
1 

CUTTING APPARATUS, CUTTING BLADE REPLACEMENT METHOD, AND 

BOARD REPLACEMENT METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a cutting 

apparatus that cuts a workpiece by a cutting blade,  a 

cutting blade replacement method for replacing a cu tting 

blade mounted in the cutting apparatus, and a board  

replacement method for replacing a board used for 

dressing or inspection of a cutting blade mounted i n the 

cutting apparatus. 

Description of the Related Art 

        By dividing a wafer on which plural devices  such as 

integrated circuit (IC) and large scale integration  (LSI) 

are formed, plural device chips each including the device 

are manufactured.  Further, a package substrate is 

obtained by mounting the plural device chips on a 

predetermined substrate and then coating the mounte d 

device chips by a sealant composed of a resin (mold  

resin).  By dividing this package substrate, packag e 

devices including the plural device chips turned to  a 

package are manufactured.  The device chips and the  

package devices are mounted in various kinds of 
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electronic equipment such as mobile phones and pers onal 

computers. 

        A cutting apparatus is used when the workpi ece such 

as the above-described wafer or package substrate i s 

divided.  The cutting apparatus includes a chuck ta ble 

that holds the workpiece and a cutting unit that ex ecutes 

cutting processing for the workpiece.  The cutting unit 

includes a spindle and a mount flange fixed to the tip 

part of the spindle and an annular cutting blade th at 

cuts the workpiece is mounted on the mount flange.  The 

cutting blade is fixed to the mount flange by a nut .  

Further, when the spindle is rotated in the state i n 

which the cutting blade is mounted on the mount fla nge, 

the cutting blade rotates.  By causing the cutting blade 

that rotates to cut into the workpiece held by the chuck 

table, the workpiece is cut to be divided. 

        The cutting blade wears through the process ing of 

the workpiece and therefore is periodically replace d.  

When the cutting blade is replaced, first, a nut th at 

fixes the cutting blade is loosened and removed, an d the 

used cutting blade is removed from the mount flange .  

Thereafter, a cutting blade for replacement (unused  

cutting blade) is mounted on the mount flange, and the 

cutting blade for replacement is fixed by the nut. 
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        When the replacement of the cutting blade i s 

manually executed, a lot of trouble is taken.  In 

addition, there is a possibility that the cutting b lade 

or nut accidentally drops in the work.  Thus, an at tempt 

to automatically execute replacement of the cutting  blade 

has been made.  In Japanese Patent Laid-Open No. 20 07-

98536, a cutting apparatus equipped with a replacem ent 

apparatus that automatically executes replacement o f a 

cutting blade mounted on a cutting unit (spindle un it) is 

disclosed.  The above-described replacement apparat us 

includes a cutting blade attachment-detachment mech anism 

that executes attachment and detachment of the cutt ing 

blade and a nut attachment-detachment mechanism tha t 

executes attachment and detachment of a nut for fix ing 

the cutting blade to the cutting unit.  Further, th e 

cutting blade attachment-detachment mechanism inclu des a 

first holding part (first cutting blade grasping me ans) 

that grasps a used cutting blade and a second holdi ng 

part (second cutting blade grasping means) that gra sps a 

cutting blade for replacement. 

 

SUMMARY OF THE INVENTION 

        In the above-described replacement apparatu s, the 

cutting blade attachment-detachment mechanism and t he nut 
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attachment-detachment mechanism are installed in th e 

state of being independent of each other.  Further,  the 

first holding part and the second holding part of t he 

cutting blade attachment-detachment mechanism and t he nut 

attachment-detachment mechanism are disposed to be 

arranged on one straight line in such a manner as t o be 

each opposed to a blade mount of the cutting unit.  For 

this reason, the replacement apparatus tends to be large 

and a wide space for mounting the replacement appar atus 

needs to be ensured in the cutting apparatus.  As a  

result, the size of the cutting apparatus increases , and 

the layout of constituents of the cutting apparatus  is 

limited. 

        Further, the above-described replacement ap paratus 

is often mounted on a cutting apparatus of what is 

generally called a facing dual type that includes a  pair 

of cutting units and in which the pair of cutting u nits 

are disposed opposed to each other.  In this case, a pair 

of cutting blade attachment-detachment mechanisms a nd a 

pair of nut attachment-detachment mechanisms are di sposed 

in the replacement apparatus so that replacement of  the 

cutting blade can be executed for each of the pair of 

cutting units.  As a result, the replacement appara tus 

becomes larger and the increase in the size and the  
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limitation on the layout regarding the cutting appa ratus 

become more serious. 

        The present invention is made in view of su ch a 

problem and intends to provide a cutting apparatus 

including a replacement apparatus with a reduced si ze and 

provide a replacement method in which replacement o f a 

cutting blade and so forth is executed by using thi s 

replacement apparatus. 

        In accordance with an aspect of the present  

invention, there is provided a cutting apparatus th at 

cuts a workpiece by a cutting blade.  The cutting 

apparatus includes a cutting unit having a spindle and a 

mount flange that is fixed to a tip part of the spi ndle 

and on which the cutting blade is mounted, a stock unit 

that stores the cutting blade for replacement, a 

replacement apparatus that replaces the cutting bla de 

mounted on the mount flange with the cutting blade for 

replacement, and a movement unit that moves the 

replacement apparatus.  The replacement apparatus i ncludes 

a rotating part, a first holding part that holds th e 

cutting blade mounted on the mount flange on a fron t 

surface side, a second holding part that holds the 

cutting blade for replacement on a front surface si de, 

and a nut rotation part that has a nut holding part  that 
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holds a nut for fixing the cutting blade to the mou nt 

flange and rotates the nut held by the nut holding part.  

The rotating part is coupled to the first holding p art, 

the second holding part, and the nut rotation part and 

rotates with a straight line that passes through in side 

of the rotating part being a rotation axis.  A fron t 

surface of the first holding part, a front surface of the 

second holding part, and the nut holding part are 

disposed to be oriented toward an opposite side to the 

rotation axis of the rotating part in a state of be ing 

separate from each other around the rotation axis o f the 

rotating part. 

        Preferably, the first holding part and the second 

holding part are coupled to the rotating part with 

intermediary of an elastic body in such a manner th at the 

front surface of the first holding part and the fro nt 

surface of the second holding part are tiltable. 

        Further, preferably, the nut rotation part is 

disposed in such a manner that a rotation axis of t he nut 

holding part is along a direction perpendicular to the 

rotation axis of the rotating part. 

        Further, preferably, the cutting apparatus further 

includes a processing chamber that forms a space in  which 

the workpiece is cut by the cutting unit.  The repl acement 
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apparatus is disposed outside the processing chambe r, and 

the processing chamber has an entry-exit port throu gh 

which the replacement apparatus is allowed to pass.  

        In addition, preferably, the stock unit inc ludes a 

placement part having a placement surface over whic h a 

plurality of the cutting blades are placed and a re ading 

unit that reads an identification mark that is give n to 

the cutting blade placed over the placement surface  and 

includes information relating to the cutting blade.  

        Further, preferably, the cutting apparatus further 

includes a chuck table that holds the workpiece and  a 

sub-table that holds a board used for dressing or 

inspection of the cutting blade.  The stock unit in cludes 

a board storing part that stores the board, and the  first 

holding part and the second holding part are capabl e of 

holding the board. 

        Further, preferably, the first holding part  and the 

second holding part suck and hold the cutting blade . 

        In addition, preferably, the mount flange i ncludes 

a fixed mount that has a flange part that supports the 

cutting blade and a boss part that protrudes from t he 

flange part and is inserted into the cutting blade,  and 

is fixed to the tip part of the spindle, and a pres sing 

flange that has an opening into which the boss part  is 
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inserted and is fixed to the fixed mount by the nut .  The 

pressing flange includes a first surface, a second 

surface that is on an opposite side to the first su rface 

and gets contact with the cutting blade, and a thro ugh-

hole that penetrates from the first surface to the second 

surface.  The first holding part and the second hol ding 

part suck a side of the first surface of the pressi ng 

flange to hold the pressing flange, and suck and ho ld the 

cutting blade through the through-hole. 

        Further, preferably, the stock unit include s a 

pressing flange storing part that stores the pressi ng 

flange. 

        In accordance with another aspect of the pr esent 

invention, there is provided a cutting blade replac ement 

method for replacing the cutting blade mounted on t he 

above-described cutting apparatus.  The cutting bla de 

replacement method includes a preparation step of p lacing 

the cutting blade for replacement over a placement 

surface of the stock unit having the placement surf ace 

over which the cutting blade is allowed to be place d, a 

cutting-blade-for-replacement holding step of holdi ng the 

cutting blade for replacement placed over the place ment 

surface by the second holding part, and a nut remov al 

step of causing the nut holding part of the nut rot ation 
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part to be opposed to the mount flange and holding the 

nut mounted on the mount flange by the nut holding part 

and rotating the nut to remove the nut from the mou nt 

flange.  The cutting blade replacement method also 

includes a first evacuation step of separating the nut 

rotation part and the mount flange, a used cutting blade 

holding step of causing the first holding part to b e 

opposed to the mount flange by rotating the rotatin g part 

and holding the cutting blade mounted on the mount flange 

by the first holding part, and a second evacuation step 

of separating the first holding part and the mount 

flange.  The cutting blade replacement method also 

includes a cutting blade mounting step of causing t he 

second holding part to be opposed to the mount flan ge by 

rotating the rotating part and mounting the cutting  blade 

for replacement held by the second holding part on the 

mount flange, a third evacuation step of separating  the 

second holding part and the mount flange, and a nut  

mounting step of causing the nut holding part of th e nut 

rotation part to be opposed to the mount flange by 

rotating the rotating part and rotating the nut hel d by 

the nut holding part to mount the nut on the mount 

flange. 

        In accordance with a further aspect of the present 
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invention, there is provided a board replacement me thod 

for replacing the board disposed in the above-descr ibed 

cutting apparatus.  The board replacement method in cludes 

a preparation step of placing the board for replace ment 

over a placement surface of the stock unit having t he 

placement surface over which the board is allowed t o be 

placed and a board-for-replacement holding step of 

holding the board for replacement placed over the 

placement surface by the second holding part.  The board 

replacement method also includes a used board holdi ng 

step of causing the first holding part to be oppose d to 

the sub-table and holding, by the first holding par t, the 

board that is held by the sub-table and has been us ed, an 

evacuation step of separating the first holding par t and 

the sub-table, and a placement step of causing the second 

holding part to be opposed to the sub-table by rota ting 

the rotating part and placing the board for replace ment 

held by the second holding part on the sub-table. 

        The cutting apparatus according to the aspe ct of 

the present invention includes the replacement appa ratus 

that replaces the cutting blade mounted in the cutt ing 

apparatus and the board used for dressing or inspec tion 

of the cutting blade.  Further, the replacement app aratus 

has the configuration in which the first holding pa rt and 
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the second holding part that hold the cutting blade  and 

so forth and the nut rotation part are coupled to t he 

common rotating part and the front surface of the f irst 

holding part, the front surface of the second holdi ng 

part, and the nut holding part are disposed to be 

oriented toward the opposite side to the rotation a xis of 

the rotating part in the state of being separate fr om 

each other around the rotation axis of the rotating  part. 

        When the above-described replacement appara tus is 

used, the size of the replacement apparatus is grea tly 

reduced compared with the case in which, as in the 

existing configuration, the first holding part, the  

second holding part, and the nut rotation part are 

installed independently of each other and the front  

surface of first holding part, the front surface of  the 

second holding part, and the nut holding part are 

disposed to line up in such a manner as to be oppos ed to 

the mount flange.  As a result, increase in the siz e of 

the cutting apparatus is suppressed.  In addition, the 

flexibility of the layout of constituents of the cu tting 

apparatus is improved. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 
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invention itself will best be understood from a stu dy of 

the following description and appended claims with 

reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a perspective view illustrating a  cutting 

apparatus; 

        FIG. 2 is an exploded perspective view illu strating 

a cutting unit on which a hub-type cutting blade is  

mounted; 

        FIG. 3 is an exploded perspective view illu strating 

the cutting unit on which a washer-type cutting bla de is 

mounted; 

        FIG. 4 is a perspective view illustrating a  

replacement unit; 

        FIG. 5 is a perspective view illustrating t he 

replacement unit in which a replacement apparatus i s 

disposed at a replacement position; 

        FIG. 6 is a perspective view illustrating t he 

replacement apparatus; 

        FIG. 7A is a side view illustrating the rep lacement 

apparatus; 

        FIG. 7B is a front view illustrating the 
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replacement apparatus; 

        FIG. 8A is a front view illustrating a hold ing 

part; 

        FIG. 8B is a sectional view illustrating th e 

holding part; 

        FIG. 9A is a sectional view illustrating th e 

holding part that holds the hub-type cutting blade;  

        FIG. 9B is a sectional view illustrating th e 

holding part that holds the washer-type cutting bla de; 

        FIG. 10A is a perspective view illustrating  a stock 

unit; 

        FIG. 10B is a perspective view illustrating  a blade 

storing part; 

        FIG. 11A is a schematic diagram illustratin g the 

replacement apparatus in a cutting-blade-for-replac ement 

holding step; 

        FIG. 11B is a schematic diagram illustratin g the 

replacement apparatus in a nut removal step; 

        FIG. 11C is a schematic diagram illustratin g the 

replacement apparatus in a first evacuation step; 

        FIG. 11D is a schematic diagram illustratin g the 

replacement apparatus in a used cutting blade holdi ng 

step; 

        FIG. 12A is a schematic diagram illustratin g the 
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replacement apparatus in a second evacuation step; 

        FIG. 12B is a schematic diagram illustratin g the 

replacement apparatus in a cutting blade mounting s tep; 

        FIG. 12C is a schematic diagram illustratin g the 

replacement apparatus in a third evacuation step; 

        FIG. 12D is a schematic diagram illustratin g the 

replacement apparatus in a nut mounting step; 

        FIG. 13A is a perspective view illustrating  the 

holding part that holds a board with a square shape ; 

        FIG. 13B is a perspective view illustrating  the 

holding part that holds the board with a rectangula r 

shape; 

        FIG. 14A is a schematic diagram illustratin g the 

replacement apparatus in a board-for-replacement ho lding 

step; 

        FIG. 14B is a schematic diagram illustratin g the 

replacement apparatus in a used board holding step;  

        FIG. 14C is a schematic diagram illustratin g the 

replacement apparatus in an evacuation step; 

        FIG. 14D is a schematic diagram illustratin g the 

replacement apparatus in a placement step; 

        FIG. 15 is a perspective view illustrating the 

cutting apparatus in which a stock unit is installe d; and 

        FIG. 16 is a perspective view illustrating the 
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stock unit including a rotary placement part. 

 

DETAILED DESCRIPTON OF THE PREFERRED EMBODIMENT 

        An embodiment according to one aspect of th e 

present invention will be described below with refe rence 

to the accompanying drawings.  First, a configurati on 

example of a cutting apparatus according to the pre sent 

embodiment will be described.  FIG. 1 is a perspect ive 

view illustrating a cutting apparatus 2.  In FIG. 1 , an X-

axis direction (processing feed direction, first 

horizontal direction, front-rear direction) and a Y -axis 

direction (indexing feed direction, second horizont al 

direction, left-right direction) are directions 

perpendicular to each other.  Further, a Z-axis dir ection 

(vertical direction, upward-downward direction, hei ght 

direction) is the direction perpendicular to the X- axis 

direction and the Y-axis direction. 

