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Description

[0001] The present application claims priority to Japa-
nese patent application serial numbers 2014-053927 and
2014-053928, both filed on March 17, 2014.
[0002] The present invention generally relates to a re-
chargeable grinder that uses a battery as a power supply.
[0003] Power tools that use a battery as a power supply
typically comprise a controller having a control (circuit)
board equipped with a microcontroller, etc. for controlling
the drive (output) of a motor, as disclosed e.g., in Japa-
nese Laid-open Patent Publication 2013-226617. The
controller is housed in a battery-mount part formed at an
end part of the tool housing and is cooled by outside air
(motor cooling air) drawn (sucked) in through air-suction
ports provided in side surfaces of the battery-mount part.
[0004] The battery-mount part is typically provided with
a terminal block for mounting the battery pack. The tem-
perature of the terminal block rises together with that of
the battery (battery pack). However, the above-men-
tioned power tool only cools the controller using the motor
cooling air, and the terminal block is not cooled thereby.
[0005] WO 2013/161444 A1 discloses an electric tool
having a device housing, a brushless motor, a cooling
fan, and a dust protective structure. The dust protective
structure is provided between an air suction opening and
the brushless motor and is configured so as to remove,
within the device housing, dust from air.
[0006] US 6,120,362 relates to an angle grinder includ-
ing an elongated handle body having front and rear por-
tions.
[0007] US 2010/0009608 A1 discloses an electric pol-
ishing gun having a body, a rechargeable battery, a drive
motor, a transmitting device and an actuating device.
[0008] An object of the present teachings is to over-
come one or more problems of the prior art.
[0009] This object is achieved by the invention of claim
1. Further developments of the invention are recited in
the dependent claims.
[0010] In a first aspect of the present teachings, a pow-
er tool is disclosed that can suitably cool, in addition to
a controller, a terminal block for mounting a battery (bat-
tery pack). Such a power tool preferably comprises a
motor and a controller that controls the drive (output) of
the motor, both of which are housed (accommodated)
inside a (tool) housing. A battery (battery pack) is mount-
ed (mountable) on the housing and serves as a power
supply for the power tool. A fan is provided on a rotary
shaft of the motor and sucks in outside air, by the rotation
of the motor (i.e. when the motor shaft rotates), through
one or more air-suction ports provided (defined) in the
housing, the outside air being caused to pass or flow
through the motor. The controller is disposed adjacent
to a terminal block provided on a battery-mount part of
the housing, the terminal block being electrically connect-
ed (connectable) to the battery. The air-suction port(s) is
(are) provided between the controller and the terminal
block.

[0011] Such an embodiment makes it possible to suit-
ably cool the terminal block in addition to the controller.
[0012] In a second aspect of the present teachings,
the motor, the controller, and the terminal block are pref-
erably disposed along a straight line (e.g., an imaginary
straight line passes through or intersects the motor, con-
troller and terminal block); and the controller is preferably
tilted with respect to the straight line.
[0013] Optionally, in a third aspect of the present teach-
ings, a display part (display) for displaying the remaining
battery capacity of the battery (battery pack) is preferably
provided at an end part of the tilted controller on the side
thereof nearest the terminal block. The display part is
preferably visible to the user via (through) a window
(transparent material) provided on the battery-mount
part.
[0014] Such an embodiment provides an easily visible
display part (display) because the display part (display)
for the remaining battery capacity is provided on the tilted
controller.
[0015] In addition or in the alternative, the battery is
(also) tilted with respect to the straight line.
[0016] In addition or in the alternative, one or more
guide walls preferably guide(s) the outside air drawn
(sucked) in through the air-suction port(s) to (towards) a
center (center portion) of the controller and is (are) pro-
vided on an inner surface of the (tool) housing between
the controller and the air-suction port(s).
[0017] Such a guide wall or guide walls make(s) it pos-
sible to more effectively cool the controller.
[0018] In such an embodiment, a plurality of ribs may
be provided to rectify (straighten or make unidirectional)
the outside air drawn (sucked) in through the air-suction
port(s) and the ribs are preferably provided on the guide
wall(s).
[0019] In addition or in the alternative, the controller
preferably comprises a circuit board housed in a case
and a lattice of grooves is preferably formed in a surface
of the case on the air-suction-port side.
[0020] In addition or in the alternative, the air-suction
port(s) is (are) preferably covered by one or more covers,
e.g., that have a filter material to allow outside air to pass
through, but block the ingress of foreign matter, such as
particulate matter.
[0021] Additional objects, features, embodiments and
advantages of the present teachings will become appar-
ent upon reading the following detailed description in
view of the appended claims and attached drawings.
[0022]

FIG. 1 is an oblique view of a rechargeable grinder
according to one representative, non-limiting em-
bodiment of the present teachings.
FIG. 2 is a longitudinal-cross-sectional view of the
rechargeable grinder (in the switch OFF state).
FIG. 3 is a cross-sectional view taken along line A-
A in FIG. 2.
FIG. 4 is an oblique view of a stator, viewed from the
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rear.
FIG. 5 is a cross-sectional view taken along line B-
B in FIG. 2.
FIG. 6 is a longitudinal-cross-sectional view of the
rechargeable grinder (in the switch ON state).
FIG. 7 is a cross-sectional view taken along line C-
C in FIG. 6.
FIG. 8 is an oblique view of a rear-half part (the ter-
minal block is not shown) and an air-suction-port cov-
er of a main-body housing.
FIG. 9 is an oblique view of the air-suction-port cover,
viewed from a rear surface.
FIG. 10 is an oblique view of a battery-mount part
(the terminal block is not shown), viewed from the
rear.
FIG. 11 is a cross-sectional view of the battery-mount
part cut in a plane rearward of and parallel to guide
walls.
FIG. 12 is a partial longitudinal cross-sectional view
of the rechargeable grinder (in the switch OFF state)
according to a modified example.
FIG. 13 is a cross-sectional view taken along line D-
D in FIG. 12.
FIG. 14 is a partial longitudinal cross-sectional view
of the rechargeable grinder (in the switch ON state)
according to the modified example.
FIG. 15 is a cross-sectional view taken along line E-
E in FIG. 14.

