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1
POWER TOOL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Reissue Application of U.S. Pat. No.
10,661,427 issued on May 26, 2020, application Ser. No.

16/076,326, filed on Aug. 8, 2018. The prior application Ser.
No. 16/076,326 1s a 3771 application of the International PCT

application serial no. PCT/JP2017/002953, filed on Jan. 27,
2017, which claims the priority benefit of Japan application
no. 2016-038316, filed on Feb. 29, 2016. The entirety of
cach of the above-mentioned patent applications 1s hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power tool having a fan
for cooling, in particular to the power tool which improves
a fan guide of a fan attached to a rotation axis of a driving
means and thereby suppresses the over speed of a driving
source such as a motor.

2. Description of Related Art

A disk grinder as set forth 1n patent literature 1 1s known
as an example of a portable power tool. The disk grinder has
a cylinder-shaped motor housing accommodating a motor
which 1s a driving source. In front of the motor housing, a
power transmission mechanism, which 1s configured to
include two sets of bevel gears that change a power trans-
mission direction determined by a rotation axis of the motor
for about 90°, 1s arranged. The power transmission mecha-
nism 1s accommodated 1n a gear case, and a grinding stone
1s attached to a spindle which protrudes downward from the
gear case. A fan for cooling 1s arranged on a front end side
of the rotation axis of the motor, and a ventilation port
introducing an external air and an exhaust port for discharg-
ing an internal air are arranged on the housing. The cooling
air tlows from the ventilation port to the exhaust port due to
the rotation of the fan and cools the heat-generating motor.

LITERATURE OF PRIOR ART

Patent Literature

Patent literature 1: Japanese Laid-open No. 2010-173042

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In recent years, out of a requirement to increase operation
elliciency of an operator, output of a motor of a power tool
1s 1ncreased, downsizing and lightening and low cost are
required, and the applicant realizes various power tools
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2

accompanying this change. In a case of merely 1ncreasing
the output of the motor, 1t 1s considered to raise the speed of
the motor during operation, but 1n this case, the speed during
1dling when a work machine 1s not pressed against an object
becomes high, and the noise corresponding to the exhaust
amount of a fan and so on becomes loud. For conventional
power tools, the noise 1s solved by limiting the speed during
1dling by using an expensive controller. but the product cost
increases 1 accordance with the arrangement of the con-
troller or the arrangement of a detection element detecting,
the speed of the motor and so on.

The present invention 1s achieved in view of the afore-
mentioned background, and aims to provide a power tool
which 1s capable of controlling the speed of a motor during
1dling with simple structure. Another objective of the present
invention 1s to provide a power tool which can use an air
flow generated by a fan to suppress an increase 1n the speed
of a motor during i1dling.

Means to Solve the Problems

The characteristics of the typical mvention disclosed 1n
this application are as described below. According to one
characteristic of the present invention, a power tool 1is
configured to comprise: a fan. which is rotated by a motor;
a housing. which accommodates the motor and the fan; and
a fan guide, which straightens the flow of cooling air
generated by the fan, wherein ventilation ports introducing
an external air and exhaust ports discharging an internal air
are arranged on the housing, and an air path of the cooling
air 1s formed from the ventilation ports to the exhaust ports
by the rotation of the fan, a branching passage for diverging
a portion of the cooling air drawn by the fan and discharging
it to a drawing side 1s arranged, and a portion of the cooling
air circulates 1nside the housing instead of being discharged
from the exhaust port owing to the branching passage.

According to another characteristic of the present inven-
tion, a portion of the cooling air guided by the fan guide
toward the exhaust port 1s drawn back to an air path before
entering the fan guide owing to the branching passage.
Because the diverging of the cooling air 1s performed using
the fan guide, the present invention can be easily realized
using an improved fan guide only. The fan guide 1s substan-
tially cup-shaped with an opening on the exhaust side or
substantially cylinder-shaped with a narrowing inlet side,
and an opeming part which becomes the exhaust port side 1s
covered by a cover component having exhaust holes. A
ventilation hole for passing the air flowing into the fan and
through holes forming the branching passages are formed in
the fan guide. In this case, a total opening area of the through
holes 1s preferable configured to be smaller than a total
opening area ol the exhaust holes formed in the cover
component.

According to another characteristic of the present inven-
tion, a power transmission mechanism for the power
machine 1s arranged on a front end of the rotation axis of the
motor, the fan 1s fixed between a stator and the power
transmission mechanism 1n the rotation axis, and the fan
guide 1s arranged between the fan and the stator. The fan
guide has a motor side wall surface which 1s substantially
perpendicular to the axis direction, and the ventilation hole
1s arranged 1n the vicinity of the center of the motor side wall
surface. The through holes of the fan guide are arranged on
the outer circumierence side of the ventilation hole in the
motor side wall surface. The cover component 1s arranged
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between the fan and the power transmission mechanism
side, and has a wall surface which 1s perpendicular to the
axis direction.