        The cutting apparatus 2 includes a base 4 t hat 

supports or houses the respective constituents that  

configure the cutting apparatus 2.  An elevator 6 

including a rising-lowering pedestal 6a is disposed  at a 

corner part of the base 4 on the front side.  The e levator 

6 includes a raising-lowering mechanism (not illust rated) 

and raises and lowers the rising-lowering pedestal 6a 
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along the Z-axis direction. 

        Over the rising-lowering pedestal 6a of the  

elevator 6, a container 8 in which various implemen ts 

(parts, consumables, and so forth) used in the cutt ing 

apparatus 2 are housed and a cassette 10 in which p lural 

workpieces 11 that become a target of cutting proce ssing 

by the cutting apparatus 2 are housed are placed.  In FIG. 

1, an example in which the container 8 is placed on  the 

rising-lowering pedestal 6a and the cassette 10 is placed 

on the container 8 is illustrated.  Details of the 

implements housed in the container 8 will be descri bed 

later. 

        The cassette 10 has a pair of side surfaces  opposed 

to each other.  Further, plural guide rails 10a dis posed 

at predetermined intervals along the height directi on of 

the cassette 10 are fixed to each side surface of t he 

cassette 10.  A frame unit (workpiece unit) 17 incl uding 

the workpiece 11 is supported by a pair of guide ra ils 

10a that are fixed to both side surfaces of the cas sette 

10 and exist at the same height position. 

        For example, the workpiece 11 is a wafer th at is 

composed of a semiconductor material such as silico n and 

has a circular disc shape.  The workpiece 11 is seg mented 

into plural regions by plural planned dividing line s 
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(streets) arranged in a lattice manner, and a devic e such 

as an IC or LSI is formed on the front surface (upp er 

surface) side of each of these regions.  By cutting  and 

dividing the workpiece 11 along the planned dividin g 

lines, plural device chips each including the devic e are 

manufactured.  However, there is no limit on the ma terial, 

shape, structure, size, and so forth of the workpie ce 11.  

For example, the workpiece 11 may be a wafer compos ed of 

a semiconductor other than silicon (GaAs, InP, GaN,  SiC, 

or the like), glass, ceramic, resin, metal, or the like.  

Further, there is no limit also on the kind, quanti ty, 

shape, structure, size, arrangement, and so forth o f the 

devices formed on the workpiece 11, and the devices  do 

not have to be formed on the workpiece 11.  Further , the 

workpiece 11 may be a package substrate such as a c hip 

size package (CSP) substrate or quad flat non-leade d 

package (QFN) substrate. 

        A circular tape (dicing tape) 13 with a lar ger 

diameter than the workpiece 11 is stuck to the back  

surface (lower surface) side of the workpiece 11.  As the 

tape 13, a sheet having a film-shaped base formed i nto a 

circular shape and an adhesive layer (glue layer) 

disposed on the base, or the like, can be used.  Fo r 

example, the base is composed of a resin such as 
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polyolefin, polyvinyl chloride, or polyethylene 

terephthalate and the adhesive layer is composed of  an 

epoxy-based, acrylic-based, or rubber-based adhesiv e or 

the like.  Further, an ultraviolet-curable resin th at is 

cured through irradiation with ultraviolet rays may  be 

used for the adhesive layer. 

        The peripheral part of the tape 13 is stuck  to an 

annular frame 15 that is composed of a metal or the  like 

and has a circular opening at a central part.  The 

diameter of the opening of the frame 15 is larger t han 

the diameter of the workpiece 11, and the workpiece  11 is 

disposed inside the opening of the frame 15.  When the 

tape 13 is stuck to the workpiece 11 and the frame 15, 

the workpiece 11 is supported by the frame 15 throu gh the 

tape 13.  Due to this, the frame unit 17 including the 

workpiece 11, the tape 13, and the frame 15 is 

configured.  Further, one or plural frame units 17 are 

housed in the cassette 10. 

        An opening 4a is made in a region that is o n the 

upper surface side of the base 4 and is adjacent to  the 

elevator 6 in the X-axis direction.  A cleaning uni t 12 

that cleans the workpiece 11 is disposed inside the  

opening 4a.  The cleaning unit 12 includes a spinne r table 

14 that holds the workpiece 11 and a nozzle (not 
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illustrated) that is disposed over the spinner tabl e 14 

and supplies a cleaning liquid such as purified wat er.  To 

the spinner table 14, a rotational drive source (no t 

illustrated) such as a motor that rotates the spinn er 

table 14 around a rotation axis substantially paral lel to 

the Z-axis direction is connected.  In the state in  which 

the workpiece 11 is held by the spinner table 14, t he 

cleaning liquid is supplied from the nozzle to the 

workpiece 11 while the spinner table 14 is rotated.   

Thereby, the workpiece 11 is cleaned.  It is also p ossible 

to use gas-liquid mixed fluid obtained by mixing a liquid 

(purified water or the like) and air, or the like, as the 

cleaning liquid. 

        A pair of guide rails 16 that hold the fram e unit 

17 are disposed along the X-axis direction over the  

cleaning unit 12.  To the pair of guide rails 16, a  

movement mechanism (not illustrated) that moves the  pair 

of guide rails 16 along the Y-axis direction in suc h a 

manner that the guide rails 16 get closer to or fur ther 

away from each other is connected.  By clamping the  frame 

unit 17 by the pair of guide rails 16, the position  of 

the frame unit 17 in the Y-axis direction is adjust ed. 

        A rectangular opening 4b is made at a posit ion that 

is on the upper surface side of the base 4 and is 
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adjacent to the guide rail 16 in the Y-axis directi on.  

The opening 4b is formed in such a manner that the 

longitudinal direction is along the X-axis directio n.  A 

table cover 18 with a flat plate shape is disposed inside 

the opening 4b.  Further, dust-proof, drip-proof co vers 20 

that can expand and contract in the X-axis directio n and 

have a bellows shape are disposed on both sides of the 

table cover 18 in the X-axis direction. 

        A chuck table (holding table) 22 that holds  the 

workpiece 11 or the like is disposed on the table c over 

18.  The upper surface of the chuck table 22 config ures a 

flat holding surface that holds the workpiece 11 or  the 

like.  Further, plural clamps 24 that grasp and fix  the 

frame 15 or the like are disposed around the chuck table 

22. 

        For example, the chuck table 22 includes a frame 

body (not illustrated) that is composed of a metal such 

as stainless steel and has a circular column shape.   

Further, a circular recessed part is formed on the upper 

surface side of the central part of the frame body,  and a 

circular-disc-shaped porous component composed of a  

porous material such as porous ceramic is fitted in to 

this recessed part.  The holding surface of the chu ck 

table 22 is connected to a suction source (not 
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illustrated) such as an ejector through the porous 

component, a flow path (not illustrated) made insid e the 

chuck table 22, a valve (not illustrated), and so f orth. 

        For example, the frame unit 17 is disposed on the 

chuck table 22 in such a manner that the front surf ace 

side of the workpiece 11 is exposed upward and the back 

surface side (side of the tape 13) of the workpiece  11 is 

opposed to the holding surface of the chuck table 2 2.  

Further, the frame 15 is fixed by the plural clamps  24.  

When a negative pressure of the suction source is m ade to 

act on the holding surface of the chuck table 22 in  this 

state, the workpiece 11 is held under suction by th e 

chuck table 22 with the intermediary of the tape 13 . 

        Further, on the table cover 18, a pair of s ub-

tables (holding tables) 26 are disposed adjacent to  the 

chuck table 22.  The pair of sub-tables 26 are disp osed on 

the rear side of the chuck table 22 in the state of  being 

separated from each other in the Y-axis direction.  The 

upper surface of the sub-table 26 configures a flat  

holding surface that holds a plate-shaped component  used 

for setup, inspection, evaluation, and so forth of 

cutting processing.  For example, the holding surfa ce of 

the sub-table 26 is formed into a rectangular shape  and 

is connected to a suction source (not illustrated) such 
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as an ejector through a flow path (not illustrated)  made 

inside the sub-table 26, a valve (not illustrated),  and 

so forth.  A board 19 or 21 (see FIG. 10A) to be de scribed 

later or the like is held by the sub-table 26. 

        A movement unit (not illustrated) and a rot ational 

drive source (not illustrated) are disposed under t he 

table cover 18.  The movement unit is configured by  a 

movement mechanism of a ball screw system or the li ke and 

moves the chuck table 22 and the sub-tables 26 alon g the 

X-axis direction together with the table cover 18.  

Further, the rotational drive source is configured by a 

motor or the like and rotates the chuck table 22 ar ound a 

rotation axis substantially parallel to the Z-axis 

direction. 

        The front side of the opening 4b (region ad jacent 

to the opening 4a) is equivalent to a conveyance re gion 

in which carrying-in and carrying-out of the workpi ece 11 

are executed.  Further, the rear side of the openin g 4b is 

equivalent to a processing region in which processi ng of 

the workpiece 11 is executed.  By moving the chuck table 

22 and the sub-tables 26 along the X-axis direction  by 

the movement unit, the chuck table 22 and the sub-t ables 

26 can be positioned to the conveyance region or th e 

processing region. 
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        A processing chamber (cover) 28 that forms a space 

in which the workpiece 11 is cut is disposed over t he 

processing region.  In FIG. 1, the contours of the 

processing chamber 28 are illustrated by two-dot ch ain 

lines.  The processing chamber 28 is formed into a 

rectangular parallelepiped shape by a metal or the like, 

for example, and is disposed to cover the processin g 

region.  Further, an entry-exit port (opening) 28a through 

which a replacement apparatus 100 (see FIG. 6 and s o 

forth) to be described later can pass is made in th e side 

surface of the processing chamber 28 on the conveya nce 

region side. 

        A pair of cutting units 30 that cut the wor kpiece 

11 are disposed inside the processing chamber 28.  The 

cutting unit 30 cuts the workpiece 11 by rotating a n 

annular cutting blade and causing the cutting blade  to 

cut into the workpiece 11.  For example, a hub-type  

cutting blade 36 (see FIG. 2) is mounted on the cut ting 

unit 30. 

        FIG. 2 is an exploded perspective view illu strating 

the cutting unit 30 on which the hub-type cutting b lade 

36 is mounted.  The cutting unit 30 includes a tubu lar 

housing 32 and a circular columnar spindle 34 dispo sed 

along the Y-axis direction is housed in the housing  32.  
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The tip part (one end side) of the spindle 34 is ex posed 

to the external of the housing 32, and a screw hole  34a 

is formed at the tip part of the spindle 34.  Furth er, a 

rotational drive source such as a motor is connecte d to 

the base end part (the other end side) of the spind le 34.  

The annular cutting blade 36 is mounted on the tip part 

of the spindle 34.  The cutting blade 36 mounted on  the 

tip part of the spindle 34 rotates by power transmi tted 

from the rotational drive source through the spindl e 34. 

        The cutting blade 36 is configured through 

integration of an annular base 38 composed of a met al or 

the like and an annular cutting edge 40 formed alon g the 

outer circumferential edge of the base 38.  A circu lar 

opening 36a that penetrates the cutting blade 36 (b ase 

38) in the thickness direction is made at the centr al 

part of the cutting blade 36.  The base 38 has a fr ont 

surface (first surface) 38a and a back surface (sec ond 

surface) 38b substantially parallel to each other.  The 

front surface 38a of the base 38 configures an annu lar 

held surface held at the time of attachment or deta chment 

of the cutting blade 36.  Further, the cutting edge  40 is 

formed at the outer circumferential part of the sid e of 

the back surface 38b of the base 38.  For example, the 

cutting edge 40 is configured by an electroformed 
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abrasive stone in which abrasive grains composed of  

diamond or the like are fixed by a binder such as a  

nickel plating layer. 

        A mount flange 42 on which the cutting blad e 36 is 

mounted is fixed to the tip part of the spindle 34.   The 

mount flange 42 includes a flange part 44 that supp orts 

the cutting blade 36 and has a circular disc shape and a 

circular columnar boss part (support shaft) 46 that  

protrudes from the central part of a front surface 44a of 

the flange part 44.  Further, in the mount flange 4 2, a 

through-hole 42a that penetrates the central part o f the 

flange part 44 and the central part of the boss par t 46 

is made. 

        An annular projected part 44b that protrude s from 

the front surface 44a is disposed at the outer 

circumferential part of the flange part 44.  The ti p 

surface of the projected part 44b is formed in 

substantially parallel to the front surface 44a and  

configures an annular support surface 44c that supp orts 

the cutting blade 36.  A screw part 46a is formed i n the 

outer circumferential surface of the tip part of th e boss 

part 46, and an annular nut 48 is fastened to the s crew 

part 46a.  A circular opening 48a that penetrates t he nut 

48 in the thickness direction is formed at the cent ral 
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part of the nut 48.  The opening 48a is formed to h ave 

substantially the same diameter as the boss part 46 , and 

a screw groove corresponding to the screw part 46a of the 

boss part 46 is made in the opening 48a.  Further, in the 

nut 48, plural through-holes 48b that penetrate the  nut 

48 in the thickness direction are formed at substan tially 

equal intervals along the circumferential direction  of 

the nut 48. 

        A screw 50 is inserted into the screw hole 34a of 

the spindle 34 through the through-hole 42a of the mount 

flange 42 and is screwed to the screw hole 34a to b e 

fastened.  Thereby, the mount flange 42 is fixed to  the 

tip part of the spindle 34.  Then, when the boss pa rt 46 

is inserted into the opening 36a of the cutting bla de 36, 

the cutting blade 36 is mounted on the mount flange  42.  

When the nut 48 is fastened to the screw part 46a o f the 

boss part 46 in this state, the cutting blade 36 is  

clamped by the support surface 44c of the flange pa rt 44 

and the nut 48 and is fixed to the mount flange 42.  

        On the other hand, a washer-type cutting bl ade 52 

(see FIG. 3) may be mounted on the cutting unit 30.   FIG. 

3 is an exploded perspective view illustrating the 

cutting unit 30 on which the washer-type cutting bl ade 52 

is mounted. 
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        The cutting blade 52 is configured by an an nular 

cutting edge in which abrasive grains are fixed by a 

binder such as a metal bond, resin bond, or vitrifi ed 

bond.  Further, a circular opening 52a that penetra tes the 

cutting blade 52 in the thickness direction is made  at 

the central part of the cutting blade 52.  A mount flange 

54 on which the cutting blade 52 is mounted is moun ted on 

the tip part of the spindle 34.  The mount flange 5 4 

includes a fixed mount 56 fixed to the tip part of the 

spindle 34 and a pressing flange 62 that presses th e 

cutting blade 52 mounted on the fixed mount 56. 

        The fixed mount 56 includes a flange part 5 8 that 

supports the cutting blade 52 and has a circular di sc 

shape and a circular columnar boss part (support sh aft) 

60 that protrudes from the central part of a front 

surface 58a of the flange part 58.  Further, in the  fixed 

mount 56, a through-hole 56a that penetrates the ce ntral 

part of the flange part 58 and the central part of the 

boss part 60 is made.  An annular receiving part 56 b that 

supports a washer 66 to be described later is dispo sed 

inside the through-hole 56a.  An annular projected part 

58b that protrudes from the front surface 58a is di sposed 

at the outer circumferential part of the flange par t 58.  

The tip surface of the projected part 58b is formed  in 
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substantially parallel to the front surface 58a and  

configures an annular support surface 58c that supp orts 

the cutting blade 52. 

        The boss part 60 includes an annular first boss 

part (first support shaft) 60a that protrudes from the 

front surface 58a of the flange part 58, an annular  

second boss part (second support shaft) 60b that 

protrudes from the tip of the first boss part 60a, and an 

annular third boss part (third support shaft) 60c t hat 

protrudes from the tip of the second boss part 60b.   The 

diameter of the second boss part 60b is smaller tha n the 

diameter of the first boss part 60a, and the diamet er of 

the third boss part 60c is smaller than the diamete r of 

the second boss part 60b.  Further, the first boss part 

60a, the second boss part 60b, and the third boss p art 

60c are concentrically disposed. 

