CUTTI NG APPARATUS AND METHOD OF CHANG NG CONSUMABLE PARTS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus and a net hod of changi ng consunabl e parts.

Description of the Related Art

Cutting apparatuses having a cutting blade are used
as processing apparatuses for cutting workpieces such as
sem conductor wafers (see, for exanple, JP 2007-208114A).
JP 2007-208114A proposes a cutting apparatus including a
bl ade changing apparatus for automatically changing
cutting blades in order to reduce nman-hours required to
change cutting bl ades as consumabl e parts.

The blade changing apparatus of the cutting
apparatus disclosed in JP 2007-208114A has a plurality of
bl ade hol ders disposed on a circle around the central
axis of a shaft, for holding new and old blades
respectively thereon. The blade holders are nounted on a
bl ade support plate disposed on a distal end of the shaft
and extending perpendicularly to the shaft. The bl ade
support plate is positioned to make the central axis of
the shaft parallel to the central axis of a spindle for

changi ng cutting bl ades thereon.



SUWARY OF THE | NVENTI ON

However, since the blade changing apparatus of the
cutting apparatus disclosed in JP 2007-208114A has the
bl ade hol ders di sposed on the circle around the central
axis of the shaft, the blade changi ng apparatus takes up
a |large space for changing cutting blades as consunabl e
parts. There have been demands for snaller blade changi ng
appar at uses.

It is therefore an object of the present invention
to provide a cutting apparatus and a nethod of changing
consumable parts that can reduce a space for changing
consunabl e parts.

In accordance wth an aspect of +the present
i nventi on, there is provided a cutting apparatus
I ncluding a consumabl e part holding unit having a hol di ng
surface for holding a consunmable part, a changing
apparatus for changing the consumable part, and a noving
unit for noving the changi ng apparatus between a changi ng
position for changing the consumable part and a retracted
posi tion. The changing apparatus includes a rotational
shaft, a first holder for holding a used consumabl e part,
the first holder having a first holding surface facing in

an outward direction from the rot ati onal shaf t



perpendicularly to the rotational shaft, and a second
hol der for holding a replacenent consumable part, the
second holder being disposed in a position angularly
spaced a predeterm ned angle fromthe first hol der around
the rotational shaft, the second holder having a second
hol ding surface facing in an outward direction from the
rotational shaft perpendicularly to the rotational shaft.

In the cutting apparatus, the changing apparatus
may further include a third holder having a third hol di ng
surface facing in an outward direction from the
rotational shaft perpendicularly to the rotational shaft
and a fourth holder having a fourth holding surface
facing in an outward direction from the rotational shaft
perpendicularly to the rotational shaft. The first hol der,
the second holder, the third holder, and the fourth
hol der may be disposed in respective positions spaced at
angular intervals of 90 degrees around the rotationa
shaft.

In the cutting apparatus, the first holding surface
of the first holder nmay be tiltably coupled to the
rotational shaft by a joint assenbly having a resilient
menber, and the second holding surface of the second
hol der may be tiltably coupled to the rotational shaft by

a joint assenbly having a resilient nenber.



The cutting apparatus may further include a
processi ng chanber for cutting a workpiece with a cutting
unit therein. The changing apparatus nmay be disposed
outside of the processing chanber, and the processing
chanber may have an exit/entrance port defined therein
for allowi ng the changing apparatus to nove therethrough
into and out of the processing chanber.

The cutting apparatus may further include a
consumabl e  part housing contai ner for housing a
consunable part transport jig therein, the consunable
part housing container having a plurality of rest
surfaces for holding a plurality of consumable parts
pl aced thereon and a held portion outside of the rest
surfaces, the held portion is to be held by a transport
unit, a tenporary rest for tenporarily placing the
consumable part transport |jig thereon wupon changing
consumabl e parts, the transport unit for transporting the
consunable part transport jig from the consunmable part
housing container to the tenporary rest, and an i nage
capturing unit for capturing an inmage of consumable parts
pl aced on the consumable part transport jig, the inage
capturing unit being disposed in a transport route al ong
which the transport wunit transports consumable part

transport jig.



The cutting apparatus may further include a cutting
unit having a spindle and a cutting blade nounted on a
distal end of the spindle by a nount flange. The
consumabl e part may include the cutting blade, and the
consumabl e part holding unit may include the nmount flange.

The cutting apparatus may further include a hol ding
table for holding a workpiece and a dressing board table
for holding a dressing board, the dressing board table
being disposed adjacent to the holding table. The
consunable part may include the dressing board, and the
consunable part holding unit may include the dressing
board tabl e.

In accordance with another aspect of the present
invention, there 1is provided a changing nethod for
changi ng consumable parts in the cutting apparatus
descri bed above. The changing nethod includes the steps
of placing a replacenent consunmable part on a rest
surface of a consunmable part transport jig that has a
plurality of rest surfaces for holding a plurality of
consunabl e parts placed respectively thereon, holding the
repl acenent consunmabl e part placed on the rest surface of
the consunable part transport jig, on the second hol der
positioning the rotational shaf t of the changi ng

apparatus parall el to the holding surface of the



consunable part holding unit to bring the first holding
surface into facing relation to a used consumable part,
positioning the first holder in a changing position for
abutting against the used consumable part, and holding
the used consumable part on the first holder, retracting
the first holder that has held the used consumabl e part
from the changing position to a retracted position, and
rotating the rotational shaft to bring the second hol di ng
surface that has held the replacenent consumable part
into facing relation to the holding surface of the
consunable part holding wunit, positioning the second
holder in the changing position, and holding the
repl acenent consunable part on the holding surface of the
consumabl e part holding unit.

In the changing nethod, the consumable part may
include a cutting blade, and the consunable part hol ding
unit may include a nount fl ange.

In the changing nethod, the consumable part may
i ncl ude a dressing board, and the consumabl e part hol di ng
unit may include a dressing board table.

According to the aspect and the other aspect
descri bed above, the cutting apparatus has a reduced
space for changi ng consumabl e parts.

The above and other obj ect s, features and



advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the followng description and appended <clains wth
reference to the attached drawings showing preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view illustrating a
configuration exanple of a cutting apparatus according to
a first enbodi nent of the present invention;

FIG 2 is a perspective view of a workpiece as an
object to be processed by the cutting apparatus
illustrated in FIG 1;

FIG 3 is an expl oded perspective view of a cutting
unit of the cutting apparatus illustrated in FIG 1;

FIG 4 is an enlarged cross-sectional view of a
central portion of the cutting unit illustrated in FIG
3;

FIG 5 is a perspective view illustrating a
configuration exanple of a transport jig of the cutting
apparatus illustrated in FIG 1,

FIG 6 is a perspective view illustrating a cutting

blade placed on a blade rest of the transport jig



illustrated in FIG 5;

FIG 7 is a perspective view illustrating a
configuration exanple of a blade changing unit of the
cutting apparatus illustrated in FIG 1,

FIG 8 is another perspective view illustrating the
configuration exanple of the blade changing unit of the
cutting apparatus illustrated in FIG 1,

FIG 9 is a perspective view illustrating a
configuration exanple of a changing apparatus of the
bl ade changing unit illustrated in FIG 7,

FIG 10 is a front el evational view of the changing
apparatus illustrated in FIG 9;

FIG 11 is a plan view schematically illustrating a
positional relation between conponents of the -cutting
apparatus illustrated in FIG 1 imediately after the
cutting apparatus has started its processing operation;

FIG 12 is a flowhart of the sequence of a
changi ng net hod according to the first enbodi nent;

FIG 13 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus when cutting area covers open an exit/entrance
port and a table <cover is positioned in a table
protecting position in a transport jig unloading step of

the changing nethod illustrated in FIG 12;



FIG 14 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus when the transport jig is positioned by a pair
of centering guides in the transport jig unloading step
of the changing nethod illustrated in FIG 12;

FIG 15 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus when the transport jig is placed on the table
cover in the transport jig unloading step of the changi ng
method illustrated in FIG 12;

FIG 16 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
appar at us, depicting an outline of a replacenent
consumable part holding step of the changing nethod
illustrated in FIG 12;

FIG 17 is a side elevational viewillustrating the
manner in which a replacenment cutting blade for a cutting
unit is held on a second holding surface of a second

hol der of a changing unit in the replacenent consumabl e

part holding step of the changing nethod illustrated in
FIG 12;
FIG 18 is a side elevational view illustrating the

manner in which a replacenent cutting blade for another

cutting unit is held on a third holding surface of a



third holder of the changing unit in the replacenent
consumable part holding step of the changing nethod
illustrated in FIG 12;

FIG 19 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus, depicting an outline of a used consunabl e part
hol ding step of the changing nethod illustrated in FIG
12;

FIG 20 is a side elevational viewillustrating the
manner in which a used cutting blade on a cutting unit is
held on a first holding surface of a first holder of the
changing unit in the used consumable part holding step of
the changing nethod illustrated in FIG 12;

FIG 21 is a side elevational viewillustrating the
manner in which the changing unit holding the wused
cutting blade from the cutting unit is retracted in a
retracting step of the changing nethod illustrated in FIG
12;

FIG 22 is a side elevational viewillustrating the
manner in which the cutting unit holds a replacenent
cutting blade in a changing step of the changi ng nethod
illustrated in FIG 12;

FIG 23 is a side elevational view illustrating the

manner in which another cutting unit holds a replacenent
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cutting blade in a second changing step of the changing
method illustrated in FIG 12

FIG 24 is an exploded perspective view of a
cutting unit of a cutting apparatus according to a second
enbodi nent of the present invention;

FIG 25 is a front elevational view of a changing
apparatus of a blade changing unit of the cutting
apparatus illustrated in FIG 24;

FIG 26 is a cross-sectional view of a nut hol der
of the changing apparatus illustrated in FIG 25;

FIG 27 is a flowhart of the sequence of a
changi ng net hod according to the second enbodi nent;

FIG 28 is a perspective view illustrating a
central portion of a blade changing unit of a cutting
apparatus according to a nodification of the second
enbodi nent ;

FIG 29 is a perspective view illustrating a
configuration exanple of a cutting apparatus according to
a first nodification of the first and second enbodi nents;

FIG 30 is a perspective view illustrating another
configuration exanple of the cutting apparatus according
to the first nodification of the first and second
enbodi nent s;

FIG 31 is a perspective view illustrating a
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configuration exanple of a transport jig of a cutting
apparatus according to a second nodification of the first
and second enbodi nments;

FIG 32 is a perspective view illustrating a
central portion of a configuration exanple of a cutting
apparatus according to a third nodification of the first
and second enbodi nents;

FIG 33 is a cross-sectional view illustrating a
configuration of a dressing board table of the cutting
apparatus illustrated in FIG 32;

FIG 34 is a plan view illustrating a configuration
exanple of a transport jig of the cutting apparatus
illustrated in FIG 32;

FIG 35 is a flowhart of the sequence of a
changi ng nethod according to the third nodification of
the first and second enbodi nents;

FIG 36 is a side elevational view illustrating a
repl acenent consunmable part holding step of the changi ng
method illustrated in FIG 35; and

FIG 37 is a side elevational view illustrating,
partly in cross section, a used consunmable part holding

step of the changing nethod illustrated in FIG 35.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS
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Modes for carrying out the present invention, i.e.,
enbodi nents of the present invention, will hereinafter be
described in detail with reference to the drawings. The
present invention is not |limted to the details of the
enbodi nent descri bed bel ow The conponents descri bed
bel ow cover those which could easily be anticipated by
those skilled in the art and those which are essentially
i denti cal t her et o. Furt her nor e, the arrangenents
descri bed bel ow can be used in appropriate conbinations.
Various om ssions, replacenents, or changes of the
arrangenents nay be made without departing from the scope
of the present invention.

[ First enbodi nment]

A cutting apparatus according to a first enbodi nent
of the present invention will be described below wth
reference to the drawings. FIG 1 is a perspective view
illustrating a configuration exanple of the «cutting
apparatus according to the first enbodinent. FIG 2 is a
perspective view of a workpiece as an object to be
processed by the cutting apparatus illustrated in FIG 1.
FIG 3 is an exploded perspective view of a cutting unit
of the cutting apparatus illustrated in FIG 1. FIG 4 is
an enlarged cross-sectional view of a central portion of

the cutting unit illustrated in FIG 3. FIG 5 is a
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perspective view illustrating a configuration exanple of
a transport jig of the cutting apparatus illustrated in
FIG 1. FIG 6 is a perspective view illustrating a
cutting bl ade placed on a blade rest of the transport jig
illustrated in FIG 5.
(Cutting apparatus)

A cutting apparatus, denoted by 1, according to the
first enbodinment is an apparatus for cutting, i.e.,
processing, a workpiece 200 illustrated in FIG 2.
According to the first enbodi nent, the workpiece 200 is a
waf er such as a disk-shaped sem conductor wafer or an
optical device wafer nmade of a base material such as
silicon, sapphire, or gallium The workpiece 200 has a
plurality of devices 203 fornmed in respective areas
demarcated in a grid pattern by a grid of projected
dicing lines 202 on a face side 201 of the workpiece 200.

The workpiece 200 according to the present
invention nmay alternatively be what is generally called a
TAIKO (registered trademark) wafer having a thinner
central portion and a thicker outer circunferential
portion, or, instead of a wafer, a rectangular packaged
substrate having a plurality of devices encapsul ated by a
resin, a ceramcs substrate, a ferrite substrate, a glass

substrate, a substrate containing at |east one of nickel
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and iron, or the like. According to the first enbodi nment,
the workpiece 200 has a reverse side 204 affixed to an
adhesi ve tape 210 including an outer circunferential edge
on which an annular frame 211 is nounted, so that the
wor kpi ece 200 is supported on the annular franme 211 by
t he adhesi ve tape 210.

