PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
appar at us havi ng a bl ade changer unit.

Description of the Related Art

Cutting apparatuses as processing apparatuses are
required to position the center of a cutting blade nount
and the center of a holder of a blade changer unit that
hol ds a cutting blade in alignment with each other in
order to nount and di smount the cutting bl ade properly

(see, for exanple, JP2016-144838A).

SUMVARY OF THE | NVENTI ON

However, even after the cutting apparatus disclosed
in JP2016- 144838A has carried out the above positiona
alignnent, the center of the cutting bl ade nount and the
center of the holder in the blade changer unit nay becone
positionally msaligned due to the effects of heat,
collisions between parts, etc. In the event of such a
positional msalignnment, the center of the cutting bl ade

mount and the center of the hol der have to be adjusted



again into alignnent with each other.

However, the bl ade changer unit of the cutting
appar atus di sclosed in JP2016-144838A requires the
operator to performa tedious and tine-consum ng step
i nvol ving visual and tactile senses in order to determ ne
the position of the center of the nount.

It is therefore an object of the present invention
to provide a processing apparatus that is capabl e of
easily determning the position of a nount for nounting a
cutting bl ade thereon.

In accordance with an aspect of the present
invention, there is provided a processi ng apparat us
including a holding table for holding a workpiece thereon,
the hol ding tabl e being processing-feedable in an X-axis
direction relatively to a spindle, a cutting unit
i ncluding the spindle and a nmount fixed to a distal end
of the spindle and having a boss extending in a Y-axis
direction perpendicular to the X-axis direction, a bl ade
changer unit for nmounting a cutting blade on the boss of
t he nount and di snounting a cutting blade fromthe boss
of the nount, and a controller for controlling the
cutting unit and the bl ade changer unit, in which the
nmount further includes a bearing flange for supporting

the cutting bl ade, the bearing flange projecting radially



froman axial rear end of the boss, the bl ade changer
unit includes a holder for holding the cutting bl ade, and
a nmoving unit for noving the holder, one or both of the
cutting unit and the bl ade changer unit have a vibration
detecting sensor for detecting vibrations, and the
controller includes a cal culator for noving the boss or
the bearing flange and the holder relatively to each
other in the X-axis direction and a Z-axis direction
perpendi cular to the X-axis direction and the Y-axis
direction to bring the boss or the bearing flange and the
hol der into contact with each other at at |east three
contact points, and calculating the center of the nount
froman X coordinate and a Z coordi nate where the
vi bration detecting sensor detects vibrations caused upon
the contact between the boss or the bearing flange and
the hol der, and a nounting/di snounting controller for
aligning the center of the holder with the center of the
nount cal cul ated by the cal cul ator and nounting the
cutting blade on the boss or disnmounting the cutting
bl ade fromthe boss.

In accordance wth another aspect of the present
i nvention, there is provided a processing apparatus
including a holding table for holding a workpiece thereon,

the hol ding tabl e being processing-feedable in an X-axis
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direction relatively to a spindle, a cutting unit

i ncluding the spindle and a nmount fixed to a distal end
of the spindle and having a boss extending in a Y-axis
direction perpendicular to the X-axis direction, a bl ade
changer unit for nmounting a cutting blade on the boss of
t he nount and di snounting a cutting blade fromthe boss
of the nount, and a controller for controlling the
cutting unit and the bl ade changer unit, in which the
mount further includes a bearing flange for supporting
the cutting blade, the bearing flange projecting radially
froman axial rear end of the boss, the bl ade changer
unit includes a holder for holding a jig having an
openi ng defined therein that is larger than the boss, and
a noving unit for noving the holder, one or both of the
cutting unit and the bl ade changer unit have a vibration
detecting sensor for detecting vibrations, and the
controller includes a calculator for noving the boss or
the bearing flange and the jig relatively to each other
in the X-axis direction and a Z-axis direction

per pendi cular to the X-axis direction and the Y-axis
direction to bring the boss or the bearing flange and the
jiginto contact with each other at at |east three
contact points, and cal culating the center of the nount

froman X coordinate and a Z coordi nate where the



vi bration detecting sensor detects vibrations caused upon
the contact between the boss or the bearing flange and
the jig, and a nounting/di smounting controller for
aligning the center of the holder with the center of the
nmount cal cul ated by the cal cul ator and nounting the
cutting blade on the boss or disnmounting the cutting

bl ade from the boss.

Preferably, in the processing apparatus, the jig
i ncl udes the cutting bl ade.