        The pressing flange 62 is mounted on the fi xed 

mount 56.  The pressing flange 62 is an annular com ponent 

made of a metal or the like and has a front surface  

(first surface) 62a and a back surface (second surf ace) 

62b substantially parallel to each other.  The fron t 

surface 62a of the pressing flange 62 is equivalent  to an 

annular held surface held at the time of attachment  or 

detachment of the pressing flange 62.  Further, the  back 
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surface 62b of the pressing flange 62 is equivalent  to an 

annular support surface that supports the cutting b lade 

52.  A circular opening 62c that reaches the back s urface 

62b from the front surface 62a of the pressing flan ge 62 

is made at the central part of the pressing flange 62.  

Further, in a region between the outer circumferent ial 

edge of the pressing flange 62 and the opening 62c,  

plural through-holes 62d that penetrate the pressin g 

flange 62 from the front surface 62a to the back su rface 

62b are formed at substantially equal intervals alo ng the 

circumferential direction of the pressing flange 62 . 

        A screw part 60d is formed in the outer 

circumferential surface of the tip part of the boss  part 

60 of the fixed mount 56, and an annular nut 64 is 

fastened to the screw part 60d.  A circular opening  64a 

that penetrates the nut 64 in the thickness directi on is 

formed at the central part of the nut 64.  The open ing 64a 

is formed to have substantially the same diameter a s the 

third boss part 60c, and a screw groove correspondi ng to 

the screw part 60d of the boss part 60 is made in t he 

opening 64a.  Further, in the nut 64, plural throug h-holes 

64b that penetrate the nut 64 in the thickness dire ction 

are formed at substantially equal intervals along t he 

circumferential direction of the nut 64. 
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        The fixed mount 56 is mounted on the spindl e 34 by 

a screw 68.  Specifically, first, the washer 66 is 

disposed on the receiving part 56b of the fixed mou nt 56.  

In this state, the screw 68 is inserted into the sc rew 

hole 34a of the spindle 34 through the washer 66 an d the 

through-hole 56a of the fixed mount 56 and is screw ed to 

the screw hole 34a to be fastened.  Thereby, the fi xed 

mount 56 is fixed to the tip part of the spindle 34 . 

        Further, when the boss part 60 is sequentia lly 

inserted into the opening 52a of the cutting blade 52 and 

the opening 62c of the pressing flange 62, the cutt ing 

blade 52 and the pressing flange 62 are mounted on the 

fixed mount 56.  On the side of the back surface 62 b of 

the pressing flange 62, an annular projected part ( not 

illustrated) that protrudes from the back surface 6 2b is 

disposed.  This projected part is formed in such a manner 

that the outer circumferential surface is along the  

contour of the opening 52a of the cutting blade 52 and 

the inner wall (inner circumferential surface) is a long 

the contour of the outer circumferential surface of  the 

first boss part 60a.  The projected part of the pre ssing 

flange 62 is fitted into the inside of the opening 52a of 

the cutting blade 52.  Thereby, position alignment between 

the pressing flange 62 and the cutting blade 52 is 
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executed.  Further, the first boss part 60a is fitt ed into 

the inside of the inner wall of the projected part of the 

pressing flange 62, and the second boss part 60b is  

fitted into the opening 62c of the pressing flange 62.  

When the nut 64 is fastened to the screw part 60d f ormed 

in the third boss part 60c in this state, the cutti ng 

blade 52 and the pressing flange 62 are fixed to th e 

fixed mount 56.  Thereby, the cutting blade 52 is c lamped 

by the support surface 58c of the flange part 58 an d the 

back surface 62b of the pressing flange 62 and is f ixed 

to the mount flange 54. 

        In the above-described manner, the cutting blade 36 

or the cutting blade 52 is mounted on each of the p air of 

cutting units 30 illustrated in FIG. 1.  The cuttin g 

blades 36 or the cutting blades 52 mounted on the p air of 

cutting units 30 are disposed to face each other. 

        An imaging unit 70 that images the workpiec e 11 or 

the like held by the chuck table 22 is mounted on e ach of 

the pair of cutting units 30.  For example, the ima ging 

unit 70 is configured by a visible light camera inc luding 

an imaging element that receives visible light and 

converts the visible light to an electrical signal,  an 

infrared camera including an imaging element that 

receives infrared and converts the infrared to an 
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electrical signal, or the like.  Position alignment  

between the workpiece 11 and the cutting unit 30 an d so 

forth are executed based on an image obtained by im aging 

by the imaging unit 70. 

        Further, a first conveying unit 72 that con veys the 

workpiece 11 is disposed over the base 4.  A moveme nt 

mechanism (not illustrated) that moves the first 

conveying unit 72 along the X-axis direction and th e Y-

axis direction is connected to the first conveying unit 

72.  Further, the first conveying unit 72 includes an air 

cylinder, and a rod that rises and lowers along the  Z-

axis direction is incorporated in the air cylinder.   A 

holding unit 72a that holds the frame 15 of the fra me 

unit 17 or the like is fixed to the lower end part of the 

rod of the air cylinder.  For example, the holding unit 

72a includes plural suction pads that suck and hold  the 

upper surface side of the frame 15 of the frame uni t 17.  

Further, at the end part of the holding unit 72a on  the 

side of the elevator 6, a grasping mechanism 72b th at 

grasps an end part of the frame 15 of the frame uni t 17 

or the like is disposed. 

        A second conveying unit 74 that conveys the  

workpiece 11 is disposed over the holding unit 72a,  which 

the first conveying unit 72 has.  A movement mechan ism 
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(not illustrated) that moves the second conveying u nit 74 

along the Y-axis direction is connected to the seco nd 

conveying unit 74.  Further, the second conveying u nit 74 

includes an air cylinder, and a rod that rises and lowers 

along the Z-axis direction is incorporated in the a ir 

cylinder.  A holding unit 74a that holds the frame 15 of 

the frame unit 17 or the like is fixed to the lower  end 

part of the rod of the air cylinder.  The configura tion of 

the holding unit 74a is similar to that of the hold ing 

unit 72a of the first conveying unit 72. 

        Further, on a lateral side of the chuck tab le 22, a 

replacement unit 76 that executes replacement of th e 

cutting blades 36 and 52 mounted on the cutting uni t 30 

and so forth is disposed.  Details of the configura tion of 

the replacement unit 76 will be described later. 

        A plate-shaped cover 78 is disposed at an e dge part 

of the base 4 on the side of the replacement unit 7 6.  One 

end part of the cover 78 is connected to the base 4  

through a hinge 80 and the cover 78 can rotate arou nd the 

hinge 80.  When processing of the workpiece 11 by t he 

cutting unit 30 is executed, the cover 78 becomes t he 

state of standing along the Z-axis direction (opene d 

state) as depicted by solid lines in FIG. 1.  On th e other 

hand, when the cutting blade 36 or 52 or the like b y the 
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replacement unit 76 is executed, the cover 78 becom es the 

state of lying along the X-axis direction and the Y -axis 

direction (closed state) as depicted by two-dot cha in 

lines in FIG. 1. 

        The respective constituents that configure the 

cutting apparatus 2 (the elevator 6, the cleaning u nit 

12, the guide rails 16, the chuck table 22, the cla mps 

24, the sub-tables 26, the cutting units 30, the im aging 

units 70, the first conveying unit 72, the second 

conveying unit 74, the replacement unit 76, and so forth) 

are each connected to a control unit (control part)  82.  

The control unit 82 generates a control signal for 

controlling operation of the respective constituent s and 

controls running of the cutting apparatus 2.  For e xample, 

the control unit 82 is configured by a computer and  

includes a processing section 82a that executes var ious 

kinds of processing (arithmetic operation and so fo rth) 

necessary for the running of the cutting apparatus 2 and 

a storing section 82b in which various kinds of 

information (data, program, and so forth) used for the 

processing by the processing section 82a are stored .  The 

processing section 82a includes a processor such as  a 

central processing unit (CPU).  Further, the storin g 

section 82b includes various memories that configur e a 
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main storing device, an auxiliary storing device, a nd so 

forth. 

        By the above-described cutting apparatus 2,  cutting 

processing of the workpiece 11 is executed.  When t he 

workpiece 11 is processed, first, the frame unit 17  

including the workpiece 11 that becomes the target of the 

processing is housed in the cassette 10.  Then, the  

cassette 10 is placed on the rising-lowering pedest al 6a 

of the elevator 6.  The frame unit 17 housed in the  

cassette 10 is carried out from the cassette 10 by the 

first conveying unit 72.  Specifically, the first 

conveying unit 72 moves along the X-axis direction in 

such a manner as to get further away from the casse tte 10 

in the state in which the first conveying unit 72 g rasps 

an end part of the frame 15 with the grasping mecha nism 

72b.  Thereby, the frame unit 17 is drawn out from the 

cassette 10 and is disposed on the pair of guide ra ils 

16.  Then, the frame unit 17 is clamped by the pair  of 

guide rails 16, and position alignment of the frame  unit 

17 is executed. 

        Next, the first conveying unit 72 holds the  upper 

surface side of the frame 15 by the holding unit 72 a and 

conveys the frame unit 17 onto the chuck table 22 

disposed in the conveyance region.  Further, the ch uck 
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table 22 moves from the conveyance region to the 

processing region in the state in which the chuck t able 

22 holds the back surface side (side of the tape 13 ) of 

the workpiece 11 under suction.  Thereby, the workp iece 11 

is disposed inside the processing chamber 28.  Then , 

position alignment between the workpiece 11 and the  

cutting units 30 is executed based on images acquir ed by 

imaging the workpiece 11 by the imaging units 70.  

Thereafter, the workpiece 11 is cut by the cutting units 

30.  For example, the workpiece 11 is cut along pla nned 

dividing lines to be divided into plural device chi ps. 

        When the cutting processing has been comple ted, the 

chuck table 22 moves to the conveyance region.  The n, the 

second conveying unit 74 holds the upper surface si de of 

the frame 15 by the holding unit 74a and conveys th e 

frame unit 17 from the chuck table 22 to the cleani ng 

unit 12.  Then, cleaning of the workpiece 11 is exe cuted 

by the cleaning unit 12.  When the cleaning of the 

workpiece 11 has been completed, the first conveyin g unit 

72 holds the frame 15 by the holding unit 72a and c onveys 

the frame unit 17 onto the pair of guide rails 16.  Then, 

the frame unit 17 is clamped by the pair of guide r ails 

16, and position alignment of the frame unit 17 is 

executed.  Thereafter, the first conveying unit 72 moves 
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toward the cassette 10 in the state in which the fi rst 

conveying unit 72 grasps the frame 15 with the gras ping 

mechanism 72b, and houses the frame unit 17 in the 

cassette 10. 

        A program that describes the above-describe d series 

of operation of the cutting apparatus 2 is stored i n the 

storing section 82b of the control unit 82.  Furthe r, when 

an operator instructs the cutting apparatus 2 to ex ecute 

processing of the workpiece 11, the processing sect ion 

82a reads out this program from the storing section  82b 

and executes it to sequentially generate the contro l 

signal for controlling operation of the respective 

constituents of the cutting apparatus 2. 

        Here, the cutting blades 36 and 52 mounted on the 

cutting unit 30 gradually wear through cutting the 

workpiece 11 and therefore are periodically replace d.  In 

the cutting apparatus 2, the replacement of the cut ting 

blades 36 and 52 is automatically executed by the 

replacement unit 76. 

        FIG. 4 is a perspective view illustrating t he 

replacement unit 76.  The replacement unit 76 inclu des the 

replacement apparatus (replacement mechanism) 100 t hat 

executes replacement of the cutting blades 36 and 5 2 and 

a movement unit (movement mechanism) 84 that moves the 
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replacement apparatus 100.  The movement unit 84 in cludes 

a raising-lowering mechanism 86 that moves the 

replacement apparatus 100 along the Z-axis directio n and 

a multi-joint arm 90 that is coupled to the raising -

lowering mechanism 86 and moves the replacement uni t 100 

along a direction parallel to the plane parallel to  the 

X-axis direction and the Y-axis direction (horizont al 

direction). 

        The raising-lowering mechanism 86 includes a 

columnar base plate 88 disposed along the Z-axis 

direction and moves the multi-joint arm 90 in the Z -axis 

direction along the base plate 88.  For example, th e 

raising-lowering mechanism 86 includes a motor (not  

illustrated) that is disposed at the lower part of the 

base plate 88 and has a shaft to which a drive pull ey is 

fixed and a driven pulley (not illustrated) dispose d at 

the upper part of the base plate 88.  One toothed e ndless 

belt (not illustrated) is wound around the drive pu lley 

and the driven pulley, and a first support 92A made  of a 

metal is fixed to the toothed endless belt.  The fi rst 

support 92A rises when the shaft of the motor of th e 

raising-lowering mechanism 86 is rotated in a first  

direction.  The first support 92A lowers when the s haft is 

rotated in a second direction reverse from the firs t 
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direction.  Due to this, the first support 92A rise s and 

lowers along the Z-axis direction. 

        However, the configuration of the raising-l owering 

mechanism 86 is not limited as long as the rising a nd 

lowering of the first support 92A are possible.  Fo r 

example, the raising-lowering mechanism 86 may be a  

raising-lowering mechanism of a ball screw system.  The 

raising-lowering mechanism of a ball screw system h as a 

pair of guide rails (not illustrated) disposed alon g the 

Z-axis direction.  Further, a moving plate (not 

illustrated) with a flat plate shape is attached to  the 

pair of guide rails slidably along the guide rails.   The 

first support 92A is fixed to the side of the front  

surface (first surface) of the moving plate.  In ad dition, 

a nut part (not illustrated) is disposed on the sid e of 

the back surface (second surface) of the moving pla te.  

This nut part is screwed to a ball screw disposed i n 

substantially parallel to the pair of guide rails.  A 

pulse motor (not illustrated) is coupled to one end  part 

of the ball screw.  When this pulse motor is rotate d, the 

first support 92A rises or lowers along the Z-axis 

direction. 

        A first rotation mechanism 94A having a rot ational 

drive source such as a motor is fixed to the first 
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support 92A.  This rotational drive source is set i n such 

a manner that the rotation axis is disposed in 

substantially parallel to the Z-axis direction.  To  the 

first rotation mechanism 94A, one end part of a fir st arm 

96A disposed along a direction parallel to the plan e 

parallel to the X-axis direction and the Y-axis dir ection 

is attached.  A second rotation mechanism 94B is at tached 

to the other end part of the first arm 96A.  The se cond 

rotation mechanism 94B has a rotational drive sourc e such 

as a motor with the rotation axis disposed in 

substantially parallel to the Z-axis direction.  To  the 

second rotation mechanism 94B, one end part of a se cond 

arm 96B disposed along a direction parallel to the plane 

parallel to the X-axis direction and the Y-axis dir ection 

is attached.  A third rotation mechanism 94C is att ached 

to the other end part of the second arm 96B.  The t hird 

rotation mechanism 94C has a rotational drive sourc e such 

as a motor with the rotation axis disposed in 

substantially parallel to the Z-axis direction.  A second 

support 92B made of a metal is attached to the thir d 

rotation mechanism 94C.  Further, the replacement 

apparatus 100 that executes replacement of the cutt ing 

blades 36 and 52 and so forth is mounted on the sec ond 

support 92B. 
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        The replacement apparatus 100 is disposed a t a 

position adjacent to the base plate 88 (evacuation 

position).  Further, when replacement of the cuttin g blade 

36 or 52 or the like is executed, the replacement 

apparatus 100 is disposed above the base 4 (replace ment 

position) through driving of the movement unit 84.  FIG. 5 

is a perspective view illustrating the replacement unit 

76 in which the replacement apparatus 100 is dispos ed at 

the replacement position.  The replacement apparatu s 100 

rises and lowers along the Z-axis direction by the 

raising-lowering mechanism 86 and moves along the p lane 

parallel to the X-axis and the Y-axis (horizontal p lane) 

by the multi-joint arm 90.  That is, the replacemen t 

apparatus 100 is positioned to any position by the 

raising-lowering mechanism 86 and the multi-joint a rm 90. 

