CUTTI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus for cutting a workpiece with a cutting bl

Description of the Related Art

Wafers with a plurality of devices, typical
semiconductor integrated circuits, formed thereon a
divided to produce a plurality of device chips that
include the device. After a plurality of device ch
mounted on a predetermined board, the device chips
board are covered with a sealing material, e.g., mo
resin, so that a package board is fabricated. The
board is divided to produce package devices each
including one or more of the device chips. The pac

devices will be incorporated in various electronic

appliances such as mobile phones and personal compu

A cutting apparatus is used to divide a wor
such as a wafer or a package board. The cutting ap
includes a chuck table for holding the workpiece th
and a cutting unit for cutting the workpiece on the
table. The cutting unit includes a spindle, a moun

flange fixed to the distal end of the spindle, and
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annular cutting blade for cutting the workpiece, th
cutting blade being mounted on the mount flange.

The mount flange includes a boss inserted i
opening defined centrally in the cutting blade. Th
cutting blade is secured to the mount flange by a n
threaded and tightened over the boss that has been
inserted into the opening in the cutting blade. Wh
spindle is rotated about its central axis with the
cutting blade mounted on the mount flange, the cutt
blade is rotated about its central axis. The rotat
cutting blade is caused to cut into the workpiece h
the chuck table, the workpiece is cut and divided.

The cutting blade is progressively worn as
workpieces one after another and is eventually repl
with a new one when necessary. For replacing the w
cutting blade, the nut is loosened and detached fro
boss, and the cutting blade is dismounted from the
flange. Then, a replacement cutting blade, e.g., a
unused cutting blade, is mounted on the mount flang
thereafter secured to the mount flange by threading
tightening the nut over the boss.

It has been customary to replace worn cutti

blades manually. However, the manual replacement p

Is tedious and time-consuming, and has also proven
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disadvantageous in that an operator may drop cuttin g
blades or the nut or may happen to hit them on the
cutting apparatus. Consequently, in order to repla ce

cutting blades without a manual replacement process ,

there has been proposed a cutting apparatus incorpo rating
therein a changing device for automatically replaci ng a
cutting blade on a cutting unit, i.e., a spindle un it

(see, for example, JP 2007-98536A).

The changing device of the cutting apparatu S
includes a cutting blade mounting and dismounting
mechanism for mounting and dismounting cutting blad es and
a nut mounting and dismounting mechanism for mounti ng and
dismounting a nut for securing a cutting blade to a
cutting unit. The cutting blade mounting and dismo unting
mechanism includes a first holder for gripping a cu tting
blade mounted on a spindle and a second holder for
gripping a replacement cutting blade with which to

replace the cutting blade mounted on the spindle.

SUMVARY OF THE | NVENTI ON

In the cutting apparatus, the second holder of the
cutting blade mounting and dismounting mechanism gr ips a
replacement cutting blade housed in a blade stocker of
the cutting apparatus and mounts the replacement cu tting

3



blade on a spindle. The blade stocker has a shaft
inserted into an opening in the replacement cutting

blade. After the replacement cutting blade is manu

removed from a blade case where it has been housed,

replacement cutting blade is manually placed on the
and housed in the blade stocker.

However, when the operator manually removes
replacement cutting blade from the blade case and

manually place the replacement cutting blade into t

blade stocker, the operator may drop the replacemen

cutting blade or a nut or may happen to hit them on
cutting apparatus.

It is therefore an object of the present in
to provide a cutting apparatus that makes it unnece
for the operator to manually remove a cutting blade
a blade case.

In accordance with an aspect of the present
invention, there is provided a cutting apparatus
including a cutting unit including a spindle as a
rotational shaft and a mount flange for mounting a
cutting blade thereon, the mount flange being fixed
distal end of the spindle, a support unit for suppo
a cutting blade housed in a blade case, the support

including a blade case support for supporting the b
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case for housing the cutting blade therein, a chang

mechanism for dismounting a cutting blade that has

mounted on the mount flange from the mount flange a

mounting the cutting blade that has been supported

support unit on the mount flange, and a moving mech

for moving the changing mechanism between a changin

position in which the cutting blade is able to be m
on and dismounted from the mount flange, a blade tr
position in which the cutting blade is able to be
transferred to and from the support unit, and a ret
position spaced from the changing position and the
transfer position.

According to the aspect of the present inve
the support unit may further include a rotating mec
for rotating the blade case support and have a plur
of the blade case supports for supporting respectiv
blade cases, the blade case supports being arrayed
directions in which the blade case supports are rot
by the rotating mechanism.

According to the aspect of the present inve
the mount flange may have a fixed mount fixed to th

spindle and a holder flange mounted on the fixed mo

with the cutting blade sandwiched and secured betwe

fixed mount and the holder flange, the support unit
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further include a holder flange support for support

the holder flange, and the changing mechanism may m

the cutting blade together with the holder flange o
fixed mount and dismount the cutting blade together
the holder flange from the fixed mount.

According to the aspect of the present inve
the blade case may have a storage casing for storin
cutting blade and a lid for closing the storage cas
and the cutting apparatus may further include an op
and closing unit for opening and closing the lid of
blade case.

According to the aspect of the present inve
the cutting apparatus may further include a table f
holding a dressing board for use in dressing the cu
blade or an inspection board for being cut by the ¢
blade to form an inspection groove therein. The su
unit may further include a board support for suppor

the dressing board or the inspection board. The mo

mechanism may move the changing mechanism between a

transfer position in which the dressing board or th
inspection board is able to be transferred to and f
the support unit, a loading and unloading position
which the dressing board or the inspection board is

to be loaded to and unloaded from the table, the ch
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position, the blade transfer position, and the retr

position, and the changing mechanism may remove the

dressing board or the inspection board from the tab
which the dressing board or the inspection board ha
held, and place, on the table, the dressing board o
inspection board that has been supported on the sup
unit.

According to the aspect of the present inve
the cutting apparatus may further include a reading
for reading identification marks, and a blade case
determining unit for determining whether informatio
acquired when an identification mark attached to th
cutting blade is read by the reading unit and infor
acquired when an identification mark attached to th
blade case is read by the reading unit correspond t
other or not.

According to the aspect of the present inve
the cutting apparatus may further include a reading
for reading identification marks, and a board deter
unit for determining whether information acquired w
identification mark attached to the cutting blade i
by the reading unit and information acquired when a
identification mark attached to the dressing board

inspection board is read by the reading unit corres
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to each other or not.

The cutting apparatus according to the aspe ct of
the present invention includes a support unit for
supporting a cutting blade housed in a blade case, a

cutting unit including a mount flange on which the

cutting blade is to be mounted, a changing mechanis m for
mounting a cutting blade that has been supported on a
support unit on the mount flange, and a moving mech anism

for moving the changing mechanism.
Consequently, by supporting a cutting blade housed
in a blade case on the support unit and moving the

changing mechanism with the moving mechanism, it is

possible to change the cutting blade on the cutting unit.
In other words, the cutting apparatus according to the
aspect of the present invention makes it unnecessar yto
manually remove the cutting blade from the blade ca se as

in the existing technology.

The above and other objects, features and
advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a stu dy of
the following description and appended claims with
reference to the attached drawings showing a prefer red

embodiment of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a cutting a pparatus

according to a preferred embodiment of the present

invention;
FIG. 2 is an exploded perspective view of a cutting
unit of the cutting apparatus, with a hub-type cutt ing

blade mounted thereon;

FIG. 3 is an exploded perspective view of t he
cutting unit with a washer-type cutting blade mount ed
thereon;

FIG. 4 is a perspective view of a changer u nit of

the cutting apparatus;

FIG. 5 is a perspective view of the changer unit
with a changing device disposed in a changing posit ion;
FIG. 6 is a perspective view of the changin g
device;
FIG. 7A is a side elevational view of the ¢ hanging
device;
FIG. 7B is a front elevational view of the changing
device;
FIG. 8A is a front elevational view of a ho Ider of

the changing device;

FIG. 8B is a cross-sectional view of the ho Ider;



FIG. 9A is a cross-sectional view of the ho Ider as
it is holding a hub-type cutting blade;

FIG. 9B is a cross-sectional view of the ho Ider as
it is holding a washer-type cutting blade;

FIG. 10A is a plan view of a support unit i n which
replacement cutting blades are supported and stored ;

FIG. 10B is a perspective view of a blade ¢ ase;

FIG. 11A is a plan view of a hub-type cutti ng blade
with an identification mark attached thereto;

FIG. 11B is a plan view of a washer-type cu tting

blade with an identification mark attached thereto;

FIG. 11C is a plan view of a dressing board or an
inspection board with an identification mark attach ed
thereto;

FIG. 12A is a schematic view of the changin g device

in a replacement cutting blade holding step;

FIG. 12B is a schematic view of the changin g device
in a nut removing step;

FIG. 12C is a schematic view of the changin g device
in a first retracting step;

FIG. 12D is a schematic view of the changin g device
in a used cutting blade holding step;

FIG. 13A is a schematic view of the changin g device

in a second retracting step;
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FIG. 13B is a schematic view of the changin
in a cutting blade mounting step;

FIG. 13C is a schematic view of the changin
in a third retracting step;

FIG. 13D is a schematic view of the changin
in a nut mounting step;

FIG. 14A is a perspective view of the holde
is holding a square dressing board;

FIG. 14B is a perspective view of the holde

is holding an elongate rectangular dressing board;

FIG. 15A is a schematic view of the changin
in a replacement board holding step;

FIG. 15B is a schematic view of the changin
in a used board holding step;

FIG. 15C is a schematic view of the changin
in a retracting step;

FIG. 15D is a schematic view of the changin
in a placing step;

FIG. 16 is a perspective view of a cutting
apparatus including a support unit according to a
modification;

FIG. 17 is a perspective view of the suppor
including a rotatable support plate;

FIG. 18 is a perspective view of an opening
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closing unit;

FIG. 19A is a perspective view illustrating the
manner in which a blade case placed on a blade case
support is secured by a holding mechanism,;

FIG. 19B is a perspective view illustrating the
manner in which a lid of the blade case is pushed
upwardly by an unlocking mechanism;

FIG. 20A is a perspective view illustrating the
manner in which the lid of the blade case is furthe r
opened by a pushing mechanism; and

FIG. 20B is a perspective view illustrating the
manner in which the lid of the blade case is closed by a

locking mechanism.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

A preferred embodiment of the present inven tion
will be described hereinbelow with reference to the
accompanying drawings. FIG. 1 illustrates in persp ective
a cutting apparatus 2 according to the preferred
embodiment of the present invention. In FIG. 1, X- axis
directions, i.e., processing feed directions, first
horizontal directions, or forward and rearward
directions, and Y-axis directions, i.e., indexing f eed

directions, second horizontal directions, or leftwa rd and

12



rightward directions, extend perpendicularly to eac

other. Z-axis directions, i.e., vertical direction

upward and downward directions, or heightwise direc

expend perpendicularly to the X-axis directions and
Y-axis directions.

The cutting apparatus 2 includes a base 4

supporting or housing various components of the cut

apparatus 2. An elevator 6 having a lifting and lo
stage 6a is disposed on one side of a front corner
base 4. The elevator 6 includes a lifting and lowe
mechanism, not depicted, for lifting and lowering t
lifting and lowering stage 6a along the Z-axis
directions.

On the lifting and lowering stage 6a of the
elevator 6, there are disposed a container 8 for
containing various tools (parts, consumables, etc.)
on the cutting apparatus 2 and a cassette 10 for ho
a plurality of workpieces 11 to be cut by the cultti
apparatus 2. In FIG. 1, the container 8 is illustr
being placed on the lifting and lowering stage 6a,
the cassette 10 is illustrated as being placed on t
container 8. The tools to be placed in the contain
will be described in detail later.

The cassette 10 has a pair of side walls th
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spaced from each other and face each other along th
axis directions. A plurality of guide rails 10a th
spaced at predetermined intervals along the heightw
directions of the cassette 10 are fixed to each of
confronting inner surfaces of the side walls of the
cassette 10. Frame units, i.e., workpiece units, 1
include the respective workpieces 11 are supported
respective pairs of the guide rails 10a that are
positioned at respective vertical positions in the
cassette 10.

Each of the workpieces 11 is a disk-shaped
made of a semiconductor material such as silicon, f
example. Each of the workpieces 11 has a face side
an upper surface, having a plurality of areas demar
by a grid of projected dicing lines or streets
established thereon. Devices such as integrated ci
(ICs) or large-scale-integration (LSI) circuits are
formed on the face sides or upper surfaces of the
respective areas of each of the workpieces 11. Eac
the workpieces 11 will be cut and divided along the
projected dicing lines into a plurality of device ¢
that each include the device.

There are no limitations on the material, s

structure, size, and so on of the workpieces 11. T

14

eY-
at are

ise

7 that

by

wafer

rcuits

h of

hips

hape,

he



workpieces 11 may be wafers made of a semiconductor
material other than silicon, such as GaAs, InP, GaN
Sic, glass, ceramic, resin, metal, or the like, for
example. There are no limitations on the kind, num
shape, structure, size, layout, or the like of the
devices on the workpieces 11, and the workpieces 11
be devoid of devices. Further, the workpieces 11 m
package boards such as chip-size-package (CSP) boar
guad-flat-non-leaded-package (QFN) boards.

A circular tape, or a dicing tape, 13 is af
the reverse side, i.e., the lower surface, of each
workpiece 11. The tape 13 is larger in diameter th
workpiece 11. The tape 13 may include a sheet havi
circular film base and an adhesive layer, i.e., a g
layer, disposed on the film base. For example, the
base is made of a resin such as polyolefin, polyvin
chloride, or polyethylene terephthalate, and the ad
layer is made of an epoxy, acrylic, or rubber adhes
the like. Alternatively, the adhesive layer may be
of an ultraviolet-curable resin that can be cured u
exposure to ultraviolet radiation.

The tape 13 has an outer circumferential po
affixed to an annular frame 15 made of metal or the

and having a circular opening defined centrally the
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The opening in the frame 15 is larger in diameter t
the workpiece 11, which is disposed within the open
the frame 15.