Preferably, in the processing apparatus, the
spindle has a central axis whose direction is represented
by the Y-axis direction, the controller brings the hol der
into contact with the boss or a distal end of the bearing
flange, the calculator calculates a coordinate in the Y-
axis direction of the boss froma Y coordi nate where the
vi bration detecting sensor detects vibrations, and the
nmount i ng/ di smounting controller nmounts the cutting bl ade
on the boss or disnobunts the cutting blade fromthe boss
while in alignment with the coordinate in the Y-axis
direction of the boss that is calculated by the
cal cul at or

Preferably, in the processing apparatus, the
spindle has a central axis whose direction is represented

by the Y-axis direction, the controller brings the jig



into contact with the boss or a distal end of the bearing
flange, the calculator calculates a coordinate in the Y-
axis direction of the boss froma Y coordi nate where the
vi bration detecting sensor detects vibrations, and the
nmount i ng/ di smounting controller nmounts the cutting bl ade
on the boss or disnounts the cutting blade fromthe boss
while in alignment with the coordinate in the Y-axis
direction of the boss that is calculated by the
cal cul at or

Preferably, in the processing apparatus, the
vi bration detecting sensor includes either an AE
(acoustic em ssion) sensor or an accel eration sensor.

The processi ng apparatus according to the aspect of
the present invention and the processi ng apparat us
according to the other aspect of the present invention
are advantageous in that they are able to determne with
ease the position of the nount on which a cutting bl ade
i s nmount ed.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself will best be understood froma study of
the followi ng description and appended clains with

reference to the attached draw ngs show ng preferred



enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective viewillustrating by way of
exanpl e the structure of a processing apparatus accordi ng
to a first enbodi nent of the present invention;

FIG 2 is an expl oded perspective view of a cutting
unit of the processing apparatus illustrated in FIG 1

FIG 3 is a diagramillustrating an output signa
froma vibration detecting sensor included in the cutting
unit illustrated in FIG 2;

FIG 4 is a perspective viewillustrating by way of
exanpl e the structure of a blade changer unit of the
processing apparatus illustrated in FIG 1

FIG 5 is a perspective view illustrating by way of

exanpl e the structure of a bl ade stocker of the bl ade

changer unit illustrated in FIG 4;
FIG 6 is a perspective viewillustrating the
manner in which the blade stocker illustrated in FIG 5

holds a plurality of cutting bl ades;

FIG 7 is a perspective view illustrating by way of
exanpl e the structure of a blade nmounting/di snounting
unit of the blade changer unit illustrated in FIG 4,

FIG 8 is a perspective viewillustrating by way of



exanpl e the structure of a blade chuck of the bl ade
nmounting/ di smounting unit illustrated in FIG 7;

FIG 9 is a perspective view illustrating by way of
exanpl e the structure of a nut hol der of the bl ade
nmounting/ di smounting unit illustrated in FIG 7;

FIG 10 is a perspective viewillustrating the
manner in which grippers of the blade chuck and an outer
circunferential surface of a boss are held in contact
Wi th each other in a position cal cul ating operation for
cal culating the position of the central axis of a nount
of the processing apparatus illustrated in FIG 1

FIG 11 is another perspective viewillustrating
the manner in which the grippers of the bl ade chuck and
the outer circunferential surface of the boss are held in
contact with each other in the position cal cul ating
operation for calculating the position of the centra
axis of the nount of the processing apparatus illustrated
in FIG 1;

FIG 12 is a view schematically illustrating the
manner in which the grippers of the blade chuck and the
outer circunferential surface of the boss are held in
contact with each other at a first contact point in the
position cal culating operation for calculating the

position of the central axis of the nount of the



processi ng apparatus illustrated in FIG 1

FIG 13 is a view schematically illustrating the
manner in which the grippers of the blade chuck and the
outer circunferential surface of the boss are held in
contact with each other at a second contact point in the
position cal culati ng operation for calculating the
position of the central axis of the nount of the
processi ng apparatus illustrated in FIG 1

FIG 14 is a view schematically illustrating the
manner in which the grippers of the blade chuck and the
outer circunferential surface of the boss are held in
contact with each other at a third contact point in the
position cal culating operation for calculating the
position of the central axis of the nount of the
processi ng apparatus illustrated in FIG 1

FIG 15 is a perspective viewillustrating the
manner in which the grippers of the blade chuck and a
distal end face of the boss are held in contact with each
other in a position calculating operation for cal cul ating
the position of a distal end face of the nount of the
processing apparatus illustrated in FIG 1

FIG 16 is a view schematically illustrating the
positional relationship between the grippers of the bl ade

chuck and the boss in nounting or disnounting a bl ade on



the basis of the position of the central axis of the
nmount that has been cal cul ated by the position

cal cul ating operation for calculating the position of the
mount of the processing apparatus illustrated in FIG 1

FIG 17 is a side elevational viewillustrating the
manner in which grippers of a blade chuck and a bearing
flange of a nount are held in contact with each other in
a position cal culating operation for calculating the
position of a distal end face of the nount of a
processi ng apparatus according to a first nodification of
the first enbodi nent;

FIG 18 is a perspective viewillustrating by way
of exanple the structure of a blade chuck of a bl ade
nmount i ng/ di snounting unit of a blade changer unit of a
processi ng apparatus according to a second nodification
of the first enbodi nent;