        Next, a configuration example of the replac ement 

apparatus 100 will be described.  FIG. 6 is a persp ective 

view illustrating the replacement apparatus 100.  F urther, 

FIG. 7A is a side view illustrating the replacement  

apparatus 100 and FIG. 7B is a front view illustrat ing 

the replacement apparatus 100.  In FIG. 7B, diagram matic 

representation of coupling components 114a and 114b  to be 

described later is omitted.  The configuration of t he 

replacement apparatus 100 will be described below w ith 
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reference mainly to FIG. 6. 

        The replacement apparatus 100 includes an 

attachment-detachment unit 102 that executes attach ment 

and detachment of the cutting blades 36 and 52 and the 

nuts 48 and 64 (see FIG. 2 and FIG. 3).  Further, a  

rotation mechanism 104 that rotates the attachment-

detachment unit 102 is coupled to the attachment-

detachment unit 102. 

        The rotation mechanism 104 includes a rotat ing part 

(shaft) 106 coupled to the attachment-detachment un it 102 

and a rotational drive source (not illustrated) suc h as a 

motor that causes the rotating part 106 to rotate ( spin) 

with a straight line that passes through the inside  of 

the rotating part 106 being a rotation axis 106a.  The 

rotational drive source rotates the rotating part 1 06 in 

both directions (first direction and second directi on as 

the reverse direction from the first direction) aro und 

the rotation axis 106a.  When the rotating part 106  

rotates, the attachment-detachment unit 102 coupled  to 

the rotating part 106 rotates around the rotation a xis 

106a in association with the rotating part 106. 

        The attachment-detachment unit 102 includes  a frame 

body 110 coupled to the rotating part 106 of the ro tation 

mechanism 104.  The frame body 110 includes a pair of 
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plate-shaped support components 112a and 112b that are 

composed of a metal or the like and are disposed in  

substantially parallel to each other.  The coupling  

components 114a and 114b with a rectangular 

parallelepiped shape are disposed between the suppo rt 

components 112a and 112b.  The coupling component 1 14a is 

fixed to one end part of each of the support compon ents 

112a and 112b (side of the rotating part 106), and the 

coupling component 114b is fixed to the other end p art of 

each of the support components 112a and 112b (oppos ite 

side to the rotating part 106).  That is, the suppo rt 

components 112a and 112b are coupled to each other 

through the coupling components 114a and 114b. 

        On the frame body 110, a nut rotation part (nut 

attachment-detachment unit) 120 that holds and rota tes 

the nut 48 or 64 (see FIG. 2 and FIG. 3) for mounti ng the 

cutting blade 36 or 52 on the cutting unit 30 is mo unted.  

The nut rotation part 120 includes a nut holding pa rt 122 

that holds the nut 48 or 64 and a columnar rotating  part 

(shaft) 124 (see FIG. 7B) coupled to the nut holdin g part 

122. 

        The rotating part 124 is housed in a tubula r 

housing 126.  On end side (tip part) of the rotatin g part 

124 is exposed from the housing 126, and the nut ho lding 
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part 122 is connected to the one end side of the ro tating 

part 124.  Further, the other end side (base end pa rt) of 

the rotating part 124 is coupled to a rotational dr ive 

source 128 such as a motor that causes the rotating  part 

124 to rotate (spin) with a straight line that pass es 

through the inside of the rotating part 124 being a  

rotation axis 124a.  The rotational drive source 12 8 

rotates the rotating part 124 in both directions (f irst 

direction and second direction as the reverse direc tion 

from the first direction) around the rotation axis 124a.  

When the rotating part 124 rotates, the nut holding  part 

122 coupled to the rotating part 124 rotates around  the 

rotation axis 124a in association with the rotating  part 

124. 

        An opening (not illustrated) that penetrate s the 

support component 112a in the thickness direction i s made 

at the central part of the support component 112a, and an 

opening (not illustrated) that penetrates the suppo rt 

component 112b in the thickness direction is made a t the 

central part of the support component 112b.  Furthe r, the 

one end side of the rotating part 124 exposed from the 

housing 126 is inserted into the opening of the sup port 

component 112a and protrudes from the support compo nent 

112a toward the outside of the frame body 110.  In 
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addition, the other end side of the rotating part 1 24 is 

inserted into the opening of the support component 112b 

together with an end part of the housing 126 and 

protrudes from the support component 112b toward th e 

outside of the frame body 110. 

        The one end side of the rotating part 124 i s 

coupled to the nut holding part 122 outside the fra me 

body 110.  Further, the other end side of the rotat ing 

part 124 is coupled to the rotational drive source 128 

outside the frame body 110.  Due to this, the frame  body 

110 is sandwiched by the nut holding part 122 and t he 

rotational drive source 128 and the nut rotation pa rt 120 

is mounted on the frame body 110.  Further, the nut  

rotation part 120 is disposed in such a manner that  the 

rotation axis of the nut holding part 122 (equivale nt to 

the rotation axis 124a) is along a direction 

perpendicular to the rotation axis 106a of the rota ting 

part 106. 

        The nut holding part 122 includes a rotatin g 

component 130 that is fixed to the one end side of the 

rotating part 124 and has a circular column shape.  The 

rotating component 130 is biased toward the opposit e side 

to the support component 112a by a spring or the li ke and 

moves toward the support component 112a when being given 
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an external force.  Further, the rotating component  130 

has a front surface 130a located on the opposite si de to 

the support component 112a.  Further, on the rotati ng 

component 130, plural (four, in FIG. 6) holding pin s 132 

that protrude from the front surface 130a are dispo sed at 

substantially equal intervals along the circumferen tial 

direction of the front surface 130a.  The holding p ins 132 

are formed corresponding to the through-holes 48b ( see 

FIG. 2) of the nut 48 or the through-holes 64b (see  FIG. 

3) of the nut 64 and can be inserted into the throu gh-

holes 48b and 64b.  The number, size, arrangement, and so 

forth of the holding pins 132 are set as appropriat e 

according to the through-holes 48b and 64b. 

        Around the rotating component 130, plural ( four, in 

FIG. 6) grasping components 134 that grasp the nut 48 or 

64 are disposed at substantially equal intervals al ong 

the circumferential direction of the rotating compo nent 

130.  The grasping components 134 are each formed i nto a 

column shape and the base end parts (one end side) of the 

grasping components 134 are fixed to the outer 

circumferential surface of the rotating component 1 30.  

The tip parts (the other end side) of the grasping 

components 134 protrude from the front surface 130a  of 

the rotating component 130.  At this tip part, a cl aw part 
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134a that bends toward the center of the rotating 

component 130 is formed.  Further, the grasping com ponents 

134 are biased toward the outside in the radial dir ection 

of the rotating component 130 by a spring or the li ke and 

the claw parts 134a move toward the inside in the r adial 

direction of the rotating component 130 when an ext ernal 

force is given. 

        Further, a cover 136 formed into a hollow c ircular 

column shape is disposed around the rotating compon ent 

130.  The cover 136 is configured to be capable of 

rotating around the rotation axis 124a independentl y of 

the rotating component 130 and is disposed to surro und 

the rotating component 130 and the base end side of  the 

plural grasping components 134.  When the front sur face 

130a of the rotating component 130 is pressed towar d the 

inside of the cover 136 (side of the support compon ent 

112a), the spring or the like that biases the rotat ing 

component 130 contracts and the rotating component 130 is 

pushed into the inside of the cover 136 together wi th the 

plural grasping components 134. 

        When the rotating component 130 is pressed to be 

pushed into the inside of the cover 136, the tip si de of 

the plural grasping components 134 (side of the cla w part 

134a) gets contact with the inner wall of the cover  136 
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and is pressed, and the springs or the like that bi as the 

grasping components 134 contract.  Due to this, the  tip 

side of the plural grasping components 134 moves to ward 

the inside in the radial direction of the rotating 

component 130.  Then, the plural grasping component s 134 

become the state in which the longitudinal directio n 

thereof is disposed along the inner wall of the cov er 136 

(closed state).  At this time, the claw parts 134a of the 

grasping components 134 are disposed inside in the radial 

direction of the rotating component 130 relative to  the 

outer circumferential edge of the rotating componen t 130, 

for example.  On the other hand, when the pressing to the 

rotating component 130 is released, the rotating 

component 130 moves toward the outside of the cover  136 

and the state in which the tip side of the grasping  

components 134 is pressed by the inner wall of the cover 

136 is released.  Due to this, the tip side of the plural 

grasping components 134 moves toward the outside in  the 

radial direction of the rotating component 130.  Th en, the 

state is made in which the tip side of the plural 

grasping components 134 is disposed closer to the o utside 

in the radial direction of the rotating component 1 30 

than in the closed state (opened state).  At this t ime, 

the claw parts 134a of the grasping components 134 are 
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disposed outside in the radial direction of the rot ating 

component 130 relative to the outer circumferential  edge 

of the rotating component 130, for example. 

        Further, on the outer circumferential surfa ce of 

the rotating component 130, plural (for example, fo ur) 

pins 138 that protrude from the outer circumferenti al 

surface of the rotating component 130 are disposed.   

Further, in the cover 136, plural (for example, fou r) 

openings 136a that penetrate the cover 136 from the  outer 

circumferential surface to the inner circumferentia l 

surface (inner wall) are made.  In addition, the ti p parts 

of the pins 138 are each inserted into the opening 136a.  

The end part of the opening 136a located on the opp osite 

side to the support component 112a is formed into a  step 

shape and includes a first pin receiving part 136b and a 

second pin receiving part 136c.  The second pin rec eiving 

part 136c is disposed at a position more separate f rom 

the front surface 130a of the rotating component 13 0 

(closer to the side of the support component 112a) than 

the first pin receiving part 136b. 

        In the initial state, the nut holding part 122 is 

in the state in which the pins 138 are in contact w ith 

the first pin receiving part 136b.  Then, when the 

rotating component 130 is pressed to be pushed into  the 
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inside of the cover 136, the pins 138 get separated  from 

the first pin receiving part 136b.  When the rotati ng part 

124 is rotated in the first direction in this state , the 

pins 138 move from the side of the first pin receiv ing 

part 136b to the side of the second pin receiving p art 

136c.  Thereafter, when the pressing of the rotatin g 

component 130 is released, the pins 138 get contact  with 

the second pin receiving part 136c and become the s tate 

of being supported by the second pin receiving part  136c.  

Due to this, the state in which the rotating compon ent 

130 is pushed into the inside of the cover 136 is k ept, 

and the plural grasping components 134 are kept at the 

closed state. 

        On the other hand, when the rotating compon ent 130 

in the state of being pushed into the inside of the  cover 

136 is further pressed to be pushed into the inside  of 

the cover 136, the pins 138 get separated from the second 

pin receiving part 136c.  When the rotating part 12 4 is 

rotated in the second direction opposite to the fir st 

direction in this state, the pins 138 move from the  side 

of the second pin receiving part 136c to the side o f the 

first pin receiving part 136b.  Thereafter, when th e 

pressing of the rotating component 130 is released,  the 

pins 138 get contact with the first pin receiving p art 
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136b and become the state of being supported by the  first 

pin receiving part 136b.  Due to this, the rotating  

component 130 is pushed out from the inside of the cover 

136, and the plural grasping components 134 become the 

opened state. 

        The above-described nut rotation part 120 h olds and 

rotates the nut 48 or 64.  Specifically, first, the  front 

surface 130a of the rotating component 130 gets con tact 

with the nut 48 or 64 in such a manner that the hol ding 

pins 132 are inserted into the through-holes 48b (s ee 

FIG. 2) of the nut 48 or the through-holes 64b (see  FIG. 

3) of the nut 64.  When the rotating component 130 is 

pushed into the inside of the cover 136 in this sta te, 

the plural grasping components 134 become the close d 

state and the claw parts 134a get contact with the outer 

circumferential surface of the nut 48 or 64 to gras p the 

nut 48 or 64.  When the rotating part 124 (see FIG.  7B) is 

rotated by the rotational drive source 128 in the s tate 

in which the nut 48 or 64 is held by the plural gra sping 

components 134, the rotating component 130 coupled to the 

rotating part 124 rotates and the nut 48 or 64 held  by 

the grasping components 134 also rotates.  By holdi ng and 

rotating the nut 48 or 64 by the nut rotation part 120, 

removal and fastening of the nut 48 or 64 when the 
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cutting blade 36 or 52 mounted on the cutting unit 30 is 

replaced can automatically be executed. 

        For example, when the nut 48 (see FIG. 2) m ounted 

on the mount flange 42 of the cutting unit 30 is re moved, 

first, the replacement apparatus 100 is moved by th e 

raising-lowering mechanism 86 and the multi-joint a rm 90 

(see FIG. 4 and FIG. 5) and the replacement apparat us 100 

is disposed inside the processing chamber 28 throug h the 

entry-exit port 28a (see FIG. 1) of the processing 

chamber 28.  Then, the attachment-detachment unit 1 02 is 

rotated by the rotation mechanism 104, and the nut 

holding part 122 is made opposed to the mount flang e 42.  

Thereafter, the nut holding part 122 is moved to th e side 

of the mount flange 42.  Thereby, the side of the f ront 

surface 130a of the rotating component 130 is press ed 

against the nut 48 mounted on the mount flange 42.  At 

this time, the plural holding pins 132, which the 

rotating component 130 has, are inserted into the 

through-holes 48b of the nut 48.  Then, the rotatin g 

component 130 is pressed by the nut 48 to be pushed  into 

the inside of the cover 136, and the plural graspin g 

components 134 become the closed state.  Thereby, t he nut 

48 is grasped by the claw parts 134a of the plural 

grasping components 134. 
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        Next, the rotating part 124 (see FIG. 7B) i s 

rotated by the rotational drive source 128, and the  

rotating component 130 is rotated around the rotati on 

axis 124a in the first direction (such a direction as to 

loosen the nut 48).  Thereby, the nut 48 grasped by  the 

plural grasping components 134 rotates and loosens to be 

removed from the boss part 46 of the mount flange 4 2.  

When the rotating component 130 rotates in the firs t 

direction in the state of being pushed into the ins ide of 

the cover 136, the pins 138 move from the side of t he 

first pin receiving part 136b to the side of the se cond 

pin receiving part 136c.  Thereafter, the nut holdi ng part 

122 is moved in such a direction as to get separate d from 

the mount flange 42.  At this time, the pins 138 ar e 

supported by the second pin receiving parts 136c an d 

thereby the state in which the rotating component 1 30 is 

pushed into the inside of the cover 136 is kept.  D ue to 

this, the state in which the plural grasping compon ents 

134 grasp the nut 48 (closed state) is kept. 

        On the other hand, when the nut 48 is attac hed to 

the mount flange 42 of the cutting unit 30, first, the 

nut holding part 122 in the state of holding the nu t 48 

is made opposed to the mount flange 42 and the nut 

holding part 122 is moved to the side of the mount flange 
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42.  Thereby, the nut 48 held by the nut holding pa rt 122 

is positioned to the tip part of the boss part 46 o f the 

mount flange 42.  In addition, the rotating compone nt 130 

is pushed into the inside of the cover 136. 