[0023] Representative, non-limiting embodiments of
the present teachings will be explained below with refer-
ence to the drawings.
[0024] In Figs. 1-11, a first embodiment in the form of
a rechargeable grinder (e.g., an angle grinder) is shown.
The rechargeable grinder (hereinbelow, simply called
"grinder") 1 includes a gear housing 3 from which a spin-
dle 7 protrudes and faces downward. The gear housing
3 is coupled to the front of a tubular main-body housing
2 that houses a brushless motor 6 in its front part. A bat-
tery pack (battery) 5 that serves as a power supply is
(e.g., detachably) mounted onto a battery-mount part 4
formed at a rear end of the main-body housing 2. The
main-body housing 2 is formed by joining left and right
half housings 2a, 2b using screws 8. The part of the main-
body housing 2 that surrounds the brushless motor 6 is
a generally circular-cylinder part 9, which is the thickest
(widest) part of the main-body housing 2. A generally
square-cylinder part 10 is disposed rearward thereof and
is thinner (narrower) than the circular-cylinder part 9. The
square-cylinder part 10 houses a switch 46, which is de-
scribed below. The square-cylinder part 10 is used as a
grip and has a sufficient length so that four fingers of an
operator can be placed therearound to grasp or hold the
grinder 1 during use. That is, an easy-to-grasp small-
diameter grip is formed rearward of the brushless motor
6.
[0025] The brushless motor 6 is an inner-rotor-type
motor that comprises a stator 11 and, on the inner side

thereof, a rotor 12. Furthermore, the stator 11 comprises
a tubular stator core 13, which is formed of a plurality of
laminated steel sheets. A front insulator 14 and a rear
insulator 15 are respectively provided on the front and
rear end surfaces of the stator core 13 in the axial direc-
tion. Six coils 16 are respectively wound on the stator
core 13 and through the front and rear insulators 14, 15.
Furthermore, a sensor circuit board 17 and a short-
circuiting member 18 are attached to the rear insulator 15.
[0026] The rear insulator 15 is a ring-shaped (annular),
integrally-molded article having a diameter the same as
that of the stator core 13. As shown in FIG. 4, six fusing
terminals 19 are respectively held by six retaining parts
15a, which project concentrically and are spaced equi-
distantly on a rear surface of the rear insulator 15. The
coils 16 are formed by sequentially winding a single wind-
ing wire around each of the six teeth of the stator core
13 without cutting or interrupting the single winding wire.
The coils 16 are electrically connected to the respective
fusing terminals 19 by respective winding wires 16a that
connect (extend between) adjacent coils 16, 16 and are
sandwiched in (interleaved through and then crimped in)
the respective fusing terminals 19. A pair of recessed,
positioning parts 15b, 15b is formed in each of the left
and right side surfaces of the rear insulator 15.
[0027] The sensor circuit board 17 is equipped with
three rotation-detection devices (not shown) that detect
the positions of permanent magnets 20 provided on the
rotor 12 and output rotation-detection signals. The sensor
circuit board 17 is doughnut shaped (annular) and has
an outer diameter that fits inside the retaining parts 15a.
Signal lines 21 of the rotation-detection devices are led
out (extend) from an upper part of the sensor circuit board
17.
[0028] The short-circuiting member 18 is ring shaped
(annular), is made of resin, and has a diameter that is
substantially the same as that of the sensor circuit board
17. Four bosses 18a mate with the screw bosses (not
shown) provided on the rear insulator 15 from the front,
and are integrally provided such that they project at (from)
the outer circumference of the short-circuiting member
18. In addition, three arcuate sheet-metal members 22,
each of which comprises a pair of short-circuiting pieces
23 that project along a straight (diagonal) line, are insert-
molded in the resin of the short-circuiting member 18
such that they are not in contact with one another but
they partially overlap concentrically. The short-circuiting
pieces 23 protrude radially from the short-circuiting mem-
ber 18 in correspondence to the fusing terminals 19. Six
slits 23a are respectively formed at the tips of the short-
circuiting pieces 23 and are configured to have the fusing
terminals 19 inserted therein. U-phase, V-phase, and W-
phase power-supply lines 24 are respectively electrically
connected (e.g., welded or soldered) to the sheet-metal
members 22 and are led out (extend) from a lower part
of the short-circuiting member 18.
[0029] When the short-circuiting member 18 is dis-
posed so as to overlap the sensor circuit board 17 from
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the rear such that the screw bosses of the rear insulator
15 are inserted into the bosses 18a and the short-
circuiting member 18 is affixed thereto by screws 18b,
the tips of the fusing terminals 19 are respectively insert-
ed into their corresponding short-circuiting pieces 23. If
the fusing terminals 19 and the short-circuiting pieces 23
are soldered in this state, then the diametrically-opposite
fusing terminals 19 (i.e. each pair of fusing terminals 19
that are located in point symmetry with respect to each
other) are short-circuited (electrically connected) by the
respective sheet-metal members 22. That is, the fusing
terminals 19, which are electrically connected to the
winding wires 16a between adjacent coils 16, 16 that are
sequentially wound around the stator core 13, are elec-
trically connected in diagonal pairs by the three sheet-
metal members 22, thereby forming a so-called parallel-
winding delta connection.
[0030] In the present embodiment, because the sensor
circuit board 17 and the short-circuiting member 18 fit
within the height (axial) dimension of the fusing terminals
19, the overall (axial) length of the brushless motor 6 can
be kept to a minimum even though the short-circuiting
member 18, etc. is (are) used. Furthermore, except for
the signal lines 21, the power-supply lines 24, and the
like, all the elements fit within the outer diameter of the
stator core 13. Consequently, the outer diameter of the
product (grinder 1) also does not increase, and the prod-
uct is therefore compact in the transverse direction. In
addition, because the signal lines 21 are led out (extend)
from above and the power-supply lines 24 are led out
(extend) from below, wiring is easy/uncomplicated. How-
ever, in a modified embodiment, the signal lines 21 may
be attached upside-down such that they are led out (ex-
tend) from below, and may be led out (extend) from above
or below together with the power-supply lines 24.
[0031] The stator 11 thus assembled is held at a posi-
tion coaxial with the circular-cylinder part 9 by support
ribs 25, 25 that project in the circumferential direction on
the respective inner surfaces of the half housings 2a, 2b
of the main-body housing 2. A latching rib 25a that latches
with a notch 14a provided on the front insulator 14 is
provided forward of the support ribs 25. Projections 25b,
25b (FIG. 12) that mate with the recessed, positioning
parts 15b, 15b provided in the rear insulator 15 are pro-
vided rearward of the support ribs 25, and thereby per-
form the forward-rearward positioning.
[0032] In one or more alternative embodiments, the
short-circuiting member 18 and the sensor-circuit board
17 may be formed integrally, and/or the coils 16 may be
made or connected in a so-called Y connection.
[0033] The rotor 12 comprises a rotary shaft 26 located
along the axial center of the rotor 12. A substantially cir-
cular-cylindrical rotor core 27 is disposed around the ro-
tary shaft 26 and is formed by stacking a plurality of steel
plates (laminations). Four sheet-shaped (plate-shaped)
permanent magnets (sintered magnets) 20 are fixed to
an inner part of the rotor core 27. The permanent magnets
20 are respectively fixed, by adhesive and/or press fitting,