FIG 19 is a side elevational viewillustrating the
manner in which grippers of a blade chuck and the outer
edge of a bearing flange of a nount are held in contact
with each other in a position cal culating operation for
calculating the position of the central axis of the nount
of a processing apparatus according to a third
nodi fication of the first enbodi nent;

FIG 20 is a perspective viewillustrating the
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manner in which grippers of a blade chuck hold a jig in a
position cal cul ating operation for calculating the
position of a nmount of a processing apparatus according
to a second enbodi nent of the present invention,

FIG 21 is a perspective viewillustrating the
manner in which a boss is inserted into an opening in the
jig in the position calculating operation for cal cul ating
the position of the central axis of the nount of the
processi ng apparatus according to the second enbodi nent;

FIG 22 is another perspective viewillustrating
the manner in which the boss is inserted into the opening
inthe jig in the position calculating operation for
cal culating the position of the central axis of the nount
of the processing apparatus according to the second
enbodi nent ;

FIG 23 is a view schematically illustrating the
manner in which an inner circunferential surface of the
jig that defines the opening is held in contact with an
outer circunferential surface of the boss at a first
contact point in the position calculating operation for
calculating the position of the central axis of the nount
of the processing apparatus according to the second
enbodi nent ;

FIG 24 is a view schematically illustrating the

11



manner in which an inner circunferential surface of the
jig that defines the opening is held in contact wth an
outer circunferential surface of the boss at a second
contact point in the position calculating operation for
calculating the position of the central axis of the nount
of the processing apparatus according to the second
enbodi nent ;

FIF. 25 is a view schematically illustrating the
manner in which an inner circunferential surface of the
jig that defines the opening is held in contact with an
outer circunferential surface of the boss at a third
contact point in the position calculating operation for
cal culating the position of the central axis of the nount
of the processing apparatus according to the second
enbodi nent ;

FIG 26 is a perspective viewillustrating the
manner in which the jig and a distal end face of the boss
are held in contact with each other in a position
cal cul ating operation for calculating the position of a
di stal end face of the nount of the processing apparatus
according to the second enbodi nent;

FIG 27 is a side elevational viewillustrating the
manner in which a jig gripped by a blade chuck and a

bearing flange of a nount are held in contact with each
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other in a position cal culating operation for cal cul ating
the position of a distal end face of the nount of a
processi ng apparatus according to a first nodification of
t he second enbodi nent;

FIG 28 is a side elevational view of a nount of a
processi ng apparatus according to a second nodification
of the second enbodi nent;

FIG 29 is a side elevational view of a cutting
bl ade of the processing apparatus according to the second
nodi fication of the second enbodi nment;

FIG 30 is a side elevational viewillustrating the
manner in which a boss of the nount of the processing
apparatus according to the second nodification of the
second enbodinent is inserted in an insertion hole in the
cutting bl ade;

FIG 31 is a side elevational viewillustrating the
manner in which a jig and the outer edge of a bearing
flange of a nmount are held in contact with each other in
a position cal culating operation for calculating the
position of the central axis of the nount of a processing
apparatus according to a third nodification of the second
enbodi nent ;

FIG 32 is a perspective view illustrating by way

of exanple of the structure of a blade chuck of a bl ade
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nmount i ng/ di srounting unit of a blade changer unit of a
processi ng apparatus according to a nodification of the
first and second enbodi nents;

FIG 33 is a perspective view illustrating by way
of exanple of the structure of a bl ade
nmount i ng/ di srounting unit of a blade changer unit of a
processi ng apparatus according to a third enbodi nent of
the present invention;

FIG 34 is a perspective view of a bl ade hol di ng
unit of the blade nounting/dismounting unit illustrated
in FIG 33;

FIG 35 is a front elevational view of the bl ade
hol ding unit illustrated in FIG 34; and

FIG 36 is a diagramillustrating accel erations
detected by a vibration detecting sensor of a processing
apparatus according to a nodification of the first

t hrough third enbodi nents.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Preferred enbodi nents of the present invention wll
herei nafter be described in detail belowwth reference
to the drawings. The present invention is not limted to
the details of the enbodi nents described below. The

conponents descri bed bel ow cover those which could easily
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be envi saged by those skilled in the art and those which
are essentially identical to those described above.
Furt hernore, the arrangenents descri bed bel ow can be used
I n appropriate conbi nations. Various om ssions,
repl acenents, or changes of the arrangenents nay be nmade
wi t hout departing fromthe scope of the present invention.
[ First enbodi nent]

