CUTTI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus for cutting a workpiece.

Description of the Related Art

In a device chip fabrication process, a wafer
having a plurality of devices on the front side is used.
That is, the front side of the wafer is partitioned by a
plurality of crossing division |ines (streets) to thereby
define a plurality of separate regions where the plura
devi ces such as integrated circuits (ICs) and |arge scale
integration (LSI) circuits are respectively forned. By
dividing the wafer along the division lines, a plurality
of device chips respectively including the plural devices
can be obtai ned.

For exanple, a cutting apparatus is used to divide
the wafer. The cutting apparatus includes a chuck table
for holding the wafer and a cutting unit for cutting the
waf er held on the chuck table. The cutting unit includes
a spindle (rotating shaft) and an annular cutting blade
nounted on the spindle for cutting the wafer. The cutting

bl ade is fastened to the front end portion of the spindle



by using a nut. By rotating the cutting bl ade nounted on
the spindle of the cutting unit and feeding the cutting
unit toward the chuck table, the wafer is cut and divided
by the cutting blade. There is a case that what is
generally called a facing dual type cutting apparatus
including a pair of cutting units is used to cut the
wafer. In the facing dual type cutting apparatus, cutting
bl ades are opposed to each other. The use of such a
facing dual type cutting apparatus allows two Kkinds of
cutting operations having different cutting conditions to
be perforned sinultaneously. The cutting conditions
include the kind of the cutting blade and the depth of
cut in the wafer.

The cutting blade is worn during the cutting of the
wafer and it is therefore changed periodically. I n
changing the cutting blade, the nut fastening the cutting
bl ade (old one) is first | oosened and renoved. Thereafter,
the cutting blade is renoved fromthe spindle. Thereafter,
a new cutting blade is nounted to the front end portion
of the spindle and next fastened by the nut. |In the case
that such an operation of changing the cutting blade is
manual |y performed, tinme and effort are expended. Further,
in this case, there is a possibility that an operator nay

erroneously drop the cutting blade or the nut during the



operation. To cope with this problem attenpts have been
made to automate this operation of changing the cutting
bl ade. Japanese Patent Lai d-open No. 2007- 229843
di scl oses a bl ade changi ng apparatus provided in a facing
dual type cutting apparatus and designed to automatically
performthe operation of changing the cutting blade. This
bl ade changing apparatus includes a nechanism (bl ade
nounting and denounting unit) for nmounting and denopunting
the cutting blade and a nechanism (nut nounting and
demounting unit) for nounting and denounting the nut for
fastening the cutting blade to the front end portion of

t he spindl e.

SUMVARY OF THE | NVENTI ON

The bl ade changi ng apparatus provided in the facing
dual type <cutting apparatus includes a pair of nut
rotating portions respectively corresponding to the pair
of cutting units. The nut fastening the cutting blade
mounted in one of the two cutting units is held and
rotated by one of the two nut rotating portions, and the
nut fastening the cutting blade nounted in the other
cutting wunit is held and rotated by the other nut
rotating portion. Further, a pair of nmotors is connected

to the pair of nut rotating portions, so as to rotate the
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same. However, each notor for rotating each nut rotating
portion has a considerable size and weight. Accordingly,
in the configuration that the pair of notors is connected
to the pair of nut rotating portions, the blade changing
apparatus is increased in size and weight. Further, in
configuring and operating such a blade changi ng appar at us,
a plurality of notors nust be prepared and nmaintenance
therefore is required, causing an increase in cost.

It is therefore an object of the present invention
to provide a cutting apparatus having a blade changing
appar atus whi ch can be reduced in size, weight, or cost.

In accordance wth an aspect of the present
i nventi on, there is provided a cutting apparatus
including a chuck table for holding a workpiece, a pair
of first and second «cutting wunits for cutting the
wor kpi ece held on the chuck table, each of the first and
second cutting units including a spindle and a cutting
blade nmounted on the spindle, and a blade changing
apparatus for changing the cutting blade nounted on the
spindle of the first cutting wunit and changing the
cutting blade nounted on the spindle of the second
cutting unit, the blade changing apparatus including a
nut nmounting and denmounting wunit for nounting and

demounting a nut for fastening the cutting blade to the
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spindle in each of the first and second cutting units
and a bl ade nounting and denounting unit for nounting the
cutting blade to the spindle in each of the first and
second cutting units and denounting the cutting blade
fromthe spindle in each of the first and second cutting
units, the nut nounting and denounting unit including a
rotating shaft, a first nut rotating portion fixed to one
end of the rotating shaft for holding and rotating the
nut for fastening the cutting blade to the spindle of the
first cutting unit, a second nut rotating portion fixed
to the other end of the rotating shaft for holding and
rotating the nut for fastening the cutting blade to the
spindle of the second cutting unit, a notor, and a power
transmtting unit connected to the notor and the rotating
shaft for transmtting the power of the notor to the
rotating shaft to thereby rotate the rotating shaft.
Preferably, the axis of rotation of the first nut
rotating portion is aligned with the axis of rotation of
the second nut rotating portion. Preferably, the power
transmtting unit includes a speed reducer for naking the
rotational speed of the rotating shaft smaller than the
rotational speed of the notor, thereby making the torque
of each of the first nut rotating portion and the second

nut rotating portion larger than the torque of the notor.
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More preferably, the speed reducer includes a bevel gear
or a hypoid gear.

The cutting apparatus of the present invention
i ncl udes the blade changing apparatus for changing the
cutting blade. The blade changi ng apparatus includes the
notor, the rotating shaft, the first nut rotating portion
fixed to one end of the rotating shaft, the second nut
rotating portion fixed to the other end of the rotating
shaft, and the power transmtting unit for transmtting
the power of the notor to the rotating shaft. The bl ade
changi ng apparatus can transmt the power of the notor
through the power transmtting unit and the rotating
shaft to the first nut rotating portion and the second
nut rotating portion. That is, the two nut rotating
portions can be driven by a single notor. Accordingly, it
IS unnecessary to provide individual notors for the first
nut rotating portion and the second nut rotating portion,
so that the blade changing apparatus can be reduced in
size, weight, or cost.

The above and other objects, f eat ures, and
advantages of the present invention and the manner of
realizing them wll becone nore apparent, and the
invention itself will best be understood from a study of

the followng description and appended clains wth



reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting a cutting
appar at us;

FIG 2 is a perspective view depicting a cutting
unit;

FIG 3 is a perspective view depicting a nounting
and denounting unit;

FIG 4 is a perspective view depicting a power
transmtting unit; and

FIG 5 is a perspective view depicting the inside

of the power transmtting unit.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

A preferred enbodinent of the present invention
wll now be described with reference to the attached
dr awi ngs. There w il first be described a cutting
apparatus 2 according to this preferred enbodinment wth
reference to FIG 1. FIG 1 is a perspective view of the
cutting apparatus 2.

As depicted in FIG 1, the cutting apparatus 2

includes a base housing 4 for supporting various



conmponents of the cutting apparatus 2. A rectangul ar
opening 4a is formed on the upper surface of the base
housing 4 at a left front corner portion thereof. A
cassette support table 6 is provided in the rectangul ar
opening 4a so as to be vertically novable by an el evating
mechani sm (not depicted). A cassette 8 is adapted to be
nmounted on the wupper surface of the cassette support
table 6. The cassette 8 is capable of storing a plurality
of workpieces 11. In FIG 1, the outline of the cassette
8 is depicted by a broken line.