According to another characteristic of the present inven-
tion, the fan guide 1s integrally molded so as to be disposed
while extending from an outer edge part of the motor side
wall surface toward the cover component and covering an
outer circumierence side of the centrifugal fan, and the
through holes are arranged 1n a circumierential direction in
several positions of the outer circumierence side of the
motor side wall surface with a distance between each other.
The shape of the through holes are formed to be 1inclined so
that the cooling air 1s made to flow out to the air path before
entering the fan guide while being guided to the spinning
direction of the motor, that 1s, the air 1s guided toward the
rotation direction to the stator side of the motor in the axis
direction. Here, an air volume flowing out of the through
holes 1s preferably below 20% of the air volume flowing out
of the exhaust holes.

Fftect of the Invention

According to the present invention. the power tool which
1s capable of suppressing the exhaust amount with a simple
structure that merely improves the shape of the fan guide can
be realized. The aforementioned and other objectives and
new characteristics of the present mnvention are made clear
from the description of the specification and the drawings
below.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a vertical cross-section view showing an overall
structure of a disk grinder 1 of an embodiment of the present
invention.

FIG. 2 1s a perspective view seen from the diagonal back
of an assembly of a fan guide 30 and a bearing holder 40 1n
FIG. 1.

FIG. 3 1s a back view of the assembly of the fan guide 30
and the bearing holder 40 1n FIG. 2.

FIG. 4 15 a front view of only the fan gmide 30 1n FIG. 2.

FIG. 5 1s a front view of the assembly of the fan guide 30
and the bearing holder 40 1n FIG. 2.

FIG. 6 15 a side view of the assembly of the fan guide 30
and the bearing holder 40 1n FIG. 2.

FIG. 7 15 a side view of the assembly of the fan guide 30
and the bearing holder 40 1n FIG. 2 seen from another lateral
surface.

FIG. 8 1s a cross-section view of an A-A part in FIG. 3.
FIG. 9 1s a cross-section view of a B-B part 1in FIG. 3.

FIG. 10 1s a diagram for describing the property of a
motor 1 FIG. 1.

FIG. 11 1s a diagram for describing a relationship between
the speed and the torque of a motor 6 1n FIG. 1.

FIG. 12 1s a cross-section view showing an electric

circular saw 101 of a second embodiment of the present
invention.

DESCRIPTION OF TH.

L1l

EMBODIMENTS

Embodiment 1

In the following part, the embodiment of the present
invention 1s described with reference to the drawings. In the
following drawings, a disk grinder 1 1s used as an example
of a power tool for description, the same symbols are
marked for the same part and repeated description 1s omit-
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4

ted. Besides, 1n this specification, directions of front, back,
left, right, up and down are described as the directions
shown 1n the drawings.

FIG. 1 1s a cross-section view showing an overall struc-
ture of the disk grinder 1 of an embodiment of the present
invention. A housing of the disk grinder 1 comprises three
main parts: a cylinder-shaped motor housing 2, which
accommodates a motor 6 1nside; a tail cover 4, which 1s
mounted back of the motor housing 2; and a gear case 3,
which 1s mounted in front of the motor housing 2. The gear
case 3 1s a case made of metal accommodating a power
transmission mechanism which transmits power from the
motor 6 to a spindle 11, accommodates two sets of bevel
gears 21, 22 which change a power transmission direction
determined by a rotation axis 10 of the motor 6 for about
90°. and pivotally supports the spindle 11.

The motor 6 in this embodiment uses a universal motor
which operates with an alternative current. The motor 6 has
a stator 8 on an outer circumierence side of a rotor 7. A brush
holding part 9 1s arranged on a rear side of the motor 6. The
motor housing 2 1s fabricated to a cylinder shape or a long
tube shape by the integral molding of a polymer resin such
as polycarbonate, and the stator 8 1s fixed by the motor
housing 2 so as not to rotate 1n the circumierential direction.
Besides, a step part 2b with a shortened internal diameter 1s
formed on a rear side of the motor housing 2, and the motor
6 1s mserted from an opening 2a in the front of the motor
housing 2 to the rear side. The movement of the motor 6 in
the axis direction 1s suppressed by a fan guide 30 1n the front
side. In addition, the type of shape of the motor 6 are not
limited to those i1n this embodiment. and other types of
motors such as a direct-current motor or a brushless DC
motor can also be used.

A rotation axis 10 of the motor 6 1s rotatably held by a
bearing 18 fixed to the gear case 3 and a bearing 19 disposed
on the rear side of the brush holding part 9. A fan 25 for
cooling 1s arranged on the front side of the rotation axis 10
of the motor 6. The fan 23 1s, for example, a centrifugal fan
made of synthetic resin by integral molding, and 1s fixed to
the rotation axis 10 so as to rotate synchronously with the
rotation axis 10. The fan 25 rotates due to the rotation of the
motor 6. thereby introducing an external air from a venti-
lation port 24 arranged on a rear part of the tail cover 4 as
shown by an arrow 26a. and generating an air flow which
passes through the tail cover 4 as shown by an arrow 26b and
an arrow 26c¢ and passes the motor 6 part as shown by an
arrow 26d. The air flow passing through the motor 6 tlows
into a fan chamber from a ventilation hole 31a formed 1n the
central part of the fan guide 30 as shown by an arrow 26e,
flows outward in the radial direction, passes through an
exhaust hole 42d formed 1n a bearing holder 40, enters the
iner space of the gear case 3 as shown by an arrow 261, and
1s discharged forward from an exhaust port 3b formed 1n the
gear case 3 as shown by an arrow 26g. On the other hand,
the air flowing into the fan chamber passes through an
exhaust hole 42b formed under the bearing holder 40 from
the arrow 26¢ below, flows as shown by an arrow 26h and
1s discharged outside.