A processing apparatus according to a first
enbodi nrent of the present invention will be described
below with reference to the drawings. FIG 1 illustrates
i n perspective by way of exanple the structure of the
processi ng apparatus according to the first enbodi nent of
the present invention. FIG 2 illustrates in exploded
perspective of the cutting unit of the processing
apparatus illustrated in FIG 1. FIG 3 is a diagram
illTustrating an output signal froma vibration detecting
sensor included in the cutting unit illustrated in FIG 2.
FIG 4 illustrates in exploded perspective by way of
exanpl e the structure of a blade changer unit of the
cutting apparatus illustrated in FIG 1
(Cutting apparatus)

The processi ng apparatus, denoted by 1, according
to the first enbodinent is a cutting apparatus for

cutting a workpiece 200 illustrated in FIG 1. According
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to the first enbodi nent, the workpiece 200 is in the form
of a wafer such as a di sk-shaped sem conductor wafer, an
optical device wafer, or the |ike nmade of a base nateri al
of silicon, sapphire, gallium or the |like. The workpiece
200 has a face side 201 demarcated into a grid of areas
by a grid of projected dicing lines 202 and a plurality
of devices 203 fornmed respectively in the areas.

According to the present invention, the workpiece
200 may be what is called a TAI KO (Regi stered Tradenar k)
waf er having a thin central region and a thicker region
on its outer circunferential portion, a rectangular
package substrate having a plurality of resin-
encapsul at ed devi ces thereon, ceram c substrate, ferrite
substrate, a substrate containing at |east one of nicke
and iron, or the like. According to the first enbodi nent,
t he wor kpi ece 200 has a reverse side 204 stuck to an
adhesi ve tape 206 having an outer circunferential edge
portion on which an annular frane 205 is nounted, so that
the workpi ece 200 i s supported on the annular frame 205.

The processing apparatus 1 illustrated in FIG 1 is
a cutting apparatus for holding the workpiece 200 on a
hol ding table 10 and cutting the workpiece 200 with a
cutting blade 21 along the projected dicing lines 202. As

illustrated in FIG 1, the processing apparatus 1
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i ncludes the holding table 10 that hol ds the workpiece
200 under suction on a holding surface 11 thereof, a pair
of cutting units 20 that each cuts the workpi ece 200 hel d
on the holding table 10 with the cutting blade 21, an
i mge capturing unit 30 that captures an i nage of the
wor kpi ece 200 held on the holding table 10, the bl ade
changer unit 7, and a control unit 100 as a controller.
As illustrated in FIG 1, the processing apparatus
1 also includes at least an X-axis noving unit 31 for
processi ng-feeding the holding table 10 in an X-axis
direction parallel to a horizontal direction, a pair of
Y-axis nmoving units 32 for indexing-feeding the
respective cutting units 20 in a Y-axis direction
parallel to a horizontal direction and perpendicular to
the X-axis direction, a pair of Z-axis noving units 33
for cutting-feeding the respective cutting units 20 in a
Z-axis direction parallel to a vertical direction and
per pendi cul ar to both the X-axis direction and the Y-axis
direction, and a rotary actuator 34 for being processing-
fed in the X-axis direction by the X-axis noving unit 31
and for rotating the holding table 10 about a centra
axis parallel to the Z-axis direction. As illustrated in
FIG 1, the processing apparatus 1 is a two-spindle dicer

i.e., what is called a facing dual -type cutting apparatus,
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having the two cutting units 20.

The hol ding table 10 hol ds the workpi ece 200
thereon and is processing-fed in the X-axis direction
relatively to respective spindles 23 of the cutting units
20. The holding table 10 is di sk-shaped and the hol di ng
surface 11 thereof for holding the workpi ece 200 t hereon
I's made of porous ceramc or the like. The holding table
10 is novable by the X-axis noving unit 31 along the X-
axis direction between a processing area 63 beneath the
cutting units 20 and a | oadi ng/ unl oadi ng area 64, spaced
fromthe processing area 63, where the workpiece 200 is
| oaded onto and unl oaded fromthe holding table 10. The
hol ding table 10 is rotatable about the central axis
parallel to the Z-axis direction by the rotary actuator
34. The holding table 10 is connected to a vacuum suction
source, not illustrated, and attracts and hol ds the
wor kpi ece 200 on the holding surface 11 under a vacuum
devel oped by the vacuum suction source. According to the
first enbodi nent, the holding table 10 attracts and hol ds
the reverse side 204 of the workpiece 200 with the
adhesi ve tape 206 interposed therebetween. As illustrated
in FIG 1, a plurality of clanps 12 for clanping the
annul ar frame 205 are di sposed around the hol ding table

10.
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Each of the cutting units 20 acts as a cutting
means with the cutting blade 21 renovably nounted thereon
for cutting the workpi ece 200 held on the holding table
10. The cutting unit 20 is novable with respect to the
wor kpi ece 200 held on the holding table 10 in the Y-axis
direction by the Y-axis noving unit 32 and in the Z-axis
direction by the Z-axis noving unit 33.