The cutting apparatus 1 illustrated in FIG 1
i ncludes a holding table 10 for hol ding the workpiece 200
under suction on a holding surface 11 thereof, a cutting
unit 20 for cutting the workpiece 200 held on the hol ding
table 10 with a cutting blade 21 as a consunable part
nmounted on a spindle 23, an imge capturing unit, not
illustrated, for capturing an inage of the workpiece 200
held on the holding table 10, a blade changing unit 3 for
changi ng the cutting blade 21 on the cutting unit 20, and
a control wunit 100 for controlling conmponents of the
cutting apparatus 1. The cutting apparatus 1 cuts, i.e.,
processes, the workpiece 200 held on the holding table 10
with the cutting blade 21 along the projected dicing
lines 202 on the workpi ece 200.

Furthernore, as illustrated in FIG 1, the cutting
apparatus 1 includes at least an X-axis noving unit, not
illustrated, for process-feeding the holding table 10 in

X-axis directions parallel to horizontal directions, a Y-
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axis nmoving unit, not illustrated, for index-feeding the
cutting wunit 20 in Y-axis directions parallel to

hori zontal directions and perpendicular to the X-axis

directions, and a Z-axis noving unit, not illustrated,
for incise-feeding the cutting wunit 20 in Z-axis
di rections par al | el to verti cal di rections and

perpendicular to both the X-axis directions and the Y-
axis directions. The cutting apparatus 1 is a 2-spindle
dicer, i.e., a cutting apparatus of the facing dual type,
that has two cutting units 20, as illustrated in FIG 1

The holding table 10 is of a disk shape in which
the holding surface 11 for holding the workpiece 200
thereon is nmade of porous cerami cs. The holding table 10
Is novable by the X-axis nmoving unit along the X-axis
directions between a position in a processing chanber 91
below the <cutting wunits 20 and a |oading/unloading
position 92, spaced from the position below the cutting
units 20, where the workpiece 200 can be |oaded in and
out. The holding table 10 is novabl e about a central axis
parallel to the Z-axis directions by a rotary actuator,
not illustrated.

The holding table 10 is connected to an evacuating
source, not illustrated, and holds the workpiece 200

under suction on the holding surface 11 by being drawn by
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suction forces from the evacuating source. According to
the first enbodinent, the holding table 10 attracts and
holds the reverse side 204 of the workpiece 200 under
suction W th t he adhesi ve t ape 210 I nt er posed
t her ebet ween. As illustrated in FIGS. 1 and 3, a
plurality of clanps 12 for clanping the annular franme 211
in position are disposed around the holding table 10. 1In
FIG 1, the devices 203 on the face side 201 of the
wor kpi ece 200 are omtted fromillustration.

The processing chanber 91 defines therein a space
in which the workpiece 200 is cut by the cutting units 20.
The processing chanber 91 is isolated from outside by a
plurality of partition walls nmounted on an apparatus base
2 (see FIG 11, for exanple). The partition wall that is
di sposed between the processing chanber 91 and the
| oadi ng/ unl oadi ng position 92 has an exit/entrance port
93 defined therein for allowi ng a changing apparatus 30,
to be described later, to nove therethrough into and out
of the processing chanber 91. The exit/entrance port 93
can be opened and closed by a pair of cutting area covers
94. The cutting area covers 94 are novable by cylinders,
not illustrated, between a position in which they close
the exit/entrance port 93 and a position in which they

open the exit/entrance port 93. As described above, the
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cutting apparatus 1 includes the processing chanber 91 in
whi ch the workpiece 200 is cut by the cutting units 20.

As illustrated in FIG 3, each of the cutting units
20 is cutting neans with the cutting blade 21 detachably
nmounted for cutting the workpi ece 200 held on the hol ding
table 10 while a cutting fluid is being supplied to the
cutting blade 21 and the workpi ece 200. Each cutting unit
20 is novable with respect to the workpiece 200 held on
the holding table 10, in the Y-axis directions by the Y-
axis nmoving unit and also in the Z-axis directions by the
Z-axi s nmoving unit.

Each of the cutting units 20 is nmounted on one of
colums of a portal -shaped support franme, not illustrated,
erected on the apparatus base 2, by the Y-axis noving
unit and the Z-axis noving unit. Each cutting unit 20 is
able to position its cutting blade 21 at a desired
position on the holding surface 11 of the holding table
10 by neans of the Y-axis noving unit and the Z-axis
nmoving unit.

As illustrated in FIG 3, each cutting unit 20 has
a spindle housing 22 that is novable in the Y-axis
directions by the Y-axis noving unit and in the Z-axis
directions by the Z-axis noving wunit, a spindle 23

supported in the spindle housing 22 for rotation about
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its own central axis and rotatable by an electric notor,
not illustrated, a nmunt flange 24 nounted as a
consunable part holding unit on a distal end portion of
the spindle 23, and a cutting blade 21 nounted on the
distal end of the spindle 23 with the nmount flange 24
i nt er posed t her ebet ween.

According to the first enbodinent, the distal end
portion of the spindle 23 is of a frustoconical shape
that is progressively smaller in dianeter toward its
distal end, and protrudes from the distal end of the
spi ndl e housing 22. The spindle 23 has a suction channel
231 defi ned therein and openi ng at an out er
circunferential surface of the distal end portion thereof,
the suction channel 231 being connected to an evacuating
source, not illustrated. The spindle 23 also has an
internally threaded hole 232 defined in a distal end face
thereof for receiving the externally threaded shank of a
bolt 25 threaded therein.

The mount flange 24 includes a hollow cylindrica
boss 241 and a flange 242 disposed axially centrally on
the boss 241. The boss 241 has an end portion 243 in
which the distal end portion of the spindle 23 is
i nserted and anot her end portion 244 in which the bolt 25

I s housed. The end portion 243 of the boss 241 has an
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inner circunferenti al surface that s progressively
smaller in dianeter toward the other end portion 244 so
that the outer circunferential surface of the distal end
portion of the spindle 23 can be held in intimte contact
with the inner circunferential surface of the end portion
243 of the boss 241. The end portion 243 of the boss 241
Is larger in outside dianmeter than the other end portion
244 thereof. The other end portion 244 of the boss 241
has an inner circunferential surface including a washer
beari ng surface 245 that bears a washer 26 through which
the externally threaded shank of the bolt 25 extends.

The flange 242 is of an annular shape having a
di aneter |arger than the outside dianeter of the boss 241.
The flange 242 has a nount land 246 extending fully
circunferentially along an outer edge thereof and
protruding axially toward the other end portion 244 side.
The nount |and 246 has an axial surface 247 acting as a
hol di ng surface for holding the cutting blade 21 thereon
and lying perpendicularly to the central axis of the
nount flange 24. The nmount flange 24 thus has the surface
247 of the nount |and 246.

The nount flange 24 is nounted on the distal end
portion of the spindle 23, as illustrated in FIG 4, wth

the distal end portion of the spindle 23 being housed in
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the end portion 243 of the boss 241 and wth the
externally threaded shank of the bolt 25 extending
t hrough the washer 26 borne by the washer bearing surface
245 and being threaded in the internally threaded hole
232 in the spindle 23. The nount flange 24 has a suction
channel 249 defined therein that has an end open at the
inner circunferential surface of the end portion 243 of
the boss 241 and another end open at a surface 248 of the
flange 242 that extends radially inwardly from the nount
| and 246. The suction channel 249 is held in fluid
comuni cation with the suction channel 231 in the spindle
23 when the nount flange 24 is nounted on the distal end
portion of the spindle 23.

The cutting blade 21 is in the formof an ultrathin
abrasive cutting wheel having a substantially ring shape.
According to the first enbodinent, the cutting blade 21
Is what is generally called a hub blade including an
annul ar support base 212 nmade of netal such as al um num
alloy and an annular cutting edge 213 fixed to the outer
circunference of the support base 212 for cutting the
wor kpi ece 200. The support base 212 has a nount hole 214
defined centrally therein and is nounted on the boss 241
of the nount flange 24 that is inserted in the nount hole

214. The cutting edge 213 is made of abrasive grains of
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di anond, cubic boron nitride (CBN), or the like and a

bonding material, i.e., a binder, of netal, resin, or the
l'ike. The cutting edge 213 has a predeterm ned axi al
t hi ckness.

The nount hole 214 in the support base 212 of the
cutting blade 21 is fitted over the outer circunference
of the other end portion 244 of the boss 241 of the nount
flange 24 nounted on the distal end portion of the
spindle 23. At this time, the support base 212 is held in
intimate contact with the surface 247 of the nount [|and
246. The cutting blade 21 is securely held on the nount
fl ange 24 when the space between the surface 248 of the
flange 242, the mount |and 246 thereof, and the support
base 212 is evacuated through the suction channels 231
and 249 by the evacuating source.

The spindle 23, the nount flange 24, and the
cutting blade 21 on the cutting unit 20 have respective
central axes parallel to the Y-axis directions.

Accor di ng to t he first enbodi nent an
identification mark 216 for identifying the type of the
cutting blade 21 is applied to a surface 215 of the
support base 212 that faces away fromthe nount flange 24
on which the <cutting blade 21 is fixedly nounted.

According to the present enbodinent, the identification
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mark 216 indicates the thickness of the cutting edge 213,
the distance by which the cutting edge 213 projects
radially outwardly fromthe outer circunferential surface
of the support base 212, and the particle dianeter of the
abrasive grains of the cutting edge 213.

The image capturing unit is fixed to the cutting
unit 20 for novenent in unison therewth. The i mage
capturing unit includes an inmage capturing sensor for
capturing an imge of a region to be divided of the
wor kpi ece 200 held on the holding table 10 that is yet to
be cut. The image capturing sensor may be a charge-
coupled device (CCD) inmage sensor or a conplenentary
net al - oxi de sem conductor (CMOS) inmage sensor. The image
capturing unit captures an inmage of the workpiece 200
held on the holding table 10 for wuse in an alignnment
process for positioning the workpiece 200 and the cutting
blade 21 with respect to each other, and outputs the
captured imge to the control unit 100.

The X-axis noving unit noves the holding table 10
in the X-axis directions as process-feeding directions,
thereby process-feeding the holding table 10 and the
cutting unit 20 relatively to each other along the X-axis
directions. The Y-axis noving unit noves the cutting unit

20 in the Y-axis directions as index-feeding directions,
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thereby index-feeding the holding table 10 and the
cutting unit 20 relatively to each other along the Y-axis
directions. The Z-axis noving unit noves the cutting unit
20 in the Z-axis directions as incise-feeding directions,
thereby incise-feeding the holding table 10 and the
cutting unit 20 relatively to each other along the Z-axis
di rections.

Each of the X-axis noving unit, the Y-axis noving
unit, and the Z-axis noving unit includes a known bal
screw rotatable about its own central axis, a known
electric nmotor for rotating the ball screw about its own
central axis, and known guide rails on which the hol ding
table 10 or the cutting unit 20 are novably supported for
novenent in the X-axis directions, the Y-axis directions,
or the Z-axis directions.

Furthernore, the cutting apparatus 1 includes an X-
axis direction position detecting unit, not illustrated,
for detecting the position of the holding table 10 in the
X-axis directions, a Y-axis direction position detecting
unit, not illustrated, for detecting the position of the
cutting unit 20 in the Y-axis directions, and a Z-axis
direction position detecting unit, not illustrated, for
detecting the position of the cutting unit 20 in the Z-

axis directions. Each of the X-axis direction position
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detecting unit and the Y-axis direction position
detecting unit includes a linear scale parallel to the X-
axis directions or the Y-axis directions and a reading
head. The Z-axis direction position detecting wunit
detects the position of the cutting unit 20 in the Z-axis
directions with pulses froman electric notor. The X-axis
direction position detecting unit, the Y-axis direction
position detecting unit, and the Z-axis direction
position detecting wunit output the positions of the
holding table 10 in the X-axis directions, the cutting
unit 20 in the Y-axis directions, and the cutting unit 20
in the Z-axis directions to the control unit 100.

As illustrated in FIG 1, the cutting apparatus 1
Includes a cassette elevator 50 on which a consumable
part housing container 40 is placed, a table cover 60 as
a tenporary rest, a cleaning unit 70 for cleaning a
wor kpi ece 200 after it has been cut, a transport unit 80
as transport neans, and a line scanner 110 as an inage
capturing unit. The consumabl e part housi ng container 40
is in the formof a box for housing a transport jig 41 as
a consumable part transport jig illustrated in FIG 5.
The transport jig 41 can be taken into and out of the
consunabl e part housi ng  cont ai ner 40 through an

unillustrated opening defined in a wall thereof that
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faces the cleaning unit 70.

The transport jig 41 is a jig for transporting a
cutting blade 21 from the consumable part housing
cont ai ner 40 onto the holding table 10 at t he
| oadi ng/ unl oadi ng position 92 when the cutting blade 21
nounted on one of the cutting units 20 is to be repl aced.
The transport jig 41 is of a plate shape whose outer
profile as viewed in plan is the sanme as the outer
profile as viewed in plan of the annular franme 211, and
is integrally fornmed of a hard material such as netal
for exanple.

As illustrated in FIGS. 5 and 6, the transport jig
41 includes a plurality of blade rests 42 for placing
respective cutting blades 21 thereon. Each of the bl ade
rests 42 holds one cutting blade 21 placed and positioned
thereon. Each bl ade rest 42 includes a hollow cylindrica
upstanding tube 43 erected from the surface of the
transport jig 41 and a positioning post 44 erected from
the surface of the transport jig 41 and positioned in the
upstandi ng tube 43. The upstanding tube 43 has an inner
circunferential surface whose shape as viewed in plan is
the same as the shape of the outer edge of the cutting
edge 213 of the cutting blade 21 as viewed in plan, and

houses the cutting bl ade 21 therein.
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According to the first enbodi nent, the upstanding
tube 43 houses the cutting blade 21 with the cutting edge
213 thereof overlapping the surface of the transport jig
41. The bl ade rest 42 has a bottom surface 45 acting as a
rest surface over which the cutting blade 21 can be
pl aced. The positioning post 44 positions the cutting
blade 21 in the upstanding tube 43 by entering the nount
hole 214 in the cutting blade 21 housed in the upstanding
tube 43. According to the first enbodinent, the
positioning post 44 is of a tapered cylindrical shape
whose outside dianeter is progressively smaller in a
direction away from the transport jig 41l. When the
cutting blade 21 is installed on the positioning post 44,
the surface of the cutting blade 21 that defines the
nount hole 214 is brought into contact with and fixed to
the outer circunferential surface of the positioning post
44 before the cutting edge 213 of the cutting blade 21
contacts the bottom surface 45. The cutting edge 213 is
thus prevented fromdirectly contacting the bl ade rest 42.