Each workpiece 11 is a disk-shaped wafer forned of
a sem conductor such as silicon. A plurality of crossing
division lines (streets) are forned on the front side of
the workpiece 11 to thereby define a plurality of
separate regions where a plurality of devices such as |ICs
and mcro electro nechanical systens devices (MEMSs) are
respectively formed. By using the cutting apparatus 2 to
cut the workpiece 11 along the division |lines, the
wor kpi ece 11 can be divided into a plurality of device
chips respectively including the plural devices. A
circul ar adhesive tape 13 is attached to the back side of
the workpi ece 11. The adhesive tape 13 has a dianeter
| arger than that of the workpiece 11. The adhesive tape

13 is forned of resin, for exanple. The workpiece 11 is

8



positioned at a central portion of the adhesive tape 13.
An annul ar franme 15 having a circular central opening is
attached to a peripheral portion of the adhesive tape 13.
The central opening of the frame 15 has a dianeter |arger
than that of the workpiece 11. Accordingly, the workpiece
11 is supported through the adhesive tape 13 by the frane
15 in such a manner that the workpiece 11 is disposed in
the central opening of the frame 15. 1In this manner, the
wor kpi ece 11 supported through the adhesive tape 13 by
the franme 15 is stored in the cassette 8. The workpiece
11 is not |limted in material, shape, structure, size,
etc. For exanple, the workpiece 11 nmay be a wafer forned
of any sem conductors other than silicon. Further, the
wafer may be fornmed of any other materials such as
ceramic, resin, and netal. Further, the devices forned on
the workpiece 11 is not limted in kind, nunber, shape
structure, size, layout, etc. Further, the workpiece 11
may have no devices. Further, the workpiece 11 nay not be
supported by the franme 15. Further, the adhesive tape 13
may not be attached to the workpiece 11.

A rectangular opening 4b is fornmed on the upper
surface of the base housing 4 on the right side of the
rectangul ar opening 4a. The rectangular opening 4b is

elongated in the X direction (longitudinal direction or



wor k feeding direction) depicted by an arrow X. There are
provided inside the rectangular opening 4b a ball screw
type noving nechanism 10 and a dust-proof cover 12 for
partially covering the upper side of the noving nmechani sm
10. The noving mechanism 10 includes a ball screw
mechani sm (not depicted) and a novable table 10a adapted
to be noved in the X direction by the ball screw
mechani sm

A chuck table (holding table) 14 for holding the
wor kpi ece 11 is provided on the novable table 10a. The
chuck table 14 is connected to a rotational drive source
(not depicted) such as a notor, so that the chuck table
14 is rotatable about a vertical axis extending in the Z
di rection (vertical di rection or cutter f eedi ng
direction) depicted by an arrow Z. The chuck table 14 is
novable in the X direction by operation of the noving
nmechani sm 10 (work feeding operation). The chuck table 14
has an upper surface as a holding surface 14a for hol ding
the workpiece 11. The holding surface 14a is connected
through a suction passage (not depicted) to a vacuum
source (not depicted). This suction passage is forned
inside the chuck table 14. A plurality of clanps 16 for
clanping the frame 15 supporting the workpiece 11 are

provi ded on the outer circunference of the chuck table 14.

10



The frame 15 is clanped so as to be held by the clanps 16.

A pair of parallel guide rails 18 is provided above
the opening 4b so as to extend in the Y direction
(lateral direction or indexing direction) depicted by an
arrow Y. The guide rails 18 are novable toward and away
from each other in the X direction. Each guide rail 18
has an L-shaped cross section in such a manner as to have
a horizontal surface for supporting the frame 15 thereon
and a vertical surface perpendicular to the horizontal
surface. The guide rails 18 are arranged in such a nmanner
that the respective vertical surfaces are opposed to each
other in the X direction. The guide rails 18 correspond
to a tenporary setting area for tenporarily setting the
wor kpi ece 11 and functions to support the frame 15
supporting the workpiece 11 in such a manner that the
outer circunference of the frame 15 is brought into
contact with the vertical surfaces of the guide rails 18
in the X direction. Thus, the workpiece 11 supported by
the frane 15 is set in a given position by the guide
rails 18 (positioning operation).

A doubl e colum type first support structure 20 is
provi ded on the upper surface of the base housing 4 so as
to straddle the opening 4b. A rail 22 is fixed to the

front surface of the first support structure 20 (on the
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side where the guide rails 18 are present) so as to
extend in the Y direction. A holding unit 26 is connected
t hrough a noving nechanism 24 to the rail 22.

The holding unit 26 is adapted to cone into contact
with the upper surface of the franme 15 and to thereby
hold the franme 15 under suction. The noving nmechani sm 24
functions to vertically nove the holding unit 26 and to
al so nove the holding unit 26 in the Y direction along
the rail 22. The holding unit 26 functions to hold the
frame 15 wunder suction in the condition where the
wor kpi ece 11 supported by the frame 15 is positioned by
the guide rails 18 and to next transfer the workpiece 11
to the chuck table 14. The holding unit 26 has a handling
mechani sm 26a for handling the frame 15 supporting the
wor kpi ece 11. The handling nmechanism 26a is provided at
the left end of the holding unit 26 (on the side where
the opening 4a is present). The handling nmechanism 26a is
so configured as to hold (grasp) the frame 15. That is,
the frame 15 supporting the workpiece 11 stored in the
cassette 8 is held by the handling nechani sm 26a, and the
holding unit 26 is next noved in the Y direction to
thereby transfer the workpiece 11 from the cassette 8 to
the guide rails 18 before cutting. Conversely, the frame

15 supporting the workpiece 11 set on the guide rails 18
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is held by the handling nechanism 26a, and the hol ding
unit 26 is next noved in the Y direction to thereby
transfer the workpiece 11 fromthe guide rails 18 to the
cassette 8 after cutting.

Further, a rail 28 is fixed to the front surface of
the first support structure 20 so as to extend in the Y
di rection. A holding unit 32 is connected through a
novi ng nmechanism 30 to the rail 28. The holding unit 32
Is adapted to cone into contact with the upper surface of
the frame 15 and to thereby hold the frame 15 under
suction. The noving mnmechanism 30 functions to vertically
nove the holding unit 32 and to also nove the hol ding
unit 32 in the Y direction along the rail 28.

A doubl e colum type second support structure 34 is
provided on the upper surface of the base housing 4
behind the first support structure 20 so as to straddle
the opening 4b. A pair of noving nechanisns 36a and 36b
is fixed to the front surface of the second support
structure 34 (on the side where the first support
structure 20 is present) at a pair of colum portions
t her eof . A cutting unit 38a (first cutting unit) 1is
provided at the |ower end of the noving nechanism 36a
and a cutting unit 38b (second cutting unit) is provided

at the lower end of the noving nechani sm 36b. The noving
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mechani sm 36a functions to nove the cutting unit 38a in
the Y direction and the Z direction, thereby adjusting
the Y position and the Z position of the cutting unit 38a
in the Y direction and the Z direction, respectively.
Simlarly, the noving nechani sm 36b functions to nove the
cutting unit 38b in the Y direction and the Z direction,
thereby adjusting the Y position and the Z position of
the cutting unit 38b in the Y direction and the Z
di rection, respectively.

FIG 2 is a perspective view depicting the cutting
unit 38a. As depicted in FIG 2, the cutting unit 38a
includes a hollow cylindrical housing 70. A solid
cylindrical spindle (rotating shaft) 72 is rotatably
supported in the housing 70. A front end portion (one end
portion) of the spindle 72 projects from the housing 70
so as to be exposed. A nount 74 is fixed to this front
end portion of the spindle 72. The nmount 74 is circular
as viewed in side elevation. A rotational drive source
(not depicted) such as a notor is connected to a base end
portion (the other end portion) of the spindle 72, so as
to rotate the spindle 72.

The nmount 74 includes a disk-shaped flange portion
76 and a solid cylindrical support shaft 78 projecting

fromthe front surface 76a of the flange portion 76 at a
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central portion thereof. An annular projection 76b is
formed on the front surface 76a of the flange portion 76
at a peripheral portion thereof. The front end portion of
the projection 76b is substantially parallel to the front
surface 76a of the flange portion 76. A threaded portion
78a is formed on the outer circunferential surface of the
support shaft 78. A recess 78b is fornmed on the front end
surface of the support shaft 78 at a central portion
t her eof . An annular cutting blade 80 for cutting the
wor kpi ece 11 is nounted on the support shaft 78 of the
nount 74.