When the tape 13 is affixed to the workpiec
the frame 15, the workpiece 11 is supported on the
15 by the tape 13, thereby making up a frame unit 1
including the workpiece 11, the tape 13, and the fr
15. One or more frame units 17 are housed in the c
10.

The base 4 has an opening 4a defined inar
an upper surface thereof that is positioned adjacen
the elevator 6 along the X-axis directions. The op
4a accommodates therein a cleaning unit 12 for clea
workpiece 11. The cleaning unit 12 includes a spin
table 14 for holding the workpiece 11 thereon and a
nozzle, not depicted, disposed above the spinner ta
for supplying a cleaning fluid such as pure water t
workpiece 11 held on the spinner table 14.

The spinner table 14 is connected to a rota
actuator, not depicted, such as an electric motor f
rotating the spinner table 14 about a rotational ax
generally parallel to the Z-axis directions. While
workpiece 11 is being held on the spinner table 14,

spinner table 14 is rotated about the rotational ax
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the rotary actuator and the cleaning fluid is suppl
from the nozzle to the workpiece 11 on the spinner
14, thereby cleaning the workpiece 11. The cleanin
may alternatively be a gas-liquid fluid made up of
mixture of a liquid such as pure water and air.

A pair of guide rails 16 extending along th
directions for holding a frame unit 17 thereon are
disposed above the cleaning unit 12. The guide rai
are operatively connected to a moving mechanism, no
depicted, for moving the guide rails 16 away from a
toward each other along the Y-axis directions. The
mechanism can move the guide rails 16 toward each o
to sandwich the frame unit 17 on the guide rails 16
thereby positioning the frame unit 17 along the Y-a
directions.

The base 4 also has a rectangular opening 4
defined in another region of the upper surface ther
that is positioned adjacent to the guide rails 16 a
the Y-axis directions. The opening 4b has its
longitudinal axis oriented along the X-axis directi
The opening 4b accommodates therein a table cover 1
shaped as a flat plate. Dust-proof and drip-proof
20 in the form of bellows that extensible and

contractible in the X-axis directions are disposed
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both sides of the table cover 18 and joined thereto in
the X-axis directions.

A chuck table, i.e., a holding table, 22 fo r
holding a workpiece 11, etc. is disposed on the tab le
cover 18. The chuck table 22 has an upper surface
providing a flat holding surface for holding the
workpiece 11, etc. thereon. The chuck table 22 is
surrounded by a plurality of clamps 24 for gripping the
frame 15 that supports the workpiece 11 to secure t he
frame 15 in position on the chuck table 22.

The chuck table 22 includes a cylindrical f rame,
not depicted, made of metal such as stainless steel , for

example. The frame has a circular recess defined

centrally in an upper surface thereof. A disk-shap ed
porous member made of a porous material such as por ous
ceramic is fitted in the circular recess in the fra me.
The holding surface of the chuck table 22 that is m ainly

provided by the porous member is held in fluid

communication with a suction source, not depicted, such
as an ejector via a fluid channel, not depicted, de fined
in the porous member and the chuck table 22, a valv e, not

depicted, etc.
A frame unit 17 is placed on the chuck tabl e 22

such that the face side of the workpiece 11 is expo sed

18



upwardly and the reverse side thereof, i.e., the ta
side, faces the holding surface of the chuck table
The frame 15 is gripped and fixed in position by th
clamps 24. Then, a negative pressure from the suct
source is applied to the holding surface of the chu
table 22, attracting and holding the workpiece 11 o
chuck table 22 under suction with the tape 13 inter
therebetween.

A pair of sub-tables, i.e., holding tables,
mounted on the table cover 18 adjacent to the chuck
22. The sub-tables 26 are spaced from each other a
the Y-axis directions behind the chuck table 22.

The sub-tables 26 have respective flat uppe
surfaces providing holding surfaces for holding pla
shaped members to be used for setting up, inspectin
assessing a cutting process. For example, the hold
surfaces of the sub-tables 26 are of a rectangular
and are held in fluid communication with a suction
source, not depicted, such as an ejector via fluid
channels, not depicted, defined in the sub-tables 2
valves, not depicted, etc. Specifically, the sub-t
26 hold thereon a dressing board 19, an inspection
21 (see FIG. 10A, etc.), etc. to be described later

A moving unit, not depicted, and a rotary a

19

pe 13

22.

ion
ck
n the

posed

26 are
table

long

te-
g, and
ing

shape

ables

board

ctuator,



not depicted, are disposed in the base 4 below the
cover 18. The moving unit includes a ball-screw-ty
moving mechanism or the like for moving the chuck t
22 and the sub-tables 26 as well as the table cover
along the X-axis directions. The rotary actuator i

an electric motor or the like for rotating the chuc
table 22 about a rotational axis generally parallel

the Z-axis directions.

The opening 4b has a front region positione
adjacent to the opening 4a and providing a delivery
region where a workpiece 11 can be loaded to and un
from the chuck table 22. The opening 4b also has a
region positioned behind the delivery region and
providing a processing region where a workpiece 11
processed, i.e., cut. The moving unit moves the ch
table 22 and the sub-tables 26 as well as the table
18 along the X-axis directions to position the chuc
table 22 and the sub-tables 26 selectively in the
delivery region and the processing region.

A processing chamber cover 28 is disposed a
processing region to define a space, i.e., a proces
chamber, where a workpiece 11 on the chuck table 22
processed, i.e., cut. In FIG. 1, the processing ch

cover 28 has its outline indicated by the two-dot-a
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dash lines. The processing chamber cover 28 is mad

metal or the like and shaped as a rectangular

parallelepiped, and is disposed in covering relatio

the processing region. The processing chamber cove

has an inlet/outlet port, i.e., an opening, 28a def
in a front side wall thereof facing the delivery re
for allowing a changing device 100 (see FIG. 6, for
example), to be described later, to pass therethrou
The processing chamber cover 28 houses ther
pair of cutting units 30 for cutting a workpiece 11
cutting units 30 cut the workpiece 11 by causing
respective annular cutting blades to rotate and cut
the workpiece 11. A hub-type cutting blade 36 (see
2), for example, is mounted on each of the cutting
30.
FIG. 2 illustrates in exploded perspective
the cutting units 30 each with the hub-type cutting
36 mounted thereon. The cutting units 30 are ident
structure to each other, and hence one of them will
described hereinbelow. The cutting unit 30 include
tubular housing 32 and a cylindrical spindle 34 rot
housed as a rotational shaft in the housing 32 and
extending along the Y-axis directions.

The spindle 34 has a distal end portion, i.
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end portion, exposed out of the housing 32. The di
end portion of the spindle 34 has an axial, interna
threaded hole 34a defined therein that is open at a
face thereof. The spindle 34 has a proximal end po
I.e., another end portion, connected to a rotary ac
such as an electric motor. The hub-type cutting bl
which is of an annular shape, is mounted on the exp
distal end portion of the spindle 34. The cutting

36 mounted on the distal end portion of the spindle
rotatable about its own central axis by the rotatio
power transmitted from the rotary actuator through
spindle 34.

The cutting blade 36 includes an annular ba
made of metal or the like and an annular cutting ed
disposed on and extending along an outer circumfere
edge portion of the base 38. The cutting blade 36
circular opening 36a that is defined centrally ther
I.e., in the base 38 and that extends thicknesswise
therethrough, i.e., through the base 38.

The base 38 has a face side, i.e., a first
38a and a reverse side, i.e., a second surface, 38b
lie generally parallel to each other. The face sid
of the base 38 provides an annular holdable surface

is to be held when the cutting blade 36 is mounted
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dismounted. The cutting edge 40 is formed on an ou
circumferential edge portion of the reverse side 38
the base 38. For example, the cutting edge 40 is m
an electroformed grindstone including abrasive grai
diamond or the like that are secured together by a
such as a nickel plating layer.

A mount flange 42 on which the cutting blad
to be mounted is fixed to the distal end portion of
spindle 34. The mount flange 42 includes a disk-sh
flange member 44 supporting the cutting blade 36 th
and a cylindrical boss, i.e., a support shaft, 46
protruding centrally from a surface 44a of the flan
member 44 that faces the cutting blade 36. The mou
flange 42 has a through hole 42a defined therein th
extends axially through a central portion of the fl
member 44 and a central portion of the boss 46.

The flange member 44 includes an annular la
extending on an outer circumferential edge portion
thereof and protruding axially from the surface 44a
land 44b has a distal end face lying generally para
to the surface 44a and providing an annular support
surface 44c that supports the cutting blade 36 ther

The boss 46 has a distal end portion having

externally threaded outer circumferential surface 4
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having threads and grooves. An annular nut 48 is t
threaded over the externally threaded outer
circumferential surface 46a of the boss 46. The nu
has a circular opening 48a that is defined centrall
therein and that extends thicknesswise through the
48. The opening 48a is essentially equal in diamet
the boss 46 and defined by an internally threaded i
circumferential surface having threads and grooves
are complementary to those of the externally thread
outer circumferential surface 46a of the boss 46.
48 also has a plurality of through holes 48b define
therein that extend thicknesswise through the nut 4
angularly spaced at substantially equal intervals
circumferentially along the nut 48.

The cutting blade 36 is fixedly mounted on
mount flange 42 as follows: A screw 50 is inserted
through the through hole 42a in the mount flange 42
threaded and tightened into the internally threaded
34a in the spindle 34, thereby securing the mount f
42 to the distal end portion of the spindle 34. Th
cutting blade 36 is placed on the boss 46 of the mo
flange 42 such that the boss 46 is inserted in the
opening 36a in the cutting blade 36, so that the cu

blade 36 is mounted on the mount flange 42. Therea
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the nut 48 is threaded over the externally threaded
circumferential surface 46a of the boss 46 to sandw
the cutting blade 36 between the support surface 44
the flange member 44 and the nut 48. The cutting b
is now fixedly mounted on the mount flange 42.

A washer-type cutting blade 52 (see FIG. 3)
alternatively be mounted on the cutting unit 30. F
illustrates in exploded perspective the cutting uni
with the washer-type cutting blade 52 mounted there

The cutting blade 52 includes an annular cu
edge made of a grindstone including abrasive grains
are secured together by a binder such as a metal bo
resin bond, or a vitrified bond. The cutting blade
a circular opening 52a that is defined centrally th
and that extends thicknesswise therethrough.

A mount flange 54 on which the cutting blad
to be mounted is fixed to the distal end portion of
spindle 34. The mount flange 54 includes a fixed m
to be fixed to the distal end portion of the spindl
and a holder flange 62 for holding the cutting blad
that is mounted on the fixed mount 56.

The fixed mount 56 includes a disk-shaped f
member 58 supporting the cutting blade 52 thereon a

cylindrical boss, i.e., a support shaft, 60 protrud
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centrally from a surface 58a of the flange member 5 8 that

faces the cutting blade 52. The fixed mount 56 has a
through hole 56a defined therein that extends axial ly
through a central portion of the flange member 58 a nd a
central portion of the boss 60. The fixed mount 56 also
has an annular rest 56b disposed in the through hol e 56a

for supporting a washer 66 to be described later.

The flange member 58 includes an annular la nd 58b
extending on an outer circumferential edge portion
thereof and protruding axially from the surface 58a . The
land 58b has a distal end face lying generally para llel

to the surface 58a and providing an annular support

surface 58c that supports the cutting blade 52 ther eon.
The boss 60 includes an annular first boss member,
i.e., a first support shaft, 60a protruding axially from

the surface 58a of the flange member 58, an annular

second boss member, i.e., a second support shaft, 6 Ob
protruding axially from the distal end of the first boss
member 60a, and an annular third boss member, i.e., a

third support shaft, 60c protruding axially from th e

distal end of the second boss member 60b. The seco nd boss
member 60b is smaller in diameter than the first bo Ss
member 60a, and the third boss member 60c is smalle rin
diameter than the second boss member 60b. The firs t boss
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member 60a, the second boss member 60b, and the thi rd

boss member 60c are concentric with each other.

The holder flange 62 is mounted on the fixe d mount
56. The holder flange 62 is an annular component m ade of
metal or the like and has a face side, i.e., a firs t
surface, 62a and a reverse side, i.e., a second sur face,
62b that lie generally parallel to each other. The face
side 62a of the holder flange 62 provides an annula r

holdable surface that is to be held when the holder
flange 62 is mounted and dismounted. The reverse s ide 62b
of the holder flange 62 provides an annular holding
surface for supporting the cutting blade 52.

The holder flange 62 has a circular opening 62c
that is defined centrally therein and that extends

axially therethrough from the face side 62a to the

reverse side 62b of the holder flange 62. The hold er

flange 62 also has a plurality of through holes 62d that

is defined in an annular region thereof between the outer

circumferential edge thereof and the opening 62c an d that

extends axially therethrough from the face side 62a to

the reverse side 62b of the holder flange 62. The through

holes 62d are angularly spaced at substantially equ al

intervals circumferentially along the holder flange 62.
The boss 60 of the fixed mount 56 has a dis tal end

27



portion having an externally threaded outer
circumferential surface 60d having threads and groo
An annular nut 64 is to be threaded over the extern
threaded outer circumferential surface 60d of the b
60. The nut 64 has a circular opening 64a that is
centrally therein and that extends thicknesswise th
the nut 64. The opening 64a is essentially equal i
diameter to the third boss member 60c and defined b
internally threaded inner circumferential surface h
threads and grooves that are complementary to those
the externally threaded outer circumferential surfa
of the boss 60. The nut 64 also has a plurality of
through holes 64b defined therein that extend
thicknesswise through the nut 64 and angularly spac
substantially equal intervals circumferentially alo
nut 64.