As illustrated in FIG 1, one of the cutting units
20 is supported on one post of a portal -shaped support
frame 3 erected on an apparatus body 2 through one of the
Y-axis noving units 32 and one of the Z-axis noving units
33. Simlarly, the other cutting unit 20 is supported on
anot her post of the support frame 3 through the other Y-
axis noving units 32 and the other Z-axis noving unit 33.
The support frame 3 also includes a horizontal beam
I nterconnecti ng respective upper end portions of the
post s.

The cutting units 20 are enabled by the Y-axis
nmoving units 32 and the Z-axis noving units 33 to
position their cutting blades 21 at any desired positions
over the holding surface 11 of the holding table 10.

As illustrated in FIG 2, each of the cutting units
20 includes a spindle housing 22 novable in the Y-axis

direction and the Z-axis direction respectively by the Y-
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axis noving unit 32 and the Z-axis noving unit 33, a
spindle 23 rotatably disposed in the spindle housing 22
and rotatabl e about its own central axis by a spindle
motor, not illustrated, and a nount 24 nounted on a

di stal end portion of the spindle 23. The cutting unit 20
al so includes a fixing screw 26 extendi ng through a
washer 25 and a through hole 241 defined centrally in the
mount 24 and threaded into a screw hole 231 defined in a
distal end face of the spindle 23 to fix the nmount 24 to
the distal end portion of the spindle 23 and a fastening
nut 27 fixing the cutting blade 21, which 21 is nounted
on the nount 24, to the nmount 24 while sandw ching the
cutting blade 21 between itself and the nount 24.

The mount 24 is fixed to the distal end portion of
the spindle 23. The nount 24 includes a hollow
cylindrical boss 242 extending in the Y-axis direction
and a bearing flange 243 di sposed on the boss 242 at an
end thereof, i.e., an axially rear end thereof, closer to
the spindle housing 22. The boss 242 extends in the Y-
axis direction and has an outside dianeter substantially
equal along its entire length to the inside dianeter of
an insertion hole 211 defined in the cutting bl ade 21.
That the outside dianeter of the boss 242 is

substantially equal to the inside dianeter of the
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insertion hole 211 neans that the outside dianmeter and

i nside dianeter are the sane as each other to the extent
that an outer circunferential surface of the boss 242 and
an inner circunferential surface of the cutting bl ade
that defines the insertion hole 211 are able to contact
each other at at least a plurality of contact points.

The bearing flange 243 is of an annul ar shape
projecting radially outwardly fromthe axially rear end
of the boss 242 closer to the spindle housing 22 and
havi ng an outside dianeter |arger than the outside
di aneter of the boss 242. The bearing flange 243 supports
the cutting blade 21 on an outer edge portion 244 thereof
at its distal end. The boss 242 and the bearing flange
243 are disposed coaxially with each other. The boss 242
of the nount 24 has another end portion, renote fromthe
spi ndl e housi ng 22, having an externally threaded outer
circunferential surface 245.

The cutting blade 21 is in the formof an ultrathin
cutting grinding stone that is of an essentially ring
shape. According to the first enbodi ment, the cutting
bl ade 21 is what is called a hub blade including an
annul ar circul ar base 212 having the insertion hole 211
defined centrally therein, and an annul ar cutting edge

213 di sposed on an outer circunferential edge of the
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insertion hole 211. The insertion hole 211 defined in the
circul ar base 212 is a hole through which the other end
portion of the boss 242 extends to nount the cutting

bl ade 21 on the nount 24. The cutting edge 213 is nmade of
abrasi ve grains of dianond, CBN (cubic boron nitride), or
the like and a bonding material, i.e., a binder, made of
netal, resin, or the |ike, and has a predeterm ned

t hi ckness. According to the present invention, the
cutting blade 21 may be a washer blade that has only the
cutting edge 213.

The cutting blade 21 thus constructed is fitted
over the hollow cylindrical boss 242 of the nount 24 that
extends through the insertion hole 211 in the circular
base 212. The cutting blade 21 is sandw ched between and
fixed in position by the bearing flange 243 of the nount
24 and the fastening nut 27 that is threaded over the
externally threaded outer circunferential surface 245 of
the boss 242. As illustrated in FIG 2, the fastening nut
27 has four pin fitting holes 271 defined in an end face
thereof at equally spaced intervals in circunferentia
directions thereof.

The spindle 23, the nmount 24, the cutting bl ade 21,
and the fastening nut 27 of the cutting unit 20 are

positioned coaxially with each other. The spindle 23, the
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nount 24, and the cutting blade 21, and the fastening nut
27 of the cutting unit 20 have a central axis 246
parallel to the Y-axis direction. In other words, the
direction of the central axis of the spindle 23 is the Y-
axis direction.