The cutting blade 80 includes an annular base 82
and an annular cutting edge 84 forned along the outer
circunference of the base 82. The base 82 has a circular
central hole 82a. An annular projection 82b is forned
around the opening 82a of the base 82 so as to project
fromthe front surface of the base 82. The projection 82b
of the base 82 functions as a grip portion to be gripped
I n mounting or denounting the cutting blade 80 as wll be
descri bed bel ow. The cutting edge 84 is forned by binding
abrasive grains such as dianond abrasive grains wth a
ni ckel plating layer as a bond. However, the abrasive
grains and the bond for formng the cutting edge 84 are

not limted and may suitably be selected according to the
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material of the workpiece 11 and details on the cutting,
for exanple.

An annular nut 86 for fastening the cutting bl ade
80 is tightened to the threaded portion 78a of the
support shaft 78. The nut 86 has a circular central
opening 86a having a dianeter corresponding to the
di aneter of the support shaft 78. The opening 86a of the
nut 86 has an internal thread corresponding to the
threaded portion 78a of the support shaft 78. That is,
the internal thread of the opening 86a of the nut 86 is
adapted to engage the threaded portion 78a of the support
shaft 78. Further, the nut 86 has a plurality of through
holes 86b (e.g., four through holes as depicted)
extending in the axial direction of the nut 86 (along the
t hi ckness of the nut 86). The through holes 86b are
arranged at substantially equal intervals along the outer
circunference of the nut 86.

The cutting blade 80 is nmounted to the spindle 72
in the following manner. The cutting blade 80 is first
nounted on the mount 74 in such a manner that the support
shaft 78 of the nount 74 is inserted through the opening
82a of the base 82 of the cutting blade 80. Thereafter,
the nut 86 is threadedly engaged wth the threaded

portion 78a of the support shaft 78 until the nut 86 is
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ti ghtened. Accordingly, the base 82 of the cutting bl ade
80 is securely held between the nut 86 and the front end
surface of the projection 76b of the flange portion 76 of
the nount 74. In this manner, the cutting blade 80 is
nmounted to the front end portion of the spindle 72.

Wiile the cutting 38a has been described wth
reference to FIG 2, the configuration of the cutting
unit 38b is simlar to that of the cutting unit 38a. The
cutting blade 80 nounted in the cutting unit 38a and the
cutting blade 80 mounted in the cutting unit 38b are
opposed to each other in the Y direction. Al though not
depicted, each of the cutting units 38a and 38b is
provided with a nozzle for supplying a cutting fluid such
as pure water to the workpiece 11 and the cutting bl ade
80.

As depicted in FIG 1, an inaging unit (canera) 40
for imaging the workpiece 11 held on the chuck table 14
is provided adjacent to the cutting unit 38a. Simlarly,
another imaging unit 40 is provided adjacent to the
cutting unit 38b. An image obtained by the imaging unit
40 for the cutting unit 38a is used in alignment between
the workpiece 11 held on the chuck table 14 and the
cutting unit 38a. Simlarly, an imge obtained by the

imaging unit 40 for the cutting unit 38b is wused in
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al i gnnent between the workpiece 11 and the cutting unit
38b.

The workpiece 11 is cut by operating the cutting
units 38a and 38b in the follow ng nanner. The workpi ece
11 is placed through the adhesive tape 13 on the chuck
table 14, and the frame 15 is fixed by the clanps 16. In
this condition, a vacuum produced by the vacuum source is
applied to the holding surface 14a of the chuck table 14
to thereby hold under suction the workpiece 11 through
the adhesive tape 13 on the holding surface 14a.
Thereafter, each cutting blade 80 is rotated and fed to
cut the workpiece 11 as the cutting fluid is supplied
toward the workpiece 11. In this manner, the workpiece 11
Is cut by each cutting bl ade 80.

A cleaning unit 42 for cleaning the workpiece 11
cut by each cutting blade 80 is provided on the right
side of the opening 4b (on the side opposite to the
openi ng 4a). The cleaning unit 42 includes a spinner
table 44 for holding the workpiece 11 in a cylindrical
cl eaning space defined in the base housing 4. A
rotational drive source (not depicted) is connected to
the lower end of the spinner table 44, so as to rotate
the spinner table 44 at a predeterm ned speed. A nozzle

46 for spraying a cleaning fluid toward the workpiece 11
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held on the spinner table 44 1is provided above the
spi nner table 44. For exanple, the cleaning fluid is a
m xture fluid obtained by mxing water and air. The
wor kpi ece 11 is cleaned by operating the cleaning unit 42
in the followng manner. The workpiece 11 is first held
on the spinner table 44 wunder suction, and fluid is
sprayed from the nozzle 46 toward the workpiece 11 to
t hereby cl ean the workpiece 11.

In this manner, the workpiece 11 cut by the cutting
units 38a and 38b is transferred to the cleaning unit 42
by operation of the holding unit 32 and then cleaned by
the cleaning unit 42. Thereafter, the workpiece 11 is
hel d by the holding unit 26 under suction and transferred
to the guide rails 18. After positioning the workpiece 11
by operating the guide rails 18, the frame 15 supporting
the workpiece 11 is grasped by the handling mechani sm 26a
of the holding unit 26 and then the workpiece 11 is
stored into the cassette 8 by operation of the holding
unit 26.

A blade changing apparatus (blade changing
mechani sm 50 is provided on the back side of the second
support structure 34 (on the side opposite to the side
where the first support structure 20 is provided). The

bl ade changing apparatus 50 functions to change the
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cutting blade 80 nounted on the spindle 72 (see FIG 2)
of the cutting unit 38a and to also change the cutting
bl ade 80 nounted on the spindle 72 of the cutting unit
38b. The bl ade changi ng apparatus 50 includes a pair of
bl ade racks 52a and 52b for supporting and storing a
plurality of cutting blades 80. The blade racks 52a and
52b are opposed to each other in the Y direction.

The blade rack 52a includes a cylindrical support
shaft 54a extending in the Y direction and a disk-shaped
menber 56a fixed to the front end of the support shaft
54a. Simlarly, the blade rack 52b includes a cylindrical
support shaft 54b extending in the Y direction and a
di sk-shaped nenber 56b fixed to the front end of the
support shaft 54b. The support shaft 54a is connected to
a rotational drive source (not depicted) such as a notor,
so that the support shaft 54a is rotatable about its
hori zontal axis extending in the Y direction. Simlarly,
the support shaft 54b is connected to a rotational drive
source (not depicted) such as a notor, so that the
support shaft 54b is rotatable about its horizontal axis
extending in the Y direction. A plurality of cutting
bl ades 80 are stored on the front side of the disk-shaped
menber 56a (on the side where the blade rack 52b is

present), and a plurality of cutting blades 80 are
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simlarly stored on the front side of the disk-shaped
nmenber 56b (on the side where the blade rack 52a is
present). For exanple, in FIG 1, six cutting blades 80
are stored on the disk-shaped nenber 56a so as to be
arranged at substantially equal intervals along the outer
circunference of the disk-shaped nenber 56a. Simlarly,
six cutting blades 80 are stored on the disk-shaped
menber 56b so as to be arranged at substantially equal
intervals along the outer circunference of the disk-
shaped nenber 56b. The plural cutting blades 80 stored on
t he disk-shaped nenber 56a are respectively opposed to
the plural cutting blades 80 stored on the disk-shaped
menber 56a.

A pl ate-shaped base 58 is provided in an area
defined between the bl ade racks 52a and 52b. The base 58
is fixed to a fixing nenber (not depicted) provided
behi nd the second support structure 34. The base 58 is
substantially parallel to a horizontal plane (i.e., XY
pl ane defined by the X direction and the Y direction). A
novi ng nechanism 60 is fixed to the |ower surface of the
base 58.

The noving nmechanism 60 includes a ball screw 62
rotatably supported to the |ower surface of the base 58.