        Next, the rotating part 124 (see FIG. 7B) i s 

rotated by the rotational drive source 128 and the 

rotating component 130 is rotated around the rotati on 

axis 124a in the second direction (such a direction  as to 

fasten the nut 48) as the reverse direction from th e 

first direction.  Thereby, the nut 48 rotates to be  

fastened to the screw part 46a formed in the boss p art 46 

of the mount flange 42 and be mounted on the mount flange 

42.  When the rotating component 130 rotates in the  second 

direction in the state of being pushed into the ins ide of 

the cover 136, the pins 138 move from the side of t he 

second pin receiving part 136c to the side of the f irst 

pin receiving part 136b.  Thereafter, the nut holdi ng part 

122 is moved in such a direction as to get separate d from 

the mount flange 42.  At this time, the pins 138 ar e 

supported by the first pin receiving parts 136b.  T hen, 

the rotating component 130 is pushed out from the i nside 

of the cover 136, and the grasping of the nut 48 by  the 

plural grasping components 134 is released. 

        The method for keeping the plural grasping 



55 

components 134 at the closed state or the opened st ate is 

not limited to the above description.  For example,  

instead of disposing the pins 138 on the rotating 

component 130, the attachment-detachment unit 102 m ay be 

equipped with an actuator that moves the cover 136 along 

the height direction of the cover 136.  For example , the 

actuator is configured by an air cylinder or the li ke and 

is fixed to the support component 112a.  By moving the 

cover 136 by this actuator, the closed state and th e 

opened state of the plural grasping components 134 can 

freely be switched. 

        An annular component 140 made of a metal or  the 

like is disposed between the support components 112 a and 

112b.  The annular component 140 is disposed in the  state 

of being substantially parallel to the support comp onents 

112a and 112b in such a manner as to surround the h ousing 

126 (rotating part 124) and not to get contact with  the 

housing 126.  The annular component 140 is coupled to the 

support component 112a through plural elastic bodie s 

(elastic components) 142a and is coupled to the sup port 

component 112b through plural elastic bodies (elast ic 

components) 142b.  That is, the annular component 1 40 is 

suspended by the elastic bodies 142a and 142b and i s held 

in the state of being not in contact with the suppo rt 
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components 112a and 112b (see FIG. 7B).  For exampl e, the 

elastic bodies 142a and 142b are formed of expandab le-

contractible components such as springs or rubber.  When 

an external force is given to the annular component  140, 

the annular component 140 moves or rotates in any 

direction through expansion and contraction of the 

elastic bodies 142a and 142b. 

        To the outer circumferential surface of the  annular 

component 140, a holding part 150A (first holding p art) 

and a holding part 150B (second holding part) that hold 

the cutting blade 36 or 52 are coupled.  The holdin g parts 

150A and 150B are components that are composed of a  

resin, metal, or the like and have a circular disc shape, 

and hold the cutting blade 36 or 52 on the side of a 

circular front surface 150a oriented toward the opp osite 

side to the annular component 140.  The holding par ts 150A 

and 150B are disposed opposed to each other across the 

frame body 110 in such a manner that the front surf ace 

150a of the holding part 150A and the front surface  150a 

of the holding part 150B are oriented toward the ou tside 

of the frame body 110. 

        The holding parts 150A and 150B are each di sposed 

separately from the nut holding part 122 by 90° in the 

circumferential direction (rotation direction) of t he 
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rotating part 106 of the rotation mechanism 104.  F urther, 

the nut holding part 122, the front surface 150a of  the 

holding part 150A, and the front surface 150a of th e 

holding part 150B are disposed to be oriented towar d the 

opposite side to the rotation axis 106a in the stat e of 

being separate from each other around the rotation axis 

106a of the rotating part 106. 

        Next, a configuration example of the holdin g parts 

150A and 150B will be described.  FIG. 8A is a fron t view 

illustrating the holding part 150A.  FIG. 8B is a 

sectional view illustrating the holding part 150A.  

Although the configuration and functions of the hol ding 

part 150A will be described below, the configuratio n and 

functions of the holding part 150B are also the sam e as 

the holding part 150A. 

        The holding part 150A includes a frame body  152 

that is composed of a resin, metal, or the like and  has a 

circular disc shape.  The frame body 152 has a fron t 

surface (first surface) 152a and a back surface (se cond 

surface) 152b substantially parallel to each other.   The 

side of the front surface 152a of the frame body 15 2 is 

equivalent to the side of the front surface 150a of  the 

holding part 150A.  A circular first groove (first 

recessed part) 152c is made at the central part of the 
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side of the front surface 152a of the frame body 15 2.  The 

diameter of the first groove 152c is larger than th e 

diameter of the front surface 38a (see FIG. 9A) of the 

base 38 of the cutting blade 36 and the diameter of  the 

front surface 62a (see FIG. 9B) of the pressing fla nge 

62. 

        Further, a circular second groove (second r ecessed 

part) 152d is made at the central part of the botto m part 

of the first groove 152c.  In addition, at the bott om part 

of the second groove 152d, an annular third groove (third 

recessed part) 152e is formed with a predetermined width 

along the outer circumference of the second groove 152d. 

        An annular elastic component 154 is fitted into the 

third groove 152e.  The elastic component 154 is co mposed 

of an elastic material that can elastically be defo rmed, 

such as rubber or a resin.  The elastic component 1 54 

includes a base part 154a buried into the inside of  the 

third groove 152e and a pair of lip parts 154b that  

protrude from the base part 154a.  One lip part 154 b is 

disposed along the sidewall of the third groove 152 e 

located outside in the radial direction of the fram e body 

152.  Further, the other lip part 154b is disposed along 

the sidewall of the third groove 152e located insid e in 

the radial direction of the frame body 152. 
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        The pair of lip parts 154b are inclined wit h 

respect to the front surface 152a of the frame body  152 

in such a manner as to become more separate from ea ch 

other as the distance from the base part 154a becom es 

longer.  That is, the pair of lip parts 154b are ea ch 

disposed from the inside of the third groove 152e t oward 

the outside in the width direction of the third gro ove 

152e.  Further, the tips of the pair of lip parts 1 54b 

protrude from the front surface 152a of the frame b ody 

152 in the thickness direction of the frame body 15 2. 

        Plural through-holes 154c that penetrate th e base 

part 154a are made in the region that overlaps with  the 

space between the pair of lip parts 154b in the bas e part 

154a.  For example, as illustrated in FIG. 8A, six 

through-holes 154c are formed in the base part 154a  at 

substantially equal intervals along the circumferen tial 

direction of the elastic component 154.  One end si de of 

the through-holes 154c is opened on the side of the  front 

surface 152a of the frame body 152, and the other e nd 

side of the through-holes 154c is coupled to an ann ular 

fourth groove (fourth recessed part) 152f made at t he 

bottom part of the third groove 152e. 

        To the fourth groove 152f, one end side of a flow 

path 156 configured by a tube, pipe, or the like is  
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connected.  Further, the other end side of the flow  path 

156 is connected to a suction source 160 through a valve 

158.  For example, the valve 158 is configured by a  

solenoid valve in which opening and closing are 

electrically controlled, and the suction source 160  is 

configured by an ejector.  When the valve 158 is op ened, a 

negative pressure of the suction source 160 acts on  the 

space between the pair of lip parts 154b through th e 

fourth groove 152f of the frame body 152 and the th rough-

holes 154c of the elastic component 154.  Further, a 

pressure measuring instrument (pressure sensor) 162  that 

measures the pressure of the flow path 156 is conne cted 

to the region between the fourth groove 152f and th e 

valve 158 in the flow path 156.  For example, the p ressure 

measuring instrument 162 measures the negative pres sure 

of the inside of the flow path 156 on the basis of the 

gauge pressure (difference between the absolute pre ssure 

and the atmospheric pressure).  The pressure value of the 

flow path 156 measured by the pressure measuring 

instrument 162 is output to the control unit 82 (se e FIG. 

1) and is stored in the storing section 82b. 

        The cutting blade is held by the above-desc ribed 

holding part 150A.  Further, when replacement of th e 

cutting blade is executed, the cutting blade mounte d on 
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the cutting unit 30 (used cutting blade) or the unu sed 

cutting blade (cutting blade for replacement) are h eld by 

the holding part 150A.  The holding part 150A can h old 

both the hub-type cutting blade and the washer-type  

cutting blade. 

        FIG. 9A is a sectional view illustrating th e 

holding part 150A that holds the hub-type cutting b lade 

36.  When the cutting blade 36 is held by the holdi ng part 

150A, first, the valve 158 is opened and the negati ve 

pressure of the suction source 160 is caused to act  on 

the space between the pair of lip parts 154b.  Then , the 

holding part 150A is brought close to the base 38 o f the 

cutting blade 36 in the state in which the side of the 

front surface 150a of the holding part 150A is made  

opposed to the cutting blade 36.  When the front su rface 

38a of the base 38 gets contact with the tips of th e pair 

of lip parts 154b, the space between the pair of li p 

parts 154b is sealed and the pressure is reduced du e to 

the negative pressure of the suction source 160.  T hereby, 

the cutting blade 36 is held under suction by the h olding 

part 150A. 

        FIG. 9B is a sectional view illustrating th e 

holding part 150A that holds the washer-type cuttin g 

blade 52.  When the cutting blade 52 is held by the  
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holding part 150A, the holding part 150A sucks the side 

of the front surface 62a of the pressing flange 62 and 

sucks the cutting blade 52 through the through-hole s 62d 

made in the pressing flange 62. 

        Specifically, first, the valve 158 is opene d, and 

the negative pressure of the suction source 160 is caused 

to act on the space between the pair of lip parts 1 54b.  

Then, the holding part 150A is brought close to the  

pressing flange 62 in the state in which the side o f the 

front surface 150a of the holding part 150A is made  

opposed to the pressing flange 62 and the cutting b lade 

52.  When the front surface 62a of the pressing fla nge 62 

gets contact with the tips of the pair of lip parts  154b, 

the space between the pair of lip parts 154b is sea led 

and the pressure is reduced due to the negative pre ssure 

of the suction source 160.  Thereby, the pressing f lange 

62 is held under suction by the holding part 150A.  

Further, the negative pressure of the suction sourc e 160 

acts also on the cutting blade 52 through the plura l 

through-holes 62d made in the pressing flange 62.  Due to 

this, the cutting blade 52 is held under suction by  the 

holding part 150A with the intermediary of the pres sing 

flange 62.  The through-holes 62d are formed to be opened 

in the region corresponding to the elastic componen t 154 
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in the front surface 62a of the pressing flange 62 and 

the region that gets contact with the cutting blade  52 in 

the back surface 62b of the pressing flange 62.  Th e 

diameter of the through-holes 62d is set to approxi mately 

1 mm, for example. 

        However, it is also possible for the holdin g part 

150A to hold only the pressing flange 62.  Specific ally, 

the pressing flange 62 in the state of being not in  

contact with the cutting blade 52 is sucked by the 

holding part 150A as described above.  At this time , the 

negative pressure of the suction source 160 slightl y 

leaks through the through-holes 62d of the pressing  

flange 62.  However, the pressing flange 62 can be held by 

properly controlling the suction force of the sucti on 

source 160. 

        The cutting blade 36 or 52 is held by the h olding 

part 150A as described above.  Whether or not the d esired 

target object is properly held by the holding part 150A 

can be discriminated by measuring the pressure of t he 

flow path 156 by the pressure measuring instrument 162. 

        For example, when the cutting blade 36 is h eld by 

the holding part 150A (see FIG. 9A), the space betw een 

the pair of lip parts 154b is sealed.  Thus, there is a 

difference between a pressure P a1 of the flow path 156 in 
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the state in which the holding part 150A holds the 

cutting blade 36 and a pressure P a2 (> P a1) of the flow 

path 156 in the state in which the holding part 150 A is 

not in contact with the cutting blade 36.  Thus, wh ether 

or not the cutting blade 36 is held by the holding part 

150A can be discriminated by comparing the pressure  

measured by the pressure measuring instrument 162 a nd a 

threshold P tha  (P a1 < P tha  < P a2) set in advance. 

        Further, in the case in which the cutting b lade 52 

is held by the holding part 150A (see FIG. 9B), the re are 

differences among a pressure P b1 of the flow path 156 in 

the state in which the holding part 150A holds the 

cutting blade 52 and the pressing flange 62 under 

suction, a pressure P b2 (> pressure P b1) of the flow path 

156 in the state in which the holding part 150A hol ds 

only the pressing flange 62 under suction, and a pr essure 

Pb3 (> P b2) of the flow path 156 in the state in which the 

holding part 150A holds neither the cutting blade 5 2 nor 

the pressing flange 62.  Thus, whether or not the c utting 

blade 52 and the pressing flange 62 are held by the  

holding part 150A can be discriminated by comparing  the 

pressure measured by the pressure measuring instrum ent 

162 and each of a threshold P thb1  (P b1 < P thb1  < P b2) and a 

threshold P thb2  (P b2 < P thb2  < P b3) that are set in advance. 
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        The above-described discrimination can be e xecuted, 

for example, by storing the thresholds (P tha , P thb1 , P thb2 ) 

in the storing section 82b of the control unit 82 ( see 

FIG. 1) in advance and causing the processing secti on 82a 

to execute processing of comparing the pressure mea sured 

by the pressure measuring instrument 162 and the 

thresholds.  In this case, a program in which the 

processing of comparing the measured pressure and t he 

thresholds is described is stored in the storing se ction 

82b.  Further, the processing section 82a executes 

comparison between the measured pressure and the 

thresholds by accessing the storing section 82b and  

reading out this program to execute it. 

        As described above, the cutting blade 36 or  52 is 

held by the holding part 150A.  The procedure when the 

cutting blade 36 or 52 is held by the holding part 150B 

is also the same as the case of the holding part 15 0A. 

        Further, a fifth groove (fifth recessed par t) 152g 

with a circular column shape is made in the region inside 

the fourth groove 152f in the side of the front sur face 

152a of the frame body 152.  In addition, the diame ter of 

the fifth groove 152g is set larger than the diamet er of 

the boss part 46 (see FIG. 2) of the mount flange 4 2 and 

the diameter of the third boss part 60c (see FIG. 3 ) of 
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the mount flange 54.  Due to this, when the holding  part 

150A or 150B is brought close to the cutting unit 3 0, the 

tip part of the boss part 46 or 60 is inserted into  the 

fifth groove 152g and contact between the holding p art 

150A or 150B and the cutting unit 30 is avoided. 

        The elastic component 154 does not necessar ily need 

to be disposed in the holding parts 150A and 150B.  For 

example, instead of the elastic component 154, two O-

rings with different diameters may concentrically b e 

disposed.  In this case, one O-ring is disposed alo ng the 

sidewall of the third groove 152e located outside i n the 

radial direction of the frame body 152, and the oth er O-

ring is disposed along the sidewall of the third gr oove 

152e located inside in the radial direction of the frame 

body 152. 

        Here, as illustrated in FIG. 6 and FIG. 7B,  the 

holding parts 150A and 150B are coupled to the rota ting 

part 106 of the rotation mechanism 104 with the 

intermediary of the elastic bodies 142a and 142b.  Due to 

this, the side of the front surface 150a is kept at  the 

tiltable state in each of the holding parts 150A an d 

150B.  That is, when an external force is given to the 

holding parts 150A and 150B, the front surfaces 150 a can 

freely tilt in any direction.  For this reason, whe n the 
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above-described cutting blade 36 or pressing flange  62 

gets contact with the side of the front surface 150 a of 

the holding part 150A or 150B, the front surface 15 0a 

tilts to be disposed in parallel to the front surfa ce 38a 

of the cutting blade 36 or the front surface 62a of  the 

pressing flange 62 in the holding part 150A or 150B .  Due 

to this, the side of the front surface 150a of the 

holding part 150A or 150B properly gets contact wit h the 

cutting blade 36 or the pressing flange 62, and the  

cutting blade 36 or the pressing flange 62 is surel y held 

under suction. 