The cutting blade 36 is fixedly mounted on
mount flange 54 as follows: The fixed mount 56 is
on the spindle 34 by a screw 68. Specifically, the
66 is placed axially against the rest 56b of the fi
mount 56. Then, the screw 68 is inserted through t
washer 66 and the through hole 56a in the fixed mou
and threaded and tightened into the internally thre

hole 34a in the spindle 34, thereby securing the fi
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mount 56 to the distal end portion of the spindle 3

The cutting blade 52 and the holder flange
successively placed on the boss 60 such that the bo
is inserted in the opening 52a in the cutting blade
and the opening 62c of the holder flange 62. The c
blade 52 and the holder flange 62 are thus mounted
fixed mount 56 successively in the order named. Th
reverse side 62b of the holder flange 62 has an ann
ridge, not depicted, protruding axially therefrom.
annular ridge has an outer wall surface, i.e., an o
circumferential surface, that is slightly smaller i
diameter than the opening 52a in the cutting blade
for example, and also has an inner wall surface, i.
inner circumferential surface, that is slightly lar
diameter than the outer circumferential surface of
first boss member 60a, for example.

The ridge of the holder flange 62 is fitted
opening 52a in the cutting blade 52. The holder fl
and the cutting blade 52 are positioned with respec
each other by the ridge fitted in the opening 52a.
first boss member 60a is fitted against the inner w
surface of the ridge of the holder flange 62, and t
second boss member 60b is fitted in the opening 62c

the holder flange 62.
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Then, the nut 64 is threaded and tightened
externally threaded outer circumferential surface 6
the third boss member 60c, fixing the cutting blade
and the holder flange 62 to the fixed mount 56. Th
cutting blade 36 is thus sandwiched between the sup
surface 58c of the flange member 58 and the reverse
62b of the holder flange 62 and fixedly mounted on
mount flange 54.

As described above, the hub-type cutting bl
or the washer-type cutting blade 52 is mounted on e
the cutting units 30 illustrated in FIG. 1. The hu
cutting blades 36 or the washer-type cutting blades
mounted respectively on the cutting units 30 are di
in facing relation to each other.

Image capturing units, i.e., reading units,

FIG. 1) for capturing images of a workpiece 11, etc
on the chuck table 22 are mounted respectively on t
cutting units 30. Each of the image capturing unit
includes, for example, a visible-light camera inclu

an image capturing device for generating electric s
in response to visible light applied thereto, an
infrared-ray camera including an image capturing de
for generating electric signals in response to infr

radiation applied thereto, or the like. The workpi
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on the chuck table 22 and the cutting units 30 are
positioned with respect to each other on the basis
images generated by the image capturing units 70.

As illustrated in FIG. 1, a first delivery
for delivering workpieces 11 is disposed above the
4. The first delivery unit 72 includes an air cyli
having a rod telescopically movable vertically alon
Z-axis directions. A moving mechanism, not depicte
moving the first delivery unit 72 along the X-axis
directions and the Y-axis directions is connected t
upper portion of the air cylinder. The rod of the
cylinder has a lower end fixed to a holding unit 72
holding the frame 15 of a frame unit 17. For examp
holding unit 72a has a plurality of suction pads fo
holding under suction the upper surface of the fram
of the frame unit 17. The holding unit 72a include
an end thereof closer to the elevator 6, a gripping
mechanism 72b for gripping an end of the frame 15 o
frame unit 17.

A second delivery unit 74 for delivering wo
11 is disposed above the holding unit 72a of the fi
delivery unit 72. The second delivery unit 74 incl
air cylinder having a rod telescopically movable

vertically along the Z-axis directions. A moving

31

of the

unit 72
base
nder
g the
d, for

f the

rkpieces
rst

udes an



mechanism, not depicted, for moving the second deli
unit 74 along the Y-axis directions is connected to
upper portion of the air cylinder.

The rod of the air cylinder has a lower end
to a holding unit 74a for holding the frame 15 of a
unit 17. The holding unit 74a is structurally iden
to the holding unit 72a of the first delivery unit
hence will not be described in detail below.

A changer unit 76 for changing cutting blad
cutting blades 52, or the like on the cutting units
mounted on the base 4 laterally of the chuck table
The structural details of the changer unit 76 will
described in detail later.

A plate-shaped cover 78 is disposed on an e
the base 4 that faces the changer unit 76. The cov
has an end portion connected to the base 4 by hinge
and hence can be turned about the hinges 80.

When a workpiece 11 is processed by the cut
units 30, the cover 78 is erected along the Z-axis
directions, i.e., is in an open state, as indicated
the solid lines in FIG. 1. On the other hand, when
cutting blade 36 or a cutting blade 52 is changed b
changer unit 76, the cover 78 lies along the X-axis

directions and the Y-axis directions, i.e., isin a
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closed state, as indicated by the two-dot-and-dash
in FIG. 1.

The components of the cutting apparatus 2,
the elevator 6, the cleaning unit 12, the guide rai
the chuck table 22, the clamps 24, the sub-tables 2
cutting units 30, the image capturing units 70, the
delivery unit 70, the second delivery unit 74, the
changer unit 76, etc., are electrically connected t
control unit, i.e., a controller, 82. The control
generates control signals for controlling operation
the components of the cutting apparatus 2.

The control unit 82 includes a computer, fo
example, and includes a processing unit, i.e., a bl
case determining unit or a board determining unit,
for performing various processing operations, i.e.,
arithmetic operations or the like, required to oper
the cutting apparatus 2, and a storage unit 82b for
storing various pieces of information, i.e., data,
programs, etc., used in the processing by the proce
unit 82a. The processing unit 82a includes a proce
such as a central processing unit (CPU). The stora
82b includes various memories acting as a main stor
device, an auxiliary storage device, etc.

The cutting apparatus 2 constructed as desc
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above operates to process, i.e., cut, a workpiece 1
processing the workpiece 11, a frame unit 17 includ
the workpiece 11 to be processed is housed in the
cassette 10. Then, the cassette 10 that houses the
unit 17 is placed on the lifting and lowering stage
the elevator 6.

The frame unit 17 housed in the cassette 10
unloaded from the cassette 10 by the first delivery
72. Specifically, while the gripping mechanism 72b
gripping an end of the frame 15 of the frame unit 1
first delivery unit 72 moves away from the cassette
along one of the X-axis directions. The frame unit
thus pulled out of the cassette 10 and placed onto
guide rails 16. The frame unit 17 is sandwiched be
the guide rails 16 and positioned in place.

Then, the first delivery unit 72 holds the
surface of the frame 15 with the holding unit 72a,
delivers the frame unit 17 onto the chuck table 22
is positioned in the delivery region. The chuck ta
then moves from the delivery region to the processi
region while holding the reverse side, i.e., the ta
side, of the workpiece 11 under suction. The workp
is now placed in the processing chamber cover 28.

After the workpiece 11 and the cutting unit
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have been positioned with respect to each other on
basis of images captured by the image capturing uni
the workpiece 11 is cut by the cutting units 30. F
example, the workpiece 11 is cut along the projecte
dicing lines and divided into a plurality of device
chips.

When the cutting process is completed, the
table 22 moves to the delivery region. The second
delivery unit 74 holds the upper surface of the fra
with the holding unit 74a and delivers the frame un
from the chuck table 22 to the cleaning unit 12. T
cleaning unit 12 then cleans the workpiece 11.

When the cleaning of the workpiece 11 is co
the first delivery unit 72 holds the frame 15 with
holding unit 72a and delivers the frame unit 17 ont
guide rails 16. The frame unit 17 is sandwiched be
the guide rails 16 and positioned in place. Therea
while the gripping mechanism 72b is gripping the fr
15, the first delivery unit 72 moves toward the cas
10 and then places the frame unit 17 into the casse
10.

The storage unit 82b of the control unit 82
programs descriptive of the above sequence of opera

of the cutting apparatus 2. When an operator of th
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cutting apparatus 2 instructs the cutting apparatus
process the workpiece 11, the processing unit 82a r
the programs from the storage unit 82b and successi
generates control signals for controlling operation
the components of the cutting apparatus 2.

The cutting blades 36 or the cutting blades
mounted on the cutting units 30 are progressively w
they cut workpieces 11 one after another. Therefor
cutting blades 36 or the cutting blades 52 are repl
with cutting blades when necessary. The cutting ap
2 automatically changes the cutting blades 36 or th
cutting blades 52 with the changer unit 76.

FIG. 4 illustrates the changer unit 76 in
perspective. As illustrated in FIG. 4, the changer
76 includes a changing device, i.e., a changing
mechanism, 100 for changing cutting blades 36 or cu
blades 52 and a moving unit, i.e., a moving mechani
for moving the changing device 100. The moving uni
includes a lifting and lowering mechanism 86 for mo
the changing device 100 along the Z-axis directions

an articulated arm 90 coupled to the lifting and lo

mechanism 86 for moving the changing device 100 alo

directions, i.e., horizontal directions, parallel t

X-axis directions and the Y-axis directions.
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The lifting and lowering mechanism 86 inclu
columnar base plate 88 extending along the Z-axis
directions. The lifting and lowering mechanism 86
the articulated arm 90 in the Z-axis directions alo
base plate 88. The lifting and lowering mechanism
includes, for example, an electric motor, not depic
that is mounted on a lower portion of the base plat
and that has a shaft with a drive pulley fixed ther
and a driven pulley, not depicted, mounted on an up
portion of the base plate 88. A toothed endless be
depicted, is trained around the drive pulley and th
driven pulley. A first support 92A of metal is sec
the toothed endless belt.

When the electric motor of the lifting and
mechanism 86 is energized to rotate the shaft there
about its own central axis in a first direction, th
first support 92A is lifted. On the other hand, wh
electric motor of the lifting and lowering mechanis
IS reversed to rotate the shaft thereof about its o
central axis in a second direction opposite the fir
direction, the first support 92A is lowered. In th
manner, the first support 92A is moved one or the o
of the Z-axis directions.

However, the lifting and lowering mechanism
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not limited to any structures insofar as it can lif t and
lower the first support 92A. The lifting and lower ing

mechanism 86 may alternatively be a ball-screw-type

lifting and lowering mechanism, for example. The b all-
screw-type lifting and lowering mechanism has a pai r of
guide rails, not depicted, that are spaced from eac h
other and that extend along the Z-axis directions, and a

movable plate, not depicted, shaped as a flat plate

slidably mounted on the guide rails for slidable mo vement
therealong.

The first support 92A is fixed to a face si de,
i.e., a first surface, of the movable plate, and a nut,
not depicted, is disposed on a reverse side, i.e., a

second surface, of the movable plate. The nut is

operatively threaded over a ball screw extending

generally parallel to the guide rails. The ball sc rew has
an end coupled to a stepping motor, not depicted. When
the stepping motor is energized, the first support 92Ais
moved in one of the Z-axis directions, i.e., is lif ted or
lowered.

A first rotating mechanism 94A having a rot ary
actuator such as an electric motor is fixedly mount ed on
the first support 92A. The rotary actuator is orie nted
such that its rotational shaft extends generally pa rallel
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to the Z-axis directions. A first arm 96A that ext
along directions parallel to the X-axis directions
the Y-axis directions has an end mounted on the fir
rotating mechanism 94A.

A second rotating mechanism 94B is mounted
other end of the first arm 96A. The second rotatin
mechanism 94B has a rotary actuator such as an elec
motor whose rotational shaft extends generally para
to the Z-axis directions. A second arm 96B that ex
along directions parallel to the X-axis directions
the Y-axis directions has an end mounted on the sec
rotating mechanism 94B.

A third rotating mechanism 94C is mounted o
other end of the second arm 96B. The third rotatin
mechanism 94C has a rotary actuator such as an elec
motor whose rotational shaft extends generally para
to the Z-axis directions. A second support 92B of
is mounted on the third rotating mechanism 94C. Th
changing device 100 for changing cutting blades 36,
cutting blades 52, etc. is mounted on the second su
92B.

When the changing device 100 does not chang
cutting blades 36, cutting blades 52, etc., the cha

device 100 is placed in a position, i.e., a retract
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position, adjacent to the base plate 88, as depicte
FIG. 4. When the changing device 100 is to change
blades 36, cutting blades 52, etc., the moving unit
actuated to place the changing device 100 in a posi
I.e., a changing position, above the base 4. FIG.
illustrates in perspective the changer unit 76 with
changing device 100 disposed in the changing positi

The changing device 100 is movable, i.e., |
and lowerable, along the Z-axis directions by the |
and lowering mechanism 86, and is also movable alon
plane, i.e., a horizontal plane, parallel to the X-
directions and the Y-axis directions by the articul
arm 90. In other words, the changing device 100 ca
brought to any position in a three-dimensional spac
the lifting and lowering mechanism 86 and the artic
arm 90.

A structural example of the changing device
will be described hereinbelow. FIG. 6 illustrates
changing device 100 in perspective. FIG. 7A illust
the changing device 100 in side elevation, and FIG.
illustrates the changing device 100 in front elevat
In FIG. 7B, a coupling member 114a and a coupling m
114b of the components of the changing device 100 a

omitted from illustration. The structural details
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changing device 100 will be described below mainly
reference to FIG. 6.

The changing device 100 includes a mounting
dismounting unit 102 for mounting and dismounting a
cutting blade 36 or a cutting blade 52 and a nut 48
nut 64 (see FIGS. 2 and 3). A rotating mechanism 1
rotating the mounting and dismounting unit 102 is ¢
to the mounting and dismounting unit 102.

The rotating mechanism 104 includes a rotat
member, i.e., a shaft, 106 coupled to the mounting
dismounting unit 102 and a rotary actuator, not dep
such as an electric motor for rotating the rotation
member 106 about its central axis, i.e., a rotation
axis, 106a extending through the rotational member
The rotary actuator rotates the rotational member 1
bidirectionally, i.e., in a first direction and a s
direction opposite the first direction, about the
rotational axis 106a. When the rotational member 1
rotated about the rotational axis 106a, the mountin
dismounting unit 102 coupled to the rotational memb
IS rotated about the rotational axis 106a in unison
the rotational member 106.

The mounting and dismounting unit 102 inclu

frame 110 coupled to the rotational member 106 of t
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rotating mechanism 104. The frame 110 includes a p
plate-shaped support members 112a and 112b of metal
the like that are vertically spaced from each other
extend generally parallel to each other.

A pair of coupling members 114a and 114b, e
the shape of a rectangular parallelepiped, are disp
between the support members 112a and 112b. The cou
member 114a is fixed to an end portion of the suppo
member 112a that is closer to the rotational member
and an end portion of the support member 112b that
closer to the rotational member 106. The coupling
114b is fixed to another end portion of the support
member 112a that is remoter from the rotational mem
106 and another end portion of the support member 1
that is remoter from the rotational member 106. Th
support members 112a and 112b are thus coupled to e
other by the coupling members 114a and 114b.