A novable nmenber 64 is threadedly engaged with the ball
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screw 62. The novable nmenber 64 has a shape l|like a
rectangular prism A support nenber 66 is fixed to the
| oner surface of the novable nenber 64. The support
nmenber 66 has a substantially C-shaped configuration as
viewed in side elevation. The support nenber 66 functions
to support a mounting and denounting unit (nounting and
denmounti ng nechanism 68 for nounting and denounting the
cutting blade 80 and the nut 86 (see FIG 2). A pulse
notor (not depicted) for rotating the ball screw 62 is
connected to one end of the ball screw 62. Wen the ball
screw 62 is rotated by this pulse notor, the novable
menber 64 is noved in the X direction and the nounting
and denounting unit 68 supported by the support nenber 66
fixed to the novable nenber 64 is accordingly noved in
the X direction along the ball screw 62. Wth this
configuration, the X position of the nounting and
denmounting unit 68 in the X direction can be controll ed.
FIG 3 is a perspective view depicting the nounting
and denmounting unit 68. The support nenber 66 supporting
the nounting and denobunting unit 68 includes a plate-
shaped upper wall portion 66a fixed to the |ower surface
of the novable nenber 64 so as to horizontally extend in
the X direction, a plate-shaped side wall portion 66b

vertically projecting dowward from the |ower surface of
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the upper wall portion 66a at its rear end portion, and a
pl at e- shaped support portion 66c horizontally projecting
from the front surface of the side wall portion 66b at
its lower end portion. That is, the support portion 66¢C
Is substantially parallel to the upper wall portion 66a.
The nmounting and denounting unit 68 is supported by the
support portion 66¢ of the support nenber 66.

The mounting and denounting unit 68 includes a nut
mounting and denounting wunit 100 for nmounting and
demounting the nut 86 (see FIG 2) for fastening the
cutting blade 80 to the spindle 72 and a bl ade nounting
and denounting unit 140 for nounting the cutting bl ade 80
(new one) to the spindle 72 and denpbunting the cutting
blade 80 (old one) from the spindle 72. Both the nut
nounting and denounting unit 100 and the blade nounting
and denounting unit 140 are fixed to the upper surface of
the support portion 66¢c of the support nenber 66.

The nut nounting and denmounting unit 100 includes a
notor 102 as a rotational drive source and a power
transmtting wunit (power transmitting nechanism 104
connected to the notor 102. The notor 102 and the power
transmtting unit 104 are juxtaposed to each other in the
X direction. The notor 102 includes a hollow cubic

housi ng 102a for storing conponents such as a rotor and a

23



stator and a rotating shaft (output shaft) 102b (see FIG
4) connected to the rotor so as to extend in the Z
di rection. An upper end portion of the rotating shaft
102b projects fromthe upper surface of the housing 102a,
and a disk-shaped pulley nenber (drive wheel) 102c is
fixed to this upper end portion of the rotating shaft
102b. VWhen electric power is supplied to the notor 102,
the rotating shaft 102b and the pulley nenber 102c are
rotated together about a vertical axis extending in the Z
di rection.

The power transmtting unit 104 includes a hollow
cubic housing 104a and a rotating shaft 104b stored in
the housing 104a so as to extend in the Z direction. An
upper end portion of the rotating shaft 104b projects
from the upper surface of the housing 104a, and a disk-
shaped pull ey nenber (driven wheel) 104c is fixed to this
upper end portion of the rotating shaft 104b. The housing
104a has a central through hole 104d extending in the Y
direction, and a rotating shaft 106 is inserted through
the through hole 104d of the housing 104a. That is,
opposite end portions of the rotating shaft 106 project
fromthe right and | eft side surfaces of the housing 104a.
The rotating shaft 106 depicted in FIG 3 is configured

of a single cylindrical shaft. The rotating shaft 106 is
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supported by the housing 104a so as to be rotatable about
a horizontal axis extending in the Y direction. The
rotating shaft 106 is connected to the rotating shaft
104b in the housing 104a. A connecting nmechanism for
connecting the rotating shaft 104b and the rotating shaft
106 will be described in detail bel ow

The notor 102 and the power transmtting unit 104
are connected to each other by an endless connecting
menber 108 such as a belt and a chain. The connecting
menber 108 is wapped between the pulley nenber 102c of
the notor 102 and the pulley nenber 104c of the power
transmtting unit 104 in such a manner as to cone into
contact with the outer circunferential surface of the
pul l ey nmenber 102c and the outer circunferential surface
of the pulley nmenber 104c. That is, the connecting nenber
108 is wrapped between the pulley nenbers 102c and 104c
so as to form an oval shape as viewed in plan. Thus, the
pul l ey nmenber 102c, the pulley nenber 104c, and the
connecting nmenber 108 constitute a pulley nechanism Wen
el ectric power is supplied to the notor 102, the rotating
shaft 102b of the notor 102 is rotated. Accordingly, a
rotational drive force produced from the notor 102 is
transmtted through the pulley nenber 102c, t he

connecting nenber 108, and the pulley nenber 104c to the
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rotating shaft 104b, so that the rotating shaft 104b is
rotated about its vertical axis extending in the Z
di rection. Thereafter, the rotational force of the
rotating shaft 104b is transmtted through gearing (to be
descri bed below) to the rotating shaft 106, so that the
rotating shaft 106 is rotated about its horizontal axis
extending in the Y direction. |In this manner, the power
of the notor 102 is transmitted to the rotating shaft 106
by the power transmtting unit 104.

A nut rotating portion (nut rotating unit) 110a is
fixed to one end (left end) of the rotating shaft 106.
The nut rotating portion 110a functions to hold and
rotate the nut 86 (see FIG 2) for fastening the cutting
blade 80 to the spindle 72 of the cutting unit 38a.
Simlarly, a nut rotating portion (nut rotating unit)
110b is fixed to the other end (right end) of the
rotating shaft 106. The nut rotating portion 110b
functions to hold and rotate the nut 86 for fastening the
cutting blade 80 to the spindle 72 of the cutting unit
38b. Accordingly, when the rotating shaft 106 is rotated,
the nut rotating portions 110a and 110b are rotated about
their respective horizontal axes extending in the Y
direction together with the rotating shaft 106. The

rotation axis of the nut rotating portion 110a is aligned
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with the rotation axis of the nut rotating portion 110b
in the axial direction of the rotating shaft 106.

The nut rotating portions 110a and 110b each
include a cylindrical rotating nenber 112 fixed to one
end of the rotating shaft 106. The rotating nenber 112 is
normal ly biased toward the side opposite to the power
transmtting unit 104 by a spring or the |ike, and when
an external force is applied to the rotating nenber 112
in its axial direction, the rotating nenber 112 is
novable in the Y direction against a biasing force of the
spring. The rotating nmenber 112 has a front surface 112a
oriented to the side opposite to the side where the power
transmtting unit 104 is present.

The rotating nmenber 112 has four holding pins 114
projecting fromthe front surface 112a. The four hol ding
pins 114 are adapted to be inserted into the four through
hol es 86b of the nut 86 (see FIG 2), respectively. That
is, the four holding pins 114 are forned so as to
correspond to the positions and sizes of the four through
hol es 86b. The four holding pins 114 have the sane
di anmeter, which is substantially equal to the dianeter of
each through hole 86b. While four holding pins 114 are
formed in this preferred enbodinent, a plurality of

hol di ng pins 114 respectively corresponding to the plural

27



t hrough holes 86b nmay be forned in the present invention;
the nunber of the plural through holes 86b may suitably
be set.

