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Description
[Field of the Invention]

[0001] The presentinvention relates to an electrically
powered tool with a motor driven by an AC voltage sup-
plied from a commercial power supply, particularly, to an
improvement in rotation control of a motor.

[Description of Related Art]

[0002] An electrically powered tool for rectifying an AC
voltage supplied from a commercial power supply to drive
a brushless motor is known. In a brushless motor, a ro-
tational position of a rotor is detected using a magnetic
sensor and then controlled by a controller to supply a
drive current from an inverter circuit to a predetermined
winding of the motor. A technique of Patent Literature 1
is known as an example of an electrically powered tool
(a grinder) using such a brushless motor. In Patent Lit-
erature 1, a brushless motor is accommodated coaxially
with a cylindrical housing. A stator having a coil is dis-
posed on an outer circumferential side of the motor, and
a rotor core which is rotated by a rotating shaft and holds
a permanent magnet is provided on an inner circumfer-
ential side thereof. The rotating shaft is pivotally support-
ed by bearings on a front side and a rear side of the
motor, and a cylindrical sensor magnet for detecting the
rotational position of the rotor is provided behind the rear
side bearing. A controller for controlling the motor and a
power supply circuit are accommodated inside the rear
side of the housing. Also, an inverter circuit for supplying
arotating magneticfield (three-phase alternating current)
to the coil of the motor is mounted.

[0003] Generally, an electric device with a motor driven
by a commercial power supply includes a rectifier circuit
for rectifying an AC voltage supplied from a commercial
power supply to a pulsating DC voltage, and a smoothing
circuit including a smoothing capacitor for smoothing the
pulsating DC voltage. At this time, since a capacity of the
smoothing capacitor is set to be relatively large, the pul-
sating DC voltage is often smoothed to a sufficiently
smoothed DC voltage. However, in such a circuit, there
is a characteristic that current flows from the rectifier cir-
cuit to the smoothing capacitor only during a period when
the DC voltage output from the rectifier circuit is higher
than a voltage generated in the smoothing capacitor.
[0004] When the capacity of the smoothing capacitor
is set to be large, the period during which the current
flows from the rectifier circuit to the smoothing capacitor
tends to be shortened. As a result, a current including a
harmonic component flows through the commercial pow-
er supply, and a load on power transmission equipment
increases, which is not preferable. Further, the commer-
cial power supplied from the power transmission equip-
ment is connected to the electrically powered tool via a
distribution board located in a home, but since there is
an upper limit on a magnitude of the current which can
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flow in the distribution board, it is also important that the
current not exceed this upper limit. In addition, since a
power factor deteriorates as the harmonic component
contained in the current increases, a large current flows
to the commercial power supply only when a small current
flows through the motor of the electrically powered tool,
and thus it is important to improve the power factor.
[0005] Patent Literature 2 discloses an electrically
powered tool having a rectifier circuit which rectifies an
AC voltage supplied from a commercial power supply to
a pulsating DC voltage and a smoothing capacitor which
slightly smoothes the pulsating DC voltage. In this tech-
nique, a period during which the current flows from the
rectifier circuit to the smoothing capacitor is lengthened
by setting a capacity of the smoothing capacitor to be
relatively small, and thus the harmonic component con-
tained in the current flowing in the commercial power
supply is reduced. Furthermore, accommodating space
is saved by setting the capacity of the smoothing capac-
itor to be relatively small, and the rectifier circuit and the
smoothing capacitor can be built in the electrically pow-
ered tool.

[Citation List]
[Patent Literatures]
[0006]

[Patent Literature 1]

Japanese Patent Application Publication No.
2010-269409

[Patent Literature 2]

Japanese Patent Application Publication No.
2012-196725

[Patent Literature 3]

Japanese Patent Application Publication No.
2010-202774

[Summary of Invention]
[Technical Problem]

[0007] Inthe electrically powered tool described in Pat-
ent Literature 2, since the capacity of the smoothing ca-
pacitor is relatively small, a voltage supplied from the
smoothing capacitor to the motor largely pulsates to syn-
chronize with a frequency of the commercial power sup-
ply. Accordingly, when the motor rotates, a current flows
from the smoothing capacitor toward the motor during a
period in which the voltage output from the smoothing
capacitor toward the motor is larger than an induced elec-
tromotive voltage generated by rotation of the motor, but
no current flows from the smoothing capacitor toward the
motor during a period in which the voltage output from
the smoothing capacitor toward the motor is equal to or
lower than the induced electromotive voltage generated
by the rotation of the motor. Accordingly, a torque gen-
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erated from the motor greatly pulsates, and this pulsation
may cause difficulty in controlling the electrically powered
tool.

[0008] On the other hand, in the electrically powered
tool described in Figs. 9 and 10 of Patent Literature 3, a
duty ratio of PWM control is set to be small in a period
when the voltage output from the rectifier circuit is in the
vicinity of a maximum value, such that the voltage output
from the smoothing capacitor toward the motor decreas-
es, and the duty ratio of the PWM control is set to be
large in a period when the voltage output from the rectifier
circuit is in the vicinity of a minimum value, such that the
voltage output from the smoothing capacitor toward the
motor increases. In this way, the pulsation of the torque
generated from the motor is minimized by reducing the
pulsation of the voltage output from the smoothing ca-
pacitor toward the motor. However, frequent switching
of the duty ratio of the PWM control is a heavy burden
on a microcomputer (hereinafter referred to as "micro-
computer") which performs the PWM control, and thus it
is necessary to use an expensive microcomputer with
high processing speed.

[0009] In a process of examining these problems, the
inventors found that, by alternately generating a period
in which no current flows in the motor and a period in
which a current flows in the motor, the torque generated
from the motor may pulsate and noise may be generated
from a power transmission mechanism that transmits a
driving force of the motor to a tip tool. Specifically, in the
case in which the torque generated from the motor pul-
sates in a state in which no load is applied to the motor,
since the motor tries to rotate at the pulsating rotation
speed while the tip tool tries to maintain a constant rota-
tion speed by inertia, gears constituting the power trans-
mission mechanism interposed between the tip tool and
the motor repeatedly collide and disengage, thereby gen-
erating arotation sound, a striking sound, or the like which
is different from usual.

[0010] The present invention has been made in view
of the above background, and an object of the present
invention is to provide an electrically powered tool which
minimizes noise generated from a power transmission
mechanism during no-load rotation. Another object of the
present invention is to provide an electrically powered
tool capable of minimizing a harmonic component con-
tained in a current flowing through a commercial power

supply.
[Solution to Problem]

[0011] Representative features of the invention dis-
closed in the present application will be described as be-
low. According to one feature of the present invention,
there is provided an electrically powered tool including a
rectifier circuit configured to rectify an AC voltage sup-
plied from a commercial power supply to a pulsating DC
voltage, a smoothing circuit having a smoothing capacitor
configured to reduce a pulsation state of the pulsating
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DC voltage, a circuit configured to supply the smoothed
DC voltage to a motor, and a power transmission mech-
anism configured to transmit a driving force of the motor
to a tip tool using a plurality of gears, wherein a current
continuously flows to the motor when the motor is driven
in a state in which no load is applied to the tip tool, and
a current intermittently flows to the motor when the motor
is driven in a state in which a load is applied to the tip
tool. Further, a switching element provided between the
smoothing circuit and the motor and configured to control
a voltage supplied to the motor, and a controller config-
ured to control rotation of the motor by driving the switch-
ing element may be provided, and the controller may re-
duce PWM duty of the switching element so that, in a
case in which the motor is rotated in a state in which no
load is applied to the tip tool, the smoothed DC current
supplied to the switching element pulsates at a frequency
twice a frequency of input commercial power supply and
there is no current zero section when the pulsating direct
current is minimized. Since the motor is configured so
thatthe current continuously flows when the motor s driv-
en in the state in which no load is applied to the tip tool,
atorque generated from the motor is stabilized, and thus
noise generated from the power transmission mecha-
nism can be minimized. Further, since the motor is con-
figured such that the current intermittently passes
through the motor when the motor is driven in the state
in which a load is applied to the tip tool, it is possible to
reduce harmonic components contained in the current
flowing through the commercial power supply.