A nut turner, i.e., a nut mounting and dism
unit, 120 for holding and rotating a nut 48 or a nu
(see FIGS. 2 and 3) with which to mount a cutting b
36 or a cutting blade 52 on the cutting unit 30 is
mounted on the frame 110. The nut turner 120 inclu
nut holder 122 for holding a nut 48 or a nut 64 and

columnar rotor, i.e., shaft, 124 (see FIG. 7B) coup
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the nut holder 122.

The rotor 124 is housed in a tubular housin
The rotor 124 has an end portion, i.e., a distal en
portion, exposed out of the housing 126 and connect
the nut holder 122. The rotor 124 also has another
portion, i.e., a proximal end portion, coupled to a
rotary actuator 128 such as an electric motor for
rotating the rotor 124 about its central axis, i.e.
rotational axis, 124a extending through the rotor 1

The rotary actuator 128 rotates the rotor 1
bidirectionally, i.e., in a first direction and a s
direction opposite the first direction, about the
rotational axis 124a. When the rotor 124 is rotate
the rotational axis 124a, the nut holder 122 that i
coupled to the rotor 124 is rotated about the rotat
axis 124a in unison with the rotor 124.

The support member 112a has an opening, not
depicted, centrally defined therein that extends
thicknesswise therethrough, and the support member
has an opening, not depicted, centrally defined the
that extends thicknesswise therethrough. The end p
of the rotor 124 that is exposed out of the housing
is inserted in the opening in the support member 11

protrudes from the support member 112a out of the f

43

g 126.

ed to

end

24.
24

econd

d about
S

ional

112b
rein
ortion
126
2a and

rame



110. The other end portion of the rotor 124 is ins
together with an end of the housing 126, in the ope
in the support member 112b and protrudes from the s
member 112b out of the frame 110.

The end portion of the rotor 124 is coupled
nut holder 122 outside of the frame 110. The other
portion of the rotor 124 is coupled to the rotary
actuator 128 outside of the frame 110. The nut tur
Is thus mounted on the frame 110 with the frame 110
sandwiched between the nut holder 122 and the rotar
actuator 128. The nut turner 120 is disposed such
the rotational axis, corresponding to the rotationa
124a, of the nut holder 122 extends along direction
perpendicular to the rotational axis 106a of the
rotational member 106.

The nut holder 122 includes a cylindrical
rotational member 130 fixed to the end portion of t
rotor 124. The rotational member 130 is normally b
to move away from the support member 112a by a spri
the like. When an external force is axially applie
the rotational member 130 toward the support member
the rotational member 130 is axially moved toward t
support member 112a against the bias of the spring

like.
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The rotational member 130 has a surface 130
positioned remotely from the support member 112a.
plurality of (four in FIG. 6) holding pins 132 proj
axially from the surface 130a and are angularly spa
generally equal intervals along the circumferential
directions of the surface 130a.

The holding pins 132 are positioned for ali
with the respective through holes 48b (see FIG. 2)
nut 48 or the respective through holes 64b (see FIG
in the nut 64, and can be inserted into the respect
through holes 48b or the respective through holes 6
The number, size, layout, etc. of the holding pins
are appropriately selected depending on the through
48b or the through holes 64b.

A plurality of (four in FIG. 6) gripping me
134 for gripping the nut 48 or the nut 64 are dispo
around the rotational member 130 and angularly spac
substantially equal intervals circumferentially alo
rotational member 130. Each of the gripping member
is of a columnar shape and has a proximal end porti
l.e., an end portion, fixed to an outer circumferen
surface of the rotational member 130.

Each of the gripping members 134 has a dist

portion, i.e., another end portion, protruding from
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surface 130a of the rotational member 130. The dis
portion has a hook 134a bent toward the center of t
rotational member 130. The gripping members 134 ar
normally biased by springs or the like to move radi
outwardly of the rotational member 130. When an ex
force is applied radially inwardly to the gripping
members 134, the gripping members 134 are moved rad
inwardly against the bias of the springs or the lik

A hollow cylindrical cover 136 is disposed
the rotational member 130. The cover 136 is rotata
about the rotational axis 124a independently of the
rotational member 130, and extends in surrounding
relation to the rotational member 130 and the proxi
end portions of the gripping members 134. When the
surface 130a of the rotational member 130 is axiall
pressed into the cover 136, i.e., toward the suppor
member 112a, the rotational member 130 and the grip
members 134 are pushed into the cover 136 while
elastically deforming the spring or the like by whi
rotational member 130 is normally biased.

When the rotational member 130 is pushed in
cover 136, the distal end portions of the gripping
members 134 where the hooks 134a are positioned are

contacted and pressed by an inner wall surface of t
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cover 136. At this time, the distal end portions o
gripping members 134 are moved radially inwardly wi
respect to the rotational member 130 while elastica

deforming the springs or the like by which the grip

members 134 are normally biased. The gripping memb

are oriented such that their longitudinal axes exte
along the inner wall surface of the cover 136. The
gripping members 134 are now in a closed state. At
time, the hooks 134a of the gripping members 134 ar
disposed radially inwardly from an outer circumfere
edge of the rotational member 130, for example.

On the other hand, when the rotational memb
is released from the axial push, the rotational mem
130 is axially moved in a direction out of the cove
under the bias of the spring or the like, releasing
distal end portions of the gripping members 134 fro
push from inner wall surface of the cover 136. The
the distal end portions of the gripping members 134
moved radially outwardly with respect to the rotati
member 130 under the bias of the springs or the lik
distal end portions of the gripping members 134 are
disposed more radially outwardly with respect to th
rotational member 130 than they were in the closed

The gripping members 134 are now in an open state.
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this time, the hooks 134a of the gripping members 1
disposed radially outwardly from the outer
circumferential edge of the rotational member 130,
example.

A plurality of (four, for example) pins 138
protrude from an outer circumferential surface of t
rotational member 130. The cover 136 has a plurali
(four, for example) openings 136a defined therein t
extend radially from an outer circumferential surfa
an inner circumferential surface of the cover 136.
least portions of pins 138 are inserted respectivel
the openings 136a.

The openings 136a have respective ends remo
the support member 112a that are defined by respect
stepped surfaces each including a first pin receivi
portion 136b and a second pin receiving portion 136
second pin receiving portion 136c¢ is disposed in a
position more spaced from the surface 130a of the
rotational member 130, i.e., closer to the support
112a, than the first pin receiving portion 136b.

When the nut holder 122 is in an initial st
where the rotational member 130 is not pushed into
cover 136, the pins 138 are held in contact with, a

hence are seated on, the first pin receiving portio
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136b. When the rotational member 130 is then pushe

the cover 136, the pins 138 are spaced, i.e., unsea
from the first pin receiving portions 136b. Then,
rotor 124 is turned in the first direction about th
rotational axis 124a, moving the pins 138 from the
pin receiving portion 136b side to the second pin
receiving portion 136c¢ side.

Thereafter, when the rotational member 130
released from the push, the pins 138 are allowed to
contact the respective second pin receiving portion
and hence to be supported by, i.e., seated on, the
pin receiving portions 136¢. The rotational member
remains pressed in the cover 136, keeping the gripp
members 134 in the closed state.

On the other hand, when the rotational memb
pressed in the cover 136 is further pushed into the
136, the pins 138 are unseated from the second pin
receiving portions 136¢. Then, when the rotor 124
turned in the second direction that is opposite the
direction, the pins 138 are moved from the second p
receiving portion 136¢ side to the first pin receiv
portion 136b side.

Thereafter, when the rotational member 130

released from the push, the pins 138 are allowed to
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contact the respective first pin receiving portions
and hence to be supported by, i.e., seated on, the
pin receiving portions 136b. The rotational member
are pushed in a direction out of the cover 136, bri
the gripping members 134 into the open state.

The nut turner 120 turns while holding the
or the nut 64. Specifically, the surface 130a of t
rotational member 130 contacts the nut 48 or the nu
such that the holding pins 132 are inserted into th
respective through holes 48b (see FIG. 2) in the nu
or the respective through holes 64b (see FIG. 3) in
nut 64. Then, when the rotational member 130 is pu
into the cover 136, the gripping members 134 are br
into the closed state, causing the hooks 134a to co
the outer circumferential surface of the nut 48 or
nut 64 to thereby grip the nut 48 or the nut 64.

When the rotary actuator 128 rotates the ro
(see FIG. 7B) while the nut 48 or the nut 64 is bei
gripped by the gripping members 134, the rotational
member 130 coupled to the rotor 124 is rotated, rot
the nut 48 or the nut 64 held by the gripping membe
134.

Since the nut turner 120 holds and rotates

48 or the nut 74, the nut 48 or the nut 64 can
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automatically be loosened and detached or tightened
attached at the time the cutting blade 36 or the cu
blade 52 mounted on the cutting unit 30 is changed.

For example, for removing the nut 48 (see F
mounted on the mount flange 42 of the cutting unit
the lifting and lowering mechanism 86 and the artic
arm 90 (see FIGS. 4 and 5) move the changing device
and place the changing device 100 into the processi
chamber cover 28 through the inlet/outlet port 28a
FIG. 1) defined therein. The rotating mechanism 10
turns the mounting and dismounting unit 102 to caus
nut holder 122 to face the mount flange 42.

Thereafter, the nut holder 122 is moved tow
mount flange 42 until the surface 130a of the rotat
member 130 is pressed against the nut 48 mounted on
mount flange 42. At this time, the holding pins 13
the rotational member 130 are inserted into the
respective through holes 48b in the nut 48.

The rotational member 130 is pressed into t
136 by the nut 48, bringing the gripping members 13
the closed state. The nut 48 is now gripped by the
134a of the gripping members 134.

Then, the rotary actuator 128 rotates the r

(see FIG. 7B) to rotate the rotational member 130 i
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first direction around the rotational axis 124a, i.
direction to loosen the nut 48. The nut 48 gripped
rotational member 130 is rotated and detached from
boss 46 of the mount flange 42. When the rotationa
member 130 that has been pushed into the cover 136
rotated in the first direction, the pins 138 are mo
from the first pin receiving portion 136b side to t
second pin receiving portion 136¢ side.

Thereafter, the nut holder 122 is moved awa
the mount flange 42. At this time, the pins 138 ar
supported by the second pin receiving portions 136¢
keeping the rotational member 130 pushed in the cov
136. The gripping members 134 thus remain in the ¢
state, continuously gripping the nut 48.

On the other hand, for mounting the nut 48
mount flange 42, the nut holder 122 that is holding
nut 48 is brought into facing relation to the mount
flange 42 and moved toward the mount flange 42. Th
48 held by the nut holder 122 is positioned at the
end of the boss 46 of the mount flange 42, and then
pushes the rotational member 130 into the cover 136
continued movement of the nut holder 122.

Then, the rotary actuator 128 rotates the r

(see FIG. 7B), rotating the rotational member 130 i
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second direction opposite the first direction aroun
rotational axis 124a, i.e., a direction to tighten

nut 48. The nut 48 is rotated and threaded and tig
over the externally threaded outer circumferential
surface 46a of the boss 46 of the mount flange 42,
mounted on the mount flange 42. When the rotationa
member 130 that has been pushed into the cover 136
rotated in the second direction, the pins 138 are m
from the second pin receiving portion 136c¢ side to
first pin receiving portion 136b side.

Thereafter, the nut holder 122 is moved awa
the mount flange 42. The rotational member 130 is
in a direction out of the cover 136, releasing the
from the gripping members 134. The pins 138 are su
by the first pin receiving portions 136b.

The gripping members 134 may be brought sel
into the closed state and the open state by any of
various mechanisms other than those described above
include the pins 138 and the openings 136a. For ex
instead of the pins 138 on the rotational member 13
actuator for moving the cover 136 heightwise of the
136 in directions parallel to the rotational axis 1
may be incorporated in the mounting and dismounting

102. The actuator may include an air cylinder or t
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and may be fixed to the support member 112a. The a
moves the cover 136 to bring the gripping members 1
selectively into the closed state and the open stat

An annular member 140 made of metal or the

disposed between the support members 112a and 112b.

annular member 140 that lies generally parallel to
support members 112a and 112b surrounds the housing
i.e., the rotor 124, and stays out of contact with

housing 126.

The annular member 140 is coupled to the su
member 112a by a plurality of resilient bodies, i.e
resilient members, 142a and is also coupled to the
support member 112b by a plurality of resilient bod
l.e., resilient members, 142b. The annular member
suspended by the resilient members 142a and 142b an
out of contact with the support members 112a and 11
(see FIG. 7B).

For example, each of the resilient members
142b is a resiliently contractible and extensible m
such as a spring or a rubber band. When an externa
is applied to the annular member 140, the annular m
140 is moved or turned in a direction depending on
applied external force while being resiliently supp

by the resilient members 142a and 142b as they are
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contracted and extended.

A holder 150A, i.e., a first holder, and a
150B, i.e., a second holder, for holding the cuttin
blade 36 or the cutting blade 52 are coupled to
respective outer circumferential surfaces of the an
member 140. Each of the holders 150A and 150B is a
shaped member made of resin, metal, or like, and ha
circular surface 150a facing away from the annular
140 for holding the cutting blade 36 or the cutting
52 thereon. The holders 150A and 150B are disposed
respective positions opposite each other across the
110 such that the surfaces 150a of the holders 150A
150B face outwardly away from the frame 110.

The holders 150A and 150B are angularly spa
from the nut holder 122 in the circumferential dire
of the rotational member 106 of the rotating mechan
104, i.e., in the rotational directions along which
rotational member 106 rotates. The nut holder 122,
surface 150a of the holder 150A, and the surface 15
the holder 150B are angularly spaced from each othe
around the rotational axis 106a, and face outwardly
from the rotational axis 106a.