Further, a plurality of gripping nenbers 116 for
gripping the nut 86 are provided on the outer
circunference of the rotating nenber 112 so as to be
arranged at substantially equal intervals along the outer
circunference of the rotating nenber 112. Each gripping
menber 116 is a bar-shaped nenber extendi ng substantially
along the rotating nenber 112, and a base end portion
(one end) of each gripping nmenber 116 is fixed to the
outer circunferential surface of the rotating nenber 112.
In the preferred enbodi ment depicted in FIG 3, the four
gri pping nenbers 116 are fixed to the rotating nenber 112.
A front end portion (the other end) of each gripping
nmenber 116 projects from the front surface 112a of the
rotating nmenber 112, and a claw portion 116a is forned at
this front end portion of each gripping nenber 116 so as
to be bent toward the center line (axis) of the rotating
menber 112. Further, each gripping nenber 116 is normally
bi ased outward in the radial direction of the rotating
menber 112 by a spring or the like, so that each claw
portion 116a is novable in the radial direction of the

rotating nenber 112.
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A hollow cylindrical cover 118 is provided around
the rotating nenber 112 so as to surround the outer
circunferential surface of the rotating nenber 112. A
part of the rotating nmenber 112 and the base end portion
of each gripping nenber 116 are stored in the cover 118.
Whien the rotating nenber 112 is pushed toward the cover
118 in the axial direction by application of an externa
force, the rotating nenber 112 and the plural gripping
menbers 116 are inserted into the cover 118 against the
bi asing force of the spring.

When the rotating nmenber 112 is pushed into the
cover 118 as nentioned above, the front end portion of
each gripping nenber 116 cones into contact with the
inner wall of the cover 118 so as to be urged by the
inner wall of the cover 118 against the biasing force of
the spring. Accordingly, the claw portion 116a forned at
the front end portion of each gripping nenber 116 is
noved inward in the radial direction of the rotating
menber 112. As a result, each gripping nmenber 116 extends
in the axial direction of the rotating nenber 112 al ong
the inner wall of the cover 118 (closed condition). I n
this closed condition, the claw portion 116a of each
gri pping nmenber 116 is positioned radially inside of the

outer circunferential edge of the rotating nenber 112 in

29



the radial direction of the rotating nmenber 112.
Conversely, when the external force applied to the
rotating menber 112 is renoved, the rotating nmenber 112
Is axially noved out of the cover 118 by the biasing
force of the spring, so that the depressed condition of
the front end portion of each gripping nenber 116 by the
inner wall of the cover 118 is canceled. As a result, the
front end portion of each gripping nenber 116 is noved
outward in the radial direction of the rotating nenber
112 by the biasing force of the spring. Accordingly, each
gri pping nmenber 116 extends in a direction diverged from
the axial direction of the rotating nenber 112 (open
condition). In this open condition, the claw portion 116a
of each gripping nenber 116 is positioned radially
outside of the outer circunferential edge of the rotating
menber 112 in the radial direction of the rotating nmenber
112. The other nut rotating portion 110b has the sane
configuration as that of the nut rotating portion 110a.
Each of the nut rotating portions 110a and 110b
functions to hold and rotate the nut 86. The nut 86 is
rotated by the nut rotating portion 110a in the manner
descri bed bel ow. The operation of the nut rotating
portion 110b is simlar to the operation of the nut

rotating portion 110a, and the description of the
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operation of the nut rotating portion 110b will therefore
be omtted. First, the nut 86 is brought into contact
with the front surface 112a of the rotating nenber 112 so
that the plural holding pins 114 of the rotating nenber
112 can respectively be inserted into the plural through
holes 86b (see FIG 2) of the nut 86. Thereafter, the
rotating nmenber 112 is pushed into the cover 118, so that
the plural gripping nenbers 116 cone into the closed
condition and the claw portions 116a accordingly cone
into contact with the outer circunferential surface of
the nut 86, thereby gripping the nut 86. In this
condition where the nut 86 is held by the plural gripping
menbers 116, the notor 102 is operated. As a result, the
torque of the nmotor 102 is transmtted through the power
transmtting unit 104 to the rotating shaft 106, thereby
rotating the rotating shaft 106. Accordingly, the
rotating nmenber 112 fixed to the rotating shaft 106 is
rotated, so that the nut 86 held by the gripping nenbers
116 fixed to the rotating nenber 112 is rotated. In this
manner, the nut 86 can be held and rotated by the nut
rotating portion 110a. That is, in changing the cutting
bl ade 80 nounted in the cutting unit 38a, the nut 86 can
be mounted and denobunted automatically by operation of

the nut nounting and denounting unit 100. Simlarly, the
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nut 86 can be held and rotated by the nut rotating
portion 110b. Accordingly, in changing the cutting bl ade
80 nmounted in the cutting unit 38b, the nut 86 can be
nmount ed and denobunted automatically by operation of the
nut nounting and denounting wunit 100. The specific
operation of the nut nounting and denounting unit 100 in
changing the cutting blade 80 will be described in detai
bel ow.

As nmentioned above, the torque of the notor 102 is
transmtted through the power transmtting unit 104 to
the rotating shaft 106. More specifically, the power
transmtting uni t 104 I ncl udes a mechanism for
transmtting the torque of the rotating shaft 104b to the
rotating shaft 106 to thereby rotate the rotating shaft
106. FIG 4 is a perspective view depicting the power
transmtting unit 104, and FIG 5 is a perspective view
depicting the inside of the power transmtting unit 104.
In FIG 5, the housing 104a of the power transmtting
unit 104 is not depicted.

As depicted in FIGS 4 and 5, the power
transmtting unit 104 includes an annular first bearing
120 and an annular second bearing 122 for rotatably
supporting the rotating shaft 106 inside the housing 104a.

The first bearing 120 is fixed so as to surround the
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rotating shaft 106 at a portion on the left side where
the nut rotating portion 110a is present. The second
bearing 122 is fixed so as to surround the rotating shaft
106 at a portion on the right side where the nut rotating
portion 110b is present.

Further, the power transmtting unit 104 includes a
gear unit 124 for converting the torque of the rotating
shaft 104b into the torque of the rotating shaft 106. The
gear unit 124 is conposed of a first gear 126 fixed to
the rotating shaft 104b and a second gear 128 fixed to
the rotating shaft 106. Accordingly, the gear unit 124 is
configured so as to convert the torque about the vertical
axis into the torque about the horizontal axis. The first
gear 126 is connected to the lower end of the rotating
shaft 104b (see FIG 3) so that the axis of rotation of
the first gear 126 extends in the Z direction. A toothed
portion 126a is forned at a lower end portion of the
first gear 126. On the other hand, the second gear 128
has an annul ar shape and is fixed to the rotating shaft
106 so as to surround the sanme at a portion between the
first bearing 120 and the second bearing 122. A toothed
portion 128a is forned on one side surface of the second
gear 128 opposed to the second bearing 122. The toothed

portion 128a of the second gear 128 is in nesh with the
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toothed portion 126a of the first gear 126. The ot her
side surface of the second gear 128 opposed to the first
bearing 120 functions as a support surface 128b for
supporting the first bearing 120.

The first gear 126 and the second gear 128 are
arranged so that the toothed portion 126a is in nmesh with
the toothed portion 128a. The toothed portion 126a and
the toothed portion 128a are configured so that when the
first gear 126 having a rotation axis extending in the Z
direction is rotated, the second gear 128 having a
rotation axis extending in the Y direction is rotated by
the rotation of the first gear 126. For exanple, the
first gear 126 and the second gear 128 are configured by
a bevel gear (e.g., a spiral bevel gear or a straight
bevel gear) or a hypoid gear.

A cover 130 is provided on one side of the second
bearing 122 where the nut rotating portion 110b is
present. The cover 130 has a rectangul ar shape as vi ewed
in side elevation. A part of the cover 130 is inserted in
the housing 104a (see FIG 4) to cover the side surface
of the housing 104a opposed to the nut rotating portion
110b. The side surface of the cover 130 opposed to the
second bearing 122 functions as a support surface 130a

for supporting the second bearing 122.
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The torque of the rotating shaft 104b is
transmtted through the gear unit 124 to the rotating
shaft 106 in the foll owi ng manner. Wen the rotating
shaft 104b of the power transmtting unit 104 is rotated
by operating the notor 102 (see FIG 3), the first gear
126 is rotated, so that the second gear 128 neshing with
the first gear 126 is rotated about the axis extending in
the Y direction. Accordingly, the rotating shaft 106
integrated with the second gear 128 is rotated about the
axis extending in the Y direction, thereby rotating the
nut rotating portions 110a and 110b. 1In this nmanner, the
torque of the rotating shaft 104b is transmtted through
the gear unit 124 to the rotating shaft 106.