inside through holes formed such that they are located,
in a transverse cross section, at the four sides of a square
centered on the rotary shaft 26 of the rotor core 27.
[0034] The rotary shaft 26 is rotatably supported by a
bearing 29 held by a partition plate 28 interposed be-
tween the main-body housing 2 and the gear housing 3.
The tip of the rotary shaft 26 protrudes into the gear hous-
ing 3. A centrifugal fan 30 is attached to the rotary shaft
26 rearward of the partition plate 28. A bowl shape, which
narrows toward the rear, is formed in a front-end inner
surface of the main-body housing 2, wherein the centrif-
ugal fan 30 is housed. This bowl shape causes an airflow
that is generated in radial directions from the centrifugal
fan 30 to be guided forward. A through hole (not shown)
is provided in the partition plate 28, which enables (di-
rects) the airflow from the centrifugal fan 30 to be deliv-
ered into the gear housing 3.
[0035] The rear end of the rotary shaft 26 is rotatably
supported by a bearing 32 held by receiving plates 31
that are provided at the rear end of the circular-cylinder
part 9 such that they protrude from the left and right half
housings 2a, 2b.
[0036] Furthermore, a front stopper 33 is provided in
the rotor 12 between the rotor core 27 and the centrifugal
fan 30. The front stopper 33 is a brass disc, whose outer
diameter is the same as that of the rotor core 27, and is
fastened to the rotary shaft 26 coaxially with the rotor
core 27. Moreover, a rear stopper 34 is provided on the
rear side between the rotor core 27 and the bearing 32.
The rear stopper 34 is a brass disc, whose outer diameter
is smaller than that of the rotor core 27, and is fastened
to the rotary shaft 26 coaxially with the rotor core 27.
However, the outer diameter of the rear stopper 34 is
larger than an imaginary circle surrounded (defined) by
the (radially) inner sides of the four permanent magnets
20, and the rear stopper 34 is located rearward of the
permanent magnets 20.
[0037] The gear housing 3 is fixed by screwing four
screws 35, which are inserted from the front at the four
corners, through the partition plate 28 and into screw-
locking parts 36 provided at a front end outer circumfer-
ence of the main-body housing 2. A bevel gear 37 is
fastened to a front end of the rotary shaft 26, which pro-
trudes into the gear housing 3. The bevel gear 37 meshes
with a bevel gear 38 fastened to an upper end of the
spindle 7. Air-exhaust ports 39 are formed in a front sur-
face of the gear housing 3, and a shaft lock 40 is capable
of locking, by a push-in operation, the rotation of the spin-
dle 7 to the bevel gear 38. The spindle 7 is rotatably
supported by upper and lower bearings 42, 42 held by
the gear housing 3. A bearing box 41 is assembled
(joined) to the lower part of the gear housing 3, and pro-
trudes downward. A tool accessory 43, such as a discoi-
dal (disk-shaped) grinding wheel, can be mounted onto
a lower end of the spindle 7. A wheel cover 45 covers a
rear half part of the tool accessory 43 and is mounted,
by a belt-shaped clamp (band clamp) 44, on an outer
circumference of the bearing box 41.
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[0038] A switch 46 is provided inside the main-body
housing 2, and is turned ON by pushing a button 47. The
switch 46 is held by retaining ribs 48 that protrude from
the inner surfaces of the half housings 2a, 2b at an ori-
entation such that a terminal (contact) end of the button
47 faces forward within the square-cylinder part 10. A
space 49 for passing the power-supply lines 24, the signal
lines 21, and the like therethrough, is thereby formed
downward of the switch 46. In addition, partition walls 50,
which partition the brushless motor 6 from the switch 46,
project from the half housings 2a, 2b forward of the re-
taining ribs 48. A changing lever (switch lever) 51 serves
as a lever member (lever) that forms (is a part of) a press-
ing mechanism, and is provided between the partition
walls 50 and the switch 46. As shown in FIG. 5, a pin 53
is supported at both ends by support bosses 52, which
are provided such that they protrude from the inner sur-
faces of the half housings 2a, 2b. The pin 53 is inserted
through the changing lever 51, which is thereby rotatably
supported. A cam part 54 is disposed on a lower side of
the pin 53, is located forward of the button 47 of the switch
46 and bulges rearward. An arm part 55 protrudes such
that it faces upward and is disposed on an upper side of
the pin 53. A slide plate 57 serves as a slide member that
is capable of sliding forward and rearward along the lon-
gitudinal direction of an inner-guide groove 56, which is
recessed in the inner surface of the main-body housing
2. The slide plate 57 is provided inside the main-body
housing 2 upward of the changing lever 51. The arm part
55 of the changing lever 51 is inserted into a coupling
hole 58 provided in (at) a rear end of the slide plate 57.
[0039] Referring to Fig. 1, a longitudinally-extending
outer-guide groove 59 is formed in an upper-part outer
surface of the main-body housing 2. A switch knob 60
that serves as an operating member is housed (disposed)
inside (within) the outer-guide groove 59 and is longitu-
dinally moveable. An L-shaped latching piece 61 (see
Fig. 2) projects downward from a lower surface of the
switch knob 60, passes through a longitudinally-extend-
ing slit 62 formed in the main-body housing 2, protrudes
into the main-body housing 2, and engages in a latching
hole 63 provided in a front end of the slide plate 57.
[0040] As a result, if the switch knob 60 is slid forward
within the outer-guide groove 59, then the slide plate 57
also slides forward, because it is linked therewith, and
the arm part 55 on the rear end is moved forward. Con-
sequently, the changing lever 51 rotates clockwise
around the pin 53 as shown in FIG. 2. Furthermore, as
shown in FIGS. 6 and 7, the cam part 54 thereby slides
rearward and pushes the button 47. The ON state is main-
tained by virtue of a protruding piece 60a, which projects
downward from a front end of the switch knob 60, latching
with a protruding part 59a that projects from a front side
of a bottom part of the outer-guide groove 59.
[0041] Conversely, if the switch knob 60 is slid rear-
ward, then the slide plate 57 slides rearward and the
changing lever 51 is rotated counterclockwise via the arm
part 55, thereby causing the cam part 54 to separate