The tail cover 4 1s separated into a right tail cover and a
left tail cover, and the right and leit of the tail cover 4 1s
secured to the motor housing 2 by a screw that 1s not shown.
A power supply cord 29 for supplying electric power to the
motor 6 1s connected to the exterior of the tail cover 4. A
switch 28 for turning the motor 6 ON/OFF 1s accommodated
inside the tail cover 4.

The gear case 3 1s mounted to the motor housing 2 by four
screws (not shown) which are inserted from the front to the
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back. Inside the gear case 3, the spindle 11 1s disposed so that
the axis center extends in the up and down direction, the
upper end 1s fixed to the gear case 3 by a bearing metal 12,
and 1s pivotally support near the center to a bearing 14 by a
spindle cover 13. A wheel washer 15 1s arranged at the lower
end of the spindle 11, and 1s mounted so that a grinding stone
5 1s clamped by the wheel washer 15 and a wheel nut 16. A
large-diameter bevel gear 22 1s arranged above the bearing
14 of the spindle 11, and the bevel gear 22 engages with a
small-diameter bevel gear 21 arranged at the front end of the
rotation axis 10 of the motor 6, thereby decelerating the
rotation of the motor 6 with a predetermined ratio and
rotating the grinding stone 5.

The grinding stone 5 can be attached to or removed from
the spindle 11 by the wheel nut 16. The grinding stone 5 1s,
for example, a resinoid flexible grinding stone, a flexible
grinding stone, a resinoid grinding stone or a sanding disk
with a diameter of 100 mm, and a surface grinding or a
sphere grinding for metal. synthetic resin, marble, concrete
and so on may be performed according to the choice of the
type of abrasive grains that are used. The maximum per-
missible speed of the grinding stone 35 1s 12000 rpm for
example, and the speed during operation 1s sutliciently lower
than the maximum permissible speed. A wheel guard 17 1s
used to prevent scatter of the ground components or dam-
aged abrasive grains.

FIG. 2 1s a perspective view seen from the diagonal back
of an assembly of the fan guide 30 and the bearing holder 40
in FIG. 1. The fan guide 30 1s a substantially cup-shaped
air-straightening component fabricated by integral molding
of the synthetic resin, and at the center of a rear wall surface
31 which becomes a bottom surface of the cup, the venti-
lation hole 31a of the air drawn by the fan 25 1s formed. The
substantially ring-shaped rear wall surface 31 which
becomes the wall surface on the motor 6 side and a cylinder-
shaped external wall surface 32 are formed, wherein the
external wall surface 32 i1s connected to the outer edge part
of the rear wall surface 31, and extends toward the front side
(discharge side) 1n the axis direction so as to maintain a
predetermined distance with the fan 25 on the outer side of
the fan 25 in the radial direction. The front side of the
external wall surface 32 becomes a large circular opening,
and a fan chamber where the fan 25 rotates 1s formed by the
way of covering the opening by the plate-shaped bearing
holder 40. The fan gmde 30 1s inserted to the front side of
the motor 6 from the opening 2a (see FIG. 1) of the motor
housing 2, and 1s fixed by screwing the gear case 3 to the
motor housing 2 by four screws (not shown) so that the
bearing holder 40 1s disposed 1n front of the fan guide 30 and
1s clamped. In this case, the fan guide 30 also functions as
a holding component which prevents the movement of the
stator 8 of the motor 6 1n the axis direction and holds the
motor 6 while prevents the rotation of the stator 8 in the
rotation direction; for this reason, stator pressers 34a, 34b
which extends 1n the axis direction and contacts with the end
of the stator 8 are formed.

In two opposing positions on the outer circumierence side
of the rear wall surface 31 of the fan guide 30, dents 33a, 33b
which dent forward from the rear wall surface 31 are
formed. The dents 33a, 33b are formed to prevent wires
wound on the stator 8 from contacting with the rear wall
surface 31 of the fan guide 30. In four positions near the
outer circumierence of the rear wall surface 31, branching
passages 35a through 35d which become through holes for
diverging a portion of the air generated by the fan 25 and
turning the air to tlow back to the motor 6 side are formed.
Most of the air flowing into the fan guide 30 wvia the

10

15

20

25

30

35

40

45

50

55

60

65

6

ventilation hole 31a 1s drawn by the fan 25 rotating in an
arrow direction showing a rotation direction 27 of the fan 25,
then 1s guided to the outer circumierence side by a centrifu-
gal force and tlows to the gear case 3 side via exhaust holes
(described below by FIG. 5) formed on the outer circum-
terence side of the bearing holder 40.