A structural example of the holders 150A an

will be described below. FIG. 8A illustrates the h
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150A in plan and FIG. 8B illustrates the holder 150
cross section. Although the structural and functio
details of the holder 150A will be described below,
structural and functional details of the holder 150
identical to those of the holder 150A and hence wil
be described below.

The holder 150A includes a disk-shaped fram
made of resin, metal, or the like. The frame 152 i
a face side, i.e., a first surface, 152a, and a rev
side, i.e., a second surface, 152b that lie general
parallel to each other. The face side 152a of the
152 acts as the surface 150a of the holder 150A. T
side 152a of the frame 152 has a circular first gro
l.e., a first recess, 152c defined centrally therei
first groove 152c is larger in diameter than the fa
side 38a (see FIG. 9A) of the base 38 of the cuttin
blade 36 and the face side 62a (see FIG. 9B) of the
holder flange 62.

Moreover, the bottom of the first groove 15
circular second groove, i.e., a second recess, 152d
defined centrally therein. The bottom of the secon
groove 152d has an annular third groove, i.e., a th
recess, 152e that is defined therein and that has a

predetermined width along the outer circumferential
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of the second groove 152d.

An annular elastic member 154 is fitted in
third groove 152e. The elastic member 154 is made
elastic material that is elastically deformable, su
rubber or resin. The elastic member 154 includes a
annular base 154a fitted in the third groove 152e a
pair of lips 154b protruding from the base 154a. O
the lips 154b extends continuously along a radially
portion of the annular base 154a, whereas the other
154b extends continuously along a radially inner po
of the annular base 154a.

The lips 154b are progressively spaced away
each other in a direction toward their tip ends awa
the base 154a. Specifically, the lips 154b that pr
from the base 154a fitted in the third groove 152e
inclined to the face side 152a of the frame 152.

The lips 154b spread from the inside toward
of the base 154a in the radial directions of the ba
154a. Specifically, the lips 154b are oriented fro
inside toward outside of the base 154a in the width
directions of the third groove 152e. The tip ends
lips 154b protrude from the face side 152a of the f
152 in the widthwise directions of the frame 152.

The base 154a has a plurality of through ho
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defined therethrough in a region thereof that overl
the space between the lips 154b. For example, as
illustrated in FIG. 8A, the base 154a has six throu
holes 154c spaced at generally equal intervals alon
circumferential directions of the elastic member 15
through holes 154c have ends that are open at the f
side 152a of the frame 152 and other ends joined to
annular fourth groove, i.e., a fourth recess, 152f
defined in the bottom of the third groove 152e.

The fourth groove 152f is connected to an e
fluid channel 156 that includes a tube, a pipe, or
like. The other end of the fluid channel 156 is co
through a valve 158 to a suction source 160. The v
158 includes, for example, a solenoid-operated valv
is selectively openable and closable by an electric
signal applied to its solenoid. The suction source

includes an ejector or the like. When the valve 15

opened, a negative pneumatic pressure generated by

suction source 160 is transmitted through the fluid
channel 156, the fourth groove 152f in the frame 15
the through hole 154c in the elastic member 154 and
in the space between the lips 154b.

A pressure measuring device, i.e., a pressu

sensor, 162 for measuring the pneumatic pressure in
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fluid channel 156 is connected to the fluid channel
at a position between the fourth groove 152f and th
valve 158. For example, the pressure measuring dev
measures the pneumatic pressure in the fluid channe
based on the gage pressure, i.e., the difference be
the absolute pressure and the atmospheric pressure.
value of the pneumatic pressure in the fluid channe
that is measured by the pressure measuring device 1
output to the control unit 82 (see FIG. 1) where th
measured value of the pneumatic pressure is stored
storage unit 82b.

The cutting blade 36 or the cutting blade 5
held by the holder 150A described above. For chang
cutting blade 36 or the cutting blade 52, the cutti
blade 36 or the cutting blade 52 that is mounted on
cutting unit 30, e.g., a used cutting blade, and a
cutting blade 36 or a cutting blade 52 as a replace
cutting blade, e.g., an unused cutting blade, are h
the holder 150A. The holder 150A is capable of hol
either hub-type cutting blades 36 or washer-type cu
blades 52.

FIG. 9A illustrates in cross section the ho
150A as it is holding a hub-type cutting blade 36.

the holder 150A is to hold the cutting blade 36, th
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valve 158 is opened to allow the negative pneumatic
pressure from the suction source 160 to act in the
between the lips 154b. Then, while the surface 150
the holder 150A is facing the cutting blade 36, the
holder 150A is moved closely to the base 38 of the
cutting blade 36.

Upon contact of the face side 38a of the ba
with the tip ends of the lips 154b, the space betwe
lips 154b is closed and starts being evacuated by t
negative pneumatic pressure from the suction source
The lips 154b are elastically deformed and brought
intimate contact with the cutting blade 36, which i
held under suction by the holder 150A.

FIG. 9B illustrates in cross section the ho
150A as it is holding a washer-type cutting blade 5
When the holder 150A is to hold the cutting blade 5
holder 150A attracts the face side 62a of the holde
flange 62 under suction and also attracts the cultti
blade 52 under suction through the through holes 62
the holder flange 62.

Specifically, for example, the valve 158 is
to allow the negative pneumatic pressure from the s
source 160 to act in the space between the lips 154

Then, while the surface 150a of the holder 150A is
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the holder flange 62 and the cutting blade 52, the

150A is moved closely to the holder flange 62.
Upon contact of the face side 62a of the ho

flange 62 with the tip ends of the lips 154D, the s

between the lips 154b is closed and starts being

evacuated by the negative pneumatic pressure from t

suction source 160. The lips 154b are elastically
deformed and brought into intimate contact with the
holder flange 62, which is now held under suction b
holder 150A.

The negative pneumatic pressure from the su
source 160 also acts through the through holes 62d
holder flange 62 on the cutting blade 52. Therefor
cutting blade 52 is held under suction by the holde
through the holder flange 62.

The through holes 62d are open in an area o
face side 62a of the holder flange 62 that correspo
the elastic member 154 and in an area of the revers
62b of the holder flange 62 that is held in contact
the cutting blade 52. Each of the through holes 62
diameter of approximately 1 mm, for example.

The holder 150A may hold only the holder fl
Specifically, the holder 150A attracts under suctio

holder flange 62 that is not held in contact with t
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cutting blade 52. At this time, though the negativ
pneumatic pressure from the suction source 160 slig
leaks through the through holes 62d in the holder f
62, the negative pneumatic pressure, i.e., the suct
force, from the suction source 160 can adequately b
controlled to enable the holder 150A to hold the ho
flange 62.

The holder 150A holds the cutting blade 36
cutting blade 52 in the manner described above. It
possible to ascertain whether the holder 150A is pr
holding a desired object or not by measuring the
pneumatic pressure in the fluid channel 156 with th
pressure measuring device 162.

For example, when the holder 150A holds the
blade 36 (see FIG. 9A), the space between the lips
is closed. The pneumatic pressure, denoted by P
developed in the fluid channel 156 when the holder

is holding the cutting blade 36 and the pressure, d

by P a2, developed in the fluid channel 156 when the holde

150A is not holding the cutting blade 36 are differ

from each other (P a2 > P a1). Therefore, it is possible to

ascertain whether the holder 150A is holding the cu

blade 36 or not by comparing the pneumatic pressure

measured by the pressure measuring device 162 with
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preset threshold value P tha (P a1 <P tha <P a2).

When the holder 150A holds the cutting blad e 52
(see FIG. 9B), the pneumatic pressure, denoted by P bi,
developed in the fluid channel 156 when the holder 150A
is holding the cutting blade 52 and the holder flan ge 62,
the pneumatic pressure, denoted by P b2, developed in the
fluid channel 156 when the holder 150A is holding o nly
the holder flange 62, and the pneumatic pressure, d enoted
by P »3, developed in the fluid channel 156 when the holde r
150A is holding neither the cutting blade 52 nor th e
holder flange 62, are different from each other (P b3 > P b2
> P p1).

Consequently, it is possible to ascertain w hether
the holder 150A is holding the cutting blade 52 and the

holder flange 62 or not by comparing the pneumatic

pressure measured by the pressure measuring device 162
with a preset threshold value P thor (P b1 <P w1 <P p2) and a
preset threshold value P b2 (P b2 <P thoz <P b3).

The above ascertaining processes can be per formed
by storing the threshold values P tha, P tho1, @and P wp2 in the
storage unit 82b (see FIG. 1) of the control unit 8 2 and

having the processing unit 82a perform a processing
sequence for comparing the pneumatic pressure measu red by

the pressure measuring device 162 with the threshol d
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values. For example, the storage unit 82b stores a
program descriptive of the processing sequence for
comparing the measured pneumatic pressure with the
threshold values. The processing unit 82a accesses
storage unit 82b, reads the program from the storag
82b, and executes the read program to compare the
measured pneumatic pressure with the threshold valu

As described above, the holder 150A holds t
cutting blade 36 or the cutting blade 52. The hold
also holds the cutting blade 36 or the cutting blad
in the same manner as the holder 150A.

A cylindrical fifth groove, i.e., a fifth r
152g is defined in the face side 152a of the frame
radially inwardly of the fourth groove 152f. The f
groove 152gq is larger in diameter than the boss 46
FIG. 2) of the mount flange 42 and the third boss m
60c (see FIG. 3) of the mount flange 54. When the
150A or the holder 150B is moved closely to the cut
unit 30, the distal end of the boss 46 or the third
member 60c is inserted into the fifth groove 1524,
avoiding contact between the holder 150A or the hol
150B and the cutting unit 30.

The holder 150A or the holder 150B may not

necessarily have the elastic member 154, but may ha
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concentric O-rings having different diameters inste
the elastic member 154. One of the O-rings may be
disposed on and extend along a side wall of the thi
groove 152e that is located in a radially outer pos
with respect to the frame 152 and the other O-ring
disposed on and extend along a side wall of the thi
groove 152e that is located in a radially inner pos
with respect to the frame 152.

As illustrated in FIGS. 6 and 7B, the holde
and the holder 150B are coupled to the rotational m

106 of the rotating mechanism 104 through the resil

members 142a and the resilient members 142b. There

the holder 150A and the holder 150B can be tilted t
respective certain angles. In other words, when an
external force is applied to the holder 150A or the
holder 150B, the surface 150a thereof is tilted in
certain direction.

When the cutting blade 36 or the holder fla
is brought into contact with the surface 150a of th
holder 150A or the surface 150a of the holder 150B,
holder 150A or the holder 150B is tilted to have th
surface 150a thereof lie parallel to the face side
the cutting blade 36 or the face side 62a of the ho

flange 62. Therefore, the surface 150a of the hold
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or the surface 150a of the holder 150B appropriatel
contacts the cutting blade 36 or the holder flange
allowing the cutting blade 36 or the holder flange
be reliably held under suction on the surface 150a
holder 150A or the surface 150a of the holder 150B.

The changing device 100 described above cha
cutting blade 36 or the cutting blade 52. For chan
the cutting blade 36 or the cutting blade 52, the ¢
blade 36 or the cutting blade 52 mounted on the cut
unit 30 is detached, and then a replacement cutting
36 or a replacement cutting blade 52 is mounted on
cutting unit 30. Replacement cutting blades 36 and
replacement cutting blades 52 have been stored in t
cutting apparatus 2 in advance.

FIG. 10A illustrates in plan a support unit
a stocker, 200 where replacement cutting blades 36
replacement cutting blades 52 are supported and sto
As illustrated in FIG. 10A, the support unit 200 in
a support plate 202 having the same outline as a fr
that supports a workpiece 11, for example.

The support plate 202 has an upper surface
having a plurality of blade case supports 204 const
to support respective blade cases 172 that house cu

blades 36 or cutting blades 52. The blade cases 17
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structurally identical to each other. For example,

of the blade case supports 204 includes a recessed
shaped complementarily to a blade case 172 and is ¢
of supporting a blade case 172 rested therein.
Alternatively, each of the blade case supports 204

of a guide structure shaped complementarily to a bl
case 172.

FIG. 10B illustrates one of the blade cases
perspective. As illustrated in FIG. 10B, the blade
172 includes, for example, a storage casing 174 and
176, both made of synthetic resin such as polypropy
The storage casing 174 and the lid 176 are coupled
each other by a hinge 178.

The storage casing 174 has a bottom plate 1
side wall 182 extending along an outer peripheral e
the bottom plate 180. The storage casing 174 provi
storage area 174a defined inside of the side wall 1
storing a cutting blade 36 or a cutting blade 52 th
The side wall 182 includes a first hook 184 facing
outwardly on an outer surface thereof opposite the
178.

The lid 176 has a top plate 186 and a side
extending along an outer peripheral edge of the top

186. The height of the side wall 188 is lower than
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height of the side wall 182 of the storage casing 1
The side wall 188 includes a second hook 190 facing
inwardly on an outer surface thereof opposite the h
178.

When the lid 176 is turned about the hinge
toward the storage casing 174 until the lid 176 cov
the storage casing 174, the lid 176 closes the stor
area 174a to prevent the cutting blade 36 or the cu
blade 52 stored in the storage area 174a from being
dislodged out of the blade case 172. When the firs
184 and the second hook 190 intermesh each other in
locked state, the storage area 174a keeps itself cl
by the lid 176. On the other hand, when the lid 17
turned about the hinge 178 away from the storage ca
174, the storage area 174a is opened, allowing exte
access to the cutting blade 36 or the cutting blade
stored in the storage area 174a.

When a blade case 172 that stores a cutting
36 or a cutting blade 52 therein is placed to rest
of the blade case supports 204, the cutting blade 3
the cutting blade 52 is supported on the support un
200. Each of the blade case supports 204 of the su
unit 200 supports a blade case 172 with its lid 176

open.
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The support plate 202 also has on the upper
202a thereof a plurality of holder flange supports
for supporting respective holder flanges 62. For e
each of the holder flange supports 206 includes a
recessed region shaped complementarily to a holder
62 and is capable of supporting a holder flange 62
therein. Alternatively, each of the holder flange
supports 206 may be of a guide structure shaped
complementarily to a holder flange 62.