[0012] According to another feature of the present in-
vention, an inverter circuit may be formed using a plurality
of switching elements, the inverter circuit may be provid-
ed between the smoothing circuit and the motor, and the
controller may maintain an effective value of a minimum
value of the direct current which repeatedly fluctuates
between a maximum value and the minimum value to be
synchronized with a fluctuation of the AC voltage at zero
or more via controlling the PWM duty of the inverter circuit
during no-load rotation of the motor. Further, a rotation
speed setting unit connected to the controller to set a
rotation speed of the motor may be provided, and regard-
less of a rotation speed set by the rotation speed setting
unit, the effective value of the minimum value of the direct
current may be maintained at zero or more during no-
load rotation. Furthermore, a capacity of the smoothing
capacitor may be set to be small such that there is a
section in which the minimum value of the effective value
of the direct current at the time of a load in which work
on aworkpiece is performed by the tip tool becomes zero.
When the motor is driven in the state in which a load is
applied to the tip tool, a large current tends to flow, and
the harmonic components contained in the current tend
to be larger. However, in such a case, the capacity of the
smoothing capacitor can be set to be small such that a
currentintermittently flows to the motor, and the harmonic
components contained in the current can be minimized.
[0013] According to yet another feature of the present
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invention, a controller configured to control a rotation
speed of the motor may be provided in the electrically
powered tool, the controller may control the motor at a
constant speed to maintain a set rotation speed, and a
duty ratio at the time of no-load rotation set by the con-
troller may be set not to become zero even in the vicinity
of aminimum value of the smoothed DC voltage. Further,
a rotation speed setting unit configured to set a target
rotation speed of the motor may be provided, the con-
troller may control the motor at a constant speed to main-
tain the target rotation speed set by the rotation speed
setting unit, and the duty ratio at the time of the no-load
rotation set by the controller may be configured not to
become zero in the vicinity of the minimum value of the
smoothed DC voltage at any target rotation speed set by
the rotation speed setting unit.

[0014] According to still another feature of the present
invention, in the electrically powered tool, the setting unit
may be set to a first setting value (a setting value which
is the highest speed of the speed setting dial or a state
in which a trigger switch for speed adjustment is fully
drawn) at which the voltage supplied to the motor be-
comes a maximum value, and when the motor is driven
in a state in which a load is not applied to the tip tool, a
maximum value and a minimum value may be repeatedly
generated so that the smoothed DC voltage is synchro-
nized with a fluctuation of the AC voltage, and a duty ratio
of PWM control may be limited to a first duty ratio smaller
than 100% over both a period in which the smoothed DC
voltage is in the vicinity of the maximum value and in a
period in which the smoothed DC voltage is in the vicinity
of the minimum value. In this way, when the setting unit
is set to the first value at which the voltage supplied to
the motor is a maximum value and the motor is driven in
the state in which a load is not applied to the tip tool,
since the duty ratio of PWM control is limited to the first
duty ratio smaller than 100% over both the periodin which
the smoothed DC voltage is in the vicinity of the maximum
value and in the period in which the smoothed DC voltage
is in the vicinity of the minimum value, the current flowing
from the smoothing capacitor toward the motor is sup-
pressed and the voltage of the smoothing capacitor is
hard to be lowered. Since the voltage of the smoothing
capacitor is not easily lowered, a period during which the
voltage output from the smoothing capacitor toward the
motor is lower than an induced electromotive voltage
generated by the rotation of the motor becomes shorter,
and the current easily flows continuously to the motor.
Therefore, the torque generated from the motor is stabi-
lized, and the noise generated from the power transmis-
sion mechanism can be minimized. Further, since it is
unnecessary to frequently switch the duty ratio, it can be
realized by an inexpensive microcomputer of which a
processing speed is not high, and thus an inexpensive
electrically powered tool can be provided.
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[Advantageous Effects of Invention]

[0015] According to the presentinvention, itis possible
to provide an electrically powered tool which minimizes
noise generated from a power transmission mechanism
and minimizes a harmonic component contained in a cur-
rent flowing through a commercial power supply.

[Brief Description of Drawings]
[0016]

Fig. 1 is a longitudinal cross-sectional view illustrat-
ing an entire structure of an electrically powered tool
1 according to an embodiment of the present inven-
tion, wherein an arrow indicated inside the electri-
cally powered tool 1 shows a flow of cooling air in a
state in which a switch is turned on.

Fig. 2 is a view of a rear portion of Fig. 1 seen from
adirection A, which illustrates a case 40 and a circuit
board 60.

Fig. 3 is a block diagram illustrating a circuit config-
uration of a drive control system of a motor 5in Fig. 1.
Fig. 4 is a diagram illustrating a relationship among
a spindle rotation speed, a duty ratio of PWM, an
output voltage from a smoothing circuit, and a current
applied to and flowing through the motor 5 in the
electrically powered tool 1 of Fig. 1.

Fig. 5 is a flowchart illustrating a control procedure
of a motor according to the embodiment.

Fig. 6 is a table illustrating a relationship between a
setting value of a speed dial 17, a target rotation
speed, and a duty ratio.

Fig. 7 is a diagram illustrating a relationship among
a magnitude of a load for each setting value of the
speed dial 17 and a setting duty ratio.

[Description of Embodiments]
First embodiment

[0017] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. Fur-
ther, in the following drawings, parts having the same
function are designated by the same reference numerals,
and repeated description will be omitted. Further, in the
specification, it is assumed that the front, back, left, right,
upward and downward directions are directions illustrat-
ed in the drawings.