On the other hand, a portion of the air flowing 1nto the fan
guide 30 via the ventilation hole 31a 1s discharged from the
fan chamber to the rear side (the motor 6 side) through
branching passages 35a through 35d as shown by a dotted-
line arrow. The shape of the branching passages 35a through
35d are determined so that the cooling air 1s discharged
aslant 1n the circumierential direction with respect to the
rotation direction 27 of the fan 25, and slant surfaces 37a
through 37d (described below by FIG. 3) which become the
wall surface 1n the circumierential direction of the branching
passages 35a through 35d when seen from behind are
formed. In this way, the branching passages 35a through 35d
flow the cooling air with a shallow angle with respect to a
tangent line of the rotation direction, therefore can guide the
cooling air in the spinning direction of the motor 6 while
discharges the cooling air to the air path before entering the
fan guide 30. In this case, the direction of the cooling air
discharged backward through the branching passages 35a
through 33d 1s opposite to the air flow which flow into the
fan chamber, therefore becomes a resistance to the air flow
26¢ and a turbulent flow 1s generated. When the turbulent
flow 1s generated. the flow channel resistance increases, so
that the workload of the fan 25 increases, the load to the
motor 6 increases and the speed 1s suppressed. On the other
hand, during low-speed rotation, the amount of the air
flowing from the branching passages 35a through 35d to the
motor 6 side decreases, so that the influence of the turbulent
flow to the motor 6 decreases. In this way, the branching
passages 33a through 35d acts as counter-flow channels
inside the motor housing 2 and generates a turbulent flow.
Besides, because the branching passages 335a through 35d
are arranged with equal intervals 1n several positions 1n the
circumfierential direction, stress will not concentrate on a
specific part of the fan guide 30.

FIG. 3 1s a back view of the assembly of the fan guide 30
and the bearing holder 40 in FIG. 2. The fan guide 30 1s
tabricated by the integral molding of a synthetic resin such
as plastic, therefore the fan guide 30 1s lightweight, flex-
ibility 1n shape 1s high, and an increase in manufacturing
cost can be suppressed. In the bearing holder 40, dents 43a
through 43d for passing the screws which secure the gear
case 3 to the motor housing 2 are formed in four corners. In
addition, through holes through which the screws pass may
be formed instead of the dents 43a-43d. Side surfaces on the
inner circumierence side and outer circumierence side of the
branching passages 35a through 35d are concentrically
formed so as to be parallel to the axis direction of the
rotation axis 10 of the motor 6. A portion of the branching
passages 35a through 33d are formed so as to be parallel to
the rotation direction of the fan 25, and 1n other portion of
the branching passages 35a through 35d, slant surfaces 37a
through 37d which are inclined to the circumferential direc-
tion (the rotation direction of the fan 25) instead of being
perpendicular are formed and become rear slant surfaces 36a
through 36d (see FIG. 4 below). Accordingly, in this
embodiment, the outer circumierence surface and the rear
side of the fan 25 1s covered by the fan guide 30, and a
portion of the plurality of branching passages 35a through
35d 1s formed aslant with respect to the rotation direction of
the fan 25 1n a portion of the rear wall surface 31. As a result,
the cooling air moving 1n the rotation direction of the fan 235
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moves along a slant shape, so that a portion of the cooling
air 1s circulated (flow back) smoothly inside the motor
housing 2 from the fan chamber side to a space on the motor
6 side.

FI1G. 4 15 a front view of only the fan gmide 30, and shows
a shape obtained by observing a space (fan chamber) where
the fan 25 1s accommodated from the front side. Here. the
wall surfaces of the branching passages 35a through 35d on
the circumiferential direction side (the rear side on the
rotation direction of the fan 25) are formed to a slant slope
shape as 36a through 36d, and the circulating air flowing 1n
the dotted-line arrow direction shown in FIG. 2 1s guided to
the space on the motor 6 side. The branching passages 35a
through 35d are formed on the outer circumierence side to
the extent of nearly becoming a p081t1011 contacting with the
external wall surface 32. A joining part of the cylinder-
shaped external wall surface 32 and the outer edge part of
the rear wall surface 31 i1s formed to the shape of curved
surface (the part seen to be ring-shaped 1n the front view of
the arrow 32a), and the branching passages 33a through 35d
are located in the positions interfering with this curved-
surface shaped part. By arranging the branching passages
35a through 35d in the outmost circumierence part in the
inner side part of the rear wall surface 31 in this way, the
cooling air, which moves along the mnner surface of the
external wall surface 32 after moving in the radial direction
of the fan 25 and contacting with the mnner surface of the
external wall surface 32, 1s easily guided to the space on the
motor 6 side, and when the air pressure applied to the
outmost circumierence part (the part of arrow 32a) when the
speed of the motor 6 increases and the rotation speed of the
fan 25 1ncreases rises above a predetermined value, a portion
of the cooling air can be discharged into the space (the inner
space of the motor housing 2) on the motor 6 side with
particularly excellent efliciency.