Wiile cutting blades 21 are being placed on the
bl ade rests 42, the transport jig 41 can be housed in the
consunabl e part housing container 40 and can be
transported by the transport unit 80 in the same nanner

as the annular frame 211. Specifically, the transport jig
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41 is transported between a cassette 51 and the holding
table 10 by the transport wunit 80 that is shared by
wor kpi eces 200. The transport jig 41 according to the
first enbodinment includes an outer edge portion 46
extendi ng outside of the upstanding tubes 43, i.e., the
bottom surfaces 45, of the blade rests 42. The outer edge
portion 46 outside of the rest surfaces acts as a held
portion which is to be held by the transport unit 80.

The transport jig 41 places replacenent cutting
bl ades 21 as replacenent consumable parts to be nounted
on the cutting units 20 and used cutting blades 21 as
used consunmable parts renoved from the cutting units 20,
over the bottom surfaces 45 of the blade rests 42.
According to the present enbodinent, the blade rests 42
of the transport jig 41 are grouped in advance into bl ade
rests 42 for placing replacenent cutting blades 21
thereon and blade rests 42 for placing used cutting
bl ades 21 thereon.

The cassette 51 is a box-shaped housing case for
housi ng wor kpi eces 200 therein. The cassette 51 houses a
plurality of workpieces 200 before and after they are cut
at spaced intervals along the Z-axis directions. The
cassette 51 has a plurality of slots 52 for housing

therein respective workpi eces 200 at the spaced intervals
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along the Z-axis directions. Wrkpieces 200 can be taken
into and out of the cassette 51 through an opening on the
cleaning unit 70 side. The cassette 51 is disposed on the
consunmabl e part housi ng container 40.

The cassette elevator 50 lifts and |owers the
consunabl e part housing container 40 and the cassette 51
al ong the Z-axis directions.

The table cover 60 is disposed adjacent to the
hol ding table 10 at the | oading/unloading position 92 in
the Y-axis directions. The table cover 60 is in the form
of a flat plate and angul arly novabl e about hinges 61 on
an outer edge portion of the apparatus base 2. The table
cover 60 is angularly noved by an actuator, not
illustrated, between a standby position, indicated by the
solid lines in FIG 1, where both surfaces of the table
cover 60 lie parallel to the vertical directions and are
retracted from the holding surface 11 of the holding
table 10 and a table protecting position, indicated by
the two-dot-and-dash lines in FIG 1, where the both
surfaces of the table cover 60 lie parallel to the
hori zontal directions and overlap the holding surface 11
of the holding table 10. Wen the cutting blades 21
nounted on the cutting units 20 are to be changed, the

table cover 60 is placed in a table protecting position
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and the transport jig 41 is tenporarily placed thereon.

The cleaning unit 70 includes a spinner table 71
for holding a workpiece 200 under suction thereon, the
spinner table 71 being rotatable about its own central
axis parallel to the Z-axis directions, and a cleaning
liquid supply nozzle, not illustrated, for supplying a
cleaning liquid to the workpiece 200 held under suction
on the spinner table 71. According to the first
enbodi nent, the cleaning unit 70 is disposed adjacent to
the cassette elevator 50, i.e., the cassette 51, and the
consunable part housing container 40 in the X-axis
directions, and is also disposed adjacent to the hol ding
table 10 at the |oading/unloading position 92 in the Y-
axis directions.

For cutting a workpiece 200, the transport unit 80
transports the workpiece 200 from the <cassette 51
successively to the holding table 10, the cleaning unit
70, and the cassette 51. For changing the cutting bl ades
21 nmounted on the cutting units 20, the transport unit 80
transports a transport jig 41 from the consumable part
housi ng container 40 onto the table cover 60 in the table
protecting position and transports a transport jig 41
fromthe table cover 60 into the consunable part housing

cont ai ner 40.
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As illustrated in FIG 1, the transport unit 80
includes a pair of transport arns 81 and a pair of
centering guides 82. According to the first enbodi nment,
the transport arns 81 include respective cylinder units
83 novably disposed on the apparatus base 2 for novenent
in the X-axis directions and the Y-axis directions and
extendi ng downwardly, and respective suction nenbers 85
nounted on the distal ends of respective rods 84 of the
cylinder units 83. The rods 84 of the cylinder units 83
are extensible and contractible in directions parallel to
the Z-axis directions. The suction nenbers 85 are capabl e
of holding annular frames 211 under suction and also of
hol ding the outer edge portions 46 of transport jigs 41
under suction. Furthernore, on the suction nmenber 85 of
one of the transport wunits 80, there is nounted a
| oadi ng/unl oading unit 86 for holding an annular frane
211 or the outer edge portion 46 of a transport jig 41
and taking the workpiece 200 into and out of the cassette
51 or taking the transport jig 41 into and out of the
consunabl e part housi ng contai ner 40.

The centering guides 82 are disposed adjacent to
the cassette elevator 50, i.e., the cassette 51, and the
consunable part housing container 40 in the X-axis

directions, and are spaced from each other in the Y-axis
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di recti ons. The centering guides 82 are of a straight
shape parallel to the X-axis directions, and have
respective rest walls 87 for receiving the annular frane
211 and the transport jig 41 placed thereon and
respective positioning walls 88 erected fromthe edges of
the rest walls 87 that are renote from each other. The
centering guides 82 are novable in the Y-axis directions
by an actuating nmechanism not illustrated, and can be
noved toward and away from each other by the actuating
mechani sm

When one of the transport arns 81 is noved and the
rod 84 of the cylinder unit 83 thereof is extended and
contracted while the transport arns 81 are being spaced
from each other, the |oading/unloading unit 86 of the
transport unit 80 holds an annular frane 211 that holds a
wor kpi ece 200 in the cassette 51, and unl oads the annul ar
frame 211 from the cassette 51 onto the rest walls 87 of
the centering guides 82. Simlarly, the | oadi ng/unl oading
unit 86 of the transport unit 80 holds a transport jig 41
in the consunmabl e part housing container 40 and unl oads
the transport jig 41 from the consumable part housing
container 40 onto the rest walls 87 of the centering
gui des 82.

The transport unit 80 noves the centering guides 82
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toward each other to cause the positioning walls 88 to
position the workpiece 200 or the transport jig 41 in the
Y-axis directions. The suction nenber 85 of one of the
transport units 80 holds the annular frane 211 or the
transport jig 41 under suction, and the cylinder unit 83
of one of the transport arns 81 is noved in the Y-axis
directions and the rod 84 of the cylinder unit 83 is
extended and contracted, thereby transporting the
wor kpi ece 200 hel d under suction onto the holding surface
11 of the holding table 10 or transporting the transport
jig 41 held under suction onto the table cover 60 in the
tabl e protecting position.

The other transport arm 81 of the transport unit 80
transports a workpiece 200 that has been cut to the
spinner table 71 of the cleaning unit 70. The one
transport arm 81 transports the cleaned workpiece 200
onto the rest walls 87 of the centering guides 82, after
whi ch the | oadi ng/unl oading unit 86 houses the workpiece
200 into the cassette 51. The one transport arm 81 al so
transports the transport jig 41 on the table cover 60, on
which a used cutting blade 21 has been placed, onto the
rest walls 87 of the centering guides 82, after which the
| oadi ng/unl oading unit 86 houses the transport jig 41

into the consumabl e part housi ng contai ner 40.
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The |line scanner 110 is di sposed over the centering
guides 82 in a transport route along which the transport
unit 80 transports transport jigs 41. The |ine scanner
110 captures an inmage of cutting blades 21 placed on a
transport jig 41 that is unloaded from the consunmable
part housing container 40 onto the centering guides 82.
According to the first enbodinent, the |ine scanner 110
extends parallel to the Y-axis directions and includes a
plurality of image capturing sensors, not illustrated,
arrayed in the Y-axis directions for capturing an inmage
of the transport jig 41 unloaded on the centering guides
82 over its entire length along the Y-axis direction. The
line scanner 110 outputs the captured inmage of the
transport jig 41, which also includes cutting blades 21,
to the control unit 100.

(Bl ade changing unit)

The bl ade changing unit 3 will be described bel ow
with reference to FIGS. 1 and 7 through 10. FIG 7 is a
perspective view illustrating a configuration exanple of
the blade <changing wunit of the cutting apparatus
illustrated in FIG 1. FIG 8 is another perspective view
illustrating the configuration exanple of the blade
changing unit of the cutting apparatus illustrated in FIG

1. FIG 9 1is a perspective view illustrating a
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configuration exanple of a changing apparatus of the
bl ade changing unit illustrated in FIG 7. FIG 10 is a
front el evati onal view of the changing apparatus
illustrated in FIG 9.

As illustrated in FIGS. 1, 7, and 8, the blade
changing unit 3 includes a changing apparatus 30 for
changing cutting blades 21 nounted on the cutting units
20 and a noving unit 31 as noving neans. According to the
first enbodinent, as illustrated in FIG 1, the bl ade
changing unit 3 is disposed adjacent to the holding table
10 in the loading/unloading position 92 in the Y-axis
directions, with the table cover 60 disposed between the
bl ade changing unit 3 and the holding table 10. Therefore,
the changi ng apparatus 30 of the blade changing unit 3 is
| ocat ed outside of the processing chanber 91.

The nmoving unit 31 noves the changi ng apparatus 30
between a standby position illustrated in FIGS. 1 and 7
in which the changing apparatus 30 is retracted from the
cutting units 20 in the processing chanber 91 and also
from the holding surface 11 of the holding table 10 in
the | oading/unloading position 92, and a changing
position illustrated in FIG 8 in which the changing
apparatus 30 changes the cutting blades 21 on the cutting

units 20 in the processing chanber 91.
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According to the first enbodi nent, the noving unit
31 includes a base 311 fixed to the apparatus base 2,
etc., a vertically novable nenber 312, a first rotary arm
313, a second rotary arm 314, a vertically noving
nmechani sm 315, a first rotating nmechanism 316, a second
rotating mechanism 317, and a third rotating nechanism
318. The base 311 is of a straight shape parallel to the
Z-axis directions. According to the first enbodi nent, the
base 311 extends upwardly from an upper surface of the
apparatus base 2. The vertically novable nenber 312 is
novably nounted on the base 311 for novenent in the Z-
axi s directions.

The first rotary arm 313 and the second rotary arm
314 extend in a straight shape. The first rotary arm 313
has an end rotatably supported on the vertically novable
menber 312 for rotation about a first rotational axis
3191 parallel to the Z-axis directions. The other end of
the first rotary arm 313 and an end of the second rotary
arm 314 are rotatably supported on each other for
rotation about a second rotational axis 3192 parallel to
the Z-axis directions. The changing apparatus 30 is
rotatably supported on the other end of the second rotary
arm 314 for rotation about a third rotational axis 3193

parallel to the Z-axis directions.
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The wvertically noving nechanism 315 nobves the
vertically novable nmenber 312 in the Z-axis directions
with respect to the base 311. The first rotating
mechani sm 316 rotates the end of the first rotary arm 313
about the first rotational axis 3191 with respect to the
vertically novable nenber 312. The second rotating
mechani sm 317 rotates the other end of the first rotary
arm 313 and the end of the second rotary arm 314 about
the second rotational axis 3192 with respect to each
ot her. The third rotating nechanism 318 rotates the
changi ng apparatus 30 about the third rotational axis
3193 with respect to the other end of the second rotary
arm 314.

The changing apparatus 30 includes an apparatus
body 301, a rotating nechanism 302, and a changing unit
32. The apparatus body 301 is rotatably supported on the
ot her end of the second rotary arm 314 for rotation about
the third rotational axis 3193, and can be rotated about
the third rotational axis 3193 by the third rotating
mechani sm 318. The rotating mechanism 302 rotates the
changing unit 32 about a central axis 320 parallel to
hori zontal directions with respect to the apparatus base
2.

As illustrated in FIGS. 9 and 10, the changing unit
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32 includes a rotational shaft 321 having a central axis
320, a support nenber 322, a first holder 33, a second
hol der 34, a third holder 35, and a fourth holder 36. The
rotational shaft 321 is of a cylindrical shape and can be
rotated about the central axis 320 by the rotating
mechani sm 302.

The support nmenber 322 has a through hole 323
defined centrally therein through which the rotationa
shaft 321 extends, and includes a plurality of radially
outward extensions 324 extending radially outwardly from
the center of the support nenber 322. The through hole
323 has an inside dianeter l|arger than the outside
di aneter of the rotational shaft 321. According to the
first enbodi nent, the support nenber 322 has four outward
ext ensi ons 324. According to the present invention,
however, the support nenber 322 nmay have at |east two
outward extensions 324. The outward extensions 324 are
di sposed at circunferentially spaced intervals. According
to the first enbodinent, the outward extensions 324 are
di sposed at circunferentially spaced equal intervals.

The support nenber 322 is coupled by a joint
assenbly 37 to the rotational shaft 321 that extends
through the through hole 323. The joint assenbly 37

I ncludes extension fittings 371 disposed on the outward
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extensions 324, shaft fittings 372 disposed on an outer
circunferential surface of the rotational shaft 321, and
resilient menber pairs 373 associated respectively wth
the extension fittings 371. The extension fittings 371
protrude from the respective centers in wdthw se and
| engt hwi se directions of the axially opposite surfaces of
the outward extensions 324. |In other words, two extension
fittings 371 are disposed on each of the outward
extensions 324, so that the joint assenbly 37 has a total
of eight extension fittings 371 according to the first
enmbodi nent .