According to the first enbodinment, as illustrated
in FIG 2, the cutting unit 20 has two vibration
detecting sensors 28 for detecting vibrations. According
to the first enbodi nent, the vibration detecting sensors
28 are AE sensors for detecting vibrations due to elastic
waves, which have a frequency rangi ng fromseveral tens
of kHz to several MHz, propagated through the spindle 23
and the nmount 24 of the cutting unit 20. According to the
first enbodi nent, the vibration detecting sensors 28 are
enbedded in the bearing flange 243 of the nount 24, and
are electrically connected to the control unit 100.

According to the first enbodi nent, the two
vi bration detecting sensors 28 are di sposed at respective
positions that are symmetric with respect to the centra
axis of the bearing flange 243, i.e., at respective
positions that are dianetrically opposite each other
across the central axis of the bearing flange 243 and
equal |y spaced fromthe central axis of the bearing

flange 243. According to the present invention,
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alternatively, one of the vibration detecting sensors 28
may be di sposed at one of the positions that are
symmetric with respect to the central axis of the bearing
fl ange 243, whereas a wei ght that has the sane mass and
size as the vibration detecting sensor 28 may be di sposed
at the other position. Therefore, it is possible to
prevent the spindle 23 and the nount 24 that are rotated
by the spindle notor from bei ng displaced off-center due
to the vibration detecting sensors 28.

The vibration detecting sensors 28 that are
el ectrically connected to the control unit 100 generates
and sends an output signal (see FIG 3) having voltage
val ues dependi ng on vibrations detected thereby to the
control unit 100. The larger the vibrations detected by
the vibration detecting sensors 28 are, the higher the
vol tage val ues of the output signal generated by the
vi bration detecting sensors 28 are.

The image capturing unit 30 is fixed to one of the
cutting units 20 for novenent in unison therewith. The
i mage capturing unit 30 includes an inmage capturing
device for capturing an inmage of an area to be divided of
t he wor kpi ece 200 held on the holding table 10 before the
wor kpi ece 200 is cut. The inmage capturing device nay be a

CCD (charge-coupl ed device) i mge sensor or a CMOS
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(conpl enentary netal -oxi de-silicon) inmage sensor, for
exanple. The inmage capturing unit 30 captures an inage of
t he wor kpi ece 200 held on the holding table 10 for use in
an alignnment step for positioning the workpiece 200 and
the cutting blade 21 in alignnment with each other, and
out puts the captured inmage to the control unit 100.

The X-axis noving unit 31 noves the holding table
10 in the X-axis direction as a processing-feed direction,
t her eby processing-feeding the holding table 10 and the
cutting units 20 along the X-axis direction relatively to
each other. The Y-axis noving unit 32 noves the cutting
units 20 in the Y-axis direction as an indexing-feed
di rection, thereby indexing-feeding the holding table 10
and the cutting units 20 along the Y-axis direction
relatively to each other. The Z-axis noving unit 33 noves
the cutting units 20 in the Z-axis direction as a
cutting-feed direction, thereby cutting-feeding the
hol ding table 10 and the cutting units 20 along the Z-
axis direction relatively to each other.

Each of the X-axis nmoving unit 31, the Y-axis
nmoving unit 32, and the Z-axis noving unit 33 includes a
known bal | screw rotatable about its own central axis, a
known el ectric notor for rotating the ball screw about

its owmn central axis, and a pair of known guide rails on
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whi ch the holding table 10 or the cutting units 20 are
novabl y supported for novenent in the X-axis direction
the Y-axis direction, or the Z-axis direction.

The processing apparatus 1 further includes an X-
axis direction position detecting unit, not illustrated,
for detecting the position of the holding table 10 in the
X-axis direction, a Y-axis direction position detecting
unit, not illustrated, for detecting the positions of the
cutting units 20 in the Y-axis direction, and a Z-axi s
direction position detecting unit, not illustrated, for
detecting the positions of the cutting units 20 in the Z-
axis direction. Each of the X-axis direction position
detecting unit and the Y-axis direction position
detecting unit may include a linear scale parallel to the
X-axis direction or the Y-axis direction and a reading
head. The Z-axis direction position detecting unit may
detect the positions of the cutting units 20 in the Z-
axis direction on the basis of pulses of the electric
notors of the Z-axis noving units 33. The X-axis
direction position detecting unit, the Y-axis direction
position detecting unit, and the Z-axis direction
position detecting unit output the position of the
hol ding table 10 in the X-axis direction and the

positions of the cutting units 20 in the Y-axis direction
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or the Z-axis direction to the control unit 100.
According to the first enbodi nent, the positions of
conmponents of the processing apparatus 1 in the X-axis
direction, the Y-axis direction, and the Z-axis direction
are determned as positions wth reference to
predeterm ned reference positions, not illustrated.

The processing apparatus 1 also includes a cassette
el evator 60 for placing thereon a cassette 61 that houses
wor kpi eces 200 which are to be cut and have been cut and
novi ng the cassette 61 in the Z-axis direction, a
cl eaning unit 62 for cleaning workpi eces 200 whi ch have
been cut, and a feed unit, not illustrated, for taking
wor kpi eces 200 into and out of the cassette 61 and
f eedi ng wor kpi eces 200.