        By the above-described replacement apparatu s 100, 

replacement of the cutting blade 36 or 52 is execut ed.  

The replacement of the cutting blade 36 or 52 is ex ecuted 

by removing the used cutting blade 36 or 52 mounted  on 

the cutting unit 30 and thereafter mounting the cut ting 

blade 36 or 52 for replacement on the cutting unit 30.  

The cutting blades 36 and 52 for replacement are st ocked 

in the cutting apparatus 2 in advance. 

        FIG. 10A is a perspective view illustrating  a stock 

unit 200 that stores the cutting blades 36 and 52 f or 

replacement and so forth.  The stock unit 200 inclu des a 

placement part (placement base) 202 over which the 

cutting blades 36 and 52 and so forth are placed.  For 
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example, the placement part 202 is a plate-shaped 

component formed into the same shape as the frame 1 5 (see 

FIG. 1) that supports the workpiece 11, and the upp er 

surface of the placement part 202 configures a flat  

placement surface 202a over which the cutting blade s 36 

and 52 and so forth are placed. 

        Plural blade storing parts 204 that store t he 

cutting blade are disposed on the placement surface  202a 

of the placement part 202.  For example, plural bla de 

storing parts 204 (blade storing parts 204A) that s tore 

the hub-type cutting blade 36 and plural blade stor ing 

parts 204 (blade storing parts 204B) that store the  

washer-type cutting blade 52 are each disposed on t he 

placement surface 202a. 

        FIG. 10B is a perspective view illustrating  the 

blade storing part 204.  For example, the blade sto ring 

part 204 is configured by a case (blade case) made of 

plastic in which the cutting blade 36 or 52 is hous ed, 

and is fixed onto the placement surface 202a of the  

placement part 202.  In FIG. 10B, as one example, t he 

blade storing part 204A (blade case) including a ci rcular 

bottom surface and an annular sidewall that protrud es 

from the peripheral part of the bottom surface in t he 

direction perpendicular to the bottom surface is 
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illustrated.  A columnar projected part 204a that 

protrudes from the bottom surface is disposed at th e 

central part of the blade storing part 204A.  When the 

cutting blade 36 is stored by the blade storing par t 

204A, the cutting blade 36 is disposed in the blade  

storing part 204A in such a manner that the project ed 

part 204a is inserted into the opening 36a of the c utting 

blade 36.  Similarly, when the cutting blade 52 is stored 

by the blade storing part 204B, the cutting blade 5 2 is 

disposed in the blade storing part 204B in such a m anner 

that the projected part 204a is inserted into the o pening 

52a of the cutting blade 52. 

        Further, a pressing flange storing part 206  that 

stores the pressing flange 62 is disposed on the 

placement surface 202a of the placement part 202.  The 

pressing flange storing part 206 is configured simi larly 

to the blade storing part 204, and the pressing fla nge 62 

is housed in the pressing flange storing part 206. 

        Further, implements other than the parts us ed for 

replacement of the cutting blades 36 and 52 may be stored 

in the placement part 202.  For example, on the pla cement 

surface 202a of the placement part 202, a board sto ring 

part (dressing board storing part) 208 that stores a 

plate-shaped board (dressing board) 19 used for dre ssing 
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of the cutting blades 36 and 52 and a board storing  part 

(inspection board storing part) 210 that stores a p late-

shaped board (inspection board) 21 used for inspect ion of 

the cutting blades 36 and 52 are disposed. 

        When the workpiece 11 is processed by the c utting 

blade 36 or 52, dressing to intentionally wear the tip 

part of the cutting blade 36 or 52 is executed for the 

purposes of correction of the shape of the cutting blade 

36 or 52, ensuring of the sharpness of the cutting blade 

36 or 52, and so forth.  This dressing is executed by 

causing the cutting blade 36 or 52 to cut into the board 

19.  For example, the board 19 is formed by fixing 

abrasive grains composed of green carborundum (GC),  white 

alundum (WA), or the like by a binder such as a res in 

bond or vitrified bond.  When the dressing is execu ted, 

the binder of the cutting blade 36 or 52 gets conta ct 

with the board 19 and wears, so that the shape of t he 

cutting blade 36 or 52 is adjusted to a shape conce ntric 

with the spindle 34 (roundness generation).  In add ition, 

abrasive grains are moderately exposed from the bin der 

(blade sharpening).  By using the cutting blade 36 or 52 

for which the dressing has been executed in this ma nner, 

the accuracy of the processing of the workpiece 11 is 

improved. 
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        Further, when the workpiece 11 is processed  by the 

cutting blade 36 or 52, the cutting blade 36 or 52 is 

caused to cut into the board 21 and inspection of t he 

shape or correction of the position regarding the c utting 

blade 36 or 52 is executed in some cases.  For exam ple, 

whether or not the tip part of the cutting blade 36  or 52 

has a desired shape is inspected by causing the cut ting 

blade 36 or 52 to cut into the board 21 and observi ng a 

groove (cut groove) formed in the board 21.  Furthe r, 

based on the length of the cut groove formed in the  board 

21, the position of the lower end of the cutting bl ade 36 

or 52 (cutting-in depth) is calculated and the heig ht 

position of the cutting blade 36 or 52 is adjusted.   As 

the board 21, a plate-shaped component composed of 

silicon (silicon board) is used, for example.  Howe ver, 

the material of the board 21 is not limited as long  as 

the board 21 can be cut by the cutting blades 36 an d 52.  

Examples of the material of the board 21 are the sa me as 

the workpiece 11. 

        The cutting of the board 19 or 21 by the cu tting 

blade 36 or 52 is executed in the state in which th e 

boards 19 or 21 are held by the pair of sub-tables 26 

(see FIG. 1).  At this time, the board 19 or the bo ard 21 

to be cut by the cutting blade 36 or 52 mounted on one 
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cutting unit 30 is held by one sub-table 26, and th e 

board 19 or the board 21 to be cut by the cutting b lade 

36 or 52 mounted on the other cutting unit 30 is he ld by 

the other sub-table 26.  That is, the pair of sub-t ables 

26 are installed corresponding to the pair of cutti ng 

units 30. 

        Various implements stocked over the placeme nt part 

202 may be given an identification mark including 

information relating to the implement.  For example , the 

cutting blade 36 illustrated in FIG. 10B is given a n 

identification mark 212 of the cutting blade 36.  A s 

examples of the identification mark 212, barcode an d two-

dimensional code are cited.  The identification mar k 212 

may be printed directly on the cutting blade 36 or a 

sticker on which the identification mark 212 is pri nted 

may be stuck to the cutting blade 36.  For example,  in the 

identification mark given to the cutting blade 36 o r 52, 

pieces of information on the cutting blade 36 or 52 , such 

as the kind (hub type or washer type), the outer 

diameter, the inner diameter, the thickness, the ma terial 

and grain size of the abrasive grains, the material  of 

the binder, and the serial number, are included.  F urther, 

in the identification mark given to the board 19, p ieces 

of information on the board 19, such as the size, t he 
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shape, the material and grain size of the abrasive 

grains, the material of the binder, and the serial 

number, are included.  Further, in the identificati on mark 

given to the board 21, pieces of information on the  board 

21, such as the size, the shape, the material, and the 

serial number, are included. 

        The identification marks given to the cutti ng 

blades 36 and 52 and so forth are read by a reading  unit 

included in the cutting apparatus 2.  The reading u nit is 

selected as appropriate according to the kind of 

identification mark and, for example, a camera, bar code 

reader, or the like is used.  For example, the imag ing 

unit 70 (see FIG. 1) disposed adjacent to the cutti ng 

unit 30 functions also as the reading unit and the 

identification mark is read by the imaging unit 70.   

However, the reading unit may be disposed in the cu tting 

apparatus 2 independently of the imaging unit 70 

separately. 

        The information read by the reading unit is  input 

to the control unit 82 (see FIG. 1) and is stored i n the 

storing section 82b.  Then, when executing replacem ent of 

the cutting blade 36 or 52 or the like, the control  unit 

82 identifies the target object to be held by the 

replacement unit 76 with reference to the informati on 
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stored in the storing section 82b. 

        The above-described stock unit 200 is house d in the 

container 8 (see FIG. 1) disposed in the cutting 

apparatus 2.  Further, the stock unit 200 is drawn out 

from the container 8 by the first conveying unit 72  and 

is conveyed onto the cover 78 in the closed state.  An 

openable-closable door (not illustrated) is dispose d at 

the part of the container 8 on the side of the clea ning 

unit 12.  When the stock unit 200 is taken out from  the 

container 8, the elevator 6 rises and lowers to adj ust 

the height position of the container 8 to the heigh t 

position of the pair of guide rails 16.  Further, t he 

shape of the placement part 202 of the stock unit 2 00 

corresponds to the shape of the frame 15 that suppo rts 

the workpiece 11.  Thus, the stock unit 200 can be 

conveyed onto the cover 78 in the closed state by 

operation similar to that when the frame unit 17 is  

conveyed onto the chuck table 22. 

        The disposing place of the stock unit 200 i s not 

limited to on the cover 78.  For example, the stock  unit 

200 may be disposed on the pair of guide rails 16.  

Further, it is also possible to omit the installati on of 

the cover 78 and dispose the stock unit 200 on the chuck 

table 22. 
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        Next, a specific example of a blade replace ment 

method for replacing the cutting blades 36 and 52 m ounted 

on the cutting unit 30 of the cutting apparatus 2 w ill be 

described.  In the following, as one example, a 

replacement method of the cutting blade 36 (see FIG . 2) 

mounted on the mount flange 42 will be described. 

        First, the cutting blade 36 for replacement  is 

placed over the placement surface 202a of the place ment 

part 202 included in the stock unit 200 (preparatio n 

step).  Specifically, the cutting blade 36 for repl acement 

(unused cutting blade 36) is housed in each of the plural 

blade storing parts 204A fixed onto the placement s urface 

202a of the placement part 202.  The stock unit 200  

restocked with the cutting blades 36 for replacemen t is 

housed in the container 8 (see FIG. 1).  Then, the stock 

unit 200 is drawn out from the container 8 by the f irst 

conveying unit 72 and is conveyed onto the cover 78  in 

the closed state.  Thereby, the cutting blades 36 f or 

replacement are held by the cover 78.  As described  above, 

the stock unit 200 may be disposed on the pair of g uide 

rails 16 or on the chuck table 22. 

        Next, the cutting blade 36 for replacement placed 

over the placement surface 202a of the placement pa rt 202 

is held by the holding part 150B of the replacement  
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apparatus 100 (cutting-blade-for-replacement holdin g 

step).  FIG. 11A is a schematic diagram illustratin g the 

replacement apparatus 100 in the cutting-blade-for-

replacement holding step.  In the cutting-blade-for -

replacement holding step, first, the replacement 

apparatus 100 is moved by the raising-lowering mech anism 

86 and the multi-joint arm 90 (see FIG. 4 and FIG. 5) and 

is disposed above the placement part 202 held by th e 

cover 78 or the like.  Further, the frame body 110 is 

rotated by the rotation mechanism 104 (see FIG. 6 a nd so 

forth), and the holding part 150B is made opposed t o the 

placement surface 202a of the placement part 202.  Next, 

the replacement apparatus 100 is lowered, and the h olding 

part 150B is brought into contact with the cutting blade 

36 for replacement disposed over the placement surf ace 

202a of the placement part 202.  Then, the cutting blade 

36 for replacement is held under suction by the hol ding 

part 150B.  Thereafter, the replacement apparatus 1 00 is 

raised, and the holding part 150B is moved in such a 

direction as to get further away from the placement  

surface 202a of the placement part 202.  Thereby, t he 

cutting blade 36 for replacement is lifted up by th e 

holding part 150B. 

        Next, the nut 48 mounted on the mount flang e 42 of 
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the cutting unit 30 is removed from the mount flang e 42 

(nut removal step).  FIG. 11B is a schematic diagra m 

illustrating the replacement apparatus 100 in the n ut 

removal step.  In the nut removal step, first, the 

replacement apparatus 100 is moved by the raising-

lowering mechanism 86 and the multi-joint arm 90 (s ee 

FIG. 4 and FIG. 5), and the replacement apparatus 1 00 is 

disposed in the processing chamber 28 (see FIG. 1).   

Further, the nut holding part 122 of the replacemen t 

apparatus 100 is made opposed to the mount flange 4 2 in 

the state in which the cutting blade 36 and the nut  48 

are mounted thereon.  Then, the nut 48 mounted on t he 

mount flange 42 is held by the nut holding part 122  and 

is rotated.  Specifically, in the state in which th e nut 

48 is grasped by the plural grasping components 134  (see 

FIG. 6 and so forth), the nut 48 is rotated in the first 

direction (such a direction as to loosen the nut 48 ) by 

rotating the rotating component 130 (see FIG. 6 and  so 

forth) by the rotational drive source 128.  As a re sult, 

the nut 48 loosens and is removed from the mount fl ange 

42. 

        Next, the nut holding part 122 and the moun t flange 

42 are separated (first evacuation step).  FIG. 11C  is a 

schematic diagram illustrating the replacement appa ratus 
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100 in the first evacuation step.  In the first eva cuation 

step, the replacement apparatus 100 is moved toward  the 

opposite side to the mount flange 42 by the multi-j oint 

arm 90 (see FIG. 4 and FIG. 5).  Thereby, the nut h olding 

part 122 moves in such a direction as to get furthe r away 

from the mount flange 42 in the state in which the nut 

holding part 122 holds the nut 48. 

        Next, the cutting blade 36 mounted on the m ount 

flange 42 of the cutting unit 30 is held by the hol ding 

part 150A of the replacement apparatus 100 (used cu tting 

blade holding step).  FIG. 11D is a schematic diagr am 

illustrating the replacement apparatus 100 in the u sed 

cutting blade holding step.  In the used cutting bl ade 

holding step, first, the side of the front surface 150a 

(see FIG. 8A and so forth) of the holding part 150A  is 

made opposed to the mount flange 42 by rotating the  

rotating part 106 (see FIG. 6 and so forth) of the 

rotation mechanism 104.  Then, the replacement appa ratus 

100 is moved to the side of the mount flange 42, an d the 

holding part 150A is brought into contact with the used 

cutting blade 36 mounted on the mount flange 42.  T hen, 

the used cutting blade 36 is held under suction by the 

holding part 150A. 

        Next, the holding part 150A and the mount f lange 42 
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are separated (second evacuation step).  FIG. 12A i s a 

schematic diagram illustrating the replacement appa ratus 

100 in the second evacuation step.  In the second 

evacuation step, the replacement apparatus 100 is m oved 

toward the opposite side to the mount flange 42 by the 

multi-joint arm 90 (see FIG. 4 and FIG. 5).  Thereb y, the 

holding part 150A moves in such a direction as to g et 

further away from the mount flange 42 in the state in 

which the holding part 150A holds the used cutting blade 

36, so that the used cutting blade 36 is removed fr om the 

mount flange 42. 