[0018] FIG. 1 is a top view of an electrically powered
tool 1 according to an embodiment of the present inven-
tion. Here, as an example of the electrically powered tool
1, a spindle 24 rotating in a direction orthogonal to a ro-
tating shaft 6 of a motor 5 is provided, and working equip-
ment connected to the spindle 24 is a disc grinder which
is a circular grinding stone 30. A housing (outer frame or
casing) of the electrically powered tool 1 includes three
main parts of a gear case 21 which accommodates a
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power transmission mechanism, a cylindrical motor
housing 2 which accommodates the motor 5, and a rear
cover 3 which is installed at a rear of the motor housing
2 and accommodates electric devices. A method of form-
ing the housing is arbitrary, and it may be configured with
the parts divided into three in a forward and backward
direction as in this embodiment, or it may be formed in
other divided forms. The motor housing 2 is an integral
structure formed of a resin or metal and is formed in a
substantially cylindrical shape having an opening on a
front side. An inner diameter of the motor housing 2 is
slightly larger than an outer diameter of a stator core 9
of the motor 5, and an outer surface side of the motor
housing 2 forms a portion (grip portion) which is gripped
by an operator with one hand. The rear cover 3is installed
at the rear of the motor housing 2. The rear cover 3 is
configured to be divisible in a leftward and rightward di-
rection on a vertical plane passing through a longitudinal
central axis (an extension line of a rotating shaft of the
motor), and right and left parts are fixed by screws (not
illustrated) at positions sandwiching a rear side opening
of the motor housing 2. Further, an outer diameter of the
rear cover 3 is substantially equal to or slightly smaller
than an outer diameter of the motor housing 2.

[0019] As the rotating shaft 6 is disposed so that the
motor 5 is along a central axis direction (forward and
backward direction) of the motor housing 2, and a con-
troller detects a rotational position of a rotor core 7 with
a rotational position detecting element 69 formed of a
Hall IC and controls an inverter circuit 80 including a plu-
rality of switching elements Q1 to Q6 (refer to Fig. 2 de-
scribed later), driving power is sequentially supplied to a
predetermined coil 13 of the motor 5, and thus a rotating
magnetic field is formed to rotate a rotor. The motor 5 is
a three-phase brushless DC motor which is a so-called
inner rotor type in which a rotor rotates within an inner
circumferential side space of the stator core 9 having a
substantially cylindrical shape. The stator core 9 is man-
ufactured in a stacked structure in which a plurality of
annular thin iron plates manufactured by press working
are stacked in an axial direction. Six teeth (notillustrated)
are formed on an inner circumference side of the stator
core 9, insulators 11 and 12 formed of a resin are mount-
ed axially in a forward and backward direction of each of
the teeth, and a copper wire is wound between the insu-
lators 11 and 12 with the teeth interposed therebetween
so that a coil 13 is formed. In the embodiment, the coil
13 is preferably a star connection having three phases
which are U, V and W phases, and three lead wires (not
illustrated) for the U, V and W phases which supply driv-
ing power to the coil 13 are connected to a circuit board
60. The rotor core 7 is fixed to the rotating shaft 6 on an
inner circumferential side of the stator core 9. The rotor
core 7 is formed to be parallel to an axial direction in the
rotor core in which the plurality of annular thin iron plates
manufactured by press working are stacked in the axial
direction, and a plate-shaped permanent magnet 8 hav-
ing an N pole and an S pole is inserted into a slot portion
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having a rectangular cross section.

[0020] Therotating shaft6isrotatably held by two bear-
ings 14a and 14b. A cooling fan 15 is provided between
the bearing 14b and the motor 5 when seen in an axial
direction of the rotating shaft 6. The cooling fan 15 is, for
example, a centrifugal fan formed of a plastic that rotates
in synchronization with the rotating shaft 6 when the mo-
tor 5 rotates and generates a wind flow (cooling air) for
cooling the motor 5, a control circuit, and so on in a di-
rection indicated by a plurality of black arrows inside the
housing. The cooling air is suctioned from an intake port
3a provided in upper and lower surfaces of the rear cover
3 in the vicinity of a rear end of the circuit board 60, flows
around the case 40 accommodating the circuit board 60
from arear side to afrontside, passes through an opening
(not illustrated) provided in a bearing holder portion 20
of the motor housing 2, and flows into an accommodation
space of the motor 5. The cooling air which has flowed
into the accommaodation space of the motor 5 is suctioned
by the cooling fan 15 through a gap (refer to a black arrow
in the drawing) between the motor housing 2 and an outer
circumferential side of the stator core 9 or an inner space
of the stator core 9, passes through a through-hole of a
fan cover 16, and is discharged from a through-hole 21b
of the gear case 21 to a front side or discharged forward
from a through-hole 21¢ on a lower side of the fan cover
16. In the embodiment, the circuit board 60, a sensor
magnet 18, the bearing 14 a, the motor 5, the cooling fan
15, and the bearing 14b are arranged in series (on a
straight line) in the axial direction from a rear side (wind-
ward side) to the front side when seen on an axis line of
the rotating shaft 6 of the motor 5. Additionally, the intake
port 3a serving as an air window for suctioning external
air is disposed on a rear side of elements having large
heat generation around the circuit board 60, particularly,
arectifier circuit 71 and the switching elements Q1 to Q6
(refer to Fig. 2 to be described later). In this way, in the
embodiment, the cooling air flows to be substantially in
contact with an entire outer circumferential surface of the
housing from a rear side to a front side when seen in a
direction of a rotating shaft of the motor 5.

[0021] The gear case 21 is formed by integral molding
of a metal, for example, aluminum, accommodates a pair
of bevel gear mechanisms 22 and 23, and rotatably holds
the spindle 24 which is an output shaft. The spindle 24
is disposed to extend in a direction (here, vertical direc-
tion) substantially orthogonal to the axial direction (here,
forward and backward direction) of the rotating shaft of
the motor 5, a first bevel gear 22 is provided at a front
end portion of the rotating shaft 6, and the first bevel gear
22 engages with a second bevel gear 23 installed at an
upper end of the spindle 24. Since a diameter of the sec-
ond bevel gear 23 is large and the number of gears is
greater than that of the first bevel gear 22, these power
transmission mechanisms act as deceleration units. An
upper end side of the spindle 24 is pivotally supported
on the gear case 21 to be rotatable by a metal 25, and
an approximately central portion thereof is supported by
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a bearing 26 formed of a ball bearing. The bearing 26 is
fixed to the gear case 21 via a spindle cover 27.

[0022] An installation base 28 is provided at a distal
end of the spindle 24, and a tip tool such as the grinding
stone 30 is mounted by a washer nut 31. The grinding
stone 30 is, for example, a resinoid flexible grinding
stone, aflexible grinding stone, a resinoid grinding stone,
a sanding disk, or the like which has a diameter of 100
mm and is capable of performing surface polishing and
curved surface polishing of metals, synthetic resins, mar-
ble, concrete and so on by selecting a type of abrasive
grain to be used. A radially outer side and an upper side
ofthe grinding stone 30 on arear side thereof are covered
with a wheel guard 32. Further, the tip tool which is in-
stalled at the electrically powered tool 1 is not limited to
only the grinding stone 30, but other tools such as a bevel
wire brush, a nonwoven fabric brush, a diamond wheel
and so on may be installed.