(Bl ade changer unit)

The bl ade changer unit 7 nounts a cutting bl ade 21
on or disnmounts a cutting blade 21 fromthe boss 242 of
the nount 24 fixed to the distal end portion of the
spindle 23 of each of the cutting units 20 that is
positioned in a nounting/dismounting position. The
nmount i ng/ di snounting position is a predeterm ned position
in the X-axis direction, the Y-axis direction, and the Z-
axis direction, where each of the cutting units 20 is

positioned for nmounting or disnmounting a cutting blade 21
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with the bl ade changer unit 7.

As illustrated in FIG 1, the blade changer unit 7
i s di sposed behind the support frame 3 in a position that
is nore spaced fromthe | oadi ng/unl oadi ng area 64 than
the processing area 63. As illustrated in FIG 4, the
bl ade changer unit 7 includes bl ade stockers 70 for
hol di ng cutting blades 21 that are to be changed and t hat
have been changed, and bl ade nounting/di smounting units
80 for nounting cutting blades 21 on and di snounti ng
cutting blades 21 fromthe spindles 23 of the respective
cutting units 20 and delivering cutting blades 21 between
the bl ade stockers 70 and the cutting units 20.

According to the first enbodi nent, the bl ade
stockers 70 and the bl ade nounting/di snounting units 80
are associated with each other in pairs, and are al so
associated with the cutting units 20 in pairs. That is,

t he bl ade changer unit 7 includes a pair of blade
stockers 70 and a pair of blade nounting/di snmounting
uni ts 80.

According to the first enbodi ment, one of the bl ade
stockers 70 holds a plurality of cutting blades 21 that
are to be nounted on and that have been di smounted from
the spindle 23 of one of the cutting units 20. One of the

bl ade nounti ng/ di snounting units 80 nounts a cutting
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bl ade 21 on or disnounts a cutting blade 21 from one of
the cutting units 20 and delivers cutting bl ades 21

bet ween one of the bl ade stockers 70 and one of the
cutting units 20. According to the first enbodi nent, the
ot her of the bl ade stockers 70 holds a plurality of
cutting blades 21 that are to be nmounted on and that have
been di smounted fromthe spindle 23 of the other of the
cutting units 20. The other of the bl ade

nmount i ng/ di snounting units 80 nounts a cutting blade 21
on or disnmounts a cutting blade 21 fromthe other of the
cutting units 20 and delivers cutting blades 21 between
the other of the blade stockers 70 and the other of the
cutting units 20.

The cutting blades 21 that are held by each of the
bl ade stockers 70 include cutting bl ades not yet in use,
cutting bl ades al ready used but still usable as their
service |ife has not been ended, cutting bl ades of one
type and/or different types.

Next, each of the conponents of the blade changer
unit 7 will be described bel ow
(Bl ade stocker)

FIG 5 illustrates in perspective by way of exanple
the structure of one of the blade stockers 70 of the

bl ade changer unit 7 illustrated in FIG 4. FIG 6
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illustrates in perspective the manner in which the bl ade
stocker 70 illustrated in FIG 5 holds a plurality of
cutting bl ades 21.

The bl ade stocker 70 hol ds replacenent cutting
bl ades 21 to be nounted on the corresponding cutting unit
20 and repl aced cutting bl ades 21 that have been
di snounted fromthe corresponding cutting unit 20. Since
the two bl ade stockers 70 are structurally identical to
each other, only the bl ade stocker 70 that is illustrated
on the far side in FIG 4 will be described as a
representative one below. Those parts of the other bl ade
stocker 70 that are identical to those of the
representative bl ade stocker 70 are denoted by identica
reference characters and will not be described in detai
bel ow.

As illustrated in FIGS. 4 and 5, the bl ade stocker
70 includes a post 71 disposed on the apparatus body 2
and a support nenber 73 nmounted on an upper end portion
of the post 71 by a rotational shaft 72. The support
menber 73 is disposed in facing relation to the
correspondi ng bl ade nounti ng/di snmounting unit 80 al ong
the Y-axis direction. The support nenber 73 has a
plurality of, i.e., four in the first enbodi nent, bl ade

hol ders 74 concentrically di sposed on a face side thereof
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that faces the correspondi ng bl ade nounti ng/di snmounti ng
unit 80, for holding a plurality of, i.e., four in the
first enbodi ment, cutting blades 21 that are to be
nmount ed on and that are disnounted fromthe correspondi ng
cutting unit 20.