away from the button 47. It is noted that the pin 53 is
encased (surrounded) by a torsion spring 64 that is
hooked onto the changing lever 51 and the partition walls
50. Therefore, the torsion spring 64 urges the changing
lever 51 toward the counterclockwise direction (toward
the switch OFF side/position).
[0042] The battery pack 5 has a coupling part 66 that
comprises terminals (not shown) at an upper part of an
outer case 65, which contains a plurality of battery cells,
e.g., lithium ion battery cells. A pair of rail parts 67, 67
respectively project from the two sides of the coupling
part 66. The battery-mount part 4 has an opening into
which the coupling part 66 of the battery pack 5 is insert-
ed. A pair of left and right guide rails 68, 68 respectively
mate with the rail parts 67, 67 of the coupling part 66 and
respectively project from the two sides of the opening. In
addition, a terminal block 69 comprising terminal plates
(electrical contacts) 70a, 70b corresponding to the ter-
minals of the coupling part 66 is provided so as to face
upward between the guide rails 68, 68. The terminal
plates (electrical contacts) are held spaced apart by an
electrically-insulating material. As a result, if the battery
pack 5 is slid such that the rail parts 67, 67 mate (slidably
engage) with the guide rails 68, 68 at a vertically oriented
orientation wherein the coupling part 66 is set forward,
then the terminals of the coupling part 66 and the terminal
plates 70a, 70b of the terminal block 69 are electrically
connected. A latching tab 71 is provided on the battery
pack 5 and, in the mounted state, engages with a re-
cessed part 72 provided in the battery-mount part 4,
thereby locking the battery pack 5 in place. Operation
(depressing) of a release button 73 causes the latching
tab 71 to retract into the outer case 65, thereby making
it possible to detach the battery pack 5.
[0043] Furthermore, in the battery-mount part 4, a con-
troller 74 is housed (disposed) forward of the terminal
block 69. The controller 74 houses (includes), e.g., six
FETs (not shown) corresponding to the coils 16 of the
brushless motor 6, a capacitor 76, a microcontroller (not
shown), e.g., including a microprocessor and memory, a
circuit board 75 equipped with LEDs 77, etc., and a dish-
shaped case 78, e.g., made of aluminum. The controller
74 is held by retaining parts 79, 79 provided above and
below on the inner surfaces of the half housings 2a, 2b.
In the present embodiment, the retaining part 79 on the
lower side is located forward of the retaining part 79 on
the upper side, and a lower end of the controller 74 is
located forward of the upper end with respect to an axis
line (longitudinal or axial direction) of the main-body
housing 2 and is supported in a tilted (inclined) orienta-
tion. Even though the capacitor 76 is provided at an end
part of the circuit board 75, the capacitor 76 can still be
located in the center within the main-body housing 2 be-
cause it is tilted. Therefore, the main-body housing 2 is
not required to have a protruding (bulging) shape in order
to accommodate (house) the capacitor 76. In addition,
the spacing between the aluminum case 78 and the ter-
minal block 69 can be made wider because the controller
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74 is tilted. Therefore, there is little risk that the aluminum
case 78 and the terminal block 69 will come into electrical
conductivity (i.e. the risk of a short circuit is reduced).
Furthermore, if desired, the capacitor 76 may be spaced
farther apart from the circuit board 75 by lengthening the
electrode terminals of the capacitor 76.
[0044] The lower part of the battery-mount part 4 in-
cludes a bulged part 80 that bulges downward from the
square-cylindrical part 10. A (hollow) space 81 that pro-
vides communication between the front and rear of the
controller 74 is thereby formed between the controller 74
and the bulge part 80.
[0045] Two or more LEDs 77 are preferably installed
on an upper end side of the circuit board 75 so as to face
(be visible through) a window 83 provided in a tilted part
82 that is formed on an upper side of the battery-mount
part 4 such that the tilted part 82 extends in substantially
the same direction as (i.e. at least substantially in parallel
to) the controller 74. A shield plate 84 that partitions the
LEDs 77 and a display panel 85 that covers a front surface
of the shield plate 84 are provided inside (under) the win-
dow 83, thereby forming an externally visible, remaining-
battery-capacity display part 86. In this embodiment, be-
cause the display part 86 extends in the upward, down-
ward, frontward, and rearward directions, the visibility of
the display part 86 to the user is improved (see e.g., FIG.
2).
[0046] Referring now to Figs. 2 and 6-9, air-suction
ports 87 are respectively formed on (in) the left and right
side surfaces of the battery-mount part 4 between the
terminal block 69 and the controller 74. Each air-suction
port 87 is formed in a triangular shape that matches the
shape of the space formed between the terminal block
69 and the tilted controller 74 and whose length in the
forward direction increases toward the downward side.
[0047] Air-suction-port covers 96 are respectively at-
tached to left and ride side surfaces of the battery-mount
part 4 at the locations of the air-suction ports 87. As
shown in FIGS. 8 and 9, a wire mesh 98 or other type of
screen or filter may be provided inside a triangular rubber
frame 97 whose perimeter is larger than that of the air-
suction port 87. Latching pins 99 project from a rear sur-
face of the frame 97 at each vertex part of the triangular
shape and are inserted into respective latching holes 100
provided in the side surface(s) of the battery-mount part
4. Consequently, as shown in FIGS. 10 and 11, the air-
suction-port covers 96 are attached such that the air-
suction ports 87 are covered by the wire meshes
(screens/filters) 98. At a tip part of each latching pin 99,
a flange-shaped flared part 99a is formed, which provides
a resistance in the withdrawal direction when the flared
part 99a is inserted into the latching hole 100. The air-
suction-port covers 96 make it possible to prevent the
ingress of foreign matter (particulate matter) while per-
mitting ventilation (outside air) through the air-suction
ports 87.
[0048] Furthermore, in FIG. 8, reference numerals
101, 101 appearing on the side surface and the lower