In addition, the support plate 202 has on t
surface 202a thereof a plurality of board supports
for supporting a dressing board 19 for use in dress
cutting blades 36 or cutting blades 52 and an inspe
board 21 for use in inspecting cutting blades 36 or
cutting blades 52.

For example, each of the board supports 208
recessed region shaped complementarily to a dressin
board 19 or an inspection board 21 and is capable o
supporting a dressing board 19 or an inspection boa
rested therein. Alternatively, each of the board s
208 may be of a guide structure shaped complementar
a dressing board 19 or an inspection board 21.

When a cutting blade 36 or a cutting blade

processes, i.e., cuts, workpieces 11, a dressing pr
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is carried out to intentionally wear the cutting ed
the cutting blade 36 or the cutting blade 52 on the
dressing board 19 for the purpose of correcting the
of the cutting blade 36 or the cutting blade 52 and
keeping the cutting edge of the cutting blade 36 or
cutting blade 52 sharp enough.

The dressing process is carried out by havi

cutting blade 36 or the cutting blade 52 cut into t

dressing board 19. The dressing board 19 is made u

abrasive grains of green carborundum (GC), white al

(WA), or the like that are bound together by a bind
such as a resin bond or a vitrified bond, for examp
When the dressing process is carried out, t

binder of the cutting blade 36 or the cutting blade

worn away by contact with the dressing board 19, ma

the cutting blade 36 or the cutting blade 52 concen
with the spindle 34, i.e., shaping the cutting blad
or the cutting blade 52 into a true circle. At the
time, as the binder is worn away, the abrasive grai
exposed from the binder, i.e., the cutting blade 36
the cutting blade 52 is dressed. The accuracy with
the workpiece 11 is processed by the cutting blade
the cutting blade 52 thus dressed increases.

Further, when a cutting blade 36 or a cutti
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52 processes, i.e., cuts, workpieces 11, another pr
Is carried out using the inspection board 21 to ins
the shape of the cutting blade 36 or the cutting bl
and to correct the position of the cutting blade 36
the cutting blade 52 by having the cutting blade 36
the cutting blade 52 cut into the inspection board
Specifically, for example, the cutting blad
the cutting blade 52 is caused to cut into the insp
board 21, and a groove, i.e., a cut groove, formed
inspection board 21 is observed to inspect whether
cutting edge of the cutting blade 36 or the cutting
52 is of a desired shape or not. Moreover, the pos
of the lower end of the cutting blade 36 or the cut
blade 52, i.e., the cut depth to which the cutting
36 or the cutting blade 52 has cut into the inspect
board 21, is calculated on the basis of the depth o
cut groove formed in the inspection board 21, and t
height of the cutting blade 36 or the cutting blade
adjusted on the basis of the calculated cut depth.
The inspection board 21 includes a plate-sh
member made of silicon, i.e., a silicon board. How
the inspection board 21 is not limited to any parti
material insofar as the cutting blade 36 or the cut

blade 52 can cut into the inspection board 21. For
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example, the inspection board 21 may be of the same

material as the workpiece 11.

A cutting blade 36 or a cutting blade 52 cu
a dressing board 19 or an inspection board 21 while
dressing board 19 or the inspection board 21 is bei
held on the sub-tables 26 (see FIG. 1). Specifical
example, one of the sub-tables 26 holds thereon a
dressing board 19 or an inspection board 21 to be ¢
a cutting blade 36 or a cutting blade 52 mounted on
of the cutting units 30.

The other sub-table 26 holds thereon a dres
board 19 or an inspection board 21 to be cut by a c
blade 36 or a cutting blade 52 mounted on the other
cutting unit 30. Consequently, the sub-tables 26 a
disposed in association with the respective cutting
30.

The various tools supported on the support
may be assigned identification marks representing
information regarding those tools. FIG. 11A illust
in plan a cutting blade 36 with an identification m
212 attached thereto. FIG. 11B illustrates in plan
cutting blade 52 with an identification mark 214 at
thereto. FIG. 11C illustrates in plan a dressing b

or an inspection board 21 with an identification ma
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attached thereto.

The identification mark 212, the identifica
mark 214, and the identification mark 216 each incl
one-dimensional code, i.e., a barcode, a two-dimens
code, or the like. The identification mark 212, th
identification mark 214, and the identification mar
may be directly printed on the objects to be identi
thereby or seals or the like with the identificatio
212, the identification mark 214, and the identific
mark 216 printed thereon may be affixed to the obje
be identified thereby.

The identification mark 212 attached to the
blade 36 and the identification mark 214 attached t
cutting blade 52 contains information representing,
example, the kind, i.e., the hub type or the washer
the outside diameter, the inside diameter, the thic
l.e., the width, the material of the abrasive grain
particle size of the abrasive grains, the material
binder, the serial number, etc. of the cutting blad
and the cutting blade 52.

The identification mark 216 attached to the
dressing board 19 contains information representing
example, the size, the shape, the material of the

abrasive grains, the particle size of the abrasive
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grains, the material of the binder, etc. of the dre
board 19. The identification mark 216 attached to
inspection board 21 contains information representi
for example, the size, the shape, the material, the
serial number, etc. of the inspection board 21.

The identification mark 212 attached to the
blade 36, the identification mark 214 attached to t
cutting blade 52, and the identification mark 216
attached to the dressing board 19 or the inspection
21 are read by a reading unit included in the cutti
apparatus 2, for example. The reading unit include
camera, a barcode reader, or the like, which is sel
depending on the kind of the identification mark 21
identification mark 214, and the identification mar

For example, the image capturing units 70 (

1) that are positioned adjacent to the cutting unit
also function as reading units for reading the
identification mark 212, the identification mark 21
the identification mark 216. However, reading unit
reading those identification marks may be included
cutting apparatus 2 separately from the image captu
units 70.

The information read from the identificatio

by the reading units is input to the control unit 8
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FIG. 1) where the information is stored in the stor
unit 82b. For example, for changing the cutting bl
or the cutting blade 52, the processing unit 82a of
control unit 82 refers to the information stored in
storage unit 82b and specifies an object to be held
the changer unit 76.

Each of the blade cases 172 should preferab
an identification mark attached thereto that corres
to a cutting blade 36 or a cutting blade 52 to be s
therein. The identification mark thus attached to
case 172 makes it possible to confirm easily a mism
between the blade case 172 and a cutting blade 36 o
cutting blade 52 to be stored therein.

In this case, the information read and acqu
the reading unit from the identification mark 212
attached to the cutting blade 36 or the identificat
mark 214 attached to the cutting blade 52, and the
information read and acquired by the reading unit f
the identification mark attached to the blade case
are stored in the storage unit 82b.

Thereatfter, the processing unit 82a of the
unit 82 refers to the information stored in the sto
unit 82b and determines whether the blade case 172

the cutting blade 36 or the cutting blade 52 to be
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therein correspond to each other or not. Specifica
the processing unit 82a determines whether the
information acquired from the identification mark 2
the identification mark 214 and the information acq
from the identification mark attached to the blade
172 correspond to each other or not. In this case,
processing unit 82a functions as a blade case deter
unit for performing such a determining process.
Similarly, the processing unit 82a of the ¢
unit 82 also can refer to the information stored in
storage unit 82b and determine whether the cutting
36 or the cutting blade 52 and a dressing board 19
inspection board 21 to be used correspond to each o
or not. Specifically, the processing unit 82a dete
whether the information acquired from the identific
mark 212 or the identification mark 214 and the
information acquired from the identification mark 2
correspond to each other or not. In this case, the
processing unit 82a functions as a board determinin
for performing such a determining process.
Moreover, in a case where processing condit
including information that represents the types, et
cutting blades are stored in the storage unit 82b,

processing unit 82a of the control unit 82 can refe
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the information stored in the storage unit 82b and
determine whether the processing conditions and a ¢
blade 36 or a cutting blade 52 to be processed corr
to each other or not. In this case, the processing
82a functions as a processing condition determining
for performing such a determining process.

If the processing unit 82a determines that
case 172 and a cutting blade 36 or a cutting blade
be stored therein do not correspond to each other,
processing unit 82a determines that a cutting blade
a cutting blade 52 and a dressing board 19 or an
inspection board 21 to be used therewith do not
correspond to each other, or if the processing unit
determines that processing conditions employed in ¢
a workpiece 11 and a cutting blade 36 or a cutting
52 do not correspond to each other, then the contro
82 may indicate such a discrepancy to the operator
like or may shut down the cutting apparatus 2.

The support unit 200 described above is hou
the container 8 (see FIG. 1) included in the cuttin
apparatus 2. The support unit 200 is pulled out of
container 8 by the first delivery unit 72 and deliv
onto the cover 78 that is in the closed state. An

openable and closable door, not depicted, is dispos
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one side of the container 8 that faces the cleaning
12. At the time at which the support unit 200 is t
removed from the container 8, the door is opened an
lifting and lowering stage 6a of the elevator 6 is

or lowered to vertically align the container 8 plac
thereon with the guide rails 16.

The support plate 202 of the support unit 2
similar in shape to the frames 15 that support resp
workpieces 11. Therefore, the first delivery unit
deliver the support unit 200 onto the cover 78 in t
closed state in the same manner as it delivers a fr
unit 17 onto the chuck table 22.

The destination to which the first delivery
delivers the support unit 200 is not limited to the
78. The first delivery unit 72 may deliver the sup
unit 200 onto the guide rails 16, for example.
Furthermore, the cover 78 may be dispensed with, an
first delivery unit 72 may deliver the support unit
onto the chuck table 22.

A specific example of a process of changing
blades 36 or cutting blades 52 mounted on the cutti
units 30 of the cutting apparatus 2 will be describ
below. In the example, the cutting blades 36 (see

mounted on the mount flanges 42 will be described b
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as cutting blades to be changed according to the ch
process.

First, replacement cutting blades 36 are pl
the upper surface 202a of the support plate 202 of
support unit 200 (preparing step). Specifically, b
cases 172 housing respective replacement cutting bl
36, e.g., unused cutting blades 36, therein are pla
respective blade case supports 204A on the upper su
202a of the support plate 202.

It is desirable that the blade cases 172 sh
placed on the respective blade case supports 204 wi
lids 176 being open. The lids 176 that remain open
the replacement cutting blades 36 to replace the cu
blades 36 on the cutting units 30 properly even if
cutting apparatus 2 lacks an opening and closing un
opening and closing the lids 176. The support unit
that supports the replacement cutting blades 36 hou
the blade cases 172 is housed in the container 8 (s
FIG. 1).

Then, the first delivery unit 72 pulls the
unit 200 out of the container 8 and delivers the su
unit 200 onto the cover 78 in the closed state. Th
replacement cutting blades 36 are now held on the ¢

78. As described above, the support unit 200 may b
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placed on the guide rails 16 or the chuck table 22.
Then, the holder 150B of the changing devic
holds one of the replacement cutting blades 36 plac

the upper surface 202a of the support plate 202
(replacement cutting blade holding step). FIG. 12A
schematically illustrates the changing device 100 i
replacement cutting blade holding step.

In the replacement cutting blade holding st

lifting and lowering mechanism 86 and the articulat

90 (see FIGS. 4 and 5) move the changing device 100

place the changing device 100 in a blade transfer
position over the support plate 202 held on the cov
etc. The rotating mechanism 104 (see FIG. 6, etc.)
the frame 110 to cause the holder 150B to face the
surface 202a of the support plate 202.

Then, the changing device 100 is lowered to
the holder 150B into contact with the replacement ¢
blade 36 placed on the upper surface 202a of the su
plate 202. The holder 150B then holds the replacem
cutting blade 36 under suction. Thereafter, the ch
device 100 is lifted to move the holder 150B away f
the upper surface 202a of the support plate 202. T
replacement cutting blade 36 is now lifted off the

surface 202a of the support plate 202 by the holder
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Then, the nut 48 mounted on the mount flang
one of the cutting units 30 is removed from the mou
flange 42 (nut removing step). FIG. 12B schematica
illustrates the changing device 100 in the nut remo
step. In the nut removing step, the lifting and lo
mechanism 86 and the articulated arm 90 (see FIGS.
5) move the changing device 100 and place the chang
device 100 in the processing chamber cover 28 (see
1). The nut holder 122 of the changing device 100
brought into facing relation to the mount flange 42
which the cutting blade 36 and the nut 48 are mount

The nut holder 122 then holds and rotates t
48 mounted on the mount flange 42. Specifically, w
the gripping members 134 (see FIG. 6, etc.) are gri
the nut 48, the rotary actuator 128 rotates the
rotational member 130 (see FIG. 6, etc.) to rotate
nut 48 in the first direction around the rotational
1244, i.e., the direction to loosen the nut 48. As
result, the nut 48 is loosened and removed from the
flange 42.

Then, the nut holder 122 and the mount flan
are spaced apart from each other (first retracting
FIG. 12C schematically illustrates the changing dev

100 in the first retracting step. In the first ret
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step, the articulated arm 90 (see FIGS. 4 and 5) mo

the changing device 100 away from the mount flange

The nut holder 122 now moves away from the mount fl

42 while holding the nut 48.

Then, the holder 150A of the changing devic
holds the cutting blade 36, e.g., a used cutting bl
36, mounted on the mount flange 42 of the cutting u
(used cutting blade holding step). FIG. 12D schema
illustrates the changing device 100 in the used cut
blade holding step.

In the used cutting blade holding step, the
rotational member 106 (see FIG. 6, etc.) of the rot
mechanism 104 is rotated to bring the surface 150a
FIG. 8A, etc.) of the holder 150A into facing relat
the mount flange 42. The changing device 100 is mo
toward the mount flange 42 to cause the holder 150A
contact the used cutting blade 36 mounted on the mo
flange 42. Then, the holder 150A holds the used cu
blade 36 under suction.

Then, the holder 150A and the mount flange
spaced apart from each other (second retracting ste
FIG. 13A schematically illustrates the changing dev
100 in the second retracting step. In the second

retracting step, the articulated arm 90 (see FIGS.
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5) moves the changing device 100 away from the moun t
flange 42. The holder 150A now moves away from the mount

flange 42 while holding the used cutting blade 36,

dismounting the used cutting blade 36 from the moun t
flange 42.