The shaft fittings 372 protrude from the outer
circunferential surface of the rotational shaft 321 in as
many as the nunber of the extension fittings 371.
According to the first enbodinent, specifically, the
joint assenbly 37 has a total of eight shaft fittings 372
according to the first enbodinent. O the shaft fittings
372, one half, i.e., four shaft fittings 372, are
di sposed at circunferentially spaced equal intervals on
the outer circunferential surface of the rotational shaft
321 on one axial side of the support nenber 322. The
remai ning four shaft fittings 372 are disposed at
circunferentially spaced equal intervals on the outer

circunferential surface of the rotational shaft 321 on
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the other axial side of the support nenber 322. Wth the
rotational shaft 321 extending through the through hole
323, according to the first enbodinment, the four shaft
fittings 372 on one axial side of the support nmenber 322
and the other four shaft fittings 372 on the other axia
side of the support nenber 322 are spaced from each ot her
along the central axis 320 across the support nenber 322.
The resilient nenber pairs 373 are available in as
many as the nunber of extension fittings 371 and the
nunber of shaft fittings 372. In other words, the joint
assenbly 37 has a total of eight resilient menber pairs
373. Each of the resilient nenber pairs 373 includes a
pair of helical springs 374 as resilient nenbers.
According to the first enbodinent, the helical springs
374 are used as the resilient menbers. According to the
present invention, however, the resilient nenbers are not
limted to the helical springs 374. The helical springs
374 of each of the resilient nmenber pairs 373 have ends
joined to a corresponding one of the extension fittings
371 and other ends joined to adjacent two, that are
closest to each other and circunferentially next to each
other, of the shaft fittings 372 on the rotational shaft
321 extending through the through hole 323. Ther ef or e,

two helical springs 374 have ends joined to each of the
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extension fittings 371, and two helical springs 374 have
other ends joined to each of the shaft fittings 372.

Each of the helical springs 374 normally urges the
extension fitting 371 and the shaft fitting 372 to which
it is joined to nove toward each other. According to the
first enmbodinent, all of the helical springs 374 have
equal urging forces. As descri bed above, the outward
extensions 324 are disposed at circunferentially spaced
intervals, the extension fittings 371 are di sposed on the
axially opposite surfaces of the outward extensions 324,
one half of the shaft fittings 372 on one side of the
support nenber 322 and the remaining half of the shaft
fittings 372 on the other side of the support nenber 322
are axially spaced from each other along the central axis
320, and the helical springs 374 of each of the resilient
menber pairs 373 have ends joined to a correspondi ng one
of the extension fittings 371 and other ends joined to
adjacent tw, that are <closest to each other and
circunferentially next to each other, of the shaft
fittings 372 on the rotational shaft 321 extending
through the through hole 323. Consequently, the joint
assenbly 37 normally urges the rotational shaft 321 and
the support nenber 322 under the urging forces of the

helical springs 374 to nmake the rotational shaft 321 and
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the through hole 323 coaxial with each other and make the
directions in which the outward extensions 324 extend
per pendi cul ar to the central axis 320. The joint assenbly
37 keeps the rotational shaft 321 and the support nenber
322 in relative positions where the rotational shaft 321
and the through hole 323 are coaxial with each other and
the directions in which the outward extensions 324 extend
are perpendicular to the central axis 320.

The first holder 33, the second holder 34, the
third holder 35, and the fourth holder 36 are nounted on
respective radially outward distal ends of the outward
ext ensi ons 324. The first holder 33 on the radially
outward distal end of the correspondi ng outward extension
324 has a first holding surface 331 facing in a radially
outward direction from the rotational shaf t 321
perpendicularly to the central axis 320. The second
holder 34 on the radially outward distal end of the
correspondi ng outward extension 324 has a second hol di ng
surface 341 facing in a radially outward direction from
the rotational shaft 321 perpendicularly to the central
axis 320. The third holder 35 on the radially outward
di stal end of the correspondi ng outward extension 324 has
a third holding surface 351 facing in a radially outward

direction from the rotational shaft 321 perpendicularly
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to the central axis 320. The fourth holder 36 on the
radially outward distal end of the correspondi ng outward
extension 324 has a fourth holding surface 361 facing in
a radially outward direction from the rotational shaft
321 perpendicularly to the central axis 320.

Since the support nenber 322 and the rotational
shaft 321 are joined to each other by the joint assenbly
37, the holding surfaces 331, 341, 351, and 361 of the
respective first through fourth holders 33, 34, 35, and
36 are swingably joined to the rotational shaft 321 by
the joint assenbly 37 that has the helical springs 374.

Wth the support nenber 322 and the rotationa
shaft 321 being joined to each other by the joint
assenbly 37, the angles forned between adjacent ones of
lines interconnecting the centers of the hol ding surfaces
331, 341, 351, and 361 and the central axis 320 of the
rotational shaft 321, i.e., lines extending through the
centers of the holding surfaces 331, 341, 351, and 361
perpendicularly to the central axis 320 of the rotational
shaft 321, are equal to each other. According to the
first enbodi nent, each of the angles is of 90 degrees
Therefore, with the support nenber 322 and the rotationa
shaft 321 being joined to each other by the joint

assenbly 37, the first holder 33, the second hol der 34,
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the third holder 35,  and the fourth holder 36 are
di sposed in respective positions spaced at angular
intervals of 90 degrees around the central axis 320 of
the rotational shaft 321. Consequently, the second hol der
34, for exanple, is angularly spaced from the first
hol der 33 through a predeterm ned angle of 90 degrees
around the central axis 320 of the rotational shaft 321.
According to the first enbodinent, each of the
first through fourth holders 33, 34, 35, and 36 holds the
surface 215 of the support base 212 of a cutting blade 21
under suction thereon. According to the first enbodi nment,
the first through fourth holders 33, 34, 35, and 36 are
in the form of thick circular pl ates that are
structurally equal to each other. Each of the first
through fourth holders 33, 34, 35, and 36 has a nount
hole 325 centrally therein for receiving therein the
ot her end portion 244 of the boss 241 of the nmount flange
24 and the positioning post 44. Each of the first through
fourth holders 33, 34, 35, and 36 also has a suction
hol di ng mechanism 326 in the corresponding one of the
hol di ng surfaces 331, 341, 351, and 361 around the nount
hole 325 for holding the support base 212 of a cutting
bl ade 21 under suction forces from an evacuati ng source,

not illustrated. According to the first enbodinent,
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furthernore, each of the first through fourth hol ders 33,
34, 35, and 36 holds the surface 215 of the support base
212 of a cutting blade 21 under suction. According to the
present invention, however, a cutting blade 21 my be
held on each of the first through fourth holders 33, 34,
35, and 36 by any neans ot her than the suction neans.

VWiile the cutting apparatus 1 is in its cutting
operation, the noving unit 31 of the blade changing unit
3 noves the end of the first rotary arm 313 and the ot her
end of the second rotary arm 314 closely to each other,
causi ng the changing apparatus 30 to face the base 311 to
thereby place the changing apparatus 30 in the standby
position illustrated in FIGS. 1 and 7. For changing the
cutting blade 21 on each of the cutting units 20, the
noving unit 31 of the blade changing unit 3 noves the end
of the first rotary arm 313 and the other end of the
second rotary arm 314 away from each other, causing the
changi ng apparatus 30 to face the cutting unit 20 to
thereby place the changing apparatus 30 in the changing
position illustrated in FIG 8.

The <control unit 100 controls the conponents
descri bed above of the cutting apparatus 1 to enable the
cutting apparatus 1 to perform a processing operation on

wor kpi eces 200. The control unit 100 includes a conputer
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having an arithmetic processing apparatus having a
m croprocessor such as a central processing unit (CPU), a
storage apparatus having a nmenory such as a read only
nmenory (ROM) or a random access nenory (RAM, and an
I nput / out put interface apparatus. The arithnetic
processing apparatus of the control wunit 100 perforns
arithnmetic processing operations according to conputer
prograns stored in the storage apparatus and outputs
control signals for controlling the cutting apparatus 1
through the input/output interface apparatus to the
conmponents of the cutting apparatus 1.

The control unit 100 is connected to a display unit,
not illustrated, such as a |liquid crystal display
apparatus for di splaying states and images of a
processi ng operation and an input unit, not illustrated,
used by the operator to register processing content
I nformation, etc. The input unit includes at |east one of
a touch panel incorporated in the display unit and an
external input apparatus such as a keyboard.

(Processi ng operation of cutting apparatus)

A processing operation of the cutting apparatus 1
of the above arrangenent will be described below FIG 11
is a plan view schematically illustrating a positional

relation between conponents of the «cutting apparatus
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illustrated in FIG 1 imediately after the cutting
apparatus has started its processing operation. The
operator places cutting blades 21 on those bl ade rests 42
of the transport jig 41 which hold replacenent cutting
bl ades 21, and registers processing content infornmation
in the control unit 100. According to the first
enbodi nent, no cutting blades 21 are placed on those
bl ade rests 42 of the transport jig 41 which hold used
cutting blades 21. The processing content information
i ncludes the kinds of cutting blades 21 to be nobunted on
the cutting units 20, the positions of those blade rests
42 on which replacenent cutting blades 21 are to be
pl aced, and the positions of those blade rests 42 on
whi ch used cutting blades 21 are to be pl aced.

The operator houses the transport jig 41 with the
cutting blades 21 placed on the blade rests 42 into the
consumabl e part housing container 40, as illustrated in
FIG 11, houses workpieces 200 to be cut into the
cassette 51, and places the cassette 51 on an upper
surface of the consumable part housing container 40. In
FIG 11, only four of the blade rests 42 of the transport
jig 41 are illustrated, and the other blade rests 42 are
omtted fromillustration

Thereafter, the cutting apparatus 1 starts its
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processing operation in response to an instruction from
the operator to start the processing operation. Prior to
the processing operation, as illustrated in FIG 11, the
cutting apparatus 1 positions the table cover 60 in the
standby position, positions the blade changing unit 3 in
the standby position, and positions the cutting area
covers 94 in the position in which they close the
exit/entrance port 93. Wen the cutting apparatus 1
starts the processing operation, it causes the transport
unit 80 to transport a workpiece 200 fromthe cassette 51
to the holding table 10 in the | oadi ng/unl oadi ng position
92. On the holding table 10, the cutting apparatus 1
holds the reverse side 204 of the workpiece 200 under
suction on the holding surface 11 with the adhesive tape
210 interposed therebetween, and causes the clanps 12 to
clanp the annul ar frame 211 in place.

The cutting apparatus 1 causes the X-axis noving
unit to nove the holding table 10 into processing chanber
91, and causes the inage capturing unit to capture an
i mage of the workpiece 200 held on the holding table 10.
The cutting apparatus 1 perfornms the alignnment process on
the basis of the captured inmage. Then, while the cutting
apparatus 1 is noving the workpiece 200 and the cutting

units 20 relatively to each other along the projected
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dicing lines 202, the cutting apparatus 1 noves the
cutting blades 21 to cut into the workpiece 200 al ong the
projected dicing lines 202, dividing the workpiece 200
into individual devices 203. The cutting apparatus 1
causes the cleaning unit 70 to clean the workpi ece 200 as
divided into the individual devices 203, and then causes
the transport unit 80 to house the workpiece 200 into the
cassette 51. The cutting apparatus 1 causes the cutting
units 20 to successively cut workpieces 200 supplied from
the cassette 51. Wen the cutting apparatus 1 has
conpleted the cutting of all the workpieces 200 from the
cassette 51, the processing operation of the workpiece
200 is finished.

( Changi ng net hod)

A changi ng nethod according to the first enbodi nent
wll be described below FIG 12 is a flowhart of the
sequence of the changing nethod according to the first
enbodi nent . The changi ng nethod according to the first
enbodinment is carried out pursuant to the flowhart of
FIG 11 if the control unit 100 decides that the cutting
blade 21 on at least one of the cutting units 20 has
reached a blade change timng during the processing
operation of the cutting apparatus 1 illustrated in FIG

1. The blade change timng refers to a timng to change
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the cutting blade 21 on each of the cutting units 20. The
bl ade change timng represents a timng reached each tine
a preset nunber of workpieces 200 have been cut, and is
determi ned for each workpiece 200 and registered in the
control unit 100 as part of the processing content
i nformati on. The blade change timng according to the
present invention may be reached while a single workpiece
200 is being processed or nay be a timng to change
wor kpi eces 200 when a plurality of workpieces 200 are
successi vel y processed.

The changing nethod is a changing nethod for
changi ng the cutting blades 21 nounted on the spindles 23
of the cutting units 20 by using the transport jig 41 in
the cutting apparatus 1 illustrated in FIG 1. Wile the
changing nethod for changing the <cutting blades 21
nmounted on both the spindles 23 of the cutting units 20
wi Il be described below, the cutting blade 21 nounted on
the spindle 23 of either one of the cutting units 20 may
be changed according to the present invention.

As illustrated in FIG 12, the changing nethod
i ncl udes preparing step ST1l, transport jig unloading step
ST2, replacenent consumable part holding step ST3, used
consunable part holding step ST4, retracting step ST5,

changing step ST6, second used consumable part holding
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step ST7, second retracting step ST8, second changing
step ST9, and transport jig housing step ST10. In FIGS
13, 14, 15, 16, and 19, only four of the blade rests 42
of the transport jig 41 are illustrated, and the other
bl ade rests 42 are omtted fromillustration.

(Preparing step)

Preparing step ST1 is a step of placing repl acenent
cutting blades 21 (hereinafter denoted by 21-1) as
repl acenent consumable parts on blade rests 42 of the
transport jig 41 that has the blade rests 42 for hol ding
a plurality of cutting blades 21 placed thereon.
According to the first enbodinent, the replacenent
cutting blades 21-1 are unused new cutting blades 21.
According to the present invention, the replacenent
cutting blades 21-1 may not necessarily be new ones and
may be second-hand cutting blades 21. According to the
first enbodi nent, preparing step STl is carried out prior
to the processing operation of the cutting apparatus 1 as
descri bed above, housing the transport jig 41 wth the
repl acenent cutting blades 21-1 placed on the bl ade rests
42 into the consumabl e part housi ng contai ner 40.
(Transport jig unloading step)

FIG 13 is a plan view schematically illustrating a

positional relation between the conponents of the cutting
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apparatus when the cutting area covers open the
exit/entrance port and the table cover is positioned in
the table protecting position in the transport |jig
unl oadi ng step of the changing nethod illustrated in FIG
12. FIG 14 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus when the transport jig is positioned by the
pair of centering guides in the transport jig unloading
step of the changing nethod illustrated in FIG 12. FIG
15 is a plan view schematically illustrating a positional
rel ati on between the conponents of the cutting apparatus
when the transport jig is placed on the table cover in
the transport jig unloading step of the changing nethod
illustrated in FIG 12.