[0023] The sensor magnet 18, which is a magnetic
body having different magnetic poles in a rotation direc-
tion, is installed at a rear end of the rotating shaft 6 of the
motor 5. The sensor magnet 18 is a thin cylindrical per-
manent magnet installed to detect the rotational position
of the rotor core 7, and NSNS poles are sequentially
formed at intervals of 90 degrees in a circumferential di-
rection. A substantially semicircular sensor board 68 dis-
posed in a direction perpendicular to the rotating shaft 6
is provided on an inner side of the case 40 located on a
rear side of the sensor magnet 18, and a rotational po-
sition detecting element 69 which detects a position of
the sensor magnet 18 is provided on the sensor board
68. The rotational position detecting element 69 detects
the rotational position of the rotor core 7 by detecting a
change in a magnetic field of the sensor magnet 18 which
is rotating and three rotational position detecting ele-
ments 69 are provided in the rotation direction at prede-
termined angular intervals, here, at intervals of 60°.
[0024] The controller (to be described later) for con-
trolling the rotation of the motor 5, the inverter circuit 80
for driving the motor 5 and a power supply circuit 70 for
converting an alternating current supplied from the out-
side through a power cord 3b into a direct current are
accommodated inside the rear cover 3 formed in a sub-
stantially cylindrical shape. In the embodiment, these cir-
cuits are mounted on the common circuit board 60. The
circuit board 60 is disposed to be parallel to a longitudinal
central axis (which is coaxial with the rotating shaft 6 of
the motor 5) of the electrically powered tool 1. Here, a
front surface and a back surface of the board are dis-
posed to extend in the forward and backward direction
and the leftward and rightward direction. The circuit board
60 is disposed inside a substantially rectangular paral-
lelepiped container-shaped case 40 of which one surface
is formed as an opening, and the case 40 is screwed to
the bearing holder portion 20 of the motor housing 2 by
screws 42c and 42d. Further, a rear end side of the case
40 is fixed to the rear cover 3 by a screw 42e. An inside
of the case 40 is totally solidified with a hardening resin
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which hardens a liquid resin (not illustrated). Here, when
the grinding stone 30 of the electrically powered tool 1 is
on a lower side (in a direction of FIG. 1), the opening of
the case 40 faces downward, and the plurality of switch-
ing elements Q1 to Q6 (described later) included in the
inverter circuit 80 are disposed to extend downward from
the circuit board 60. About half of the switching elements
Q1 to Q6 on the side close to the circuit board 60 are
located inside the resin and about remaining half are not
covered with the resin but are exposed to the outside.
[0025] Intheinverter circuit 80, itis necessary to apply
alarge drive current to the coil 13, and thus, for example,
large capacity output transistors such as a field effect
transistor (FET) and an insulated gate bipolar transistor
(IGBT) are used as the switching elements Q1 to Q6. A
metal plate for cooling is further installed on a heat sink
plate of the switching elements Q1 to Q6. A power supply
circuitis provided on arear side of the switching elements
Q1 to Q6. The power supply circuit 70 of the embodiment
is configured to include a rectifier circuit for converting a
commercial power supply (AC) supplied from the outside
into DC. The power supply circuit 70 is mounted on a
position close to the power cord 3b wired to extend out-
ward from a rear end surface of the rear cover 3, that is,
on a rear side of the case 40 according to efficiency of
wiring.

[0026] A switch 64 for turning on or off the motor 5 is
provided in the vicinity of the inverter circuit 80. In a circle
in the drawing, a part of the switch 64 is illustrated in a
perspective view. The switch 64 has a plunger 64a and
a metal leaf spring 64b for pressing the plunger 64a, and
as a contact portion 4b which moves in conjunction with
a switch operating portion described later in Fig. 2 de-
forms the leaf spring 64b, the switch 64 is turned on. Fig.
1illustrates a state in which the plunger64ais not pushed.
When the contact portion 4b moves forward from the
state of Fig. 1, the switch 64 is turned on.

[0027] Fig.2is aview of arear half of Fig. 1 when seen
from a direction of an arrow A, and illustrates the case
40 and the circuit board 60. The drawing illustrates a
state in which the rear cover 3 is removed from the motor
housing 2. A shape of the circuitboard 60 accommodated
inside the case 40 is formed to have an outer contour
approximately equal to an inner shape of the case 40.
Although not illustrated in the drawing, the circuit board
60 isimmersed in more than half of a space in a container
by a resin which is hardened and solidified from a liquid
state. On the circuit board 60, the power supply circuit
70 mainly configured with a rectifier circuit 71 consisting
of a diode bridge 72 and a smoothing circuit including an
electrolytic capacitor 76, the inverter circuit 80 including
the six switching elements Q1 to Q6, a controller which
controls the inverter circuit 80 and includes a microcom-
puter 101, and a constant voltage power supply circuit
(not illustrated) for generating a DC constant voltage for
the controller are mainly mounted. The power cord 3b is
connected from the outside of the electrically powered
tool 1 to an input side of the circuit board 60, and a com-
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mercial AC power is input to the power supply circuit 70.
The power cord 3bis fixed by a power cord holding portion
43. The switch 64 is disposed on aright side of the inverter
circuit 80. A switch operating portion 4 for turning on or
off the rotation of the motor 5 is provided on a left side
surface of the motor housing 2. The switch operating por-
tion 4 is connected to the vicinity of a front end of a switch
bar 4a which is movable in the axial direction and is
formed to be slidable in the forward and backward direc-
tion of the motor housing 2. A protruding portion 2b is
formed on the motor housing 2 and engages with a re-
cessed portion of the switch operating portion 4, and thus
a so-called on-lock mechanism which holds the motor 5
in an ON state is realized. A contact portion 4b for de-
forming the leaf spring 64b (refer to Fig. 1) of the switch
64 is provided at a rear end portion of the switch bar 4a,
and the switch bar 4a is biased toward the rear side (a
direction in which the switch 64 is turned off) by a com-
pression spring 4c.

[0028] The inverter circuit 80 is disposed so that sets
of three switching elements Q1 to Q3 and Q4 to Q6 are
arranged in lines in the axial direction. In the switching
elements Q1 to Q6, semiconductor elements are en-
closed in a substantially rectangular parallelepiped pack-
age formed of a ceramic or the like, three metal terminals
extend from a lower side of the package, and a heat sink
plate formed of metal is embedded in a back side of the
package. The heat sink plate has a planar shape, and
the switching elements Q1 to Q6 are arranged so that a
spreading direction of the plane is parallel or orthogonal
to a longitudinal direction (forward and backward direc-
tion in Fig. 2) of the circuit board 60. Further, a metal
plate 82 for radiating heat is further provided on the heat
sink plate located on a rear surface of the package. Typ-
ically, since a collector terminal of the IGBT and a drain
terminal of the FET are electrically connected to the heat
sink plate on the rear surface side of the package, in the
circuit configuration, the common metal plate 82 is pro-
vided in the plurality of switching elements Q1 to Q3 when
the collector terminal or the drain terminal is connected
in common. On the other hand, the remaining three
switching elements Q4 to Q6 of the inverter circuit 80 are
arranged in a line to be parallel to the switching elements
Q1 to Q3. The metal plates for radiating heat are provided
on the heat sink plate located on the rear surface of the
package of the switching elements Q4 to Q6, but since
the collector terminals or the drain terminals thereof are
not connected in common, the metal plates are provided
independently.