In the case that the nunber of teeth of the second
gear 128 is greater than the nunber of teeth of the first
gear 126, the rotational speed of the rotating shaft 106
beconmes smaller than the rotational speed of the notor
102 (i.e., the rotational speed of the rotating shaft
102b and the rotating shaft 104b) in transmtting the
torque of the notor 102 to the rotating shaft 106. In
ot her words, the power transmtting unit 104 functions as
a speed reducer in this case. In this case, the torque of
each of the nut rotating portion 110a and the nut

rotating portion 110b can be nade |arger than the torque
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of the notor 102.

As depicted in FIG 3, the blade nounting and
demounting unit 140 is provided behind the nut nounting
and denmounting unit 100. The bl ade nounti ng and
denmounting unit 140 includes a notor 142 and a power
transmtting unit (power transmtting nmechani sn 144
connected to the notor 142. The notor 142 and the power
transmtting unit 144 are juxtaposed to each other in the
X direction.

The nmotor 142 includes a hollow cubi c housing 142a
and a rotating shaft (not depicted) rotatably supported
i n the housing 142a so as to extend in the Z direction.
An upper end portion of this rotating shaft projects from
the upper surface of the housing 142a, and a di sk-shaped
pul l ey nmenber (drive wheel) 142b is fixed to this upper
end portion of the rotating shaft. Accordingly, when
el ectric power is supplied to the notor 142, the rotating
shaft of the notor 142 and the pulley nmenber 142b are
rotated together about a vertical axis extending in the Z
direction. The configuration of the notor 142 may be made
simlar to the configuration of the notor 102 of the nut
nounti ng and denounting unit 100.

The power transmtting unit 144 includes a holl ow

cubi ¢ housing 144a and a rotating shaft 144b rotatably
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supported in the housing 144a so as to extend in the Z
direction. An upper end portion of the rotating shaft
144b projects fromthe upper surface of the housing 144a,
and a di sk-shaped pull ey nenber (driven wheel) 144c is
fixed to this upper end portion of the rotating shaft
144b. The housi ng 144a has a central through hole 144d
extending in the Y direction. A rotating shaft 146 is

i nserted through the through hol e 144d of the housing
144a, and opposite end portions of the rotating shaft 146
project fromthe right and left side surfaces of the
housi ng 144a. The configuration of the power transmtting
unit 144 may be made simlar to the configuration of the
power transmtting unit 104 of the nut nounting and
demounting unit 100. Further, the configuration of the
rotating shaft 146 may be nmade simlar to the
configuration of the rotating shaft 106 of the nut
nmounti ng and denmounting unit 100.

The notor 142 and the power transmtting unit 144
are connected to each other by an endl ess connecting
menber 148 such as a belt and a chain. A connecting
met hod for connecting the notor 142 and the power
transmtting unit 144 is simlar to that for connecting
the notor 102 and the power transmtting unit 104 in the

nut mounting and denounting unit 100.
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A bl ade holding unit 150a is fixed to one end (left
end) of the rotating shaft 146. The bl ade hol ding unit
150a functions to nount the cutting blade 80 (new one) to
the cutting unit 38a (see FIG 1) and to al so denount the
cutting blade 80 (old one) fromthe cutting unit 38a.
Simlarly, a blade holding unit 150b is fixed to the
other end (right end) of the rotating shaft 146. The
bl ade hol ding unit 150b functions to nount the cutting
bl ade 80 (new one) to the cutting unit 38b (see FIG 1)
and to al so denount the cutting blade 80 (old one) from
the cutting unit 38b. The bl ade holding unit 150a
I ncl udes a pl ate-shaped support nenber 152 having an oval
shape as viewed in side elevation and a pair of blade
gripping units 154a and 154b fixed to one side surface of
the support nmenber 152 on the side opposite to the power
transmtting unit 144. The blade gripping unit 154a is
fixed to one end portion of the support nenber 152, and
the bl ade gripping unit 154b is fixed to the other end
portion of the support nenber 152. The ot her bl ade
hol di ng unit 150b has the same configuration as that of
the bl ade hol ding unit 150a.

The bl ade gripping units 154a and 154b each incl ude
a cylindrical base 156 fixed to the support nenber 152.

The cylindrical base 156 has a front surface 156a
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oriented to the side opposite to the power transmtting
unit 144. A positioning pin 158 projects fromthe front
surface 156a of the base 156 at the center thereof. The
positioning pin 158 has a front end portion adapted to be
inserted into the recess 78b fornmed on the support shaft
78 of the nmount 74 (see FIG 2). That is, the front end
portion of the positioning pin 158 is formed so as to
correspond to the position and size of the recess 78b.

A plurality of gripping nenbers 160 for gripping
the projection 82b (see FIG 2) of the cutting bl ade 80
is provided on the outer circunference of the base 156 so
as to be arranged at substantially equal intervals al ong
the outer circunference of the base 156. Each gri pping
menber 160 is a bar-shaped nenber extendi ng along the
base 156, and a base end portion (one end) of each
gripping nmenber 160 is fixed to the outer circunferentia
surface of the base 156. In the preferred enbodi nent
depicted in FIG 3, the four gripping nenbers 160 are
fixed to the base 156. A front end portion (the other
end) of each gripping nmenber 160 projects fromthe front
surface 156a of the base 156, and a claw portion 160a is
formed at this front end portion of each gripping nenber
160 so as to be bent toward the center line (axis) of the

base 156. A noving nechani sm (not depicted) for noving
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the front end portion of each gripping nenber 160 in the
radi al direction of the base 156 is stored in the base
156. This noving nmechani smfunctions to selectively take
an operative condition in which the claw portion 160a of
each gri ppi ng nenber 160 cones into contact with the
outer circunferential surface of the projection 82b (see
FIG 2) of the cutting blade 80 to thereby grip the
cutting blade 80 (closed condition) and an inoperative
condition in which the claw portion 160a is noved
radially outward of the base 156 fromthe above cl osed
condition to thereby cancel the gripped condition of the
cutting blade 80 (open condition). The other bl ade

gri pping unit 154b has the sane configuration as that of
the bl ade gripping unit 154a.

The bl ade hol ding unit 150a functions to hold the
cutting blade 80 (old one) nounted on the cutting unit
38a and to also hold the cutting blade 80 (new one)
stored on the blade rack 52a (see FIG 1). Simlarly, the
bl ade hol ding unit 150b functions to hold the cutting
bl ade 80 (old one) nmounted on the cutting unit 38b and to
al so hold the cutting blade 80 (new one) stored on the
bl ade rack 52b (see FIG 1). That is, in changing the
cutting blade 80 nounted on the cutting unit 38a, the

bl ade holding unit 150a is operated to replace the

40



cutting blade 80 (old one) nounted on the cutting unit
38a with the cutting blade 80 (new one) stored on the
bl ade rack 52a. Simlarly, in changing the cutting bl ade
80 nounted on the cutting unit 38b, the blade hol ding
unit 150b is operated to replace the cutting blade 80
(ol d one) nmounted on the cutting unit 38b with the
cutting blade 80 (new one) stored on the blade rack 52b.
A specific operation of the blade holding units 150a and
150b in changing the cutting blade 80 will be described
in detail bel ow

As depicted in FIG 1, the cutting apparatus 2
further includes a control portion (control unit) 90 for
controlling each conponent constituting the cutting
apparatus 2. The plural conponents (e.g., the noving
mechani sm 10, the chuck table 14, the noving mechani sm 24,
the hol ding unit 26, the noving nmechani sm 30, the hol ding
unit 32, the noving nechani snms 36a and 36b, the cutting
units 38a and 38b, the inmaging units 40, the cl eaning
unit 42, and the bl ade changi ng apparatus 50)
constituting the cutting apparatus 2 are connected to the
control portion 90, and the operation of each conponent
is controlled by the control portion 90. For exanple, the
control portion 90 is configured by a conputer including

a processing unit such as a central processing unit (CPU)
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and a storing unit such as a flash nmenory. The processing
unit is operated according to software stored in the
storing unit, thereby realizing the control of each
conponent by the control portion 90.