Transport jig unloading step ST2 is a step of
taking the transport jig 41 out of the consumable part
housi ng container 40 and transporting the transport jig
41 onto the table cover 60. In transport jig unloading
step ST2, the cutting apparatus 1 positions the holding
table 10 in the |oading/unloading position 92, stops
rotating the spindles 23 of the respective cutting units
20, noves the centering guides 82 away from each other,
noves the cutting area ~covers 94 to open the

exit/entrance port 93, and positions the table cover 60
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in the table protecting position, as illustrated in FIG
13.

In transport jig unloading step ST2, the cutting
apparatus 1 causes the cassette elevator 50 to position
the opening of the consumable part housing container 40
on the sane plane as the rest walls 87 of the centering
gui des 82, and causes the |oading/unloading unit 86 to
take the transport jig 41 out of the consumable part
housi ng container 40 and to nove the transport jig 41
bel ow the |ine scanner 110. At this tinme, the cutting
apparatus 1 causes the line scanner 110 to capture an
i mage of the transport jig 41, and thereafter places the
transport jig 41 on the rest walls 87 of the centering
guides 82, as illustrated in FIG 14.

In transport jig unloading step ST2, the cutting
apparatus 1 noves the centering guides 82 toward each
other, positioning the transport jig 41 in the X-axis
di recti ons. In transport jig unloading step ST2,
furthernore, t he cutting appar at us 1 r eads t he
identification mark 216 of the replacenent cutting blade
21-1 placed on each of the blade rests 42, on the basis
of the inage captured by the |ine scanner 110, calcul ates
the kind of the replacenent cutting blade 21-1 placed on

each of the blade rests 42, and cal culates the positions
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of the replacenent cutting blades 21-1 to be nounted on
each of the cutting wunits 20 by referring to the
processi ng content infornmation.

In transport jig unloading step ST2, the cutting
apparatus 1 causes one of the transport arnms 81 of the
transport unit 80 to hold under suction the transport jig
41 placed on the centering guides 82, transport the
transport jig 41 to a position over the holding table 10,
and place the transport jig 41 on the table cover 60, as
illustrated in FIG 15.

(Repl acenent consunabl e part hol di ng step)

FIG 16 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus, depicting an outline of the replacenent
consunable part holding step of the changing nethod
illustrated in FIG 12. FIG 17 is a side elevationa
view illustrating the manner in which the replacenent
cutting blade for one of the cutting units is held on the
second holding surface of +the second holder of the
changing unit in the replacenment consumable part hol ding
step of the changing nethod illustrated in FIG 12. FIG
18 is a side elevational view illustrating the manner in
whi ch the replacenent cutting blade for the other cutting

unit is held on the third holding surface of the third
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hol der of the changing unit in the replacenent consunmabl e
part holding step of the changing nethod illustrated in
FIG 12.

Repl acenent consumable part holding step ST3 is a
step of holding the replacenent cutting blade 21-1 for
one of the cutting units 20, placed on one of the bl ade
rests 42 of the transport jig 41, with the second hol der
34 and al so of holding the replacenent cutting blade 21-1
for the other cutting unit 20, placed on the other blade
rest 42, wth the third holder 35. In replacenent
consunabl e part holding step ST3, as illustrated in FIG
16, the cutting apparatus 1 noves the changing unit 32 of
t he changi ng apparatus 30 toward the transport jig 41 on
the table cover 60.

In replacenent consumable part holding step ST3,
the cutting apparatus 1 places the second hol ding surface
341 of the second holder 34 of the changing unit 32 in
overlapping relation to the support base 212 of the
repl acenent cutting blade 21-1 to be nounted on the
spindle 23 of one of the cutting units 20, causes the
second holding surface 341 to hold the replacenent
cutting blade 21-1 under suction, and thereafter Ilifts
the <changing wunit 32, as illustrated in FIG 17.

Furthernore, the cutting apparatus 1 places the third
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hol ding surface 351 of +the third holder 35 of the
changing unit 32 in overlapping relation to the support
base 212 of the replacenent cutting blade 21-1 to be
nmounted on the spindle 23 of the other cutting unit 20,
causes the third holding surface 351 to hold the
repl acenent cutting blade 21-1 under suction, and
thereafter lifts the changing unit 32, as illustrated in
FIG 18. The second holder 34 and the third holder 35
thus hold the respective replacenent cutting bl ades 21-1.
(Used consunabl e part hol di ng step)

FIG 19 is a plan view schematically illustrating a
positional relation between the conponents of the cutting
apparatus, depicting an outline of the used consunable
part holding step of the changing nethod illustrated in
FIG 12. FIG 20 is a side elevational view illustrating
the manner in which a used cutting blade on one of the
cutting units is held on the first holding surface of the
first holder of the changing unit in the used consumabl e
part holding step of the changing nethod illustrated in
FIG 12.

Used consumable part holding step ST4 is a step of
positioning the central axis 320 of the rotational shaft
321 of the changing apparatus 30 parallel to the axial

surface 247 of the mount |and 246 of the nount flange 24
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of one of the cutting units 20, causing the first hol ding
surface 331 of the first holder 33 to face a used cutting
blade 21 (hereinafter denoted by 21-2) as a used
consumabl e part mounted on the one cutting unit 20. Used
consumable part holding step ST4 is also a step of
positioning the first holding surface 331 of the first
hol der 33 in a changing position for abutting against the
used cutting blade 21-2 nmounted on the one cutting unit
20, causing the first holder 33 to hold the used cutting
bl ade 21-2 nounted on the one cutting unit 20.

In wused consumable part holding step ST4, as
illustrated in FIG 19, the cutting apparatus 1 inserts
the changi ng apparatus 30 of the blade changing unit 3
through the exit/entrance port 93 opened by the cutting
area covers 94 into the processing chanber 91. The
exit/entrance port 93 thus allows the changing apparatus
30 to nove into and out of the processing chanber 91
t her et hr ough.

In used consumable part holding step ST4, the
cutting apparatus 1 causes the first holding surface 331
of the first holder 33 of the changing unit 32 to face
the support base 212 of the used cutting blade 21-2
nounted on the spindle 23 of the one cutting unit 20 in

spaced relation along the Y-axis directions. At this tine,
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the cutting apparatus 1 keeps the central axis of the
spindle 23 and the central axis 320 of the rotational
shaft 321 perpendicular to each other, positioning the
central axis of the spindle 23 and the first holding
surface 331 of the first holder 33 coaxially wth each
ot her.

In used consumable part holding step ST4, the
cutting apparatus 1 brings the changing unit 32 closely
to the one cutting unit 20 along the Y-axis directions,
positioning the changing apparatus 30 in a changing
position in which the first holding surface 331 of the
first holder 33 abuts against the support base 212 of the
used cutting blade 21-2 nmounted on the one cutting unit
20. The changing position referred to in the present
i nvention represents a position in which either one of
the holding surfaces 331, 341, 351, and 361 of the
hol ders 33, 34, 35, and 36 of the changing unit 32 of the
changi ng apparatus 30 abuts against the cutting blade 21
nmount ed on one of the cutting units 20.

In used consumable part holding step ST4, the
cutting apparatus 1 holds the used cutting blade 21-2
nounted on the one cutting unit 20 under suction on the
first holding surface 331 of the first holder 33 of the

changing unit 32 of the changing apparatus 30, and stops
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hol ding the used cutting blade 21-2 under suction on the
mount flange 24 of the spindle 23 of the one cutting unit
20.

(Retracting step)

FIG 21 is a side elevational viewillustrating the
manner in which the changing unit holding the used
cutting blade from the one cutting unit is retracted in
the retracting step of the changing nmethod illustrated in
FIG 12.

Retracting step ST5 is a step of, after wused
consunable part holding step ST4, retracting the first
hol der 33 that has held the used cutting blade 21-2 from
the changing position to a retracted position. In
retracting step ST5, the cutting apparatus 1 noves the
changing unit 32 away from the one cutting unit 20 al ong
the Y-axis directions. In retracting step ST5, as
illustrated in FIG 21, the cutting apparatus 1 positions
the changing apparatus 30 in the retracted position in
which the used cutting blade 21-2 held under suction on
the first holding surface 331 of the first holder 33 is
spaced a distance fromthe nount flange 24 nounted on the
di stal end of the spindle 23 of the one cutting unit 20.

The retracted position referred to in the present

I nvention thus represents a position in which either one
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of the holding surfaces 331, 341, 351, and 361 of the
hol ders 33, 34, 35, and 36 of the changing unit 32 of the
changi ng apparatus 30 that has held the used cutting
blade 21-2 is sufficiently spaced a distance from the
mount flange 24 of one of the cutting units 20. As
descri bed above, the noving unit 31 of the blade changi ng
unit 3 noves the changing apparatus 30 between the
changing position and the standby position described
above.

(Changi ng st ep)

FIG 22 is a side elevational view illustrating the
manner in which the cutting unit holds a replacenent
cutting blade in the changing step of the changing nethod
illustrated in FIG 12. Changing step ST6 is a step of
rotating the rotational shaft 321 to bring the second
hol di ng surface 341 of the second holder 34 that has held
the replacenent cutting blade 21-1 into facing relation
to the surface 247 of the mount land 246 of the nount
flange 24 of the one cutting unit 20, positioning the
second holder 34 in the changing position, and holding
the replacenent cutting blade 21-1 on the surface 247 of
the mount land 246 of the nount flange 24 of the one
cutting unit 20.

In changing step ST6, the cutting apparatus 1

60



rotates the rotational shaft 321 of the changing unit 32
of the changing apparatus 30 to bring the second hol ding
surface 341 of the second holder 34 that has held the
repl acenent cutting blade 21-1 for the one cutting unit
20 into facing relation to the surface 247 of the nount
| and 246 of the rmount flange 24 of the one cutting unit
20 in spaced relation along the Y-axis directions. In
changing step ST6, the cutting apparatus 1 noves the
changing unit 32 of the changing apparatus 30 closely to
the one cutting unit 20 along the Y-axis directions,
positioning the replacenment cutting blade 21-1 held under
suction on the second holding surface 341 of the second
hol der 34 into abutnent against the surface 247 of the
mount | and 246 of the nmount flange 24 of the one cutting
unit 20 to thereby position the changi ng apparatus 30 in
the changing position, as illustrated in FIG 22.

In changing step ST6, the cutting apparatus 1 hol ds
the replacenent cutting blade 21-1 under suction on the
mount flange 24 of the one cutting unit 20 and stops
hol ding the replacenent cutting blade 21-1 under suction
on the second hol ding surface 341 of the second hol der 34
of the changing unit 32. In changing step ST6, the
cutting apparatus 1 noves the changing unit 32 of the

changi ng apparatus 30 away from the one cutting unit 20
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along the Y-axis directions and positions the changing
apparatus 30 in the retracted position.
(Second used consunabl e part hol di ng step)

Second used consumable part holding step ST7 is a
step of positioning the central axis 320 of the
rotational shaft 321 of +the <changing apparatus 30
parallel to the surface 247 of the nount |and 246 of the
nount flange 24 of the other cutting unit 20, causing the
fourth holding surface 361 of the fourth holder 36 to
face a used cutting blade 21-2 nmounted on the other
cutting unit 20. Second used consunabl e part hol ding step
ST7 is also a step of positioning the fourth holding
surface 361 of the fourth holder 36 in a changing
position for abutting against the used cutting blade 21-2
nounted on the other cutting unit 20, causing the fourth
hol der 36 to hold the used cutting blade 21-2 nounted on
the other cutting unit 20.

In second used consumable part holding step ST7,
the cutting apparatus 1 causes the fourth holding surface
361 of the fourth holder 36 of the changing unit 32 to
face the support base 212 of the used cutting blade 21-2
nounted on the spindle 23 of the other cutting unit 20 in
spaced relation along the Y-axis directions. At this tineg,

the cutting apparatus 1 keeps the central axis of the

62



spindle 23 and the central axis 320 of the rotational
shaft 321 perpendicular to each other, positioning the
central axis of the spindle 23 and the fourth holding
surface 361 of the fourth holder 36 coaxially with each
ot her.

In second used consumable part holding step ST7,
the cutting apparatus 1 brings the changing wunit 32
closely to the other cutting unit 20 along the Y-axis
directions, positioning the changing apparatus 30 in a
changi ng position in which the fourth hol ding surface 361
of the fourth holder 36 abuts against the support base
212 of the used cutting blade 21-2 nounted on the other
cutting unit 20.

In second used consumable part holding step ST7,
the cutting apparatus 1 holds the used cutting bl ade 21-2
mounted on the other cutting unit 20 under suction on the
fourth holding surface 361 of the fourth holder 36 of the
changing unit 32 of the changing apparatus 30, and stops
hol ding the used cutting blade 21-2 under suction on the
nount flange 24 of the spindle 23 of the other cutting
unit 20. The first holder 33 and the fourth hol der 36
thus hold the used cutting bl ade 21-2.
(Second retracting step)

Second retracting step ST8 is a step of, after
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second used consumable part holding step ST7, retracting
the fourth holder 36 that has held the used cutting bl ade
21-2 from the changing position to a retracted position
In second retracting step ST8, the cutting apparatus 1
noves the changing unit 32 away from the other cutting
unit 20 along the Y-axis directions. In second retracting
step ST8, the cutting apparatus 1 positions the changi ng
apparatus 30 in the retracted position in which the used
cutting blade 21-2 held wunder suction on the fourth
hol ding surface 361 of the fourth holder 36 is spaced a
di stance from the nmount flange 24 nounted on the dista
end of the spindle 23 of the other cutting unit 20.
(Second changi ng step)

FIG 23 is a side elevational viewillustrating the
manner in which the other cutting wunit holds a
repl acenent cutting blade in the second changing step of
the changing nethod illustrated in FIG 12. Second
changing step ST9 is a step of rotating the rotational
shaft 321 to bring the third holding surface 351 of the
third holder 35 that has held the replacenent cutting
bl ade 21-1 into facing relation to the surface 247 of the
nmount land 246 of the nount flange 24 of the other
cutting unit 20, positioning the third holder 35 in the

changi ng position, and holding the replacenent cutting
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bl ade 21-1 on the surface 247 of the nount |and 246 of
the nount flange 24 of the other cutting unit 20.