[0029] The microcomputer (microcomputer) 101 con-
stituting the controller for further controlling the rotation
of the motor 5 is mounted on the circuit board 60. The
microcomputer 101 activates and stops the motor 5 and
controls a rotation speed thereof by driving the inverter
circuit 80. A constant voltage power supply circuit to be
described later is further mounted on the circuit board
60. These elements can be mountedin an arbitrary space
on the circuit board 60. In the embodiment, the micro-
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computer 101 is mounted on a rear side of the switch 64.
The sensor board 68 on which three rotational position
detecting elements 69 (refer to Fig. 1) are mounted is
disposed on a front side of the circuit board 60 to be
orthogonal to the circuit board 60. The circuit board 60
and the sensor board 68 are fixed by a partition member
50. The partition member 50 serves as a fixing member
for holding the circuit board 60 on the case 40 and also
serves as a partitioning member for providing a partition
plate for minimizing short circuit between the switching
elements Q1to Q6. A switch board 65 on which a variable
resistor 66 is mounted is provided on the rear side of the
case 40. The switch board 65 is provided on an inde-
pendent portion which protrudes rearward from a con-
tainer-shaped portion of the case 40, and a speed dial
17 which is partially exposed from a rear wall surface of
the rear cover 3 is provided on a rotating shaft of the
variable resistor 66.

[0030] Next, a circuit configuration of a drive control
system of the motor 5 will be described with reference to
Fig. 3. The power supply circuit 70 is configured with the
rectifier circuit 71 and a smoothing circuit 75. Here, the
rectifier circuit 71 is configured by the diode bridge 72.
The smoothing circuit 75 is connected between an output
side of the rectifier circuit 71 and the inverter circuit 80.
The smoothing circuit 75 includes the electrolytic capac-
itor 76 for reducing a pulsation state of a DC voltage and
a resistor 78 for discharging. The inverter circuit 80 in-
cludes the six switching elements Q1 to Q6, and a switch-
ing operation is controlled by gate signals H1 to H6 sup-
plied from the controller 100. An output of the inverter
circuit 80 is connected to the U phase, the V phase and
the W phase of the coil 13 of the motor 5. A constant
voltage power supply circuit 90 is connected to the output
side of the rectifier circuit 71.

[0031] An input side of the rectifier circuit 71 is con-
nected to, for example, a commercial AC power supply
35, full-wave rectifies an input AC and outputs it to the
smoothing circuit 75. The smoothing circuit 75 smoothes
a pulsating flow included in the current rectified by the
rectifier circuit 71 as much as possible and outputs it to
the inverter circuit 80. When the electrically powered tool
1is adisc grinder, a large outputis required as compared
with other electrically powered tools (for example, an im-
pact driver, or the like), and thus a voltage value input to
the smoothing circuit 75 from the power supply circuit 70
is also high. For example, when the input voltage is 230
V AC, a peak thereof is about 324 V.

[0032] The inverter circuit 80 is configured to include
six switching elements Q1 to Q6 connected in a three-
phase bridge type. Here, the switching elements Q1 to
Q6 are insulated gate bipolar transistors (IGBTs), but
metal oxide semiconductor field effect transistors (MOS-
FETs) may also be used.

[0033] The rotor having the permanent magnet 8 ro-
tates inside the stator core 9 of the motor 5. The sensor
magnet 18 for position detection is connected to the ro-
tating shaft 6 of the rotor, and the controller 100 detects
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the rotational position of the motor 5 by detecting a po-
sition of the sensor magnet 18 with the rotational position
detecting element 69 such as a Hall IC or the like.
[0034] The controller 100 is a means for controlling
on/off and rotation of the motor and is configured to in-
clude the microcomputer 101 (refer to Fig. 2). The con-
troller 100 is mounted on the circuit board 60, sets the
rotation speed of the motor 5 on the basis of a start signal
input in accordance with an ON operation of the switch
64 and an output signal of the variable resistor 66 set by
the speed dial 17, and controls an energizing time and a
driving voltage to the U, V and W phases of the coil 13
to rotate constantly the motor 5 at a setting rotation
speed. The signals (driving signals H1 to H6) from the
controller 100 are connected to gates of the six switching
elements Q1 to Q6 of the inverter circuit 80 and are used
for on/off control of each of the switching elements Q1
to Q6. Each of drains or sources of the six switching el-
ements Q1 to Q6 of the inverter circuit 80 is connected
to the U phase, the V phase and the W phase of the star-
connected coil 13. On the other hand, the drain terminals
of the switching elements Q4 to Q6 are connected to the
V-phase, U-phase and W-phase terminals of the motor,
respectively.

[0035] The switching elements Q1 to Q6 perform the
switching operation on the basis of the driving signals H1
to H6 input from the controller 100 and supply the DC
voltages supplied from the commercial AC power supply
35 via the rectifier circuit 71 and the smoothing circuit 75
to the motor 5 as three-phase (U-phase, V-phase and
W-phase) voltages Vu, Vv and Vw. A magnitude of the
current supplied to the motor 5 is detected by the con-
troller 100 detecting a voltage value at both ends of a
current detecting resistor 102 connected between the
smoothing circuit 75 and the inverter circuit 80. A prede-
termined current threshold value according to setting ro-
tation of the motor 5 is preset in the controller 100, and
when the detected current value exceeds the threshold
value, the driving of the motor 5 is stopped, and thus the
switching operation of the inverter circuit 80 is stopped.
Accordingly, occurrence of burning or the like due to an
overcurrent flowing to the motor 5 is prevented.

[0036] The constant voltage power supply circuit 90 is
a power supply circuit which is directly connected to the
output side of the rectifier circuit 71 and supplies a direct
current of a stabilized reference voltage (low voltage) to
the controller 100 configured with the microcomputer or
the like. The constant voltage power supply circuit 90
includes a diode 96, an electrolytic capacitor 94 for
smoothing, an IPD circuit 91, a capacitor 93 and a reg-
ulator 92. Each part of the constant voltage power supply
circuit 90 is mounted on the circuit board 60, although
this is not illustrated in Fig. 2 except for the electrolytic
capacitor 94.

[0037] Fig. 4 is adiagram illustrating a relationship be-
tween the voltage and the current applied to the motor 5
and illustrating a state in which the speed dial 17 serving
as arotation speed setting unitfor setting a target rotation
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speed of the motor 5 is set to "dial 1" having the highest
rotation speed. A horizontal axis is time (units of millisec-
onds), and the time on the horizontal axis of each of (1)
to (4) is illustrated together to be aligned. Vertical axes
represent a rotation speed of the spindle 24, a duty ratio
of PWM control, a motor voltage and a motor current.
Here, the motor 5 rotates when the switch 64 is turned
on, and the motor 5 rotates in a no-load state between
time 0 and time t,. A medium load is applied to the motor
5 by lightly pressing the grinding stone 30 against a ma-
terial to be polished at time t,, and after time t,, a state
in which it further rotates under the highest load condition
due to the pressing on the material to be polished, a state
of the material to be polished, or the like is shown. Inci-
dentally, a portion of an acceleration process immediate-
ly after the motor starts is not illustrated. For the sake of
explanation, itis assumed that the load switches in stages
with no load, medium load, and high load (in an actual
grinding operation, a magnitude of the load varies from
moment to moment according to a strength with which
the grinding stone is pressed, a rigidity or a state of the
contact portion of a workpiece, a type of the grinding
stone, and so on). Here, the no-load rotation is a state
of rotation in a state in which the motor 5 is rotated in a
workable state in which a tip tool is installed at the elec-
trically powered tool but the tip tool is not in contact with
a workpiece or the like at all. Further, a load under the
no-load state may be slightly different according to a type
of the tip tool to be installed.

