative embodiments but can be variously modified without
departing from the gist of the present invention. For example, in the above-described
illustrative embodiments, an electric tool to which a commercial power supply is
supplied from the outside by a power supply cord has been illustratively described.
However, the present invention can be similarly applied to an electric tool to which
direct current is supplied from the outside or a battery. Fﬁrther, in the electric tool of
the above-described illustrative embodiments, the impact wreﬁch has been
illustratively described. However, the present invention is not limited to the impact
wrench but can be similarly applied to an impact driver, a driver drill, an electric

circular saw, a hammer drill or any other electric tool using a motor as a power source.

This application claims priority from Jépanese Patent Application No.
2014-070587 filed on March 28, 2014, the entire contents of which are incorporated

herein by reference.

Industrial Applicability
According to an aspect of the invention, there is provided an electric tool that
is capable of maintaining the rated output even when the voltage variation in the power

inputted to the electric tool occurs to some extent.
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Claims

What is claimed is:
1. An electric tool comprising:

a motor configured to be driven by a PWM control of a semiconductor
switching element by using a power supply;

a power transmission mechanism configured to transmit a rotation of the
motor to an end tool so as to drive the end tool; and

a controller conﬁgured to control a rotation of the motor by a duty ratio of a
PWM signal of‘the PWM control,

wherein the controller is configured to set the duty ratio to a reference duty
ratio less than 100%, when a voltage of the power supply applied to the electric tool is
within a predetgrmined range including a rated voltage of the electric tool, and

wherein the controller is configured to drive the motor by setting the duty
ratio to be higher than the reference duty ratio, when the Voltagé of the pbwer supply
applied to the electric tool is lower than the predetermined range including the rated

" voltage.

2. The electric tool according to claim 1,

wherein the power supply is an AC power supply supplied from the outside
through a power supply cord,

wherein a rectifier circuit configured to rectify the AC power supply is
provided in a housing of the electric tool, and

wherein a brushless DC motor configured to be driven by using an inverter

circuit is used as the motor.
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3. The electric tool according to claim 1 or 2,

wherein the reference duty ratio is less than 90%, and

wherein the controller drives the motor by increasing the duty ratio when the
voltage of the power supply applied to the electric tool is lower than the rated voltage,

the upper limit of the increased duty ratio being 100%.

4, The electric tool according to claim 3,

wherein the controller sets the duty ratio to be highef than the reference duty
ratio when a potential difference between ‘a first Volfage of the power supply applied to
the electric tool before the start of the motor and a second voltage of the power supply

applied to the electric tool after the start of the motor has become large.

5. The electric tool according to claim 4,
wherein the controller determines the duty ratio from the second voltage
within a predetermined time immediately after a trigger of a switch for rotating the

motor has been puiled.

6. The electric tool according to claim §,
wherein the controller drives the motor by increasing the duty ratio when the

~second voltage has decreased during the rotation of the motor.

7. The electric tool according to claim 5,
wherein the controller drives the motor in a state where the duty ratio, which
has been determined by using the second voltage immediately after the pulling of the

trigger, is fixed until the trigger is returned.
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8. The electric tool according to any one of claims 1 to 7, further comprising a
rotation number setting unit configured to set a maximum rotation number of the motor
to a plurality of levels,

wherein the duty ratio is set to a plurality of steps within a range between 0

and the reference duty ratio, in proportion to the set levels of the rotation number.

0. An electric tool comprising:

a motor configured to be driven by a PWM control of a semiconductor
switching element by using a power supply; |

a power transmission mechanism configured to transmit é rotation of the
motor to an end tool .so as to drive the end tool; and |

a controller configured to control a rotation of the motor by a duty ratio of a
PWM signal of the PWM control,

wherein the controller is configured to set the duty ratio before the start of the
motor to be less than 100%, and

wherein the controller is configured to increase the duty ratio when a voltage
of the power supply applied to the electric tool becomes lower than a rated voltage of

the electric tool after the start of the motor.

10. An electric tool comprising:

a motor configured to be driven by a PWM control of a vsemiconduct_or
switching element by using a pdwer supply;

a power transmission mechanism configured to transmit a rotation of the

motor to an end tool so as to drive the end tool; and
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~ a controller configured to control a rotation of the motor by a duty ratio of a
PWM signal of the PWM control,
wherein the controller is configured to set the duty ratio before the start of the
motor to be less than 100%, and
wherein the controller is configured to drive the motor in a duty ratio higher
than a previous duty ratio when a voltagé of the power supply applied to the electric
tool after the start of the motor becomes lower than a voltage of the power supply

before the start of the motor.

11. The electric tool according to claim 9 or 10,

wherein the voltage of the power supply is applied to the electric tool througil
a éower supply cord, and

wherein a state of the motor before the start refers to a state before current
flows through the motor, and a state of the motor after the start refers to a state where

current flows through the motor.
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