surface of the main-body housing 2 denote anti-slip re-
cessed parts that are formed at prescribed spacings in
the circumferential direction and are elongated in the for-
ward-rearward direction. An elongated, anti-slip protrud-
ing part 102 is formed in the forward-rearward direction
between the two anti-slip recessed parts 101, 101. The
anti-slip recessed parts 101 and the protruding part 102
are formed with left-right symmetry, thereby improving
the grip of the fingers that grasp the main-body housing 2.
[0049] Referring to Figs. 2, 3, 6, 8 and 11, guide walls
88 are formed on the inner surfaces of the half housings
2a, 2b between the controller 74 and the air-suction ports
87. The guide walls 88 project in parallel from the lower
surface of the case 78 of the controller 74. A gap is pro-
vided between the guide walls 88, 88 such that protruding
end parts of the guide walls 88, 88 do not make contact
with one another. Accordingly, outside air drawn (sucked)
in through the left and right air-suction ports 87 is guided
into the center of the battery-mount part 4 by the guide
walls 88, 88. The outside air (airflow) descends along the
lower surface of the case 78 from the gap between the
guide walls 88, 88, and then flows forward. Thus, be-
cause the terminal plates 70a, 70b are disposed on the
left and right with the ventilation path to the case 78 dis-
posed in the center, the risk of short circuit of the two
terminal plates 70a, 70b is reduced.
[0050] Furthermore, ribs 103 are formed in the left-right
direction on a rear surface of each guide wall 88 equidis-
tantly spaced in the up-down direction, and cause the
outside air sucked in through each air-suction port 87 to
be rectified (made unidirectional or straigthened) and
guided into the center. Referring to Figs. 10 and 11, a
lattice of grooves 104 is formed in the center of the rear
surface of the case 78, and these grooves 104 make the
rear surface of the case 78 into a concave-convex shape,
thereby increasing the surface area of the case 78 that
contacts the outside air.
[0051] As was noted above, the signal lines 21 and the
power-supply lines 24 of the brushless motor 6 pass
through the space 49 below the switch 46 and are wired
(electrically connected) to the controller 74. Furthermore,
a power-supply line 89 (Fig. 2) of the terminal block 69
passes through the space 81 below the controller 74 and
is wired (electrically connected) to the controller 74. Con-
sequently, the signal lines 21 and the power-supply lines
24 are easy to consolidate (bundle) and therefore easy
to wire during assembly. Furthermore, the switch 46 has
a forward-facing orientation with the button 47 disposed
on the front side. Therefore a lead wire 90 connected to
a rear end of the switch 46 is wired rearward, as is, over
the shortest distance to the controller 74 and the terminal
block 69-without passing through the space 49. Thus,
because the power-supply line 89, the lead wire 90, etc.
extend rearward of the switch 46, there is no need to
bypass and draw the wires around the switch 46, the
space 49 can be made small, and the square-cylindrical
part 10 can be formed slimmer, which makes it easier to
grip. In addition, because there is no need to bend the
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lead wire 90, the wiring during assembly can also be per-
formed easily.
[0052] In the representative grinder 1 configured as
above, when the square-cylindrical part 10 is grasped
and the switch knob 60 is slid forward, the slide plate 57
advances forward as discussed above, the changing le-
ver 51 rotates, and the switch 46 is turned ON. As a result,
the brushless motor 6 will be driven by the power supply
(current) from the battery pack 5. That is, the microcon-
troller of the controller 74 acquires the rotational state of
the rotor 12 by obtaining the rotation-detection signals,
which indicate the rotational positions of the permanent
magnets 20 of the rotor 12 output from the rotation-de-
tection devices of the sensor circuit board 17, and con-
trols the ON/OFF state of each of the switching devices
in accordance with the acquired rotational state. The rotor
12 is rotated by sequentially supplying electric current to
the coils 16 of the stator 11. Because the rotary shaft 26
rotates and the spindle 7 is rotated via the bevel gears
37, 38, it becomes possible for the tool accessory 43 to
perform grinding work, etc.
[0053] In the present embodiment, because the front
stopper 33 and the rear stopper 34 are provided at the
front and the rear of the rotating rotor 12, the movement
of each permanent magnet 20 in the forward-rearward
directions is restricted, which prevents the rotor core 27
from falling out. As a result, there is no risk that the per-
manent magnets 20 will drop out, and thus the brushless
motor 6 can be used with high reliability.
[0054] In addition, during usage of the grinder 1, the
display part 86 indicates the remaining capacity of the
battery by turning on or off the LEDs 77, and the visibility
of the display part 86 is suitable owing to the tilted orien-
tation of the controller 74. Furthermore, even though the
controller 74 is set at the tilted orientation in this manner,
the battery pack 5 is mounted with an orientation orthog-
onal to the main-body housing 2, which makes it possible
to set the battery pack 5 downward on a surface and
stand the grinder 1 vertically (freestanding). Further-
more, the overall length of the grinder 1 also does not
increase.
[0055] Moreover, when the centrifugal fan 30 rotates
in accordance with the rotation of the rotary shaft 26, the
outside (cooling) air is drawn (sucked) in through the rear
air-suction ports 87, passes between the ribs 103, travels
from the center part of the case 78 of the controller 74
guided by the guide walls 88, arrives at the space 81,
travels around the controller 74 from below, and advanc-
es into the main-body housing 2. Furthermore, the (cool-
ing) air passes through the space 49 and between the
stator 11 and the rotor 12 of the brushless motor 6, travels
from the main-body housing 2 and arrives in the gear
housing 3, and is then externally discharged through the
air-exhaust ports 39 at the forward end of the grinder 1
(see Fig. 1). As a result of this design, the controller 74
and the terminal block 69, as well as the brushless motor
6, are cooled by the flow of this (cooling) air. Particularly
in the controller 74, once the outside air is guided to the