Then, the replacement cutting blade 36 held by the
holder 150B of the changing device 100 is mounted o n the
mount flange 42 (cutting blade mounting step). FIG .13B
schematically illustrates the changing device 100 i n the

cutting blade mounting step. In the cutting blade

mounting step, the rotational member 106 (see FIG. 6,
etc.) of the rotating mechanism 104 is rotated to b ring
the surface 150a (see FIG. 8A, etc.) of the holder 150B
that is holding the replacement cutting blade 36 in to

facing relation to the mount flange 42.

Then, the changing device 100 is moved towa rd the
mount flange 42 to position the replacement cutting blade
36 such that the boss 46 (see FIG. 2) of the mount flange
42 is inserted into the opening 36a (see FIG. 2) in the

replacement cutting blade 36. When the replacement

cutting blade 36 is then released from the holder 1 508B,
the replacement cutting blade 36 is mounted on the mount
flange 42.

Then, the holder 150B and the mount flange 42 are

83



spaced apart from each other (third retracting step
FIG. 13C schematically illustrates the changing dev
100 in the third retracting step. In the third ret

step, the articulated arm 90 (see FIGS. 4 and 5) mo

the changing device 100 away from the mount flange

The holder 150B now moves away from the mount flang

and is spaced apart from the replacement cutting bl
mounted on the mount flange 42.

Then, the nut 48 held by the nut holder 122
mounted on the mount flange 42 (nut mounting step).
13D schematically illustrates the changing device 1
the nut mounting step. In the nut mounting step, t
rotational member 106 (see FIG. 6, etc.) of the rot
mechanism 104 is rotated to cause the nut holder 12
holding the nut 48 to face the mount flange 42. Th
changing device 100 is moved toward the mount flang
to position the nut 48 at the distal end portion of
boss 46 (see FIG. 2) of the mount flange 42.

The rotary actuator 128 rotates the rotatio
member 130 (see FIG. 6, etc.) to rotate the nut 48
gripped by the gripping members 134 (see FIG. 6, et
the second direction, i.e., a direction to tighten
nut 48. The nut 48 is now tightened over the boss

FIG. 2) of the mount flange 42, and hence mounted o

84

).

ice
racting
ves
42.

e 42

ade 36

FIG.
00in
he

ating

e 42

the

nal

c.)in
the
46 (see

n the



mount flange 42. The replacement cutting blade 36
sandwiched between the mount flange 42 and the nut
and secured to the distal end portion of the spindl

The cutting blade 36 mounted on the mount f
has been changed according to the above sequence.
used cutting blade 36 held by the holder 150A is pl
on one of the blade case supports 204A of the suppo
unit 200.

In the above changing process, the mount fl
and the changing device 100 may be moved toward and
from each other by moving the cutting unit 30, i.e.
mount flange 42. For example, in the first retract
step, the second retracting step, and the third
retracting step, the cutting unit 30 may be moved a
from the changing device 100 along one of the Y-axi
directions to space the changing device 100 and the
flange 42 apart from each other.

In the above changing process, the changing
cutting blade 36 mounted on the mount flange 42 has
described. The cutting blade 52 (see FIG. 3) mount
the mount flange 54 may be changed in the same fash
the cutting blade 36 mounted on the mount flange 42
the cutting blade 52 is to be changed, however, the

cutting blade 52 and the holder flange 62 are held
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holder 150A and the holder 150B (see FIG. 9B), as
described above. In other words, the cutting blade

the holder flange 62 are changed instead of the cut
blade 36.

For changing the cutting blade 52, moreover
holder 150B holds the holder flange 62 and thereaft
holds the cutting blade 52 in the replacement cutti
blade holding step. Specifically, the holder 150B
caused to face the holder flange 62 supported on on
the holder flange supports 206 (see FIG. 10A), and
holds the holder flange 62.

Then, the holder 150B that is holding the h
flange 62 is brought into facing relation to a
replacement cutting blade 52 in one of the blade ca
172 supported on one of the blade case supports 204
FIG. 10A), and holds the replacement cutting blade
well as the holder flange 62. At this time, the
replacement cutting blade 52 is held by the holder
under a negative pneumatic pressure that is transmi
from the suction source 160 and that acts on the cu
blade 52 through the through holes 62d (see FIG. 9B
the holder flange 62.

The changing device 100 is also capable of

the dressing board 19 or the inspection board 21 (s
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FIG. 10A) held on each of the sub-tables 26 (see FlI
When a cutting blade 36 or a cutting blade 52 is dr
by the dressing board 19, for example, the cutting
36 or the cutting blade 52 forms a cut groove in th
dressing board 19.

When the dressing board 19 has had cut groo
formed over its entire surface by dressing numerous
cutting blades 36 or cutting blades 52, the dressin
board 19 is replaced as a used dressing board with
replacement dressing board 19, e.g., an unused dres
board 19. Similarly, an inspection board 21 that h
used to inspect cutting blades 36 or cutting blades
also replaced with a replacement inspection board 2
e.g., an unused inspection board 21, at an appropri
timing.

The holder 150A and the holder 150B of the
device 100 are capable of holding plate-shaped memb
that include not only cutting blades 36 and cutting
blades 52, but also dressing boards 19 and inspecti
boards 21. Consequently, the changing device 100 c
change dressing boards 19 and inspection boards 21
on the sub-tables 26.

FIG. 14A illustrates in perspective view th

150A as it is holding a square dressing board 19,
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depicted as a dressing board 19A. The dressing boa
illustrated in FIG. 14A is of a size large enough t
cover the entire face side 152a of the frame 152.
14A, the dressing board 19A has its outline indicat
the two-dot-and-dash lines.

For holding the dressing board 19A on the h
150A, the lips 154b of the elastic member 154 are b
into contact with the dressing board 19A. At this
the holder 150A is positioned such that the elastic
member 154 is covered in its entirety by the dressi
board 19A. The space between the lips 154b is now
by the dressing board 19A. The dressing board 19A
under suction by the holder 150A under a negative
pneumatic pressure that is transmitted from the suc
source 160 (see FIG. 8B) and that acts in the space
between the lips 152b.

The dressing board 19 to be held by the hol
is not essentially limited to any size and shape.
14B illustrates in perspective the holder 150A as i
holding an elongate rectangular dressing board 19,
depicted as a dressing board 19B. The dressing boa
illustrated in FIG. 14B has longer sides longer tha
diameter of the frame 152 and shorter sides shorter

the diameter of the frame 152. However, the shorte
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of the dressing board 19B are longer than the diame
the elastic member 154.

For holding the dressing board 19B on the h
150A, the lips 154b of the elastic member 154 are b
into contact with the dressing board 19B. At this
the holder 150A is positioned such that the elastic
member 154 is covered in its entirety by the dressi
board 19B. The space between the lips 154b is now
by the dressing board 19B. The dressing board 19B
under suction by the holder 150B under a negative
pneumatic pressure that is transmitted from the suc
source 160 (see FIG. 8B) and that acts in the space
between the lips 154b.

The holder 150A may hold the dressing board
various fashions other than the details described a
For example, the holder 150A may hold the dressing
19 with the lips 154b kept out of contact with the
dressing board 19. The lips 154b kept out of conta
the dressing board 19 are prevented from being worn
contacting the dressing board 19.

Specifically, the lips 154b may have their
not protruding from the face side 152a of the frame
but disposed within the first groove 152c. With th

arrangement, the holder 150A can hold the dressing
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19A such that the lips 154b are kept out of contact
the dressing board 19A (FIG. 14A).

Specifically, the holder 150A is positioned
that the first groove 152c is covered in its entire
the dressing board 19A. At this time, the dressing
19A is supported by the face side 152a of the frame

and kept out of contact with the lips 154b. When a

negative pneumatic pressure from the suction source

(see FIG. 8B) acts in the first groove 152c, the dr
board 19A is held under suction on the holder 150A.

The holder 150A may include a mechanism for
ejecting a gas such as air to hold the dressing boa
out of contact therewith according to the Bernoulli
effect. Even when the dressing board 19B that is s
and shaped not to cover the first groove 152c in it
entirety, as illustrated in FIG. 14B, the holder 15
with such a mechanism is able to hold the dressing
19B out of contact with the lips 154b.

FIGS. 14A and 14B illustrate the manner in
the dressing board 19 is held by the holder 150A.
However, the holder 150B is also able to hold the
dressing board 19 in a similar manner. The holder
and the holder 150B are able to hold the inspection

21 in the same manner as the dressing board 19.
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Next, a specific example of a process of ch
dressing board 19 and an inspection board 21 held o
sub-tables 26 of the cutting apparatus 2 will be
described below. In the example, a dressing board
is used to dress cutting blades 36 or cutting blade
will be described below as a board to be changed
according to the changing process.

First, a replacement dressing board 19 is p
the upper surface 202a of the support plate 202 of
support unit 200 (see FIG. 10A) (preparing step).
Specifically, a replacement dressing board 19, e.g.
unused dressing board 19, is placed on the one of t
board supports 208 on the upper surface 202a of the
support plate 202. The support unit 200 that suppo
replacement dressing board 19 is housed in the cont
8 (see FIG. 1).

The support unit 200 is pulled out of the ¢
8 by the first delivery unit 72 and delivered onto
cover 78 that is in the closed state. The replacem
dressing boards 19 are now prepared on the cover 78
Alternatively, the support unit 200 may be position
the guide rails 16 or the chuck table 22.

Then, the holder 150B of the changing devic

holds the replacement dressing board 19 placed on t
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upper surface 202a of the support plate 202 (replac
board holding step). FIG. 15A schematically illust
the changing device 100 in the replacement board ho
step.

In the replacement board holding step, the
and lowering mechanism 86 and the articulated arm 9
FIGS. 4 and 5) move the changing device 100 and pla
changing device 100 in a board transfer position ov
support plate 202 held on the cover 78. The rotati
mechanism 104 (see FIG. 6, etc.) turns the frame 11
cause the holder 150B to face the upper surface 202
the support plate 202.

Then, the changing device 100 is lowered to
the holder 150B into contact with the replacement
dressing board 19 placed on the upper surface 202a
support plate 202. The holder 150B then holds the
replacement dressing board 19 under suction. There
the changing device 100 is lifted to move the holde
away from the upper surface 202a of the support pla
202. The replacement dressing board 19 is now lift
the upper surface 202a of the support plate 202 by
holder 150B.

Then, the holder 150A of the changing devic

holds a used dressing board 19 held on one of the s
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tables 26 (used board holding step). FIG. 15B
schematically illustrates the changing device 100 i
used board holding step.

In the used board holding step, the lifting
lowering mechanism 86 and the articulated arm 90 (s
FIGS. 4 and 5) move the changing device 100 and pla
changing device 100 in a loading and unloading posi
over the sub-table 26 on which the used dressing bo
Is positioned. The rotational member 106 (see FIG.
etc.) of the rotating mechanism 104 is rotated to ¢
the holder 150A to face the sub-table 26.

The changing device 100 is moved toward the
table 26 to bring the holder 150A into contact with
used dressing board 19 held on the sub-table 26.
Thereatfter, the holder 150A holds the used dressing
19 under suction.

Then, the holder 150A and the sub-table 26
spaced apart from each other (retracting step). Fl
schematically illustrates the changing device 100 i
retracting step. In the retracting step, the lifti
lowering mechanism 86 (see FIGS. 4 and 5) lifts the
changing device 100, moving the changing device 100
from the sub-table 26. The holder 150A that is hol

the used dressing board 19 is moved away from the s
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table 26, and hence lifts the used dressing board 1
Then, the replacement dressing board 19 tha
held by the holder 150B of the changing device 100
placed on the sub-table 26 (placing step). FIG. 15
schematically illustrates the changing device 100 i

placing step.

In the placing step, the rotational member
FIG. 6, etc.) of the rotating mechanism 104 is rota
bring the holder 150B that is holding the replaceme
dressing board 19 into facing relation to the sub-t
26. The changing device 100 is moved toward the su
26 to position the replacement dressing board 19 ov
sub-table 26. Thereafter, when the replacement dre
board 19 is released from the holder 150B, the
replacement dressing board 19 is placed on the sub-
26.

The dressing board 19 held on the sub-table
been changed according to the above sequence. The
dressing board 19 held by the holder 150A is placed
one of the board supports 208 of the support unit 2
the above changing process, the changing of the dre
board 19 has been described. In a case where an
inspection board 21 is placed on one of the sub-tab

26, the inspection board 21 can be changed in the s
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manner as the dressing board 19.

As described above, the cutting apparatus 2
according to the present embodiment includes a supp
unit 200 for supporting a cutting blade 36 or a cut
blade 52 housed in a blade case 172, a cutting unit
including a mount flange 42 on which a cutting blad
is to be mounted or a mount flange 54 on which a cu
blade 52 is to be mounted, a changing device, i.e.,
changing mechanism, 100 for attaching a cutting bla
or a cutting blade 52 supported on the support unit
to the mount flange 42 or the mount flange 54, and
moving unit, i.e., a moving mechanism, 84 for movin
changing device 100.

Consequently, by supporting a cutting blade
cutting blade 52 housed in the blade case 172 on th
support unit 200 and moving the changing device 100
the moving unit 84, it is possible to change the cu
blade 36 or the cutting blade 52 on the cutting uni

In other words, the cutting apparatus 2 according t

present embodiment makes it unnecessary to manually

remove the cutting blade 36 or the cutting blade 52
the blade case 172 as in the existing technology.
The present invention is not limited to the

of the embodiment describe above, and various chang
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modifications may be made therein. FIG. 16 illustr
perspective a cutting apparatus 2 including a suppo
unit, i.e., a stocker, 250 according to a modificat
The support unit 250 included in the cutting appara
illustrated in FIG. 16 includes the rotary support
250, instead of the container 8 (see FIG. 1), for t
rotary support unit 250 supporting various tools us
the cutting apparatus 2, disposed in the vicinity o
changer unit 76. For example, the support unit 250
disposed in a region adjacent to the opening 4b in
base 4.

The support unit 250 is arranged to support
including cutting blades 36, cutting blades 52, hol
flanges 62, dressing boards 19, inspection boards 2
FIG. 10A), etc. Specifically, the support unit 250
includes a support plate, i.e., a support base, 252
supporting the various tools placed thereon.