By using the blade changi ng apparatus 50 i ncl uded
in the cutting apparatus 2, the cutting bl ades 80 nounted
on the cutting units 38a and 38b can be changed
automatically. There will now be descri bed the operation
of the bl ade changi ng apparatus 50 in changing the
cutting blades 80 nounted on the cutting units 38a and
38b. For convenience of illustration, the operation in
changing the cutting blade 80 nounted on the cutting unit
38a wi |l be descri bed.

First, the noving nechanism60 is operated to nove
the nounting and denounting unit 68 in the X direction so
that the blade gripping unit 154b of the bl ade hol ding
unit 150a (see FIG 3) is opposed to a target one of the
plural cutting blades 80 (new ones) stored on the bl ade
rack 52a. At this tine, by rotating the support shaft 54a
of the blade rack 52a to thereby rotate the di sk-shaped
menber 56a, the target cutting blade 80 to be opposed to
the bl ade gripping unit 154b can be changed. Thereafter,
t he novi ng nmechani sm (not depicted) connected to the

bl ade rack 52a is operated to nove the bl ade rack 52a in
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the Y direction so that the target cutting blade 80
opposed to the blade gripping unit 154b approaches the
bl ade gripping unit 154b. At this tine, the plura
gri ppi ng menbers 160 of the blade gripping unit 154b are
kept in the open condition. Thereafter, the projection
82b of the target cutting blade 80 held on the bl ade rack
52a is positioned inside the plural gripping nenbers 160.
Thereafter, the plural gripping nenbers 160 are noved
radially inward to come into the closed condition.
Accordingly, the target cutting blade 80 held on the
bl ade rack 52a is gripped by the blade gripping unit 154b.
Thereafter, the blade rack 52a is noved in the Y
direction away fromthe bl ade gripping unit 154b.
Thereafter, the noving nechanism 60 is operated to
nove the nounting and denpunting unit 68 in the X
direction so that the nmounting and denounting unit 68 is
passed bel ow the second support structure 34 and the
first support structure 20 and then positioned so as to
be opposed to the cutting unit 38a. In FIG 1, the
nounting and denounting unit 68 is depicted above and
behind the first support structure 20 and the second
support structure 34 for convenience of illustration. 1In
reality, however, the nounting and denpunting unit 68 is

set at the sane level as that of the cutting units 38a
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and 38b and is allowed to pass through the space defined
bel ow the first support structure 20 and the second
support structure 34.

The nmounting and denmounting unit 68 is positioned
so that the nut rotating portion 110a (see FIG 3) is
opposed to the cutting blade 80 (old one) nounted on the
cutting unit 38a. The positional relation between the nut
rotating portion 110a and the cutting unit 38a can be
adj usted by the noving nechani sm 36a and the novi ng
mechani sm 60. Thereafter, the noving nechanism 36a is
operated to nove the cutting unit 38a toward the nut
rotating portion 110a. Accordingly, the nut 86 (see FIG
2) fastening the cutting blade 80 nounted on the cutting
unit 38a is noved to push the front surface 112a of the
rotating nenber 112 (see FIG 3) of the nut rotating
portion 110a. At this time, the plural holding pins 114
of the nut rotating portion 110a are inserted into the
t hrough holes 86b (see FIG 2) of the nut 86. Wen the
rotating nenber 112 is axially pushed by the nut 86, the
rotating nenber 112 is inserted into the cover 118, so
that the plural gripping nenbers 116 (see FIG 3) of the
rotating nenber 112 cone into the closed condition. As a
result, the nut 86 is gripped by the claw portions 116a

of the plural gripping nenbers 116.
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Thereafter, the notor 102 (see FIG 3) is operated
to rotate the rotating shaft 106 and to thereby rotate
the nut rotating portion 110a in a first direction (e.qg.,
the direction depicted by an arrow Ain FIG 3). As a
result, the nut 86 gripped by the nut rotating portion
110a is rotated to be | oosened. Then, the nut 86 is
renoved fromthe support shaft 78 of the nount 74 (see
FIG 2). Thereafter, the cutting unit 38a is noved in the
Y direction away fromthe nut rotating portion 110a. At
this tinme, the rotating nenber 112 renmins inserted in
the cover 118, so that the nut 86 remains held by the nut
rotating portion 110a even after renoving the nut 86 from
t he support shaft 78.

Thereafter, the noving nechanism 60 is operated to
nove the nounting and denpunting unit 68 in the X
direction so that the blade gripping unit 154a of the
bl ade holding unit 150a (see FIG 3) is opposed to the
cutting blade 80 (old one) nounted on the cutting unit
38a. Thereafter, the noving nechanism 36a is operated to
nove the cutting unit 38a toward the bl ade gripping unit
154a so that the cutting blade 80 nounted on the cutting
unit 38a approaches the blade gripping unit 154a. At this
time, the plural gripping nenbers 160 of the bl ade

gripping unit 154a are kept in the open condition.
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Further, the positioning pin 158 of the blade gripping
unit 154a is inserted into the recess 78b of the support
shaft 78 of the nount 74 (see FIG 2). Accordingly, the
bl ade gripping unit 154a is axially aligned with the
cutting blade 80 nmounted on the support shaft 78 of the
nmount 74. In this condition, the projection 82b (see FIG
2) of the cutting blade 80 is positioned radially inside
of the plural gripping nenbers 160. Thereafter, the
plural gripping nenbers 160 are noved radially inward to
conme into the closed condition. As a result, the
projection 82b of the cutting blade 80 nounted on the
cutting unit 38a is gripped by the claw portions 160a of
the plural gripping nmenbers 160. Thereafter, the cutting
unit 38a is noved in the Y direction away fromthe bl ade
gripping unit 154a. Accordingly, the cutting blade 80
(old one) is renoved fromthe cutting unit 38a and hel d
by the bl ade gripping unit 154a.

Thereafter, the notor 142 (see FIG 3) is operated
to rotate the rotating shaft 146 by 180 degrees.
Accordi ngly, the support nmenber 152 is rotated by 180
degrees to thereby change the position of the bl ade
gripping unit 154a into the position of the bl ade
gri pping unit 154b, and vice versa. That is, the bl ade

gripping unit 154b holding the target cutting bl ade 80
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(new one) is now positioned so as to be opposed to the
cutting unit 38a.

Thereafter, the noving nechanism 36a is operated to
nove the cutting unit 38a in the Y direction toward the
bl ade gripping unit 154b so that the cutting unit 38a
approaches the bl ade gripping unit 154b. Accordingly, the
support shaft 78 of the nount 74 is inserted through the
openi ng 82a (see FIG 2) of the target cutting bl ade 80
hel d by the bl ade gripping unit 154b. Thereafter, the
plural gripping nenbers 160 of the blade gripping unit
154b are noved radially outward to conme into the open
condition. Accordingly, the target cutting blade 80 is
nount ed on the support shaft 78 of the nmount 74 fixed to
the front end portion of the spindle 72. Thereafter, the
cutting unit 38a is noved in the Y direction away from
the bl ade gripping unit 154b.

Thereafter, the noving nechanism 60 is operated to
nove the nounting and denpunting unit 68 in the X
direction so that the nut rotating portion 110a (see FIG
3) holding the nut 86 (see FIG 2) is opposed to the
target cutting blade 80 nounted on the cutting unit 38a.
Thereafter, the noving nechanism 36a is operated to nove
the cutting unit 38a in the Y direction toward the nut

rotating portion 110a. Accordingly, the nut 86 held by
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the nut rotating portion 110a is positioned at the front
end of the support shaft 78 of the nmount 74 (see FIG 2).
Thereafter, the notor 102 (see FIG 3) is operated to
rotate the rotating shaft 106 and to thereby rotate the
nut rotating portion 110a in a second direction (e.qg.,
the direction depicted by an arrow B in FIG 3) opposite
to the first direction. Accordingly, the nut 86 is
rotated in the second direction to be tightened on the

t hreaded portion 78a of the support shaft 78 of the nount
74 (see FIG 2). As a result, the target cutting bl ade 80
is held between the projection 76b of the nount 74 and
the nut 86 and accordingly, fastened to the spindle 72 of
the cutting unit 38a.