FIG. 35 15 a front view of the assembly of the fan guide 30
and the bearing holder 40. In the bearing holder 40, a
through hole 40a that allows the rotation axis 10 of the motor
6 to pass therethrough and exhaust holes 42a through 42d for
the cooling air are formed. The bearing holder 40 functions
as a cover component covering the opening part of the
cup-shaped fan guide 30. The bearing holder 40 1s formed by
a metallic plate which becomes a wall surface perpendicular
to the axis direction of the motor 6, and forms a cylindrical
part 41 by performing rising processing, that 1s, by perform-
ing the so-called burring processing around the through hole
40a. On the outer circumierence side of the cylindrical part
41, a ring-shaped step part 41a shightly protruding toward
the front side 1s formed. The step part 41a 1s formed to make
it easier to perform the burring processing, and 1s formed to
define a contacting surface which successtully contacts with
the outer ring of the bearing 18 (see FIG. 1).

In the part near the outer circumierence of the bearing
holder 40. four exhaust holes 42a through 42d which extend
in the circumierential direction 1n an elongated shape are
formed. Through these exhaust holes 42a through 42d, most
of the cooling air drawn by the fan 25 1s discharged to the
gear case 3 side from the fan chamber (a space where the fan
25 1s accommodated), and 1s discharged outside from the
exhaust port formed in the gear case 3. In FIG. 5, a state 1n
which a part of the structure shown 1n FIG. 4 (the external
wall surface 32 and the rear slant surfaces 36a through 36d
in FIG. 4) can be seen from the exhaust holes 42a through
42d 1s illustrated.

FIG. 6 1s a side view of the fan guide 30 and the bearing
holder 40. In this embodiment, the whole of the fan 25 1s
covered by the fan guide 30 and the bearing holder 40. That
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1s, the rear surface, front surface and outer circumierence
surface of the fan 25 are covered, but the external wall
surface 32 covering the outer circumierence part of the fan
25 may also be itegrally arranged with the bearing holder
40 side mstead of being arranged on the fan guide 30 side.
Besides, the external wall surface 32 covering the outer
circumierence part of the fan 25 may also be formed using
the mner wall surface of the motor housing 2. The critical
point 1s that the fan chamber in which air flow 1s generated
by the fan 25 1s formed. the ventilation hole 31a which
becomes the inlet of the air and the exhaust holes 42a
through 42d which become the outlet of the air and are
connected to the exhaust port 3b side of the gear case 3 are
arranged in the fan chamber, and a third air passage (the
branching passages 35a through 35d) 1s arranged to circulate
a portion of the air of the fan chamber to the ventilation side
(the upstream side of the air). That 1s, not all the air
generated by the fan 25 1s discharged. and a portion of 1t
returns to the flow channel before entering the fan chamber.
The total air volume tflowing from the branching passages
35a through 35d 1s preferably below 20% of the total air
volume flowing from the exhaust holes 42a through 42d at
a speed close to the highest speed of the motor 6 during
idling. and the noise caused by excessive turbulent flow can
be suppressed.

FIG. 7 1s a side view of the fan guide 30 and the bearing
holder 40 from another lateral surface. In two positions on
the outer circumierence part of the rear wall surface 31 of
the fan guide 30, dents 33a, 33b for baflling the fan guide 30
with respect to the motor housing 2 are formed. Though it 1s
not shown 1n this specification, near the opening 2a (see FIG.
1) of the motor housing 2, a step part engaging with the dents
33a, 33b which 1s straight-line shaped in the circumierential
direction 1s formed, and when the gear case 3 1s fixed to the
motor housing 2. the dents 33a, 33b of the fan guide 30
engage with the step part of the motor housing 2, thereby the
fan guide 30 1s fixed so as not to rotate 1in the rotation
direction. In this case, because the stator pressers 34a, 34b
are formed 1n the fan guide 30, the movement of the motor
6 1n the axis direction 1s stopped, and the function as a
baflling component 1n the rotation direction 1s realized.

FIG. 8 1s a cross-section view of an A-A part in FIG. 3,
and FIG. 9 1s a B-B cross-section view which 1s the cross
section of other part 1n FIG. 3. Here. the fan guide 30 with
a plurality of holes (the branching passages 35a through
35d) 1s arranged on the rear side of the fan 25. The internal
diameter of the branching passages 35a through 35d 1s larger
than the diameter (external diameter) of the fan 25. Besides,
the external diameter of the branching passages 35a through
35d 1s equal to the internal diameter of the fan guide 30. In
the central part of the bearing holder 40, a cylinder-shaped
part (the cylindrical part 41) 1s formed so as to protrude from
the front side toward the rear side. On the outer circumier-
ence side of the cylindrical part 41, a part pressed to a ring
shape (the step part 41a) 1s formed slightly forward, and the
outer circumierence side becomes a flat surtace part 41b.
Exhaust holes 42a, 42¢ are arranged near the outer edge of
the flat surface part 41b. It 1s preferable that the positions of
the outer edge sections of the exhaust holes 42a through 42d
approximately correspond to the internal diameter of the
opening part 32a of the cylinder-shaped external wall sur-
face 32.