        Next, the cutting blade 36 for replacement held by 

the holding part 150B of the replacement apparatus 100 is 

mounted on the mount flange 42 (cutting blade mount ing 

step).  FIG. 12B is a schematic diagram illustratin g the 

replacement apparatus 100 in the cutting blade moun ting 

step.  In the cutting blade mounting step, first, t he side 

of the front surface 150a (see FIG. 8A and so forth ) of 

the holding part 150B that holds the cutting blade 36 for 

replacement is made opposed to the mount flange 42 by 

rotating the rotating part 106 (see FIG. 6 and so f orth) 

of the rotation mechanism 104.  Then, the replaceme nt 

apparatus 100 is moved to the side of the mount fla nge 

42, and the cutting blade 36 for replacement is dis posed 
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in such a manner that the boss part 46 (see FIG. 2)  of 

the mount flange 42 is inserted into the opening 36 a (see 

FIG. 2) of the cutting blade 36 for replacement.  W hen 

holding the cutting blade 36 for replacement under 

suction by the holding part 150B is released in thi s 

state, the cutting blade 36 for replacement is moun ted on 

the mount flange 42. 

        Next, the holding part 150B and the mount f lange 42 

are separated (third evacuation step).  FIG. 12C is  a 

schematic diagram illustrating the replacement appa ratus 

100 in the third evacuation step.  In the third eva cuation 

step, the replacement apparatus 100 is moved toward  the 

opposite side to the mount flange 42 by the multi-j oint 

arm 90 (see FIG. 4 and FIG. 5).  Thereby, the holdi ng part 

150B moves in such a direction as to get further aw ay 

from the mount flange 42 and gets separated from th e 

cutting blade 36 for replacement mounted on the mou nt 

flange 42. 

        Next, the nut 48 held by the nut holding pa rt 122 

is mounted on the mount flange 42 (nut mounting ste p).  

FIG. 12D is a schematic diagram illustrating the 

replacement apparatus 100 in the nut mounting step.   In 

the nut mounting step, first, the nut holding part 122 

that holds the nut 48 is made opposed to the mount flange 
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42 by rotating the rotating part 106 (see FIG. 6 an d so 

forth) of the rotation mechanism 104.  Further, the  

replacement apparatus 100 is moved to the side of t he 

mount flange 42, and the nut 48 is positioned to th e tip 

part of the boss part 46 (see FIG. 2) of the mount flange 

42.  Then, the nut 48 grasped by the plural graspin g 

components 134 (see FIG. 6 and so forth) is rotated  in 

the second direction (such a direction as to fasten  the 

nut 48) by rotating the rotating component 130 (see  FIG. 

6 and so forth) by the rotational drive source 128.   As a 

result, the nut 48 is fastened to the boss part 46 (see 

FIG. 2) of the mount flange 42 and is mounted on th e 

mount flange 42.  Thereby, the cutting blade 36 is clamped 

by the mount flange 42 and the nut 48 and is fixed to the 

tip part of the spindle 34. 

        By the above procedure, replacement of the cutting 

blade 36 mounted on the mount flange 42 is executed .  

Then, the used cutting blade 36 held by the holding  part 

150A is placed in the blade storing part 204A of th e 

stock unit 200.  In the above-described steps, 

approximation and separation between the mount flan ge 42 

and the replacement apparatus 100 may be executed b y 

moving the cutting unit 30 (mount flange 42).  For 

example, in the first evacuation step, the second 
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evacuation step, and the third evacuation step, the  

replacement apparatus 100 and the mount flange 42 m ay be 

separated from each other by causing the cutting un it 30 

to move along the Y-axis direction in such a manner  as to 

get further away from the replacement apparatus 100 . 

        Further, although replacement of the cuttin g blade 

36 mounted on the mount flange 42 has been explaine d in 

the above description, replacement of the cutting b lade 

52 (see FIG. 3) mounted on the mount flange 54 is a lso 

executed by a similar procedure.  However, when the  

cutting blade 52 is replaced, the pressing flange 6 2 is 

held by the holding parts 150A and 150B together wi th the 

cutting blade 52 (see FIG. 9B) as described above.  That 

is, replacement of the cutting blade 52 and the pre ssing 

flange 62 is executed instead of the above-describe d 

replacement of the cutting blade 36. 

        Further, in the case of replacing the cutti ng blade 

52, in the cutting-blade-for-replacement holding st ep, 

the cutting blade 52 is held by the holding part 15 0B 

after the pressing flange 62 is held by the holding  part 

150B.  Specifically, first, the holding part 150B i s made 

opposed to the pressing flange 62 stored in the pre ssing 

flange storing part 206 (see FIG. 10A), and the pre ssing 

flange 62 is held by the holding part 150B.  Next, the 
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holding part 150B in the state of holding the press ing 

flange 62 is made opposed to the cutting blade 52 f or 

replacement stored in the blade storing part 204B ( see 

FIG. 10A), and the cutting blade 52 is held by the 

holding part 150B.  At this time, the cutting blade  52 is 

held by the negative pressure of the suction source  160 

that acts on the cutting blade 52 through the throu gh-

holes 62d (see FIG. 9B) formed in the pressing flan ge 62. 

        As described above, the cutting apparatus 2  

according to the present embodiment includes the 

replacement apparatus 100 that executes replacement  of 

the cutting blades 36 and 52 and the nuts 48 and 64 .  

Further, the replacement apparatus 100 has the 

configuration in which the holding parts 150A and 1 50B 

that hold the cutting blade 36 or 52 and the nut ro tation 

part 120 are coupled to the common rotating part 10 6 and 

the front surface 150a of the holding part 150A, th e 

front surface 150a of the holding part 150B, and th e nut 

holding part 122 are disposed to be oriented toward  the 

opposite side to the rotation axis 106a of the rota ting 

part 106 in the state of being separate from each o ther 

around the rotation axis 106a of the rotating part 106.  

When the above-described replacement apparatus 100 is 

used, the size of the replacement apparatus 100 is 
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greatly reduced compared with the case in which, as  in 

the existing configuration, the holding parts 150A and 

150B and the nut rotation part 120 are installed 

independently of each other and the front surface 1 50a of 

the holding part 150A, the front surface 150a of th e 

holding part 150B, and the nut holding part 122 are  

disposed to line up in such a manner as to be oppos ed to 

the mount flange 42 or 54.  As a result, increase i n the 

size of the cutting apparatus 2 is suppressed.  In 

addition, the flexibility of the layout of constitu ents 

of the cutting apparatus 2 is improved. 

        In the above description, explanation has b een made 

regarding the case in which the replacement apparat us 100 

executes replacement of the cutting blade 36 or 52 

mounted on the cutting unit 30.  However, the targe t of 

the replacement by the replacement apparatus 100 is  not 

limited to the cutting blades 36 and 52.  For examp le, the 

replacement apparatus 100 can also execute replacem ent of 

the used board 19 or 21 (see FIG. 10A) disposed on the 

sub-table 26 (see FIG. 1). 

        When dressing of the cutting blades 36 and 52 is 

executed by using the board 19, cut grooves are for med in 

the board 19.  Further, when the cut grooves are fo rmed 

across the whole of the board 19, the used board 19  is 
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replaced with the board 19 for replacement (unused board 

19).  Similarly, the board 21 used for inspection o f the 

cutting blades 36 and 52 is also replaced with the board 

21 for replacement (unused board 21) at a predeterm ined 

timing.  Here, the holding parts 150A and 150B of t he 

replacement apparatus 100 can hold not only the cut ting 

blades 36 and 52 but also plate-shaped components s uch as 

the boards 19 and 21.  Thus, replacement of the boa rd 19 

or 21 disposed on the sub-table 26 can be executed by the 

replacement apparatus 100. 

        FIG. 13A is a perspective view illustrating  the 

holding part 150A that holds the board 19 (board 19 A) 

with a square shape.  In FIG. 13A, the board 19A wi th a 

size that enables covering of the whole of the side  of 

the front surface 152a of the frame body 152 is 

illustrated.  In FIG. 13A, the contours of the boar d 19A 

are illustrated by two-dot chain lines.  When the b oard 

19A is held by the holding part 150A, the pair of l ip 

parts 154b of the elastic component 154 are brought  into 

contact with the board 19A.  At this time, the hold ing 

part 150A is disposed in such a manner that the who le of 

the elastic component 154 is covered by the board 1 9A.  

Due to this, the space between the pair of lip part s 154b 

is sealed.  Then, the board 19A is held under sucti on by 
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the negative pressure of the suction source 160 (se e FIG. 

8B) that acts on the space between the pair of lip parts 

154b. 

        The size and shape of the board 19 held by the 

holding part 150A are not limited to the above 

description.  FIG. 13B is a perspective view illust rating 

the holding part 150A that holds the board 19 (boar d 19B) 

with a rectangular shape.  In FIG. 13B, the board 1 9B 

having a long side longer than the diameter of the frame 

body 152 and a short side shorter than the diameter  of 

the frame body 152 is illustrated.  However, the sh ort 

side of the board 19B is longer than the diameter o f the 

elastic component 154.  When the board 19B is held by the 

holding part 150A, the pair of lip parts 154b of th e 

elastic component 154 are brought into contact with  the 

board 19B.  At this time, the holding part 150A is 

disposed in such a manner that the whole of the ela stic 

component 154 is covered by the board 19B.  Due to this, 

the space between the pair of lip parts 154b is sea led.  

Then, the board 19B is held under suction by the ne gative 

pressure of the suction source 160 (see FIG. 8B) th at 

acts on the space between the pair of lip parts 154 b. 

        However, the form of the holding of the boa rd 19 by 

the holding part 150A is not limited to the above 
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description.  For example, the board 19 may be held  by the 

holding part 150A in the state of being not in cont act 

with the lip parts 154b.  In this case, wear of the  lip 

parts 154b due to the contact with the lip parts 15 4b by 

the board 19 can be prevented.  For example, the ho lding 

part 150A may be configured in such a manner that t he 

tips of the pair of lip parts 154b do not protrude from 

the front surface 152a of the frame body 152 and ar e 

disposed inside the first groove 152c relative to t he 

front surface 152a.  In this case, the holding part  150A 

can hold the board 19A (FIG. 13A) in such a manner that 

the lip parts 154b do not get contact with the boar d 19A.  

Specifically, the holding part 150A is disposed in such a 

manner that the whole of the first groove 152c is c overed 

by the board 19A.  At this time, the board 19A is 

supported by the front surface 152a of the frame bo dy 152 

and does not get contact with the lip parts 154b.  When 

the negative pressure of the suction source 160 (se e FIG. 

8B) is caused to act on the first groove 152c in th is 

state, the board 19A is held under suction. 

        Further, the holding part 150A may have a m echanism 

that jets a gas such as air and holds the board 19 in a 

contactless manner by using the Bernoulli effect.  In this 

case, even in the case in which the board 19B with size 
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and shape with which it is impossible to cover the whole 

of the first groove 152c is used as illustrated in FIG. 

13B, it becomes possible to hold the board 19B by t he 

holding part 150A without bringing the board 19B in to 

contact with the lip parts 154b. 

        Although the states in which the board 19 i s held 

by the holding part 150A are illustrated in FIG. 13 A and 

FIG. 13B, the holding part 150B can also hold the b oard 

19 similarly.  Further, the holding parts 150A and 150B 

can also hold the board 21 similarly to the board 1 9. 

        Next, a specific example of a board replace ment 

method for replacing the board disposed on the sub- table 

26 of the cutting apparatus 2 will be described.  I n the 

following, as one example, a replacement method of the 

board 19 used for dressing of the cutting blades 36  and 

52 will be described. 

        First, the board 19 for replacement is plac ed over 

the placement surface 202a of the placement part 20 2 

included in the stock unit 200 (see FIG. 10A) 

(preparation step).  Specifically, the board 19 for  

replacement (unused board 19) is housed in the boar d 

storing part 208 fixed onto the placement surface 2 02a of 

the placement part 202.  The stock unit 200 restock ed with 

the board 19 for replacement is housed in the conta iner 8 
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(see FIG. 1).  Then, the stock unit 200 is drawn ou t from 

the container 8 by the first conveying unit 72 and is 

conveyed onto the cover 78 in the closed state.  Th ereby, 

the board 19 for replacement is prepared on the cov er 78.  

The stock unit 200 may be disposed on the pair of g uide 

rails 16 or on the chuck table 22. 

        Next, the board 19 for replacement placed o ver the 

placement surface 202a of the placement part 202 is  held 

by the holding part 150B of the replacement apparat us 100 

(board-for-replacement holding step).  FIG. 14A is a 

schematic diagram illustrating the replacement appa ratus 

100 in the board-for-replacement holding step.  In the 

board-for-replacement holding step, first, the 

replacement apparatus 100 is moved by the raising-

lowering mechanism 86 and the multi-joint arm 90 (s ee 

FIG. 4 and FIG. 5) and is disposed above the placem ent 

part 202 held by the cover 78 or the like.  Further , the 

frame body 110 is rotated by the rotation mechanism  104 

(see FIG. 6 and so forth), and the holding part 150 B is 

made opposed to the placement surface 202a of the 

placement part 202.  Next, the replacement apparatu s 100 

is lowered, and the holding part 150B is brought in to 

contact with the board 19 for replacement disposed over 

the placement surface 202a of the placement part 20 2.  
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Then, the board 19 for replacement is held under su ction 

by the holding part 150B.  Thereafter, the replacem ent 

apparatus 100 is raised, and the holding part 150B is 

moved in such a direction as to get further away fr om the 

placement surface 202a of the placement part 202.  

Thereby, the board 19 for replacement is lifted up by the 

holding part 150B. 

        Next, the used board 19 held by the sub-tab le 26 is 

held by the holding part 150A of the replacement 

apparatus 100 (used board holding step).  FIG. 14B is a 

schematic diagram illustrating the replacement appa ratus 

100 in the used board holding step.  In the used bo ard 

holding step, first, the replacement apparatus 100 is 

moved by the raising-lowering mechanism 86 and the multi-

joint arm 90 (see FIG. 4 and FIG. 5), and the repla cement 

apparatus 100 is disposed above the sub-table 26 on  which 

the used board 19 is disposed.  Further, the holdin g part 

150A is made opposed to the sub-table 26 by rotatin g the 

rotating part 106 (see FIG. 6 and so forth) of the 

rotation mechanism 104.  Then, the replacement appa ratus 

100 is moved to the side of the sub-table 26, and t he 

holding part 150A is brought into contact with the used 

board 19 held by the sub-table 26.  Then, the used board 

19 is held under suction by the holding part 150A. 
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        Next, the holding part 150A and the sub-tab le 26 

are separated (evacuation step).  FIG. 14C is a sch ematic 

diagram illustrating the replacement apparatus 100 in the 

evacuation step.  In the evacuation step, the repla cement 

apparatus 100 is raised by the raising-lowering mec hanism 

86 (see FIG. 4 and FIG. 5) and is moved toward the 

opposite side to the sub-table 26.  Thereby, the ho lding 

part 150A moves in such a direction as to get furth er 

away from the sub-table 26 in the state in which th e 

holding part 150A holds the used board 19, so that the 

used board 19 is lifted up. 

        Next, the board 19 for replacement held by the 

holding part 150B of the replacement apparatus 100 is 

placed on the sub-table 26 (placement step).  FIG. 14D is 

a schematic diagram illustrating the replacement 

apparatus 100 in the placement step.  In the placem ent 

step, first, the holding part 150B that holds the b oard 

19 for replacement is made opposed to the sub-table  26 by 

rotating the rotating part 106 (see FIG. 6 and so f orth) 

of the rotation mechanism 104.  Then, the replaceme nt 

apparatus 100 is moved to the side of the sub-table  26, 

and the board 19 for replacement is positioned on t he 

sub-table 26.  Thereafter, when holding the board 1 9 for 

replacement under suction by the holding part 150B is 
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released, the board 19 for replacement is placed on  the 

sub-table 26. 

        By the above procedure, replacement of the board 19 

disposed on the sub-table 26 is executed.  Then, th e used 

board 19 held by the holding part 150A is placed in  the 

board storing part 208 of the stock unit 200.  Alth ough 

replacement of the board 19 has been explained in t he 

above description, replacement of the board 21 can also 

be executed by the same procedure in the case in wh ich 

the board 21 is placed on the sub-table 26. 