In second changing step ST9, the cutting apparatus
1 rotates the rotational shaft 321 of the changing unit
32 of the changing apparatus 30 to bring the third
hol di ng surface 351 of the third holder 35 that has held
the replacenent cutting blade 21-1 for the other cutting
unit 20 into facing relation to the surface 247 of the
nmount land 246 of the nount flange 24 of the other
cutting unit 20 in spaced relation along the Y-axis
di recti ons. In second changing step ST9, the cutting
apparatus 1 noves the changing unit 32 of the changing
apparatus 30 closely to the other cutting unit 20 al ong
the Y-axis directions, positioning the replacenent
cutting blade 21-1 held wunder suction on the third
hol di ng surface 351 of the third holder 35 into abutnent
against the surface 247 of the nmount land 246 of the
nount flange 24 of the other cutting unit 20 to thereby
position the <changing apparatus 30 in the changing
position, as illustrated in FIG 23.

In second changing step ST9, the cutting apparatus
1 holds the replacenent cutting blade 21-1 under suction
on the nmount flange 24 of the other cutting unit 20 and

stops holding the replacenent cutting blade 21-1 under
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suction on the third holding surface 351 of the third
hol der 35 of the changing unit 32. In second changi ng
step ST9, the cutting apparatus 1 noves the changi ng unit
32 of the changing apparatus 30 away from the other
cutting unit 20 along the Y-axis directions and positions
t he changing apparatus 30 in the retracted position.
(Transport jig housing step)

Transport jig housing step ST10 is a step of
pl acing the used cutting blade 21-2 held on the changing
unit 32 of the changing apparatus 30 on the blade rest 42
of the transport jig 41 and housing the transport jig 41
with the used cutting blade 21-2 placed thereon into the
consunabl e part housing container 40. In transport jig
housing step ST10, the cutting apparatus 1 noves the
changi ng apparatus 30 of the blade changing unit 3 onto
the transport jig 41 on the table cover 60, and
thereafter closes the exit/entrance port 93 wth the
cutting area covers 94.

In transport jig housing step ST10, the cutting
apparatus 1 places the used cutting blades 21-2 held
under suction on the first holder 33 and the fourth
hol der 36 of the blade changing unit 3 on respective
bl ade rests 42, and thereafter stops holding the used

cutting blades 21-2 under suction on the first holder 33
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and the fourth holder 36. In transport jig housing step
ST10, the cutting apparatus 1 noves the blade changing
unit 3 to the standby position, causes the transport unit
80 to transport the transport jig 41 fromthe table cover
60 to the centering guides 82 and thereafter house the
transport jig 41 into the consunable part housing
cont ai ner 40. In this manner, the cutting apparatus 1
changes the cutting blades 21 on the respective cutting
units 20 according to the above changi ng net hod.

As described above, the cutting apparatus 1
according to the first enbodinment has the changing
apparatus 30 that includes the first holder 33 having the
first holding surface 331 that faces outwardly of the
rotational shaft 321 and the second holder 34 having the
second holding surface 341 disposed in a position
angularly spaced from the first holding surface 331
through a predeterm ned angle around the rotational shaft
321. Therefore, when the rotational shaft 321 rotates
about the central axis 320, the first and second hol di ng
surfaces 331 and 341 are brought into facing relation to
the cutting units 20. Consequently, the cutting apparatus
1 can change cutting blades 21 as consunable parts by
positioning the changi ng apparatus 30 in positions facing

the cutting units 20 along the central axes of the
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spindles 23, rotating the rotational shafts 321, and
novi ng the changing apparatus 30 along the central axes
of the spindles 23. As a result, the cutting apparatus 1
Is advantageous in that it has a reduced space for
changing the cutting bl ades 21.

Furt hernore, the changi ng apparatus 30 includes, in
addition to the first holder 33 and the second hol der 34,
the third holder 35 having the third holding surface 351
that faces outwardly of the rotational shaft 321 and the
fourth holder 36 having the fourth holding surface 361
that faces outwardly of the rotational shaft 321. The
first holder 33, the second holder 34, the third hol der
35, and the fourth holder 36 are disposed in respective
positions spaced at angular intervals of 90 degrees
around the central axis 320 of the rotational shaft 321.
Therefore, even though the cutting apparatus 1 has the
pair of cutting units 20, the changing unit 32 of the
changi ng apparatus 30 can hold replacenent cutting bl ades
21-1 for the respective cutting units 20 and used cutting
bl ades 21-2 from the respective cutting units 20. As a
result, the cutting apparatus 1 is able to prevent the
time required to change the cutting blades 21 on the
respective cutting units 20 from increasing even though

the cutting apparatus 1 has the pair of cutting units 20.
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Mor eover, in the cutting apparatus 1, t he
rotational shaft 321 of the changing unit 32 of the
changi ng apparatus 30 and the support nenber 322 with the
hol ders 33, 34, 35, and 36 nounted thereon are joined to
each other by the joint assenbly 37 including the helical
springs 374, and the holding surfaces 331, 341, 351, and
361 are swingably coupled to the rotational shaft 321. As
a consequence, even if the holding surfaces 331, 341, 351,
and 361 of the respective holders 33, 34, 35, and 36 of
t he changi ng apparatus 30, and the blade rests 42 of the
transport jig 41 and the cutting units 20 are
positionally shifted, the cutting apparatus 1 can hold
used cutting blades 21-2 from the cutting units 20 and
install replacenent cutting blades 21-1 on the cutting
units 20.

In addition, as the blade changing unit 3 is
di sposed outside of the processing chanber 91, a mst
cont ai ni ng chi ps produced in the processing chanmber 91 is
prevented from being deposited on the changi ng apparatus
30.

Furthernore, since the cutting apparatus 1 includes
the line scanner 110 that captures an imge of the
cutting blades 21 placed on the transport jig 41, the

cutting apparatus 1 can recognize the kinds of
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repl acenent cutting blades 21-1 placed on the transport
jig 41.

Mor eover, since the changing apparatus 30 changes
cutting blades 21 as consumable parts, the cutting
apparatus 1 is advantageous in that it has a reduced
space for changing the cutting bl ades 21.

In addition, as the cutting apparatus 1 and the
changi ng nethod change cutting blades 21 as consunable
parts, the cutting blades 21 can be changed automatically.
[ Second enbodi nent ]

A cutting apparatus and a changi ng net hod accordi ng
to a second enbodinent of the present invention wll be
descri bed below with reference to the drawings. FIG 24
Is an exploded perspective view of a cutting unit of the
cutting apparatus according to the second enbodi nent. FIG
25 is a front elevational view of a changi ng apparatus of
a Dblade changing unit of the cutting apparatus
illustrated in FIG 25. FIG 26 is a cross-sectional view
of a nut holder of the changing apparatus illustrated in
FIG 25. FIG 27 is a flowhart of the sequence of the
changi ng met hod according to the second enbodi nent. Those
parts illustrated in FIGS. 24, 25, 26, and 27 which are
identical to those according to the first enbodi nent are

denoted by identical reference characters, and their
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description will be omtted hereinbel ow

As illustrated in FIG 24, a first cutting unit 20-
2 of the cutting apparatus, denoted by 1, according to
the second enbodinment is of the sanme configuration as the
cutting unit 20 of the cutting apparatus 1 according to
the first enbodinment in that the other end portion 244 of
the boss 241 of +the nount flange 24 is externally
threaded, the first cutting wunit 20-2 includes a
fastening nut 27 threaded over the externally threaded
ot her end portion 244, and the first cutting unit 20-2 is
free of the suction channels 231 and 249.

Wiile the other end portion 244 of the boss 241 of
the nmount fl ange 24 extends through the nount hole 214 in
the cutting blade 21, the fastening nut 27 is threaded
over the externally threaded other end portion 244,
securing the cutting blade 21 by sandw ching the cutting
blade 21 between itself and the nount flange 24.
According to the second enbodi nent, the cutting blade 21
may be a washer blade having only the cutting edge 213
The fastening nut 27 has four pin fitting holes 271
defined in an end face thereof and spaced at angular
intervals of 90 degrees. The fastening nut 27 also has an
annul ar groove 272 defined in and extending fully in an

outer circunferential surface thereof.
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As illustrated in FIG 25, a changing unit 32-2 of
a changi ng apparatus 30 of a blade changing unit 3 of the
cutting apparatus 1 according to the second enbodinent is
of the sanme configuration as the changing unit 32 of the
changi ng apparatus 30 according to the first enbodi nent
except that the changing unit 32-2 is free of the third
hol der 35 and the fourth holder 36 and includes a nut
hol der 38 in place of the third hol der 35.

The nut hol der 38 functions to renove the fastening
nut 27 of the cutting unit 20-2 fromthe boss 241 of the
nmount flange 24, hold the renoved fastening nut 27, and
install the fastening nut 27 thus held on the boss 241 of
the nmount flange 24. The nut holder 38 is nounted on the
radi ally outward extension 324 of the changing unit 32-2.

As illustrated in FIGS. 25 and 26, the nut hol der
38 includes a hollow cylindrical electric notor case 381
mounted on the radially outward extension 324 of the
changing unit 32-2, an electric notor 382 disposed in the
el ectric notor case 381, a cylindrical rotary nenber 383
coupled to the drive shaft of the electric notor 382, an
actuating ring 384 covering an outer circunference of the
rotary nenber 383, and a second air cylinder 385
interconnecting the electric notor case 381l and the

actuating ring 384.
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The drive shaft of the electric notor 382 extends
perpendicularly to the X-axis directions. When the
electric notor 382 rotates the drive shaft about its own
central axis, the drive shaft rotates the rotary nenber
383 about its own central axis. The rotary nenber 383 is
of a cylindrical shape whose outside dianmeter changes
stepwi se and integrally includes a small-dianeter portion
386 coupled to the drive shaft and a |[|arge-dianeter
portion 387 disposed coaxially with and joined to the
smal | -di ameter portion 386, the |arge-dianeter portion
387 being larger in dianmeter than the snall-dianeter
portion 386. According to the second enbodinent, the
outside dianeter of the snmall-dianmeter portion 386 is
equal to the outside dianeter of the electric notor case
381. According to the second enbodi nent, the drive shaft,
the electric notor case 381, and the rotary nenber 383
are positioned coaxially with each other.

The actuating ring 384 is in the formof a bottoned
tube, i.e., hollow cylinder, having a bottom portion 388
close to the radially outward extension 324 and di sposed
coaxially with the electric notor case 381 and the rotary
menber 383. The actuating ring 384 has a through hole 389
defined in the bottom portion 388, and the snall-di aneter

portion 386 of the rotary nenber 383 extends through the
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through hole 389. The actuating ring 384 is coupled to
the piston rod of the second air cylinder 385. \Wen the
piston rod of the second air cylinder 385 extends and
contracts, the actuating ring 384 slides in the sane
axial directions as the rotary nenber 383 between a
position indicated by the solid lines in FIG 26 and a
position indicated by the two-dot-and-dash lines in FIG

26. The actuating ring 384 has recesses 391 defined in an
end thereof renote from the radially outward extension
324 for receiving grip nmenbers 390, to be described later,
passi ng therein.

The nut holder 38 has four rotary pins 392
protruding froman end face of the |arge-dianeter portion
387 of the rotary nenber 383 and spaced at angular
intervals of 90 degrees. The rotary pins 392 have
respective circular engaging portions 393 on their
proximal ends, i.e., left ends in FIG 26. The engaging
portions 393 are slidably disposed in respective cylinder
bores 394 defined in the end face of the rotary nenber
383. Conpression springs 395 are disposed between bottom
surfaces of the cylinder bores 394 and the engaging
portions 393 for normally biasing the rotary pins 392 in
a direction to protrude fromthe end face. The cylinder

bores 394 are closed by respective stoppers 396 that
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engage the -engaging portions 393 for preventing the
rotary pins 392 from being dislodged. The four rotary
pins 392 are disposed in positions where they can fit in
the pin fitting holes 271 defined in the fasteni ng nut 27.
The nut holder 38 also has four grip nenbers 390
nounted on an outer circunference of the rotary nenber
383 and spaced at angular intervals of 90 degrees. The
grip nmenbers 390 are shaped as arnms and have their
| ongi t udi nal di rections ext endi ng along the axial
directions of the rotary nmenber 383. The grip nenbers 390
have respective grip hooks 397 on their distal ends that
project from the end face of the |arge-dianmeter portion
387 for engaging in the annular groove 272 defined in the
outer circunferential surface of the fastening nut 27.
The grip nenbers 390 have respective proxinmal end
portions close to the radially outward extension 324 that
are sw ngably supported on an outer circunferential
surface of the small-dianmeter portion 386 of the rotary
nmenber 383. When the grip nmenbers 390 are swung about
their proximal end portions, the grip hooks 397 are noved
toward and away from each other. Conpression springs 398
are disposed between an outer circunferential surface of
the rotary nmenber 383 and central portions of the grip

menbers 390 for normally biasing the grip nmenbers 390 to
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nove the grip hooks 397 radially outwardly.