FIG. 10 15 a diagram for describing the motor property of
the disk grinder 1 of this embodiment. In FIG. 10, the
horizontal axis stands for a current tlowing 1n the motor 6
(unit [A]), and the vertical axis on the left stands for the
speed of the spindle 11 (unit [rpm]). Here, the speed of the
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motor 6 1s decelerated by a decelerating mechanism com-
prising two bevel gears 21, 22 to a 4 speed and 1s trans-
mitted to the spindle 11. Therefore, three times of the speed
of the spindle 11 1s the speed of the motor 6. The vertical axis
on the right stands for the output torque (unit [N-M] of the
spindle 11, the output (umt 100x[W]) of the spindle 11, and
the efliciency (unit 10x[%]). A speed 81 of the spindle 11 1s
about 12,000 rpm at most during 1dling state: when the load
increases in the grinding operation done by the grinding
stone 5, the speed 81 of the spindle 11 decreases, and the
current flowing 1n the motor 6 and a torque 83 increase
accordingly. The curve of an efliciency 87 gets to a peak near
the point where the current value 1s about 15 A. Then, 1n a
state just before the motor 6 stops because of maximum
load, a motor current of about 54 A flows 1n the motor 6. The
output 85 of the spindle 11 at this moment 1s an inverted
parabolic curve with a maximum value near the point where
the motor current 1s about 30 A. The torque 83 at this
moment 1s approximately opposite to the speed 81 of the
spindle 11, wherein the torque 83 1s 0 near the highest speed
and becomes a maximum near the lowest speed.

FIG. 11 1s a diagram {for describing the relationship
between the speed and torque of the motor 6. Here, the
horizontal axis stands for the speed of the spindle 11 (unait
[rpm]), and the vertical axis stands for the torque (umit
IN'm]). A curve 91 shown by a solid line stands for the
relationship of the speed and torque of a standard fan guide.
Here, the standard fan guide 1s a fan guide without the
branching passages 35a through 35d of the fan guide 30
shown 1n FIG. 2 through FIG. 9 and the corresponding part
1s completely filled. The shape of the bearing holder 40
arranged 1n front of the standard fan guide 1s the same as 1n
this embodiment. In the case of this standard fan guide, the
air flowing into the interior of the fan guide from the motor
6 side inside the inner space of the motor housing 2 1s
discharged completely from the exhaust holes 42a through
42d of the bearing holder 40 to the gear case 3 side.
Accordingly, when the fan 25 rotates at a high speed, the
flow of the cooling air 1s not turbulent, so the output loss 1s
small, and the highest speed of the spindle 11 during 1dling
1s up to about 12,000 rpm, leading to a loud noise of the fan.
Besides, 1n a disk grinder, the upper limait of the speed of the
spindle 11 1s defined according to the highest permissible
speed or a restriction on standard of the grinding stone 5.
Therefore, 1t 1s preferable that the highest speed during
1dling does not increase too much.

In a case when the fan guide 30 of this embodiment 1s
used, as shown by curve 92 represented by a dotted line, a
portion of the cooling air circulates inside the motor housing,
2 50 as to return to the motor 6 side from the interior of the
fan guide 30 via the branching passages 35a through 35d.
Due to the circulation (turbulent flow) of the cooling atr,
compared with a conventional fan guide, the load to the
motor 6 1n a high-speed region increases because of the
increase 1n the loss resistance of the fan 25. Therefore, when
the speed of the fan 25 1s about 6,000 rpm (the actual
operation region), the torque can be realized with a value
comparable to a conventional value, and the highest speed of
the spindle 11 during idling can be reduced to about 11,000
rpm, which 1s about 10% lower than the conventional value.
Accordingly, 1n this embodiment, by arranging a turbulent
flow generating means (the branching passages 35a through
35d) so as to disturb the flow of the cooling air of the fan
guide 30 to increase resistance of the fan. even 1f the motor
6 1s not electrically controlled, high-speed rotation of the
motor 6 during 1dling can be suppressed. As a result, when
the output of the motor 6 1s increased than 1n a conventional
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situation and the output torque of the power tool 1s
increased, particularly excellent result 1s obtained. Besides,

because the speed during 1dling can be lowered, the exhaust
amount decreases and the noise i1s suppressed, and by
changing the specification of the fan 25 to increase the
ventilation volume (increases fan loss), the exhaust amount
1s the same as 1n a conventional situation while the speed
during 1dling can be further decreased. The load applied by
the fan 25 to the motor 6 at this moment 1s proportional to
the square of the speed of the motor 6, so that even the
workload of the fan 25 increases, there 1s little influence
caused by the fan loss 1n the actual operation region (close
to 6,000 rpm). Moreover, 1n the structure of this embodi-
ment, a control device electrically controlling the motor 6 1s
not necessary, and the structure 1s also simple, therefore a
power tool with low risk of failure and high reliability can
be realized.

In the above, 1n this embodiment, the fan guide 30 for
introducing the air of the fan 25 1s arranged, in the fan guide
30, the ventilation hole 31a for passing the air flowing into
the fan 25 and the branching passages 33a through 35d for
diverging a portion of the cooling air are arranged, and a
portion of the cooling air circulates inside the motor housing
2 due to the branching passages 35a through 35d. When
adjusting the amount of the circulating air, all that needs to
do 1s to redo the fan guide 30 which 1s a molded article of
synthetic resin to change the size, numbers, iterval and
positions in the radial direction of the branching passages
35a through 35d, the shapes of the rear slant surface 36a
through 36d and the slant surface 37a through 37d and so on,
therefore a desired circulating state can be easily realized.