        Further, in the above description, explanat ion has 

been made regarding the example in which the stock unit 

200 (see FIG. 10A) including the placement part 202  over 

which various implements used in the cutting appara tus 2 

(the cutting blades 36 and 52, the pressing flange 62, 

the boards 19 and 21, and so forth) are placed is h oused 

in the container 8 (see FIG. 1) and is conveyed ont o the 

cover 78 (see FIG. 1) or the like.  However, the fo rm of 

the storing of the cutting blades 36 and 52 and so forth 

is not limited thereto. 

        FIG. 15 is a perspective view illustrating the 

cutting apparatus 2 in which a stock unit 250 is 

installed.  The cutting apparatus 2 illustrated in FIG. 15 

includes the stock unit 250 that is disposed near t he 
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replacement unit 76 and stores various implements u sed in 

the cutting apparatus 2 instead of the container 8 (see 

FIG. 1).  For example, the stock unit 250 is dispos ed in a 

region adjacent to the opening 4b of the base 4.  T he 

stock unit 250 stores implements such as the cuttin g 

blades 36 and 52, the pressing flange 62, and the b oards 

19 and 21 (see FIG. 10A) used in the cutting appara tus 2.  

Specifically, the stock unit 250 includes a rotary 

placement part (placement base) 252 over which vari ous 

implements are placed. 

        FIG. 16 is a perspective view illustrating the 

stock unit 250 including the rotary placement part 252.  

For example, the placement part 252 is a plate-shap ed 

component formed into a circular disc shape and the  upper 

surface of the placement part 252 configures a flat  

placement surface 252a over which various implement s are 

placed.  The cutting blades and so forth are placed  over 

the placement surface 252a of the placement part 25 2.  In 

FIG. 16, as one example, the case in which the cutt ing 

blades 52 and the pressing flange 62 are placed ove r the 

placement surface 252a of the placement part 252 is  

illustrated. 

        Plural blade storing parts 254 that store t he 

cutting blade 52 and a pressing flange storing part  256 
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that stores the pressing flange 62 are fixed onto t he 

placement surface 252a of the placement part 252.  The 

configurations of the blade storing part 254 and th e 

pressing flange storing part 256 are the same as th e 

blade storing part 204 and the pressing flange stor ing 

part 206, respectively, illustrated in FIG. 10A.  T he 

blade storing parts 254 and the pressing flange sto ring 

part 256 are disposed at substantially equal interv als 

along the circumferential direction of the placemen t part 

252.  A rotating part (shaft) 258 that rotates by p ower 

transmitted from a rotational drive source (not 

illustrated) such as a motor is coupled to the lowe r 

surface side of the central part of the placement p art 

252.  When the rotating part 258 is rotated by the 

rotational drive source, the placement part 252 rot ates 

around a rotation axis substantially parallel to th e Z-

axis. 

        A reading unit 260 that reads identificatio n marks 

given to the cutting blades 52 and so forth is disp osed 

on the lower side of the placement part 252.  For e xample, 

the cutting blade 52 is given an identification mar k (see 

the identification mark 212 in FIG. 10B) including 

information relating to the cutting blade 52.  Furt her, 

the cutting blade 52 is housed in the blade storing  part 
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254 in such a manner that the surface given the 

identification mark is opposed to the placement sur face 

252a. 

        The reading unit 260 is configured by a vis ible 

light camera, infrared camera, or the like, for exa mple, 

and reads the identification mark given to the cutt ing 

blade 52 through the placement part 252 and the bla de 

storing part 254.  Thus, the materials of the place ment 

part 252 and the blade storing part 254 are selecte d 

according to the kind of reading unit 260.  For exa mple, 

when the reading unit 260 is a visible light camera , the 

whole or part of the placement part 252 and the bla de 

storing part 254 is configured by a component throu gh 

which visible light is transmitted.  Specifically, as the 

placement part 252, a substrate composed of a trans parent 

body such as plastic or glass (for example, quartz glass, 

borosilicate glass) can be used.  Further, as the b lade 

storing part 254, a case composed of a transparent body 

such as plastic can be used.  However, the material s of 

the placement part 252 and the blade storing part 2 54 can 

be changed as appropriate according to the kind of 

reading unit 260.  For example, when the reading un it 260 

is an infrared camera, the placement part 252 and t he 

blade storing part 254 are configured by a componen t 
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through which infrared is transmitted. 

        The reading unit 260 is disposed directly u nder one 

blade storing part 254.  Then, the identification m ark 

given to the cutting blade 52 stored in the blade s toring 

part 254 disposed directly above the reading unit 2 60 is 

read by the reading unit 260.  Further, the blade s toring 

part 254 disposed directly above the reading unit 2 60 can 

be changed by rotating the placement part 252.  Thi s makes 

it possible to read the identification mark given t o the 

any cutting blade 52 placed over the placement part  252.  

Information on the identification mark read by the 

reading unit 260 is output to the control unit 82 ( see 

FIG. 15). 

        The reading unit 260 may be disposed on the  upper 

side of the placement part 252.  In this case, the cutting 

blade 52 is housed in the blade storing part 254 in  such 

a manner that the surface given the identification mark 

is exposed upward.  For example, when replacement o f the 

cutting blade 52 is executed, the cutting blade 52 for 

replacement and the pressing flange 62 are prepared  in 

the stock unit 250.  Then, the replacement unit 76 holds 

the cutting blade 52 for replacement and the pressi ng 

flange 62 stored in the stock unit 250 by the repla cement 

apparatus 100 (see FIG. 9B).  At this time, the con trol 
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unit 82 controls the replacement unit 76 on the bas is of 

information included in the identification mark giv en to 

the cutting blade 52 and causes the replacement app aratus 

100 to hold the predetermined cutting blade 52.  Th ereby, 

the desired cutting blade 52 can be selected as the  

cutting blade 52 for replacement.  Thereafter, the used 

cutting blade 52 and the pressing flange 62 mounted  on 

the cutting unit 30 are replaced with the cutting b lade 

52 for replacement and the pressing flange 62 (see FIG. 

11A to FIG. 12D). 

        The board storing parts 208 and 210 illustr ated in 

FIG. 10A may be fixed onto the placement surface 25 2a of 

the placement part 252.  In this case, the boards 1 9 and 

21 for replacement are also stored in the stock uni t 250.  

Further, the replacement unit 76 can hold the board  19 or 

21 for replacement stored in the stock unit 250 and  

replace the used board 19 or 21 placed on the sub-t able 

26 with the board 19 or 21 for replacement (see FIG . 14A 

to FIG. 14D). 

        Besides, structures, methods, and so forth 

according to the above-described embodiment can be 

carried out with appropriate changes without depart ing 

from the range of the object of the present inventi on. 

        The present invention is not limited to the  details 
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of the above described preferred embodiment.  The s cope of 

the invention is defined by the appended claims and  all 

changes and modifications as fall within the equiva lence 

of the scope of the claims are therefore to be embr aced 

by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A cutting apparatus that cuts a workpie ce by a 

cutting blade, the cutting apparatus comprising: 

        a cutting unit having a spindle and a mount  flange 

that is fixed to a tip part of the spindle and on w hich 

the cutting blade is mounted; 

        a stock unit that stores the cutting blade for 

replacement; 

        a replacement apparatus that replaces the c utting 

blade mounted on the mount flange with the cutting blade 

for replacement; and 

        a movement unit that moves the replacement 

apparatus, wherein 

        the replacement apparatus includes 

                a rotating part, 

                a first holding part that holds the  cutting 

blade mounted on the mount flange on a front surfac e 

side, 

                a second holding part that holds th e cutting 

blade for replacement on a front surface side, and 

                a nut rotation part that has a nut holding 

part that holds a nut for fixing the cutting blade to the 

mount flange and rotates the nut held by the nut ho lding 

part, 
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        the rotating part is coupled to the first h olding 

part, the second holding part, and the nut rotation  part 

and rotates with a straight line that passes throug h 

inside of the rotating part being a rotation axis, and 

        a front surface of the first holding part, a front 

surface of the second holding part, and the nut hol ding 

part are disposed to be oriented toward an opposite  side 

to the rotation axis of the rotating part in a stat e of 

being separate from each other around the rotation axis 

of the rotating part. 

        2.  The cutting apparatus according to clai m 1, 

wherein 

        the first holding part and the second holdi ng part 

are coupled to the rotating part with intermediary of an 

elastic body in such a manner that the front surfac e of 

the first holding part and the front surface of the  

second holding part are tiltable. 

        3.  The cutting apparatus according to clai m 1, 

wherein 

        the nut rotation part is disposed in such a  manner 

that a rotation axis of the nut holding part is alo ng a 

direction perpendicular to the rotation axis of the  

rotating part. 

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

        a processing chamber that forms a space in which 

the workpiece is cut by the cutting unit, wherein 

        the replacement apparatus is disposed outsi de the 

processing chamber, and 

        the processing chamber has an entry-exit po rt 

through which the replacement apparatus is allowed to 

pass. 

        5.  The cutting apparatus according to clai m 1, 

wherein 

        the stock unit includes 

                a placement part having a placement  surface 

over which a plurality of the cutting blades are pl aced, 

and 

                a reading unit that reads an identi fication 

mark that is given to the cutting blade placed over  the 

placement surface and includes information relating  to 

the cutting blade. 

        6.  The cutting apparatus according to clai m 1, 

further comprising: 

        a chuck table that holds the workpiece; and  

        a sub-table that holds a board used for dre ssing or 

inspection of the cutting blade, wherein 

        the stock unit includes a board storing par t that 
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stores the board, and 

        the first holding part and the second holdi ng part 

are capable of holding the board. 

        7.  The cutting apparatus according to clai m 1, 

wherein 

        the first holding part and the second holdi ng part 

suck and hold the cutting blade. 

        8.  The cutting apparatus according to clai m 7, 

wherein 

        the mount flange includes 

                a fixed mount that has a flange par t that 

supports the cutting blade and a boss part that pro trudes 

from the flange part and is inserted into the cutti ng 

blade, and is fixed to the tip part of the spindle,  and 

                a pressing flange that has an openi ng into 

which the boss part is inserted and is fixed to the  fixed 

mount by the nut, 

        the pressing flange includes a first surfac e, a 

second surface that is on an opposite side to the f irst 

surface and gets contact with the cutting blade, an d a 

through-hole that penetrates from the first surface  to 

the second surface, and 

        the first holding part and the second holdi ng part 

suck a side of the first surface of the pressing fl ange 
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to hold the pressing flange, and suck and hold the 

cutting blade through the through-hole. 

        9.  The cutting apparatus according to clai m 8, 

wherein 

        the stock unit includes a pressing flange s toring 

part that stores the pressing flange. 

        10.  A cutting blade replacement method for  

replacing a cutting blade mounted on a cutting appa ratus, 

        the cutting apparatus including 

                a cutting unit having a spindle and  a mount 

flange that is fixed to a tip part of the spindle a nd on 

which the cutting blade is mounted, 

                a stock unit that stores the cuttin g blade 

for replacement, 

                a replacement apparatus that replac es the 

cutting blade mounted on the mount flange with the 

cutting blade for replacement, and 

                a movement unit that moves the repl acement 

apparatus, 

        the replacement apparatus including 

                a rotating part, 

                a first holding part that holds the  cutting 

blade mounted on the mount flange on a front surfac e 

side, 
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                a second holding part that holds th e cutting 

blade for replacement on a front surface side, and 

                a nut rotation part that has a nut holding 

part that holds a nut for fixing the cutting blade to the 

mount flange and rotates the nut held by the nut ho lding 

part, 

        the rotating part being coupled to the firs t 

holding part, the second holding part, and the nut 

rotation part and rotating with a straight line tha t 

passes through inside of the rotating part being a 

rotation axis, 

        a front surface of the first holding part, a front 

surface of the second holding part, and the nut hol ding 

part being disposed to be oriented toward an opposi te 

side to the rotation axis of the rotating part in a  state 

of being separate from each other around the rotati on 

axis of the rotating part, 

        the cutting blade replacement method compri sing: 

        a preparation step of placing the cutting b lade for 

replacement over a placement surface of the stock u nit 

having the placement surface over which the cutting  blade 

is allowed to be placed; 

        a cutting-blade-for-replacement holding ste p of 

holding the cutting blade for replacement placed ov er the 
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placement surface by the second holding part; 

        a nut removal step of causing the nut holdi ng part 

of the nut rotation part to be opposed to the mount  

flange and holding the nut mounted on the mount fla nge by 

the nut holding part and rotating the nut to remove  the 

nut from the mount flange; 

        a first evacuation step of separating the n ut 

rotation part and the mount flange; 

        a used cutting blade holding step of causin g the 

first holding part to be opposed to the mount flang e by 

rotating the rotating part and holding the cutting blade 

mounted on the mount flange by the first holding pa rt; 

        a second evacuation step of separating the first 

holding part and the mount flange; 

        a cutting blade mounting step of causing th e second 

holding part to be opposed to the mount flange by 

rotating the rotating part and mounting the cutting  blade 

for replacement held by the second holding part on the 

mount flange; 

        a third evacuation step of separating the s econd 

holding part and the mount flange; and 

        a nut mounting step of causing the nut hold ing part 

of the nut rotation part to be opposed to the mount  

flange by rotating the rotating part and rotating t he nut 



106 

held by the nut holding part to mount the nut on th e 

mount flange. 

        11.  A board replacement method for replaci ng a 

board disposed in a cutting apparatus, 

        the cutting apparatus including 

                a cutting unit having a spindle and  a mount 

flange that is fixed to a tip part of the spindle a nd on 

which a cutting blade is mounted, 

                a stock unit that stores the cuttin g blade 

for replacement, 

                a replacement apparatus that replac es the 

cutting blade mounted on the mount flange with the 

cutting blade for replacement, 

                a movement unit that moves the repl acement 

apparatus, 

                a chuck table that holds the workpi ece, and 

                a sub-table that holds a board used  for 

dressing or inspection of the cutting blade, 

        the replacement apparatus including 

                a rotating part, 

                a first holding part that holds the  cutting 

blade mounted on the mount flange on a front surfac e 

side, 

                a second holding part that holds th e cutting 
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blade for replacement on a front surface side, and 

                a nut rotation part that has a nut holding 

part that holds a nut for fixing the cutting blade to the 

mount flange and rotates the nut held by the nut ho lding 

part, 

        the rotating part being coupled to the firs t 

holding part, the second holding part, and the nut 

rotation part and rotating with a straight line tha t 

passes through inside of the rotating part being a 

rotation axis, 

        a front surface of the first holding part, a front 

surface of the second holding part, and the nut hol ding 

part being disposed to be oriented toward an opposi te 

side to the rotation axis of the rotating part in a  state 

of being separate from each other around the rotati on 

axis of the rotating part, 

        the stock unit including a board storing pa rt that 

stores the board, 

        the first holding part and the second holdi ng part 

being capable of holding the board, 

        the board replacement method comprising: 

        a preparation step of placing the board for  

replacement over a placement surface of the stock u nit 

having the placement surface over which the board i s 
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allowed to be placed; 

        a board-for-replacement holding step of hol ding the 

board for replacement placed over the placement sur face 

by the second holding part; 

        a used board holding step of causing the fi rst 

holding part to be opposed to the sub-table and hol ding, 

by the first holding part, the board that is held b y the 

sub-table and has been used; 

        an evacuation step of separating the first holding 

part and the sub-table; and 

        a placement step of causing the second hold ing part 

to be opposed to the sub-table by rotating the rota ting 

part and placing the board for replacement held by the 

second holding part on the sub-table. 

  