FIG. 17 illustrates in perspective the supp
250 including a rotatable support plate 252. For e
the support plate 252 is a disk-shaped member havin
upper surface 252a on which there are disposed a
plurality of blade case supports 254 each capable o
supporting a blade case 172 that houses a cutting b

52 therein. In FIG. 17, the blade case 172 has its
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which may be similar to the lid 176 illustrated in
10B, omitted from illustration

For example, each of the blade case support
a recessed region shaped complementarily to a blade
172 and is capable of supporting a blade case 172 r
therein. Alternatively, each of the blade case sup
254 may be of a guide structure shaped complementar
a blade case 172.

The support plate 252 also has on the upper
252a thereof a plurality of holder flange supports
for supporting respective holder flanges 62. For e
each of the holder flange supports 256 is a recesse
region shaped complementarily to a holder flange 62
is capable of supporting a holder flange 62 rested
therein. Alternatively, each of the holder flange
supports 256 may be of a guide structure shaped
complementarily to a holder flange 62.

The blade case supports 254 and the holder
supports 256 are angularly spaced at substantially
intervals circumferentially along the support plate
A shaft, i.e., a rotating mechanism, 258 rotatable
power transmitted from a rotary actuator, i.e., a
rotating mechanism, not depicted, such as an electr

motor is coupled to the lower surface of a central
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portion of the support plate 252. When the rotary
actuator rotates the shaft 258 about its central ax
the support plate 252 is rotated about a rotational
generally parallel to the Z-axis directions. The b
case supports 254 and the holder flange supports 25
arrayed along the directions in which the support p
252 is rotatable by the shaft 258.

Below the support plate 252, there are disp
reading unit 260 for reading identification marks 2
etc. attached to cutting blades 52 and a ring-shape
light source 262 for illuminating the identificatio
marks 214, etc. For example, cutting blades 52 are
supported on the blade case supports 254 by the bla
cases 172 such that the surfaces of the cutting bla
to which the identification marks 214 are attached
downwardly.

The reading unit 260 includes, for example,
visible-light camera, an infrared-ray camera, or th
like, and reads the identification marks 214 attach
the cutting blades 52 through the support plate 252
the blade cases 172. The materials of the support
252 and the blade cases 172 are selected depending
kind of the reading unit 260.

For example, if the reading unit 260 includ
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visible-light camera, then the support plate 252 an
blade cases 172 are made, wholly or partly, of a ma
that transmits visible light therethrough. Specifi
the support plate 252 is made, wholly or partly, of
transparent material such as plastic, e.g., polypro
or the like, glass, e.g., quartz glass or borosilic
glass, or the like. The blade cases 172 are made,
or partly, of a transparent material such as plasti
e.g., polypropylene or the like.

The materials of the support plate 252 and
blade cases 172 may be changed as desired depending
the kind of the reading unit 260. For example, if
reading unit 260 includes an infrared-ray camera, t
the support plate 252 and the blade cases 172 are m
wholly or partly, of a material that transmits infr
radiation therethrough.

When the support plate 252 is rotated to po
the reading unit 260 directly below a desired one o
blade case supports 254, the reading unit 260 can r
the identification mark 214 attached to the cutting
52 that is supported on the desired blade case supp
254 through the blade case 172.

The information of the identification mark

by the reading unit 260 is output to the control un
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(see FIG. 16). The reading unit 260 may be dispose
the support plate 252. In this case, the cutting b

52 are supported on the blade case supports 254 by
blade cases 172 such that the surfaces of the cultti
blades 52 to which the identification marks 214 are
attached are exposed upwardly.

Blade cases 172 that house cutting blades 3
placed on the blade case supports 254 on the suppor
plate 252. The support plate 252 may have on its u
surface 252a a plurality of board supports, which a
similar to the board supports 208 illustrated in FI
10A, for supporting dressing boards 19 and inspecti
boards 21.

An opening and closing unit for opening and
the lids 176 of the blade cases 172 supported on th
support plate 252 is disposed in the vicinity of th
support unit 250 thus constructed. FIG. 18 illustr
perspective the opening and closing unit, denoted b
The opening and closing unit 270 includes a holding
mechanism 272 disposed below the support plate 252,
example, for holding under suction and securing, fr
below, the storage casing 174 of the blade case 172
placed on one of the blade case supports 254.

The holding mechanism 272 includes a box-sh
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base 272a housing therein an actuator, not depicted
as an electric motor. The base 272a has two openin
example, defined in an upper surface thereof. Two
holding rods 272b that can be lifted and lowered by
power of the actuator have respective lower ends in
in the respective openings.

Suction pads 272c shaped as suction cups ar
mounted on the respective upper ends of the holding
272b. The suction pads 272c are used in contact wi
bottom plate 180 of the storage casing 174 of the b
case 172. The suction pads 272c are held in fluid
communication with a suction source, not depicted,
as an ejector, through fluid channels, etc. defined
the holding rods 272b.

An unlocking mechanism 274 for lifting the
of the blade case 172 secured by the holding mechan
272 to unlock the first hook 184 and the second hoo
from each other is disposed laterally of the holdin
mechanism 272. The unlocking mechanism 274 include
push rod 274a that can be lifted and lowered by an
actuator, not depicted, such as an electric motor.
Alternatively, the unlocking mechanism 274 may incl
air cylinder or the like for lifting and lowering t

push rod 274a under pneumatic pressure.
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A pushing mechanism 276 for further opening
176 of the blade case 172 after the first hook 184
the second hook 190 have been unlocked from each ot
and the lid 176 has been lifted from the storage ca
174 is disposed laterally of the unlocking mechanis
and the support plate 252.

The pushing mechanism 276 includes a box-sh
base 276a housing therein an actuator, not depicted
as an electric motor. The base 276a has an opening
example, defined in a side surface thereof that fac
support plate 252. A push rod 276b (see FIG. 19A,
movable laterally by the power of the actuator has
inserted in the opening in the base 276a.

A locking mechanism 278 for closing the lid
that has been opened by the pushing mechanism 276 t
intermesh the first hook 184 and the second hook 19
disposed above the support plate 252. The locking
mechanism 278 is disposed on an extension of the pa
along which the push rod 276b is movable, for examp

The locking mechanism 278 includes a movabl
278a that can be moved laterally by an actuator, no
depicted, such as an electric motor. Specifically,
movable arm 278a is movable along the extension of

path along which the push rod 276b is movable. The
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movable arm 278a has a distal end, oriented toward
pushing mechanism 276, to which there are attached
of pressing wheels 278b usable in contact with the
plate 186 of the lid 176 and rotatable about its ce
axis, i.e., a rotational axis perpendicular to the
directions along which the movable arm 278a is mova
and the Z-axis directions.

For opening the lid 176 of the blade case 1
the opening and closing unit 270, the support plate
is rotated about the rotational axis thereof to pos
one of the blade cases 172 over the two holding rod
of the holding mechanism 272. Then, the holding ro
are lifted to bring the suction pads 272c, from bel
into contact with the bottom plate 180 of the stora
casing 174 of the blade case 172.

FIG. 19A illustrates in perspective the man
which the blade case 172 placed on the blade case s
254 is secured by the holding mechanism 272. After
suction pads 272c have contacted the bottom plate 1
the storage casing 174, the suction pads 272c hold
storage casing 174 under the negative pneumatic pre
from the suction source. Each of the blade case su
254 has a clearance, i.e., an opening, defined ther

for allowing the suction pads 272c to pass therethr
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After the blade case 172 placed on the blad
support 254 has been secured by the holding mechani
272, the push rod 274a of the unlocking mechanism 2
lifted to push the second hook 190 of the lid 176
upwardly. The first hook 184 and the second hook 1
now unlocked from each other. FIG. 19B illustrates
perspective the manner in which the lid 176 of the
case 172 is pushed upwardly by the unlocking mechan
274.

After the lid 176 has been pushed upwardly
unlocking mechanism 274, the push rod 276b of the p
mechanism 276 is moved laterally to open the lid 17
further. FIG. 20A illustrates in perspective the m
in which the lid 176 of the blade case 172 is furth
opened by the pushing mechanism 276. Specifically,
push rod 276b is moved laterally to have its distal
push an inner surface of the top plate 186 of the |
176, thereby further opening the lid 176, as illust
in FIG. 20A.

After the lid 176 has been sufficiently ope
push rod 276b is moved back from above the blade ca
172. With the lid 176 being sufficiently opened, t
changing device 100 can easily access the cutting b

52 housed in the blade case 172.
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For closing the lid 176 of the blade case 1
the opening and closing unit 270, the push rod 274a
the unlocking mechanism 274 is moved downwardly, fo
example. The negative pneumatic pressure applied f
suction source to the suction pads 272c of the hold
mechanism 272 is cut off, and the holding rods 272b
lowered. Thereafter, the movable arm 278a of the |
mechanism 278 is moved toward the pushing mechanism
FIG. 20B illustrates in perspective the man
which the lid 176 of the blade case 172 is closed b
locking mechanism 278. When the movable arm 278a i
toward the pushing mechanism 276, the pressing whee
278b of the locking mechanism 278 are brought into
contact with an outer surface of the top plate 186
lid 176. When the movable arm 278a is moved furthe
toward the pushing mechanism 276, the pressing whee
278b push the lid 176 toward the storage casing 174
the lid 176 is closed over the storage casing 174,
intermeshing the first hook 184 and the second hook
For changing a used cutting blade 52 on one
cutting units 30, replacement cutting blades 52 and
holder flanges 62 are supported on the support unit
Then, the changer unit 76 holds one of the replacem

cutting blades 52 and one of the holder flanges 62
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are supported on the support unit 250 with the chan
device 100 (see FIG. 9B).

At this time, the control unit 82 controls
changer unit 76 on the basis of the information
represented by the identification marks 214 attache
the cutting blades 52 to cause the changing device
hold one of the cutting blades 52 and one of the ho
flanges 62. Accordingly, a desired cutting blade 5
the support unit 250 can be selected as a replaceme
cutting blade 52. Thereafter, the used cutting bla
and the used holder flange 62 that are mounted on t
cutting unit 30 are replaced with the replacement c
blade 52 and the holder flange 62 from the changing
device 100 (see FIGS. 12A through 13D).

Similarly, for changing a used dressing boa
a used inspection board 21 on one of the sub-tables
replacement dressing board 19 or a replacement insp
board 21 are supported on the support unit 250. Th
changer unit 76 holds the replacement dressing boar
or the replacement inspection board 21 supported on
support unit 250, and replaces the used dressing bo
or the used inspection board 21 on the sub-table 26
the replacement dressing board 19 or the replacemen

inspection board 21 from the support unit 250 (see
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15A through 16D).

The structural details and process details
according to the above embodiment and modifications
be changed or modified without departing from the s
of the present invention.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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VWHAT IS CLAIMED | S:

1. A cutting apparatus comprising:

a cutting unit including a spindle as a rot
shaft and a mount flange for mounting a cutting bla
thereon, the mount flange being fixed to a distal e
the spindle;

a support unit for supporting a cutting bla
housed in a blade case, the support unit including
blade case support for supporting the blade case fo
housing the cutting blade therein;

a changing mechanism for dismounting a cutt
blade that has been mounted on the mount flange fro
mount flange and mounting the cutting blade that ha
supported on the support unit on the mount flange;

a moving mechanism for moving the changing
mechanism between a changing position in which the
cutting blade is able to be mounted on and dismount
from the mount flange, a blade transfer position in
the cutting blade is able to be transferred to and
the support unit, and a retracted position spaced f
the changing position and the blade transfer positi

2. The cutting apparatus according to clai

wherein the support unit further includes a

rotating mechanism for rotating the blade case supp
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and has a plurality of the blade case supports for
supporting respective blade cases, the blade case
supports being arrayed along directions in which th e

blade case supports are rotatable by the rotating

mechanism.
3. The cutting apparatus according to clai m1,
wherein the mount flange has a fixed mount fixed to
the spindle and a holder flange mounted on the fixe d

mount with the cutting blade sandwiched and secured
between the fixed mount and the holder flange,
the support unit further includes a holder flange

support for supporting the holder flange, and

the changing mechanism mounts the cutting b lade
together with the holder flange on the fixed mount and
dismounts the cutting blade together with the holde r

flange from the fixed mount.
4. The cutting apparatus according to clai m1,
wherein the blade case has a storage casing for
storing the cutting blade and a lid for closing the

storage casing, and

the cutting apparatus further includes an o pening
and closing unit for opening and closing the lid of the
blade case.

5. The cutting apparatus according to clai m 1,
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further comprising:

a table for holding a dressing board for us
dressing the cutting blade or an inspection board f
being cut by the cutting blade to form an inspectio
groove therein,

wherein the support unit further includes a
support for supporting the dressing board or the
inspection board,

the moving mechanism moves the changing mec
between a board transfer position in which the dres
board or the inspection board is able to be transfe
to and from the support unit, a loading and unloadi
position in which the dressing board or the inspect
board is able to be loaded to and unloaded from the
table, the changing position, the blade transfer
position, and the retracted position, and

the changing mechanism removes the dressing
or the inspection board from the table on which the
dressing board or the inspection board has been hel
places, on the table, the dressing board or the
inspection board that has been supported on the sup
unit.

6. The cutting apparatus according to clai

further comprising:
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a reading unit for reading identification m
and

a blade case determining unit for determini
whether information acquired when an identification
attached to the cutting blade is read by the readin
and information acquired when an identification mar
attached to the blade case is read by the reading u
correspond to each other or not.

7. The cutting apparatus according to clai
further comprising:

a reading unit for reading identification m
and

a board determining unit for determining wh
information acquired when an identification mark at
to the cutting blade is read by the reading unit an
information acquired when an identification mark at
to the dressing board or the inspection board is re
the reading unit correspond to each other or not.

8. The cutting apparatus according to clai
further comprising:

a blade case determining unit for determini
whether information acquired when an identification
attached to the cutting blade is read by the readin

and information acquired when an identification mar
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attached to the blade case is read by the reading u nit

correspond to each other or not.
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