Embodiment 2

Next. FI1G. 12 1s used to describe a second embodiment of
the present invention. In the second embodiment, a fan guide
130 having branching passages 1s applied to an electric
circular saw 101. The electric circular saw 101 1s an electric
power tool comprising: a motor housing 102 made of
synthetic resin, which accommodates a motor 106; a handle
104 for the operator to grip; a saw blade 105, which cuts the
maternial to be cut; and a base 109, which abuts against the
maternial to be cut. The rotation driving force of the motor
106 1s transmitted to a spindle 111 using a power transmis-
sion mechanism, and the circular saw blade 105 mounted on
the spindle 111 rotates at a high speed. A rotation axis 110
passes through a fan 125 and extends forward. and a pimion
110a 15 formed at a front end. The pimion 110a engages with
a spur gear 122 fixed at a rear end of the spindle 111. Here,
the pimion 110a and the spur gear 122 form a decelerating
mechanism, the speed of the motor 6 1s decelerated with a
predetermined decelerating ratio and the spindle 111 rotates.

About half of the saw blade 105 on the upper side is
covered by a gear cover 103, and a part of the saw blade 105
protruding downward from the base 109 1s covered by a
satety cover 117. The satety cover 117 1s arranged to be
capable of revolving coaxially with the spindle 111, and
abuts against the matenal to be cut and revolves when the
base 109 1s abutted against the material to be cut and the saw
blade 105 i1s slid 1n the cutting direction. The operator grips
the handle 104 and turns on a switch that 1s not shown, by
which the rotation of the motor 106 1s transmits to the saw
blade 105 via a decelerating device and the matenal to be cut
can be cut.

The fan guide 130 1s arranged between the fan 1235 and the
motor 106. In the fan guide, a substantially cylinder-shaped
rear wall surface 131 for guiding the air drawn to the internal
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side of an outer circumierence part 1s formed. In several
positions (four positions located up, down, leit and right) of
the outer circumierence part of the rear wall surface 131,
branching passages 135a, 135¢ are arranged (the other two
branching passages cannot be seen 1n FI1G. 12). A ventilation
hole 127 1s arranged on the rear side of the motor housing
102. The fan 125 rotates synchronously with the rotation
axis 110 of the motor 106, and the air drawn from the
ventilation hole 127 by this rotation (arrow 126a) flows
around the motor as shown by arrows 126b through 126c,
flows as shown by arrows 126d to 126¢ and flows to the gear
cover 103 side as shown by an arrow 1261. Here, because the
branching passages 133a, 135¢ and so on are arranged on the
fan guide 130, a portion of the air drawn by the fan 1235
diverges on the motor 106 side and flows as shown by a
dotted-line arrow 126g. The air of the dotted-line arrow
126g joins with the arrow 126d flowing 1n and circulates 1n
the interior of the motor housing 102. The positions where
the branching passages are arranged (the circumierential
direction position, the radial direction position, and the
direction of the passage) and so on may be the same as 1n the
first embodiment, as long as the objective of increasing the
rotation resistance of the fan 125 by the effect of the
diverged air and slightly increasing the load of the motor 106
during high speed rotation can be achieved, the arrangement
location or shape can be optional.

According to the second embodiment, by forming branch-
ing passages in the air path of the cooling air and circulating
a portion of the cooling air from the rotation space (fan
chamber) of the fan 125 to the motor 106 side, an increase
in the speed of the motor 106 during 1dling can be sup-
pressed using the force of the air generated by the fan 125.
As a result, even 1f the output of the motor i1s further
increased than before, the speed of the saw blade 105 can be
maintained within a predetermined range. Moreover, similar
to the first embodiment, in the structure of this embodiment,
a control device electrically controlling the motor 106 1s not
necessary either, and the structure 1s also simple, therefore a
power tool with low risk of failure and high reliability can
be realized.

In the above, the present invention 1s described based on
the embodiment, but the present invention 1s not limited to
the embodiment and can be modified without departing from
the spirit. For example, 1n the abovementioned embodiment,
an electric power tool using a disk grinder and an electric
circular saw 1s descried as an example of the power tool, but
it 1s not limited to this; as long as it 1s configured so that a
fan for cooling or other usages 1s arranged 1n the rotation
ax1s of the motor, and the air 1s taken into the interior of the
housing from the outside of the housing. the present inven-
tion can be realized 1n any power tool. Besides, in the
abovementioned embodiment, 1t 1s configured so as to
mount the fan guide on the motor housing, but the housing
and the fan guide may also be formed as an integrally
molded article. Furthermore, 1t may also be configured so
that the air diverged using the fan guide not only circulates
on the motor side but also flows to other positions and
increases the resistance of the fan.