When the actuating ring 384 is in the position
indicated by the solid lines in FIG 26, the grip hooks
397 thereof are spaced from each other and rel eased out
of engagenent in the annular groove 272 in the fastening
nut 27. Wen the piston rod of the second air cylinder
385 is extended to nove the actuating ring 384 to the
position indicated by the two-dot-and-dash lines in FIG
26, the grip hooks 397 thereof are brought closely to
each other and engage in the annular groove 272 in the
fasteni ng nut 27.

As illustrated in FIG 27, the changing nethod
according to the second enbodinent includes second
repl acenent consumable part <changing step ST11l after
changi ng step ST6 but before second used consunable part
hol ding step ST7. Details of the changing nethod
according to the second enbodinent which are different
from the <changing nethod according to the first
enbodi nent wi Il be described herei nbel ow.

In replacenment consunable part holding step ST3 of
the changing nethod according to the second enbodi nent,
as with the first enbodinent, the second hol der 34 holds
under suction a replacenent cutting blade 21-1 for one of

the cutting units 20.

76



In used consunmable part holding step ST4 of the
changi ng nethod according to the second enbodi nent, after
the fastening nut 27 of the one cutting unit 20 is
renmoved by the nut holder 38, the rotational shaft 321 is
rotated to bring the first holding surface 331 of the
first holder 33 into facing relation to the used cutting
bl ade 21-2 npunted on the one cutting unit 20. Then, as
wth the first enbodinent, the first holder 33 holds
under suction the used cutting blade 21-2 nounted on the
one cutting unit 20.

For renoving the fastening nut 27, the cutting
apparatus 1 brings the nut holder 38 of the changing unit
32 of the changing apparatus 30 of the blade changing
unit 3 into facing relation to the fastening nut 27 by
whi ch the used cutting blade 21-2 on the one cutting unit
20 is secured to the nmount flange 24, along the Y-axis
directions. The cutting apparatus 1 contracts the piston
rod of the second air cylinder 385 to nove the actuating
ring 384 to the position indicated by the solid lines in
FIG 26, and noves the changing unit 32 closely to the
one cutting unit 20 along the Y-axis directions until the
end face of the rotary nenber 383 abuts against the
fasteni ng nut 27.

The cutting apparatus 1 extends the piston rod of
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the second air cylinder 385 to nove the actuating ring
384 to the position indicated by the two-dot-and-dash
lines in FIG 26, causing the grip hooks 397 of the grip
nmenbers 390 to engage in the annular groove 272 in the
fastening nut 27. The cutting apparatus 1 then energi zes
the electric notor 382 to rotate the rotary nmenber 383 in
a direction to rotate the fastening nut 27 out of
engagenent with the externally threaded other end portion
244, Wien the rotary pins 392 are fitted in the pin
fitting holes 271, the fastening nut 27 rotates in unison
with the rotary nmenber 383.

The <cutting apparatus 1 energizes the electric
notor 382 to rotate the rotary nenber 383 for a
predeterm ned period of tine. The fastening nut 27 now
di sengages from the externally threaded other end portion
244 of the boss 241 of the nount flange 24. After having
renoved the fastening nut 27 from the nount flange 24
the cutting apparatus 1 noves the changing unit 32 away
fromthe one cutting unit 20 along the Y-axis directions.
In this manner, the cutting apparatus 1 renpves the
fastening nut 27 fromthe one cutting unit 20.

In changing step ST6 of the changing nethod
according to the second enbodinent, as with the first

enbodi nent , the cutting apparatus 1 installs the
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repl acenent cutting blade 21-1 on the nount flange 24 of
the one cutting unit 20, noves the changing unit 32 away
fromthe one cutting unit 20 along the Y-axis directions,
positions the changing apparatus 30 in the retracted
position, and installs the fastening nut 27 on the nount
flange 24 of the one cutting unit 20. In changing step
ST6 of the changing nethod according to the second
enbodi nent, after having installed the fastening nut 27,
the cutting apparatus 1 positions the changing unit 32 of
t he changing apparatus 30 in the retracted position.

For installing the fastening nut 27, the cutting
apparatus 1 rotates the rotational shaft 321 to bring the
nut holder 38 holding the fastening nut 27 into facing
relation to the nmount flange 24 of the one cutting unit
20 along the Y-axis directions. The cutting apparatus 1
noves the changing unit 32 of the changing apparatus 30
closely to the nount flange 24 of the one cutting unit 20
along the Y-axis directions and energizes the electric
notor 382 to rotate the rotary nmenber 383 in a direction
to cause the fastening nut 27 to be threaded over the
externally threaded other end portion 244. The cutting
apparatus 1 energizes the electric notor 382 to rotate
the rotary nenber 383 for a predeterm ned period of tine.

The fastening nut 27 is now threaded over the externally
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threaded other end portion 244 of the boss 241 of the
nmount fl ange 24.

The cutting apparatus 1 actuates the second air
cylinder 385 to nove the actuating ring 384 to the
position indicated by the solid lines in FIG 26, causing
the grip hooks 397 of the grip nenbers 390 to disengage
from the annul ar groove 272 in the fastening nut 27. 1In
this mnner, the cutting apparatus 1 installs the
fastening nut 27 on the one cutting unit 20.

Second replacenent consumable part changing step
ST1l is a step of holding a replacenent cutting blade 21-
1 for the other cutting unit 20 under suction on the
second holder 34. In second replacenent consunable part
changing step ST1l1l, after changing step ST6, the changi ng
unit 32 of the changing apparatus 30 is noved to a
position over the transport jig 41 on the table cover 60,
and thereafter the replacenent cutting blade 21-1 for the
other cutting unit 20 is held under suction on the second
hol der 34 as wth replacenent consumable part holding
step ST3.

In second used consumabl e part holding step ST7 of
the changing nmethod according to the second enbodi nent,
as with used consunable part holding step ST4, after the

fastening nut 27 is renoved from the other cutting unit
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20 by the nut holder 38, the rotational shaft 321 is
rotated to bring the first holding surface 331 of the
first holder 33 into facing relation to the used cutting
bl ade 21-2 nmounted on the other cutting unit 20, and the
used cutting blade 21-2 nounted on the other cutting unit
20 is held under suction on the first hol der 33.

In second changing step ST9 of the changi ng nethod
according to the second enbodinent, the replacenent
cutting blade 21-1 is installed on the nmount flange 24 of
the other cutting unit 20, and the changing unit 32 is
noved away from the one cutting unit 20 along the Y-axis
directions. After the changing apparatus 30 is positioned
in the retracted position, as with the changing step ST6,
the fastening nut 27 is installed on the nount flange 24
of the other cutting unit 20. In second changing step ST9
of the changing nethod according to the second enbodi nent,
after the fastening nut 27 is installed, the changing
unit 32 of the changing apparatus 30 is positioned in the
retracted position.

In the cutting apparatus 1 according to the second
enbodi nent, since the changing apparatus 30 includes the
first holder 33 having the first holding surface 331 and
the second holder 34 having the second holding surface

341 and the holding surfaces 331 and 341 can be brought
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into facing relation to the cutting units 20 by rotating
the rotational shaft 321, the cutting apparatus 1 is
advantageous in that it has a reduced space for changing
the cutting bl ades 21.

Furthernore, as the changing wunit 32 of the
changing apparatus 30 of the cutting apparatus 1
according to the second enbodinment includes the nut
hol der 38 for installing and renoving the fastening nut
27, the cutting blades 21 can be changed by the blade
changing unit 3 even though the cutting blades 21 are
secured to the cutting units 20 by the fastening nuts 27.

According to the second enbodinent, the blade
changing unit 3 is not limted to the above configuration.
For exanple, the nut holder 38 nay be arranged as
illustrated in FIG 28. FIG 28 is a perspective view
illTustrating a central portion of a blade changing unit
of a cutting apparatus according to a nodification of the
second enbodi nent. Those parts illustrated in FIG 28
which are identical to those according to the first and
second enbodinents are denoted by identical reference
characters, and their description wll be omtted
her ei nbel ow.

The bl ade changing unit, denoted by 3 in FIG 28,

i ncludes a pair of opposed nut holders 38 nounted on an

82



apparatus body 301 and disposed in positions where a
third rotational axis 3193 is positioned between the nut
hol der 38 and the changing unit 32. As with the second
enbodi nent, inasmuch as the blade changing unit 3
illustrated in FIG 28 includes the nut holder 38, the
cutting blades 21 can be changed by the blade changing
unit 3 even though the cutting blades 21 are secured to
the cutting units 20 by the fastening nuts 27.

[First nodification]

A cutting apparatus 1 according to a first

nodi fication of the present invention will be described
below with reference to the draw ngs. FIG 29 is a
perspective view illustrating a configuration exanple of

the cutting apparatus according to the first nodification
of the first and second enbodinents. FIG 30 is a
perspective view illustrating another configuration
exanple of the cutting apparatus according to the first
nodi fication of the first and second enbodi nents. Those
parts illustrated in FIGS. 29 and 30 which are identica
to those according to the first and second enbodinents
are denoted by identical reference characters, and their
description will be omtted hereinbel ow

A cutting apparatus, denoted by 1-1 in FIGS. 29 and

30, according to the first nodification is different from
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the cutting apparatus according to the first and second
enbodi nents as to the position where the blade changing
unit 3 is installed. In the cutting apparatus 1-1
illustrated in FIG 29, the blade changing unit 3 is
di sposed in a position above the holding table 10 in the
| oadi ng/ unl oadi ng position 92 and in juxtaposed relation
to the transport arnms 81 along the Y-axis directions. 1In
the cutting apparatus 1-1 illustrated in FIG 30, the
bl ade changing unit 3 is disposed in juxtaposed relation
to the processing chanber 91 along the Y-axis directions.
According to the present invention, therefore, the bl ade
changing unit 3 my be changed in position wthout
departing fromthe scope of the invention.

In the cutting apparatus 1-1 according to the first
nodi fication, the <changing apparatus 30 includes the
first holder 33 having the first holding surface 331 and
the second holder 34 having the second holding surface
341. Therefore, the cutting apparatus 1-1 is advant ageous
in that it has a reduced space for changing the cutting
blades 21 as consunable parts, as wth the first
enbodi nent .

[ Second nodification]
A cutting apparatus 1 according to a second

nodi fication of the present invention wll be described
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below with reference to the draw ngs. FIG 31 is a
perspective view illustrating a configuration exanple of
a transport jig of the cutting apparatus according to the
second nodification of the first and second enbodi nents.
Those parts illustrated in FIG 31 which are identical to
those according to the first and second enbodinents are
denoted by identical reference characters, and their
description will be omtted herei nbel ow

As illustrated in FIG 31, a transport jig 41-2 as
a consumabl e part transport jig according to the second
nodi fication includes an annular frame 211 and a sheet
menber 47 stuck to the annular frame 211 in covering
relation to the opening of the annular frame 211. The
sheet nenber 47 is in the form of a weakly adhesive tape
having a smaller adhesive power than the adhesive tape
210 or a sheet having a tack force. The sheet nenber 47
has a surface 48 acting as a rest surface on which a
cutting blade 21 is to be placed. The annular frame 211
acts as a gripped portion outside of the surface 48 of
t he sheet nenber 47.

In the cutting apparatus 1 according to the second
nodi fication, the <changing apparatus 30 includes the
first holder 33 having the first holding surface 331 and

the second holder 34 having the second holding surface
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341. Therefore, the cutting apparatus 1 is advantageous
in that it has a reduced space for changing the cutting
blades 21 as consunable parts, as wth the first
enbodi nent .

[ Third nodification]

A cutting apparatus according to a third

nodi fication of the present invention wll be described
below with reference to the draw ngs. FIG 32 is a
perspective view illustrating a central portion of a

configuration exanple of the cutting apparatus according
to the third mnodification of the first and second
enbodi nent s. FI G 33 is a cross-sectional Vi ew

illustrating the configuration of a dressing board table

of the cutting apparatus illustrated in FIG 32. FIG 34
is a plan view illustrating a configuration exanple of a
transport jig of the cutting apparatus illustrated in FIG

32. FIG 35 is a flowhart of the sequence of a changi ng
nmet hod according to the third nodification of the first
and second enbodinents. FIG 36 is a side elevational
view illustrating a replacenent consumable part hol ding
step of the changing nethod illustrated in FIG 35. FIG
37 is a side elevational view illustrating, partly in
cross section, a used consumable part holding step of the

changing nmethod illustrated in FIG 35. Those parts
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illustrated in FIGS. 32, 33, 34, 35, 36, and 37 which are
identical to those according to the first and second
enbodi nents are denoted by identical reference characters,
and their description will be omtted hereinbel ow.

A cutting apparatus, denoted by 1-3, according to
the third nodification is of the sanme configuration as
the cutting apparatus according to the first and second
enbodi nents except that the cutting apparatus 1-3
i ncludes a dressing board table 120 as a consumabl e part
holding wunit illustrated in FIGS. 32 and 33, and a
transport jig 41-3 as a consumable part transport jig
illustrated in FIG 34 holds a dressing board 130 as a
consunabl e part placed thereon.

The dressing board table 120 holds the dressing
board 130 thereon, and is disposed adjacent to the
hol ding table 10 and novable in unison with the hol ding
table 10 along the X-axis directions, as illustrated in
FIG 32. The dressing board table 120 is of a rectangul ar
shape and has an upper surface 121 as a holding surface
lying at the sane height as the holding surface 11 of the
hol ding table 10. As illustrated in FIG 33, the dressing
board table 120 has suction grooves 122 defined therein
that are open at the upper surface 121 and connected to a

suction source 124 through an on/off valve 123. Wen the
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on/off valve 123 is open, the suction grooves 122 are
evacuated by the suction source 124, holding the dressing
board 130 placed on the upper surface 121 under suction
t her eon.

The dressing board 130 dresses a cutting blade 21
whose cutting capability has been |owered by clogging or
dulling, thereby recovering the cutting capability of the
cutting blade 21. The process of dressing a cutting bl ade
21 to recover the cutting capability of the cutting bl ade
21 is referred to as dressing.