center part by the guide walls 88, the air then flows along
the lower surface of the case 78 to the outer circumfer-
ence side, which increases the surface area of the con-
troller 74 that contacts the air, and thereby the controller
74 is efficiently cooled.
[0056] When the switch knob 60 is slid rearward, the
slide plate 57 retracts, the changing lever 51 rotates, and
the switch 46 is turned OFF, which stops the drive (rota-
tion) of the brushless motor 6.
[0057] Thus, according to the grinder 1 of the above-
described representative embodiment, the controller 74
is provided on the battery-mount part 4 in the main-body
housing 2 and is disposed adjacent to the terminal block
69 that is electrically connected to the battery pack 5.
The air-suction ports 87 are provided between the con-
troller 74 and the terminal block 69, which makes it pos-
sible to suitably cool the terminal block 69 in addition to
the controller 74.
[0058] It is noted that the visibility of the display part
86 is satisfactory because the brushless motor 6, the
controller 74, and the terminal block 69 are disposed
along a straight line, the controller 74 is tilted with respect
to the straight line, the display part 86 for indicating the
remaining battery capacity is provided at the end part of
the tilted controller 74 on the side near the terminal block
69, and the display part 86 is made visible via the (trans-
parent) window 83 provided on the battery-mount part 4.
[0059] Furthermore, it is noted that the guide walls 88,
which guide the outside air drawn (sucked) in through
the air-suction ports 87 to the center of the controller 74,
are provided on the inner surfaces of the main-body hous-
ing 2 between the controller 74 and the air-suction ports
87, and therefore the cooling of the controller 74 is per-
formed more effectively.
[0060] Moreover, according to the grinder 1 of the
above-described embodiment, the switch 46 is housed
with a forward-facing orientation with the button 47 point-
ed forward, which makes it easy to wire the switch 46
during assembly and makes it possible to also reduce
the diameter of the main-body housing 2.
[0061] It is also noted that the slide plate 57 that slides
in the forward-rearward directions linked with the switch
knob 60 is provided inside the main-body housing 2, and
the pressing mechanism (changing lever 51) that presses
the button 47 of the switch 46 in accordance with the
advance of the slide plate 57 and separates from the
button 47 in accordance with the retraction of the slide
plate 57 is provided between the slide plate 57 and the
switch 46. Consequently, even though the switch 46 has
a forward-facing orientation, there is no longer a need to
change the operation direction of the switch knob 60 (ON
to advance and OFF to retract), and therefore ease of
operation can be maintained.
[0062] In addition, it is noted that the pressing mech-
anism is rotatably supported inside the main-body hous-
ing 2. Furthermore, the arm part 55 at the upper end is
engaged with the slide plate 57, and the cam part 54 on
the lower end is located forward of the button 47. More-
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over, the changing lever 51 has the cam part 54 that
pushes the button 47 by rotating in accordance with the
advance of the slide plate 57. Therefore the pressing
mechanism can be formed simply.
[0063] Furthermore, in the above-described embodi-
ment, although only the controller is tilted, the terminal
block may also be tilted in a similar manner and/or the
battery pack, too, may be tilted with respect to the axis
line of the main-body housing. In such an embodiment,
the air-suction ports may be formed parallel to one an-
other between the controller and the terminal block such
that their front-rear length is the same from top to bottom.
[0064] In addition or in the alternative, it is not neces-
sary to provide the air-suction ports on both the left and
right sides of the battery-mount part. Instead, one or more
air-suction ports can instead be provided on only one
side. In such an embodiment, it may be sufficient to pro-
vide the guide wall only on one side. In addition or in the
alternative, the guide walls, the ribs, or the like can be
omitted in further embodiments of the present teachings.
[0065] Furthermore, the switch knob may be provided
on a side surface rather than on an upper surface of the
main-body housing. In such an embodiment, the chang-
ing lever is preferably rotatably supported in a transverse-
ly oriented manner.
[0066] Moreover, the pressing mechanism of the
switch is not limited to the changing lever of the above-
mentioned embodiment and can be modified as appro-
priate. For example, FIGS. 12 and 13 show a grinder 1A
according to a modified example, wherein the brushless
motor and the gear housing sides are not shown for the
sake of clarity. In a changing lever (switch lever) 91 here-
in, arm parts 92, 92 project above and below with point
symmetry. A pushbutton 94 that serves as a button mem-
ber is provided forward of the switch 46 such that it is
capable of moving forward and rearward along small ribs
93 that project from the inner surfaces of the half housings
2a, 2b. The arm part 92 on the upper side of the changing
lever 91 engages in the coupling hole 58 at the rear end
of the slide plate 57, and the arm part 92 on the lower
side engages in a latching hole 95 provided at a front end
of the pushbutton 94.
[0067] In this modified example, when the switch knob
60 is at the retracted position, the slide plate 57 is also
at the retracted position, and thereby the changing lever
91 is maintained at the rotational position at which the
upper and lower arm parts 92, 92 are aligned in the up-
down direction. In this state, the pushbutton 94 is at a
position at which it makes contact with the button 47 but
does not push (apply pressure to) the button 47 (the
switch 46 is OFF). Furthermore, when the switch knob
60 is advanced, the slide plate 57 also advances and the
changing lever 91 rotates clockwise (as shown in FIG.
12) due to the connection of the arm part 92 on the upper
side to the slide plate 57. Consequently, as shown in
FIGS. 14 and 15, the arm part 92 on the lower side slides
the pushbutton 94 rearward, which pushes (applies pres-
sure to) the button 47 and thereby turns the switch 46 ON.