What 1s claimed 1s:

1. A power tool, comprising:

a motor;

a fan, which 1s rotated by the motor;

a housing, which accommodates the motor and the fan;
and

a fan guide, which straightens a cooling air generated by
the fan,
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wherein a ventilation port[s] introducing an external air
and ar exhaust port[s] discharging an internal air are
arranged on the housing, and an air path of the cooling
air is formed from the ventilation port[s] to the exhaust
port[s] by the rotation of the fan,
wherein the fan guide comprises a ventilation hole[s] for
passing the cooling air flowing into the fan, ¢ branching
passage[s] for diverging a portion of the cooling air of
the fan and a motor side wall surface at a side of the fan
guide facing to the motor, and [a] #2ze portion of the
cooling air returns to [an] ¢%e air path before entering
the fan guide owing to the branching passage[s].

wherein the fan gwmde further comprises at least one
through hole[s] forming the branching passage[s].

wherein the ventilation hole[s are] is arranged near [the}
a center of the motor side wall surface, and the at /least?
one through hole[s are] is arranged on an outer circum-
ference side of the ventilation hole[s] in the motor side
wall surface.

2. The power tool according to claim 1, wherein [a] ke
portion of the cooling air 1s guided by the fan guide, and the
housing and the fan guide are separate members.

3. The power tool according to claim 2, wherein [the] ar
exhaust port side of the fan guide 1s covered by a cover
component having exhaust holes.

4. The power tool according to claim 3, wherein a total
opening area of the at least one through hole[s] is smaller
than a total opening area of the exhaust holes.

5. The power tool according to claim 4, wherein a power
transmission mechanism 1s arranged on a front end of a
rotation axis of the motor, the fan 1s fixed to the rotation axis
in a position between a stator of the motor and the power
transmission mechanism, the fan guide 1s arranged between
the fan and the stator of the motor, the motor side wall
surface 1s perpendicular to an axis direction, the cover
component comprises a wall surface perpendicular to the
axis direction and 1s arranged between the fan and the power
transmission mechanism.

6. The power tool according to claim 35, wherein the fan
1s a centrifugal fan rotating between the motor side wall
surface and the cover component, the fan guide 1s integrally
molded so as to be disposed to extend from an outer edge
part of the motor side wall surface toward the cover com-
ponent and cover an outer circumierence side of the cen-
trifugal fan, and the at least one through hole comprises a
plurality of the through holes, and the through holes are
arranged 1n a circumierential direction i a plurality of
positions of the outer circumierence side of the motor side
wall surface with a distance between each other.

7. The power tool according to claim 6, wherein the
through holes guide the cooling air toward a spinmng
direction of the motor and discharge the cooling air to the air
path before entering the fan guide.

8. The power tool according to claim 7, wherein an air
volume tlowing out from the through holes 1s below 20% of
the air volume flowing out from the exhaust holes.

9. The power tool according to claim 4, wherein the at
least one through hole[s] guides the cooling air toward a
spinning direction of the motor and discharges the cooling
air to the air path before entering the fan guide.

10. The power tool according to claim 9, wherein an air
volume flowing out from the at least one through hole[s] is
below 20% of the air volume flowing out from the exhaust
holes.

11. The power tool according to claim 5, wherein the at
least one through hole[s] guides the cooling air toward a
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spinning direction of the motor and discharges the cooling
air to the air path before entering the fan guide.

12. The power tool according to claim 11, wherein an air
volume flowing out from the at least one through hole[s] is
below 20% of the air volume flowing out from the exhaust >
holes.

13. A power tool without a controller that adjusts a
rotation speed of a motor, comprising;

the motor:;

a fan, which 1s rotated by the motor;

a housing, which accommodates the motor and the fan;
and

a fan guide, which straightens a cooling air generated by
the fan,

wherein a ventilation port|s] introducing an external air
and ar exhaust port[s] discharging an internal air are
arranged on the housing, and an air path of the cooling
air is formed from the ventilation port[s] to the exhaust
port[s] by the rotation of the fan,

wherein the fan guide comprises a ventilation hole[s] for
passing the cooling air flowing into the fan, ¢ branching
passage[s] for diverging a portion of the cooling air of
the fan and a motor side wall surface at a side of the fan
guide facing to the motor, and [a] tke portion of the
cooling air returns to [an] tke air path before entering
the fan guide owing to the branching passage[s].

wherein the fan guide further comprises a through hole[s]
forming the branching passage[s].
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wherein the ventilation hole[s are] is arranged near [the]
a center of the motor side wall surface, and the through
hole[s are] is arranged on an outer circumference side
of the ventilation hole[s] in the motor side wall surface.

14. A power tool, comprising:

a motor,

a Tan, which 1s rotated by the motor;

a housing, which accommodates the motor and the fan;
and

a Tan guide, which straightens a cooling air generated by
the fan,

wherein a ventilation port[s] introducing an external air
and ar exhaust port[s] discharging an internal air are
arranged on the housing, and an air path of the cooling
air is formed from the ventilation port[s] to the exhaust
port[s] by the rotation of the fan,

wherein the fan guide comprises a ventilation hole[s] for
passing the cooling air flowing into the fan and a
branching passage[s] for diverging a portion of the
cooling air of the fan, and [a] #2e portion of the cooling
air returns to [an] the air path before entering the fan
guide owing to the branching passage[s].

wherein the fan guide further comprises a through hole[s}
forming the branching passage[s].

wherein the through hole[s] guides the cooling air toward
a spinning direction of the motor and discharges the
cooling air to the air path before entering the fan guide.
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