[0038] In (1) of Fig. 4, a spindle rotation speed 110 is
maintained at 9500 min-! from the no-load to the medium
load. A duty ratio 120 at this time is 68% and 85%. as
illustrated in (2) of Fig. 4. At the time of the high load, the
duty ratio 120 becomes 100% and the motor 5 is in a full
power state, but since the load is large, for example, it
decreases to 8500 min-1. (3) of Fig. 4 illustrates an output
voltage 130 of the smoothing circuit 75. Since the output
voltage 130 is full-wave rectified by the diode bridge 72,
it pulsates at a frequency twice a frequency of an input
AC voltage. (4) of Fig. 4 illustrates a current waveform
flowing in the motor 5 at this time. A current value 140
flowing through the motor 5 is adjusted by pulse width
modulation (PWM) control of the switching elements Q1
to Q6. Since the duty ratio is set as low as 68% in the
no-load rotation, a line connecting peak positions of the
waveform varies to have maximum values 140a and 140c
and minimum values 140b and 140d which substantially
correspond to the output voltage 130. In the minimum
values 140b and 140d, there is no section in which the
line connecting the peak positions becomes zero, and
the current does not become zero but continuously flows
when the pulsating direct current is the minimum. Here,
the term "continuously" indicates a state when viewed
from the line connecting the peak positions of the wave-
form while an intermittent state within a period of one
cycle of asecond frequency switched forthe PWM control
is ignored, in other words, when viewed from a first fre-
quency as a reference.



15 EP 3 424 648 A1 16

[0039] At the time of the medium load, since the duty
ratio is set higher and becomes, for example, 85%, peak
positions (arrows 140e and 140g) of the line connecting
the peak positions of the waveform of the current value
140 become high. Meanwhile, since there is a time Ty
during which no current flows at arrows 140f and 140h
as the minimum values, the current flows intermittently
to the motor 5. Here, the term "intermittently" refers not
to the intermittent state within a period of one cycle of
the second frequency switched for the PWM control but
to a state at the first frequency as viewed from the line
connecting the peak positions of the waveform. At the
time of the high load, since the duty ratio is set higher
and becomes 100%, there is no OFF period of the PWM
control. At this time, a peak value of the current value
140 increases as indicated by arrows 140i and 140k, and
a time Tg during which the current does not flow is elon-
gated as indicated by an arrow 140j.

[0040] Inthe embodiment, the PWM duty of the switch-
ing element is reduced so that the smoothed direct cur-
rent supplied to the switching element pulsates at a fre-
quency twice the frequency of the input commercial pow-
erand there is no current zero section when the pulsating
direct current is the minimum. As a result, even in the
vicinity of the minimum values 140b and 140d in the no-
load operation, there is no section in which the current
becomes zero, that is, a zero current section for one cycle
or more of the PWM control frequency (second frequen-
cy), and an effective value of the current can be main-
tained above zero. Since the driving force of the motor 5
is not lost due to such control, it is possible to continue
the rotation while maintaining the contact state without
repeating separation and contact between gears, and
thus it is possible to prevent generation of the sound due
to hitting of the gears. Further, at the time of the medium
load or the high load, there are sections (times T, and
Tg) in which the current becomes zero like the minimum
values 140f, 140h and 140j, but when the motor 5is driven
in a state in which a load is applied to the tip tool, the
noise generated between the tip tool and a material to
be processed commonly becomes larger than the noise
generated from the power transmission mechanism, and
at this time, a worker does not feel a great discomfort for
the noise generated from the power transmission mech-
anism.

[0041] Fig. 5 is a flowchart illustrating a procedure of
current control in the motor 5. A series of procedures
illustrated in Fig. 5 can be performed by software in ac-
cordance with a program stored in advance in the micro-
computer 101 of the controller 100. When the worker
turns on the switch bar 4a, control of the procedure of
Fig. 4 starts. First, the microcomputer 101 reads a setting
position of the speed dial 17 (Step 151). Next, the micro-
computer 101 determines the target rotation speed of the
motor 5 corresponding to the speed dial 17 (Step 152).
Fig. 6 is a diagram illustrating a relationship among a dial
setting value 191 of the speed dial 17, a setting rotation
speed 192 of the spindle 24, and a duty ratio 193 in the
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no-load rotation. In the electrically powered tool 1, con-
stant speed control of the motor 5 is performed so that
the setting rotation speed 192 corresponds to the dial
setting value 191. Here, the setting rotation speed 192
of the spindle 24 is set from 2800 min-! to 9500 min-1 to
correspond to dials 1 to 6. The relationship between the
dial setting value 191 and the setting rotation speed 192
is preferably registered in advance in a nonvolatile mem-
ory region of the microcomputer 101.

[0042] Returning to Fig. 5, when the target rotation
speed is determined in Step 152, the microcomputer 101
starts the motor 5 (Step 153). The motor 5 softly starts
in accordance with a predetermined control procedure.
Next, the microcomputer 101 measures the rotation
speed of the motor 5 from an output of the rotational
position detecting element 69 (Step 154) and determines
whether the rotation speed of the motor 5 reaches or
maintains the target rotation speed (Step 155). The mi-
crocomputer 101 increases a set duty ratio when the tar-
get rotation speed is not reached in Step 155 and the
rotation speed of the motor is low, changes the duty ratio
by increasing the setting duty ratio when the rotation
speed of the motor is low, and returns to Step 154 (Step
156). Also in Step 155, when the rotation speed of the
motor 5 is the target rotation speed, the microcomputer
101 detects whether or not the switch 64 is turned off
(Step 157), returns to Step 154 when it is not turned off,
stops the rotation of the motor 5 when it is turned off, and
ends the processing (Step 158).

[0043] Asdescribedinthe flowchartof Fig. 5, the motor
5 is started, and the duty ratio of the PWM is gradually
increased to reach the target rotation speed. Then, the
constant speed control is performed to maintain the tar-
get rotation speed. When the target rotation speed is
reached, the duty ratio is approximately 68% at "dial 6"
and is approximately 10% at "dial 1." Therefore, in the
state of "dial 6," when the no-load operation is continued,
the duty ratio becomes almost constant at 68%.

[0044] Fig. 7 is a diagram illustrating a relationship be-
tween the magnitude of the load for each setting value
of the speed dial 17 and the setting duty ratio. A horizontal
axis is the magnitude of the load applied to the motor 5,
and a vertical axis is the duty ratio of the PWM control of
the switching elements Q1 to Q6. In the electrically pow-
ered tool 1 of the embodiment, the speed dial 17 can be
set in six stages with setting values from 1 to 6, and a
magnitude of the voltage which is supplied to the motor
5 is set so that the rotation speed of the spindle 24 at
each setting value varies from 2800 to 9500 rpm. Then,
when the load applied to the tip tool gradually increases
from the no-load state and the rotation speed of the motor
is about to decrease, the duty ratio is controlled to be
increased by the constant speed control due to the mi-
crocomputer 101, such that the target rotation speed is
maintained.