The dressing board 130 is in the form of a plate
whose planar shape is a rectangular shape that s
substantially the sanme as that of the upper surface 121
of the dressing board table 120. The dressing board 130
is made of a bonding material such as resin or ceramcs
m xed with abrasive grains of alum na-based white al undum
(WA, silicon-carbide-based green carbonite (GO, or
di anond.

The transport jig 41-3 illustrated in FIG 34
according to the third nodification has a plurality of
board rests 42-3 for holding respective dressing boards
130 positioned and placed thereon. Each of the board
rests 42-3 has an upstanding tube 43-3 having an inner

circunferential surface whose planar shape is equal to
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the planar shape of a dressing board 130. The upstanding
tube 43-3 houses a dressing board 130 therein. Each of
the board rests 42-3 has a bottom surface 45-3 as a rest
surface. The transport jig 41-3 includes an outer edge
portion 46 extending outside of the board rests 42-3 and
acting as a held portion to be held by the transport unit
80. According to the third nodification, as with the
first enbodinent, the board rests 42-3 are grouped in
advance into board rests 42-3 for placing replacenent
dressing boards 130 as replacenent consumable parts
thereon and board rests 42-3 for placing used dressing
boards 130 as used consumabl e parts thereon. In FIG 34,
the board rests 42-3 for placing replacenent dressing
boards 130 thereon are indicated by the solid |ines,
whereas the board rest 42-3 for placing a used dressing
board 130 thereon is indicated by the dotted |ines.

The transport jig 41-3 according to the third
enbodi nrent with the dressing boards 130 placed on the
respective board rests 42-3 can be housed in the
consunabl e part housing container 40 and can be
transported by the transport unit 80 in the same manner
as the annular franme 211.

In the cutting apparatus 1-3, partly illustrated in

FIG 32, the changing unit 32 changes the dressing board
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130 on the dressing board table 120. The changing unit 32
includes the holders 33, 34, 35, and 36 that hold
dressi ng boards 130 under suction.

A changi ng net hod accordi ng to t he third
nmodi fication includes, as illustrated in FIG 35,
preparing step ST1, transport jig unloading step ST2,
repl acenent consumable part holding step ST3, used
consunable part holding step ST4, retracting step ST5,
and changing step ST6. Details of the changing nethod
according to the third nodification which are different
from the <changing nethod according to the first
enbodi ment wi Il be described herei nbel ow.

In replacenent consunable part holding step ST3
according to the third nodification, as illustrated in
FIG 36, the cutting apparatus 1-3 positions the second
hol ding surface 341 of the second holder 34 of the
changing unit 32 of the changing apparatus 30 above a
repl acenent dressing board 130 (hereinafter denoted by
130-1) placed on a board rest 42-3 of the transport jig
41-3 on the table cover 60. In replacenment consunable
part holding step ST3 according to the third nodification,
the cutting apparatus 1-3 lowers the changing unit 32
until the second holding surface 341 of the second hol der

34 is held in intimte contact wth the replacenent
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dressing board 130-1, thereafter holds the replacenent
dressing board 130-1 under suction on the second hol ding
surface 341, and then lifts the changing unit 32.

In used consumabl e part holding step ST4 according
to the third nodification, the cutting apparatus 1-3
positions the first holding surface 331 of the first
holder 33 of the <changing unit 32 of the changing
apparatus 30 above a used dressing board 130 (hereinafter
denoted by 130-2) on the dressing board table 120. I n
used consumable part holding step ST4 according to the
third nodification, the cutting apparatus 1-3 |lowers the
changing unit 32 until the first holding surface 331 of
the first holder 33 is held in intimate contact with the
used dressing board 130-2, thereafter holds the used
dressing board 130-2 under suction on the first holding
surface 331, and then closes the on/off valve 123 to stop
hol ding the used dressing board 130-2 under suction on
the dressing board table 120, as illustrated in FIG 37.
In used consumable part holding step ST4, therefore, the
cutting apparatus 1-3 positions the changing apparatus 30
in the changing position in which the first holding
surface 331 of the first holder 33 is held in intimte
contact with the wused dressing board 130-2 on the

dressing board table 120.
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In retracting step ST5 according to the third
nodi fi cati on, the cutting apparatus 1-3 lifts the
changing unit 32 away from the dressing board table 120
and positions the changing apparatus 30 in the retracted
position in which the used dressing board 130-2 is spaced
a distance from the upper surface 121 of the dressing
board table 120.

In changing step ST6 according to the third
nodi fication, the «cutting apparatus 1-3 rotates the
rotational shaft 321 of the changing unit 32 of the
changi ng apparatus 30 to bring the second hol ding surface
341 of the second holder 34 that has held the repl acenent
dressing board 130-1 above the upper surface 121 of the
dressing board table 120. 1In changing step ST6 according
to the third nodification, the cutting apparatus 1-3
| owers the changing unit 32 of the changing apparatus 30
to position the changing apparatus 30 in the changing
position in which the replacenment dressing board 130-1
hel d under suction on the second holding surface 341 of
the second holder 34 is placed on the upper surface 121
of the dressing board table 120.

In changing step ST6 according to the third
nodi fication, the cutting apparatus 1-3 opens the on/off

valve 123 to hold the replacenment dressing board 130-1
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held wunder suction on the wupper surface 121 of the
dressing board table 120 and stops holding the
repl acenent dressing board 130-1 wunder suction on the
second hol ding surface 341 of the second hol der 34 of the
changing unit 32. In changing step ST6 according to the
third nodification, the cutting apparatus 1-3 nobves the
changing unit 32 of the changing apparatus 30 away from
the dressing board table 120 as by lifting the changing
unit 32, whereupon the changing nethod according to the
third nodification cones to an end.

In the cutting apparatus 1-3 according to the third
nodi fication, the changing apparatus 30 includes the
first holder 33 having the first holding surface 331 and
the second holder 34 having the second holding surface
341. Therefore, the cutting apparatus 1-3 is advant ageous
in that it has a reduced space for changing the dressing
boards 130 as consunable parts, as wth the first
enbodi nent .

In the cutting apparatus 1-3 according to the third
nodi fication, the line scanner 110 may capture an inmage
of a dressing board 130 while the dressing board 130 is
being transported in transport jig unloading step STZ2,
read a bar code or an identification mark, not

illustrated, on the surface of the dressing board 130
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detect the kind of the dressing board 130, and place a
dressing board 130 depending on the cutting blade 21 to
be dressed on the dressing board table 120.

The present invention is not limted to the above
enbodi nents and nodifications. In other words, various
changes and nodifications may be made w thout departing
from the scope of the invention. According to the first
enbodi nent, etc., the transport jigs 41 and 41-2 with the
cutting blades 21 placed thereon are illustrated, and
according to the third nodification, the transport jig
41-3 with the dressing boards 130 placed thereon is
illustrated. However, according to the present invention,
both the transport jigs 41 and 41-2 with the cutting
bl ades 21 placed thereon and the transport jig 41-3 wth
the dressing boards 130 placed thereon may be housed in
t he consumabl e part housi ng contai ner 40.

Furthernore, according to the present invention,
the transport jigs 41, 41-2, and 41-3 nmay be housed in
the predetermned slots 52 in the cassette 51, or may be
housed in a cassette, not illustrated, separate from the
cassette 51 that houses workpieces 200. According to the
present invention, noreover, an inage capturing unit for
alignnent nmay be used as an image capturing unit for

capturing an inage of cutting blades 21 or dressing
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boards 130 as consunable parts placed on the transport
jig 41. According to the present invention, in addition
the centering guides 82 or the holding table 10, other
than the table cover 60, nay be used as a tenporary rest,
or a dedicated tenporary table may be provided. According
to the present invention, furthernore, the cutting
apparatus 1, 1-1, or 1-3 may not use the transport jigs
41 and 41-2, but may include a known blade stocker for
holding a plurality of cutting blades 21, and the
changi ng apparatus 30 may transfer cutting blades 21 to
and from the bl ade stocker. Mor eover, according to the
present invention, consunmable parts are not limted to
cutting blades 21 and dressing boards 130.

The present invention is not l[imted to the details
of the above described preferred enbodinments. The scope
of the invention is defined by the appended clains and
al | changes and nodifications as fall wthin the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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WHAT IS CLAIMED IS:

1. A cutting apparatus comprising:

a consumable part holding unit having a holding
surface for holding a consumable part;

a changing apparatus for changing the consumable
part; and

a moving unit for moving the changing apparatus
between a changing position for changing the consumable
part and a retracted position, wherein

the changing apparatus includes

a rotational shaft having a rotational axis
associated therewith,

a first holder for holding a used consumable
part, the first holder having a first holding surface
facing in an outward direction from the rotational shaft
and the first holding surface being oriented
perpendicularly to a radially outward extending line
extending from the rotational axis of the rotational shaft
to the first holding surface, the used consumable part
facing the first holding surface when the first holder
holds the used consumable part, and

a second holder for holding a replacement
consumable part, the second holder being disposed in a

position angularly spaced a predetermined angle from the
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first holder around the rotational shaft, the second holder
having a second holding surface facing in an outward
direction from the rotational shaft and the second holding
surface being oriented perpendicularly to a radially
outward extending line extending from the rotational axis
of the rotational shaft to the second holding surface, the
replacement consumable part facing the second holding
surface when the second holder holds the replacement
consumable part.
2. The cutting apparatus according to claim 1,
wherein
the changing apparatus further includes

a third holder having a third holding surface
facing in an outward direction from the rotational shaft
and the third holding surface being oriented
perpendicularly to a radially outward extending line
extending from the rotational axis of the rotational shaft
to the third holding surface, and

a fourth holder having a fourth holding
surface facing in an outward direction from the rotational
shaft and the fourth holding surface being oriented
perpendicularly to a radially outward extending line
extending from the rotational axis of the rotational shaft

to the fourth holding surface, and

97



the first holder, the second holder, the third
holder, and the fourth holder are disposed in respective
positions spaced at angular intervals of 90 degrees around
the rotational shaft.

3. The cutting apparatus according to claim 1,
wherein

the first holding surface of the first holder is
tiltably coupled to the rotational shaft by a Jjoint
assembly having a resilient member, and

the second holding surface of the second holder is
tiltably coupled to the rotational shaft by a Jjoint
assembly having a resilient member.

4. The cutting apparatus according to claim 1,
further comprising:

a processing chamber for cutting a workpiece with a
cutting unit therein, wherein

the changing apparatus is disposed outside of the
processing chamber, and

the processing chamber has an exit/entrance port
defined therein for allowing the changing apparatus to
move therethrough into and out of the processing chamber.

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

a consumable part housing container for housing a
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consumable part transport jig therein, the consumable part
transport jig having a plurality of rest surfaces for
holding a plurality of consumable parts placed thereon and
a held portion outside of the rest surfaces, the held
portion is to be held by a transport unit;

a temporary rest for temporarily placing the
consumable part transport Jjig thereon upon changing
consumable parts;

the transport unit for transporting the consumable
part transport Jjig from the consumable part housing
container to the temporary rest; and

an image capturing unit for capturing an image of
consumable parts placed on the consumable part transport
jig, the image capturing unit being disposed in a transport
route along which the transport unit transports consumable
part transport Jjig.

6. The cutting apparatus according to claim 1,
further comprising:

a cutting unit having a spindle and a cutting blade
mounted on a distal end of the spindle by a mount flange,
wherein

the consumable part includes the cutting blade and
the consumable part holding unit includes the mount flange.

7. The cutting apparatus according to claim 1,
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further comprising:
a holding table for holding a workpiece; and
a dressing board table for holding a dressing board,
the dressing board table being disposed adjacent to the
holding table, wherein
the consumable part includes the dressing board and
the consumable part holding unit includes the dressing
board table.
8. A changing method for changing consumable parts
in a cutting apparatus,
the cutting apparatus including
a consumable part holding unit having a
holding surface for holding a consumable part,
a changing apparatus for changing the
consumable part, and
a moving wunit for moving the changing
apparatus between the changing position for changing the
consumable part and the retracted position,
the changing apparatus including
a rotational shaft having a rotational axis
associated therewith,
a first holder for holding the used
consumable part, the first holder having a first holding

surface facing in an outward direction from the rotational
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shaft and the first holding surface being oriented
perpendicularly to a radially outward extending line
extending from the rotational axis of the rotational shaft
to the first holding surface, the used consumable part
facing the first holding surface when the first holder
holds the used consumable part, and
a second holder for holding the replacement
consumable part, the second holder being disposed in a
position angularly spaced a predetermined angle from the
first holder around the rotational shaft, the second holder
having a second holding surface facing in an outward
direction from the rotational shaft and the second holding
surface being oriented perpendicularly to a radially
outward extending line extending from the rotational axis
of the rotational shaft to the second holding surface, the
replacement consumable part facing the second holding
surface when the second holder holds the replacement
consumable part,
the changing method comprising the steps of:
transferring a replacement consumable part placed
on a rest surface of a consumable part transport Jjig to
the second holder, wherein the consumable part transport
jig has a plurality of rest surfaces for holding a

plurality of consumable parts thereon;
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after transferring the replacement consumable part
to the second holder, rotating the rotational shaft of the
changing apparatus parallel to the holding surface of the
consumable part holding unit to bring the first holding
surface of the first holder into facing relation to the
used consumable part being held by the consumable part
holding unit, positioning the first holder in the changing
position for abutting against the used consumable part,
and transferring the wused consumable part from the
consumable part holding unit to the first holder of the
changing apparatus;

retracting the first holder that has held the used
consumable part from the changing position to the retracted
position; and

after transferring the replacement consumable part
to the second holder and after transferring the wused
consumable part from the consumable part holding unit to
the first holder, rotating the rotational shaft to bring
the second holding surface of the second holder that holds
the replacement consumable part into facing relation to
the holding surface of the consumable part holding unit,
positioning the second holder in the changing position,
and transferring the replacement consumable part from the

second holder to the consumable part holding unit.
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9. The changing method according to claim 8§,
wherein

the consumable part includes a cutting blade and
the consumable part holding unit includes a mount flange.

10. The changing method according to claim 8,
wherein

the consumable part includes a dressing board and
the consumable part holding unit includes a dressing board

table.
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