As descri bed above, the gear unit 124 (see FIGS. 4
and 5) includes the first gear 126 and the second gear
128. In this case, by making the nunber of teeth of the
second gear 128 greater than the nunber of teeth of the
first gear 126, a speed reducer is obtained by the gear
unit 124. In the case of using the power transmtting
unit 104 including the gear unit 124 as a speed reducer,
the torque of the nut rotating portion 110a can be
i ncreased. Accordingly, in rotating the nut rotating
portion 110a to tighten the nut 86 (see FIG 2) on the

t hreaded portion 78a of the nount 74, the nut 86 can be
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ti ghtened nore securely.

Thereafter, the cutting unit 38a is noved in the Y
direction away fromthe nut rotating portion 110a. At
this tinme, the rotating nenber 112 is axially noved
toward the outside of the cover 118, so that the plural
gri ppi ng nmenbers 116 cone into the open condition.
Accordingly, the gripped condition of the nut 86 by the
plural gripping nenbers 116 is canceled. Thereafter, the
novi ng nechani sm 60 is operated to nove the nounting and
demounting unit 68 to the initial position (between the
bl ade racks 52a and 52b). In this initial position, the
cutting blade 80 (old one) held by the bl ade gripping
unit 154a is recovered to the blade rack 52a. In this
manner, the cutting blade 80 is autonatically changed by
t he bl ade changi ng apparatus 50. That is, the old cutting
bl ade 80 is automatically replaced by the new cutting
bl ade 80 by the bl ade changi ng apparatus 50.

Wil e the operation in changing the cutting bl ade
80 nmounted on the cutting unit 38a has been descri bed,
the operation in changing the cutting blade 80 nounted on
the cutting unit 38b is also simlarly performed. In this
case, the blade holding unit 150b is operated to change
the cutting blade 80 (old one) nmounted on the cutting

unit 38b into the target cutting blade 80 (new one)
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stored on the blade rack 52b. Further, the nut rotating
portion 110b is operated to nount and denount the nut 86
for fastening the cutting blade 80 to the cutting unit

38b. The operations of the cutting unit 38b, the nut
rotating portion 110b, and the bl ade holding unit 150b in
changi ng the cutting blade 80 nounted on the cutting unit
38b are simlar to the operations of the cutting unit 38a,
the nut rotating portion 110a, and the bl ade hol ding unit
150a, respectively.

As descri bed above, the cutting apparatus 2
according to this preferred enbodi nent includes the bl ade
changi ng apparatus 50 for changing the cutting bl ade 80.
The bl ade changi ng apparatus 50 includes the notor 102,
the rotating shaft 106, the nut rotating portion 110a
fixed to one end of the rotating shaft 106, the nut
rotating portion 110b fixed to the other end of the
rotating shaft 106, and the power transmtting unit 104
for transmtting the power of the notor 102 to the
rotating shaft 106. The bl ade changi ng apparatus 50 can
transmt the power of the notor 102 through the power
transmtting unit 104 and the rotating shaft 106 to the
nut rotating portions 110a and 110b. That is, the two nut
rotating portions 110a and 110b can be driven by the

single notor 102. Accordingly, it is unnecessary to
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provi de individual notors for the nut rotating portions
110a and 110b, so that the bl ade changi ng apparatus 50
can be reduced in size, weight, or cost.

The configuration of the bl ade changi ng appar at us
50 according to this preferred enbodi nent may suitably be
nodi fied within the scope where the cutting blade 80 can
be changed. For exanple, the bl ade changi ng apparatus 50
may further include a noving nechani smfor noving the
nmounting and denmounting unit 68 in the Y direction and a
novi ng nechani sm for noving the nmounting and denounti ng
unit 68 in the Z direction. In this case, by using these
nmovi ng nechani sns, the position of the nounting and
demounting unit 68 can be controlled in changing the
cutting bl ade 80.

Wil e the bl ade changi ng apparatus 50 is | ocated
behi nd the second support structure 34 in this preferred
enbodi nent, the |ocation of the blade changi ng apparatus
50 is not limted. For exanple, the blade racks 52a and
52b and the nounting and denounting unit 68 may be
| ocated before or laterally of the first support
structure 20. Further, the mechanismfor controlling the
novenent of the nounting and denpunting unit 68 is not
limted. For exanple, a robot arm nmay be connected to the

nmounting and denmounting unit 68 to control the novenent
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of the nounting and denmounting unit 68.

Further, the configuration of the bl ade racks 52a
and 52b capabl e of storing the plural cutting bl ades 80
is not limted. For exanple, each of the blade racks 52a
and 52b capable of storing the plural cutting blades 80
may be provided with a noving mechanismfor noving a
sel ected one of the plural cutting blades 80 to a
position where the selected cutting blade 80 can be
nmounted to the nounting and denounting unit 68.

Further, the rotating shaft 106 (see FIG 3) is a
single shaft in this preferred enbodinent. As a
nodi fication, the rotating shaft 106 may be conposed of a
first rotating shaft (first shaft) and a second rotating
shaft (second shaft); the nut rotating portion 110a is
fixed to the front end of the first rotating shaft and
the nut rotating portion 110b is fixed to the front end
of the second rotating shaft. In this case, the second
gear 128 neshing with the first gear 126 is fixed to each
of the first rotating shaft and the second rotating shaft.
Further, the axis of the first rotating shaft is aligned
with the axis of the second rotating shaft.

Any ot her structures and nmethods in this preferred
enbodi nent may suitably be nodified w thout departing

fromthe scope of the object of the present invention.
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The present invention is not Iimted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and al
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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VWHAT IS CLAIMED | S

1. A cutting apparatus conprising:

a chuck table for holding a workpiece;

a pair of first and second cutting units for
cutting the workpiece held on the chuck table, each of
the first and second cutting units including a spindle
and a cutting bl ade nounted on the spindle; and

a bl ade changi ng apparatus for changing the cutting
bl ade nounted on the spindle of the first cutting unit
and changing the cutting blade nmounted on the spindle of
the second cutting unit,

t he bl ade changi ng apparat us i ncl udi ng

a nut nounting and denmounting unit for nounting and
demounting a nut for fastening the cutting blade to the
spindle in each of the first and second cutting units
and

a bl ade mounting and denounting unit for nounting
the cutting blade to the spindle in each of the first and
second cutting units and denounting the cutting blade
fromthe spindle in each of the first and second cutting
units,

the nut nounting and denmounting unit including

a rotating shaft,

a first nut rotating portion fixed to one end of
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the rotating shaft for holding and rotating the nut for
fastening the cutting blade to the spindle of the first
cutting unit,

a second nut rotating portion fixed to the other
end of the rotating shaft for holding and rotating the
nut for fastening the cutting blade to the spindle of the
second cutting unit,

a notor, and

a power transmtting unit connected to the notor
and the rotating shaft for transmtting the power of the
notor to the rotating shaft to thereby rotate the
rotating shaft.

2. The cutting apparatus according to claim 1,
wherein

the axis of rotation of the first nut rotating
portion is aligned with the axis of rotation of the

second nut rotating portion.

3. The cutting apparatus according to claim 1,
wherein
the power transmtting unit includes a speed

reducer for making the rotational speed of the rotating
shaft smaller than the rotational speed of the notor and
making the torque of each of the first nut rotating

portion and the second nut rotating portion larger than
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the torque of the notor.

4, The cutting apparatus according to claim 3,
wher ei n

the speed reducer includes a bevel gear or a hypoid

gear.
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