[0045] The duty ratios 161 to 166 in the no-load oper-
ation, that is, the case in which the grinding stone 30 is
rotated in a state in which itis notin contact with anything,
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are as indicated by the black circles, and when work is
started by pressing the grinding stone 30 against a work-
piece from that state, the load increases, and thus the
controller 100 increases the duty ratios 161 to 166 to
keep the setting rotation speed 192 (refer to Fig. 6). For
example, at "dial 5," a duty ratio of an arrow 165a is 47%
in the no-load rotation, but the duty ratio is increased as
the load increases, exceeds a first threshold value D1 at
the time of an arrow 165b, and increases to a position of
100% indicated by an arrow 165c. When the duty ratio
becomes 100%, it cannot be increased any further, and
thus it is rotated while maintaining 100%. Further, in a
low speed rotation mode like the dials 1 and 2, the duty
ratios 161 and 162 are increased as the load rises from
the duty ratios 161 and 162 at the no-load, but the setting
rotation speed can be maintained without increasing the
duty ratios 161 and 162 to 100%.

[0046] In the embodiment, the duty ratios 161 to 166
at the time of the no-load rotation are set to be lower than
the first threshold (first duty ratio) D4 in any of the dials
1 to 6. When the duty ratio at the time of the no-load
rotation is lower than the first threshold value D, a section
in which the current becomes zero in the vicinity of the
minimum value of the current value (for example, a sec-
tion like time T, and Tg in (4) of Fig. 4) does not occur,
and thus no problem of the sound occurs. A region in
which the duty ratio is less than D1 is a range 171 in
which a gear sound is not generated from the power
transmission mechanism, and a region in which the duty
ratio is equal to or larger than D1 is a range 172 in which
the gear sound is generated from the power transmission
mechanism. Since the control of the embodiment can be
easily realized by changing characteristics of the motor
5 (the number of turns of the windings or the like) from a
conventional one and changing parameters of the PWM
control by the microcomputer 101, there is almost no in-
crease in cost for realizing the embodiment, and an in-
expensive electrically powered tool can be provided. Fur-
ther, since the first threshold value D which is a minimum
duty ratio at which the minimum value of the current be-
comes zero at the no-load rotation varies according to a
voltage of the commercial AC power supply, a size of the
capacitor in the smoothing circuit, characteristics of the
motor or the power transmission mechanism to be used,
and a type of the tip tool, the first threshold value D4 may
be obtained at the time of designing the electrically pow-
ered tool so that all the duty ratios indicated by black
circles are set to be smaller than the first threshold value
D;.

[0047] Dotted circles 181 to 186 in Fig. 7 are examples
of duty ratios at the time of the no-load rotation in the
conventional electrically powered tool. In a method of
controlling the conventional electrically powered tool, an
output of the motor is increased by winding many wind-
ings of the motor, and it is controlled only in a region in
which the duty ratio is high. Therefore, the duty ratio at
the time of the no-load rotation is already higher than the
first threshold value D4. Therefore, in the embodiment,
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the number of windings of the motor is reduced so that
the rotation speed is faster than in a conventional one
and a speed reduction ratio of a deceleration mechanism
is larger than in a conventional one. In other words, it is
operated in a state in which the duty ratio is lowered using
a motor with an output higher than that of a conventional
motor. In this way, over both the period in which the DC
voltage smoothed in the no-load state is in the vicinity of
the maximum value and the period in which the smoothed
DC voltage is in the vicinity of the minimum value, the
duty ratio of the PWM control is limited to less than the
first threshold value D which is smaller than 100%, and
thus it is possible to realize an electrically powered tool
which rotates smoothly with low noise during the no-load
rotation.

[0048] Although the present invention has been de-
scribed on the basis of embodiments, the present inven-
tion is not limited to the above-described embodiments,
and various modified examples are possible without de-
parting from the spirit of the invention. For example, in
the above-described embodiments, a disc grinderis used
as an example of the electric power tool, but the present
invention is not limited to the disc grinder, and it can be
applied to any tool having a gear in the power transmis-
sion mechanism using a motor of which rotation is con-
trolled by a switching element as a power source. Further,
a type of the tool is not limited to only the grinding stone,
and it can be similarly applied to any tool having the no-
load rotation state in which the motor is rotated without
pressing the tool against an object, such as a drill using
a drill blade, a circular saw using a saw tooth, an electric
chain saw, a grass cutter using a mowing blade, a hedge
trimmer using a reciprocating blade, and so on. In addi-
tion, the setting unit for setting the rotation speed of the
motor 5 is not limited to only the speed setting dial, but
a trigger mechanism using a variable switch of which
rotation speed of a motor varies according to a pulling
amount may be used.

[Reference Signs List]
[0049]

1 Electrically powered tool
2 Motor housing

2b Protruding portion

3 Rear cover

3a Intake port

3b Power cord

4 Switch operating portion
4a Switch bar

4b Contact portion

4c Compression spring

5 Motor

6 Rotating shaft

7 Rotor core

8 Permanent magnet

9 Stator core
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11, 12 Insulator

13 Cail

14a, 14b Bearing

15 Cooling fan

16 Fan cover

17 Speed dial

18 Sensor magnet

20 Bearing holder portion

21 Gear case

21b, 21¢ Through-hole

22, 23 Bevel gear

24 Spindle

25 Metal

26 Bearing

27 Spindle cover

28 Installation base

30 Grinding stone

31 Washer nut

32 Wheel guard

35 Commercial AC power supply
40 Case

42c, 42d, 42e Screw

43 Power cord holding portion
50 Partition member

60 Circuit board

64 Switch

64a Plunger

64b Leaf spring

65 Switch board

66 Variable resistor

68 Sensor board

69 Rotational position detecting element
70 Power supply circuit

71 Rectifier circuit

72 Diode bridge

75 Smoothing circuit

76 Electrolytic capacitor

78 Resistor

80 Inverter circuit

82 Metal plate

90 Constant voltage power supply circuit
91 IPD circuit

92 Regulator

93 Capacitor

94 Electrolytic capacitor

96 Diode

100 Controller

101 Microcomputer (microcomputer)
102 Current detecting resistor
110 Spindle rotation speed
120 Duty ratio

130 Output voltage

140 Current value

191 Dial setting value

192 Setting rotation speed
193 Duty ratio

Q1 to Q6 Switching elements
Ta, Tg Time (during which no current flows)
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D, First threshold value (first duty ratio)

Claims

1.

An electrically powered tool comprising:

a rectifier circuit configured to rectify an AC volt-
age supplied from a commercial power supply
to a pulsating DC voltage,

a smoothing circuit having a smoothing capac-
itor configured to reduce a pulsation state of the
pulsating DC voltage,

a circuit configured to supply the smoothed DC
voltage to a motor, and

a power transmission mechanism configured to
transmit a driving force of the motor to a tip tool,
wherein a current continuously flows to the mo-
tor when the motor is driven in a state in which
no load is applied to the tip tool, and a current
intermittently flows to the motor when the motor
is driven in a state in which a load is applied to
the tip tool.

The electrically powered tool according to claim 1,
wherein the power transmission mechanism com-
prises a deceleration mechanism using a plurality of
gears.