[0068] Thus, if the tool is designed such that the push-
button 94, which integrally moves forward and rearward
engaged with the arm part 92, is disposed between the
arm part 92 of the changing lever 91 and the button 47,
and the arm part 92 presses the button 47 via the push-
button 94 in accordance with the rotation of the changing
lever 91, then even if the rotatable changing lever 91 is
provided, the button 47 can be pushed by the pushbutton
94 in the axial direction of the main-body housing 2.
[0069] However, it is possible to, for example, omit
such a pressing mechanism and form the rear end of the
slide member of the slide plate and the like in the shape
of an L turned on its side, and to turn the switch ON by
sliding the operating member rearward, thereby causing
the slide member to directly push the button.
[0070] In addition, the present teachings concerning
the cooling of the controller and the terminal block are
not limited to a grinder and can also be adapted (applied)
to other power tools, regardless of the orientation and
the like of the switch, as long as the power tool comprises
a controller and a battery (e.g., a battery pack) serves as
the power supply.
[0071] Moreover, the present teachings concerning
the orientation of the switch are not limited to a grinder
and may be any battery-powered or AC-powered tool
(i.e. not having a battery that serves as the power supply),
and can be adapted (applied) to other power tools as
well, such as a joint cutter (plate joiner or biscuit cutter),
a nibbler, a straight shear, etc., as long as the power tool
comprises a switch that turns ON and OFF by sliding an
operating member.
[0072] Representative, non-limiting examples of the
present teachings were described above in detail with
reference to the attached drawings. This detailed de-
scription is merely intended to teach a person of skill in
the art further details for practicing preferred aspects of
the present teachings and is not intended to limit the
scope of the invention. Furthermore, each of the addi-
tional features and teachings disclosed above may be
utilized separately or in conjunction with other features
and teachings to provide improved power tools.
[0073] Moreover, combinations of features and steps
disclosed in the above detailed description may not be
necessary to practice the invention in the broadest sense,
and are instead taught merely to particularly describe
representative examples of the invention. Furthermore,
various features of the above-described representative
examples, as well as the various independent and de-
pendent claims below, may be combined in ways that
are not specifically and explicitly enumerated in order to
provide additional useful embodiments of the present
teachings.
[0074] All features disclosed in the description and/or
the claims are intended to be disclosed separately and
independently from each other for the purpose of original
written disclosure, as well as for the purpose of restricting
the claimed subject matter, independent of the compo-
sitions of the features in the embodiments and/or the
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claims. In addition, all value ranges or indications of
groups of entities are intended to disclose every possible
intermediate value or intermediate entity for the purpose
of original written disclosure, as well as for the purpose
of restricting the claimed subject matter.

EXPLANATION OF THE REFERENCE NUMBERS

[0075]

1, 1A Rechargeable grinder
2 Main-body housing
3 Gear housing
4 Battery-mount part
5 Battery pack
6 Brushless motor
7 Spindle
9 Circular-cylindrical part
10 Square-cylindrical part
11 Stator
12 Rotor
21 Signal line
24, 89 Power-supply lines
26 Rotary shaft
30 Centrifugal fan
39 Air-exhaust port
46 Switch
47 Button
49, 81 Spaces
51, 91 Changing lever (Pressing mechanism)
53 Pin
54 Cam part
55, 92 Arm parts
57 Slide plate
60 Switch knob (Operating member)
69 Terminal block
70a, 70b Terminal plates (Electrical contacts)
74 Controller
75 Circuit board
77 LED
78 Case
83 Window
86 Display part
87 Air-suction port
88 Guide wall
90 Lead wire
94 Pushbutton
96 Cover
103 Ribs
104 Grooves

Claims

1. A rechargeable grinder (1), comprising:

a brushless motor (6) comprising a stator (11)
and a rotor (12), the rotor (12) comprising a ro-

tary shaft (26) extending in a forward-rear direc-
tion;
a spindle (7) rotated by the rotary shaft (26) and
extending in an up-down direction;
a switch (46) disposed rearward of the brushless
motor (6);
a controller (74) disposed rearward of the switch
(46) and adapted to control the brushless motor
(6);
a battery pack (5) disposed rearward of the con-
troller (74); and
a main-body housing (2) that houses the brush-
less motor (6), the switch (46), and the controller
(74);
characterized in that
the main-body housing (2) comprises a first tu-
bular part (9), which houses the brushless motor
(6), and a second tubular part (10), which hous-
es the switch (46) and has a diameter smaller
than that of the first tubular part (9);
a retaining rib (48) for holding the switch (46) is
formed on the second tubular part (10); and
a space in which a power-supply line (24) or a
signal line (21) connected to the stator (11) is
wired is formed downward of the retaining rib
(48).

2. The rechargeable grinder according to claim 1, char-
acterized in that
a switch knob (60) capable of operating the switch
(46) is disposed on an outer surface of the first tu-
bular part (9).

3. The rechargeable grinder according to claim 2, char-
acterized in that
a slide plate (57) for actuating the switch (46) is con-
nected to the switch knob (60); and
a guide part (56) for guiding the sliding of the slide
plate (57) is provided in the forward-rear direction on
an inner surface of the main-body housing.

4. The rechargeable grinder according to any one of
claims 1 to 3, characterized in that
the main-body housing (2) is configured by the join-
ing of a pair of left and right half housings (2a, 2b)
using screws;
receiving plates (31) that hold a bearing (32) pivot-
ably supporting the rotary shaft (26) are provided
such that they protrude from the inner surfaces of
the half housings (2a, 2b); and
signal lines (21), which are connected to the stator
(11), are wired between the screws and the receiving
plates (31).

5. The rechargeable grinder according to any one of
claims 1 to 4, further comprising:

a rear insulator (15) provided on a rear end sur-
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face of a stator core (13); and
a sensor circuit board (17) attached to the rear
insulator (15), the signal line (21) being led out
from the sensor circuit board (17).

6. The rechargeable grinder according to any one of
claims 1 to 4, further comprising:

a rear insulator (15) provided on a rear end sur-
face of a stator core (13); and
a short-circuiting member (18) attached to the
rear insulator (15), the power supply line (24)
being led out from the short-circuiting member
(18).

Patentansprüche

1. Wiederaufladbare Schleifmaschine (1) mit:

einem bürstenlosen Motor (6), der einen Stator
(11) und einen Rotor (12) aufweist, wobei der
Rotor (12) eine Drehwelle (26) aufweist, die sich
in einer Vorwärts-RückwärtsRichtung erstreckt;
einer Spindel (7), die durch die Drehwelle (26)
gedreht wird und sich in einer Oben-Unten-Rich-
tung erstreckt;
einem Schalter (46), der hinter dem bürstenlo-
sen Motor (6) angeordnet ist;
einer Steuerung (74), die hinter dem Schalter
(46) angeordnet ist und dazu angepasst ist, den
bürstenlosen Motor (6) zu steuern;
einem Batteriepack (5), das hinter der Steue-
rung (74) angeordnet ist; und
einem Hauptkörpergehäuse (2), das den bürs-
tenlosen Motor (6), den Schalter (46) und die
Steuerung (74) aufnimmt;
dadurch gekennzeichnet, dass
das Hauptkörpergehäuse (2) einen ersten röh-
renförmigen Teil (9), der den bürstenlosen Mo-
tor (6) aufnimmt, und einen zweiten röhrenför-
migen Teil (10), der den Schalter (46) aufnimmt
und einen Durchmesser aufweist, der kleiner als
der des ersten röhrenförmigen Teils (9) ist, auf-
weist;
eine Halterippe (48) zum Halten des Schalters
(46) an dem zweiten röhrenförmigen Teil (10)
ausgebildet ist; und
ein Raum, in dem eine Leistungsversorgungs-
leitung (24) oder eine Signalleitung (21), die mit
dem Stator (11) verbunden ist, verlegt ist, unter-
halb der Halterippe (48) ausgebildet ist.