The electrically powered tool according to claim 1 or
2, wherein a switching element provided between
the smoothing circuit and the motor and configured
to control a voltage supplied to the motor, and a con-
troller configured to control rotation of the motor by
driving the switching element are provided, and

the controller reduces PWM duty of the switching
element so that, in a case in which the motor is ro-
tated in a state in which no load is applied to the tip
tool, the smoothed DC current supplied to the switch-
ing element pulsates at a frequency twice a frequen-
cy of input commercial power supply and there is no
currentzero section when the pulsating direct current
is minimized.

The electrically powered tool according to claim 3,
wherein an inverter circuit is formed using a plurality
of switching elements, and the inverter circuit is pro-
vided between the smoothing circuit and the motor,
and

the controller controls the PWM duty of the inverter
circuit during no-load rotation of the motor and main-
tains an effective value of a minimum value of the
direct current which repeatedly fluctuates between
a maximum value and the minimum value to be syn-
chronized with a fluctuation of the AC voltage at zero
or more.

The electrically powered tool according to claim 3 or
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4, wherein a rotation speed setting unit connected
to the controller to set a rotation speed of the motor
is provided, and

regardless of a rotation speed set by the rotation
speed setting unit, the effective value of the minimum
value of the direct current is maintained at zero or
more during no-load rotation.

The electrically powered tool according to any one
of claims 1 to 5, wherein a capacity of the smoothing
capacitor is set such that there is a section in which
the minimum value of the effective value of the direct
current at the time of aload in which work on a work-
piece is performed by the tip tool becomes zero.

An electrically powered tool comprising:

a rectifier circuit configured to rectify an AC volt-
age supplied from a commercial power supply
to a pulsating DC voltage,

a smoothing circuit having a smoothing capac-
itor configured to reduce a pulsation state of the
pulsating DC voltage,

a circuit configured to supply the smoothed DC
voltage to a motor, and

a power transmission mechanism configured to
transmit a driving force of the motor to a tip tool,
wherein a controller configured to control a ro-
tation speed of the motor is provided,

the controller controls the motor at a constant
speed to maintain a set rotation speed, and

a duty ratio at the time of no-load rotation set by
the controller is set not to become zero even in
the vicinity of a minimum value of the smoothed
DC voltage.

The electrically powered tool according to claim 7,
wherein a rotation speed setting unit configured to
set a target rotation speed of the motor is provided,
the controller controls the motor at a constant speed
to maintain the target rotation number set by the ro-
tation speed setting unit, and

the duty ratio at the time of the no-load rotation set
by the controller is configured not to become zero in
the vicinity of the minimum value of the smoothed
DC voltage at any target rotation speed set by the
rotation speed setting unit.

An electrically powered tool comprising:

a motor,

a rectifier circuit configured to rectify an AC volt-
age supplied from a commercial power supply
to a pulsating DC voltage,

a smoothing circuit having a smoothing capac-
itor configured to smooth a pulsating DC voltage,
a switching element provided between the
smoothing circuit and the motor and configured
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22

to control a voltage supplied to the motor,

a controller connected to the switching element
and configured to PWM-control the switching el-
ement,

a setting unit connected to the controller and op-
erated to control a voltage supplied to the motor,
and

a power transmission mechanism configured to
transmit a driving force of the motor to a tip tool,
wherein the setting unit is set to a first setting
value at which the voltage supplied to the motor
becomes a maximum value, and

when the motor is driven in a state in which a
load is not applied to the tip tool, a maximum
value and a minimum value are repeatedly gen-
erated so that the smoothed DC voltage is syn-
chronized with a fluctuation of the AC voltage,
and a duty ratio of PWM control is limited to a
first duty ratio smaller than 100% over both a
period in which the smoothed DC voltage is in
the vicinity of the maximum value and in a period
in which the smoothed DC voltage is in the vi-
cinity of the minimum value.
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Continuation of Box No.III of continuation of first sheet(2)

Document 1: JP 2013-202774 A (Hitachi Koki Co., Ltd.), 07 October
2013 (07.10.2013), paragraphs [0030], [0034], [0073], [0076]; fig. 1
to 2 & US 2015/0042246 Al paragraphs [0029], [0033], [0075], [0078];
fig. 1 to 2 & WO 2013/147323 A2

The wordings in claim 7 “the duty ratio at the time of no-load rotation
is set so as not to become zero even near a minimum value of the smoothed
direct-current voltage”, and in claim 8 “configured so that the duty
ratio at the time of no-load rotation does not become zero near a minimum
value of the smoothed direct-current voltage at any of target rotational
speeds set by the rotation speed settingmeans’”, in light of the disclosure
of the description in paragraphs 0038, 0040, 0046, fig. 4 and the like,
are respectively considered to be errors for “the duty ratio at the time
of no-load rotation is set so that the ‘motor current’ does not become
zero even near a minimum value of the smoothed direct-current voltage’,
and “the duty ratio at the time of no-load rotation is configured such
that the ‘motor current’ does not become zero near a minimum value of
the smoothed direct-current voltage at any of target rotational speeds
set by the rotation speed setting means”. The following decisions are
based on the above consideration.

Claims are respectively classified into the following two inventions.

(Invention 1) claims 1-8

Claims 1-6 have the special technical feature of “configured such
that, when the motor is driven in a state such that no load is applied
to the tip-end tool, current flows through the motor continuously, and
when the motor is driven with a load being applied to the tip-end tool,
current flows through the motor intermittently”, and are therefore
classified into Invention 1.

The invention as in claims 7-8, although claims 7-8 are not dependent
claims of claim 1, has the technical feature of “the duty ratio at the
time of no-load rotation is set such that the motor current does not
become zero”, which corresponds to the technical feature of claim 1 “when
the motor is driven in a state such that no load is applied to the tip-end
tool, current flows through the motor continuously”. Accordingly, the
claims are classified into Invention 1.

(Invention 2) claim 9

Claim 9 has a common technical feature with claim 1 classified into
Invention 1 of being “an electric tool comprising a rectification circuit
whichrectifiesanalternating—-current voltage supplied froma commercial
power supply to a rippling direct-current voltage, a smoothing circuit
which includes a smoothing capacitor for reducing a rippling state of
the rippling direct-current voltage, a circuit which supplies a smoothed
direct-current voltage to a motor, and a power transmission mechanism
which transmits drive force of the motor to the tip-end tool.

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
make a contributionover thepriorart inthe light of the contentsdisclosed
in the document 1.

Further, there is no other same or corresponding special technical
feature between these inventions.

Further, claim 9 is not dependent on claim 1.

In addition, claim 9 has no relationship such that said claim 9 is
substantially same as or equivalent to any claimclassified into Invention
1.

Consequently, claim 9 cannot be classified into Invention 1.

(Continued to next extra sheet)
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Claim 9 has the special technical feature of “configured so that,
when the setting unit is set to a first set value such that the voltage
supplied to the motor becomes a maximum value, and the motor is driven
in a state where no load is applied to the tip-end tool, the smoothed
direct-current voltage produces a maximum value and a minimum value
repeatedly in synchronization with the variation in the
alternating-current voltage, and the duty ratio of PWM control is limited
to a first duty ratio smaller than 100% during both of a period in which
the smoothed direct-current voltage is near the maximum value and a period
in which the smoothed direct-current voltage is near the minimum value”,
and is therefore classified into Invention 2.

Form PCT/ISA/210 (extra sheet) (January 2015)
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