2. Wiederaufladbare Schleifmaschine nach Anspruch
1, dadurch gekennzeichnet, dass
ein Schalterknopf (60), der dazu in der Lage ist, den
Schalter (46) zu betätigen, an einer Außenfläche des
ersten röhrenförmigen Teils (9) angeordnet ist.

3. Wiederaufladbare Schleifmaschine nach Anspruch
2, dadurch gekennzeichnet, dass
eine Schiebeplatte (57) zum Betätigen des Schalters
(46) mit dem Schalterknopf (60) verbunden ist; und
ein Führungsteil (56) zum Führen des Schiebens der
Schiebeplatte (57) in der Vorwärts-Rückwärts-Rich-
tung an einer Innenfläche des Hauptkörpergehäu-
ses vorgesehen ist.

4. Wiederaufladbare Schleifmaschine nach einem der
Ansprüche 1 bis 3, dadurch gekennzeichnet, dass
das Hauptkörpergehäuse (2) durch Verbinden einer
linken und einer rechten Gehäusehälfte (2a, 2b) un-
ter Verwendung von Schrauben ausgebildet ist;
Aufnahmeplatten (31), die ein Lager (32) halten, das
die Drehwelle (26) drehbar lagert, derart vorgesehen
sind, dass sie von den Innenflächen der Gehäuse-
hälften (2a, 2b) vorstehen; und
Signalleitungen (21), die mit dem Stator (11) verbun-
den sind, zwischen den Schrauben und den Aufnah-
meplatten (31) verlegt sind.

5. Wiederaufladbare Schleifmaschine nach einem der
Ansprüche 1 bis 4, ferner mit:

einem hinteren Isolator (15), der an einer hinte-
ren Endfläche eines Statorkerns (13) vorgese-
hen ist; und
einer Sensorplatine (17), die an dem hinteren
Isolator (15) angebracht ist, wobei die Signallei-
tung (21) aus der Sensorplatine (17) herausge-
führt ist.

6. Wiederaufladbare Schleifmaschine nach einem der
Ansprüche 1 bis 4, ferner mit:

einem hinteren Isolator (15), der an einer hinte-
ren Endfläche eines Statorkerns (13) vorgese-
hen ist; und
einem Kurzschlussbauteil (18), das an dem hin-
teren Isolator (15) angebracht ist, wobei die
Leistungsversorgungsleitung (24) aus dem
Kurzschlussbauteil (18) herausgeführt ist.

Revendications

1. Meuleuse rechargeable (1) comprenant :

un moteur sans balai (6) comprenant un stator
(11) et un rotor (12), le rotor (12) comprenant un
arbre rotatif (26) s’étendant dans une direction
avant-arrière ;
une broche (7) tournée par l’arbre rotatif (26) et
s’étendant dans une direction haut-bas ;
un commutateur (46) agencé vers l’arrière du
moteur sans balai (6) ;
un contrôleur (74) agencé vers l’arrière du com-
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mutateur (46) et adapté pour commander le mo-
teur sans balai (6) ;
un pack batterie (5) agencé vers l’arrière du con-
trôleur (74) ; et
un logement de corps principal (2) qui loge le
moteur sans balai (6), le commutateur (46) et le
contrôleur (74) ;
caractérisée en ce que
le logement de corps principal (2) comprend une
première partie tubulaire (9) qui loge le moteur
sans balai (6) et une seconde partie tubulaire
(10) qui loge le commutateur (46) et a un dia-
mètre inférieur à celui de la première partie tu-
bulaire (9) ;
une nervure de retenue (48) pour maintenir le
commutateur (46) est formée sur la seconde
partie tubulaire (10) ; et
un espace, dans lequel une ligne d’alimentation
électrique (24) ou une ligne de signal (21) reliée
au stator (11) est câblée, est formé vers le bas
de la nervure de retenue (48).

2. Meuleuse rechargeable selon la revendication 1, ca-
ractérisée en ce que
un bouton de commutation (60) capable de faire
fonctionner le commutateur (46) est agencé sur une
surface extérieure de la première partie tubulaire (9).

3. Meuleuse rechargeable selon la revendication 2, ca-
ractérisée en ce que
une plaque coulissante (57) pour actionner le com-
mutateur (46) est reliée au bouton de commutation
(60) ; et
une partie de guidage (56) pour le guidage du cou-
lissement de la plaque coulissante (57) est prévue
dans la direction avant-arrière sur une surface inté-
rieure du logement de corps principal.

4. Meuleuse rechargeable selon l’une quelconque des
revendications 1 à 3, caractérisée en ce que
le logement de corps principal (2) est configuré par
la jonction d’une paire de logements de moitié gau-
che et droite (2a, 2b) en utilisant des vis ;
des plaques de réception (31) qui maintiennent un
palier (32) supportant à pivotement l’arbre rotatif (26)
sont prévues de sorte qu’elles fassent saillie des sur-
faces intérieures des logements de moitié (2a, 2b) ;
et
des lignes de signal (21) qui sont reliées au stator
(11) sont câblées entre les vis et les plaques de ré-
ception (31).

5. Meuleuse rechargeable selon l’une quelconque des
revendications 1 à 4, comprenant en outre :

un isolateur arrière (15) prévu sur une surface
d’extrémité arrière d’un coeur de stator (13) ; et
une carte de circuit de capteur (17) attaché à

l’isolateur arrière (15), la ligne de signal (21)
étant menée hors de la carte de circuit de cap-
teur (17).

6. Meuleuse rechargeable selon l’une quelconque des
revendications 1 à 4, comprenant en outre :

un isolateur arrière (15) prévu sur une surface
d’extrémité arrière d’un coeur de stator (13) ; et
un élément de court-circuitage (18) attaché à
l’isolateur arrière (15), la ligne d’alimentation
(24) étant menée hors de l’élément de court-
circuitage (18).
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