Each of the bl ade holders 74 holds a cutting bl ade
21 thereon. The bl ade hol der 74 includes a holl ow
cylindrical blade fitting nmenber 741 to be inserted in
the insertion hole 211 in the cutting blade 21 and a
plurality of positioning nenbers 742 di sposed on an outer
circunferential surface of the blade fitting nenber 741,
for positioning the cutting blade 21 after the bl ade
fitting nmenber 741 has been inserted in the insertion
hol e 211 thereof. Each of the positioning nenbers 742
i ncludes a ball that can protrude fromand retract into
the outer circunferential surface of the blade fitting
menber 741 and a spring for normally biasing the bal
radially outwardly. Wen the cutting blade 21 is placed
on the bl ade holder 74, the ball fits with an inner edge
of the circular base 212 until a radially inward force
acting on the ball becones a predeterm ned val ue, thereby
perform ng a positioning function to position the cutting
bl ade 21 on the bl ade hol der 74.

The bl ade stocker 70 thus constructed holds cutting
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bl ades 21 as illustrated in FIG 6. Specifically, when
the blade fitting nenber 741 is inserted into the
insertion hole 211 in the circular base 212 of the
cutting blade 21, the ball retracts into the bl ade
fitting nmenber 741. Wen the cutting blade 21 rides over
the ball, the ball springs back and protrudes fromthe
outer circunferential surface of the blade fitting nenber
741, fitting with the inner edge of the insertion hole
211 thereby to hold the cutting blade 21, as illustrated
in FIG 6. According to the first enbodi nent, the bl ade
fitting nmenber 741 has a central axis 743 parallel to the
Y-axis direction.

The rotational shaft 72 by which the support nenber
73 is nmounted on the upper end portion of the post 71 has
an end di sposed on the upper end portion of the post 71
and the other end coupled to the center of a reverse side
of the support nenber 73. The end of the rotational shaft
72 that is disposed on the upper end portion of the post
71 is coupled to the drive shaft of an electric notor 75
di sposed in the post 71. The support nenber 73 is
intermttently rotatable about the central axis of the
rotational shaft 72 by the rotational shaft 72. When the
support nenber 73 is intermttently rotated by the

rotational shaft 72, the support nenber 73 selectively
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positions one at a tinme of the blade holders 74 in a
preset transfer position 744 on their orbital path.
(Bl ade nounting/ di smounting unit)

FIG 7 illustrates in perspective by way of exanple
the structure of the blade nounting/disnounting unit 80
of the blade changer unit 7 illustrated in FIG 4. FIG 8
illustrates in perspective by way of exanple the
structure of a blade chuck 82 of the bl ade
mounti ng/ di snounting unit 80 illustrated in FIG 7. FIG
9 illustrates in perspective by way of exanple the
structure of a nut holder 83 of the bl ade
nmount i ng/ di snounting unit 80 illustrated in FIG 7.

Since the two bl ade nounting/di snounting units 80
are structurally identical to each other, only the bl ade
nmount i ng/ di smounting unit 80 that is illustrated on the
far side in FIG 4 wll be described as a representative
one. Those parts of the other blade nounting/di snounting
unit 80 that are identical to those of the representative
bl ade nounti ng/ di snounting unit 80 are denoted by
i dentical reference characters and will not be descri bed
In detail bel ow

As illustrated in FIG 7, the bl ade
nount i ng/ di smounting unit 80 includes a unit body 81,

bl ade chucks 82 as bl ade hol ders, a nut holder 83 as a
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nut hol der, and a noving unit 84 as a noving unit for
supporting the unit body 81 novably thereon. According to
the first enbodi ment, the blade nounting/di smounting unit
80 includes two bl ade chucks 82 and one nut hol der 83.

The bl ade chucks 82 and the nut holder 83 are
nounted on the unit body 81 and have respective centra
axes 821 and 831 angul arly spaced from each other and
extending parallel to each other. According to the first
enbodi nent, the central axes 821 of the blade chucks 82
and the central axis 831 of the nut hol der 83 extend
parallel to the Y-axis direction.

The bl ade chucks 82 hold respective cutting bl ades
21 thereon. As illustrated in FIG 8, each of the bl ade
chucks 82 includes a casing 822 fixed to the unit body 81
and having a hollow cylindrical appearance, a di sk-shaped
support base 824 nounted on a distal end of the casing
822 by an arm 823, and a plurality of grippers 825
attached to the support base 824.

The grippers 825 are circunferentially spaced from
each other on an outer edge portion of an end face of the
support base 824 that faces the bl ade holders 74 of the
correspondi ng bl ade stocker 70. According to the first
enbodi nent, there are three grippers 825 di sposed at

circunferentially equally spaced intervals on the outer
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edge portion of the end face of the support base 824. The
grippers 825 are novable radially on the end face of the
support base 824 by a drive nechanism not illustrated,
housed in the support base 824. Wen the grippers 825 are
noved radially inwardly toward each other, they grip the
outer circunferential surface of the circular base 212 of
the cutting blade 21. Wen the grippers 825 are noved
radially outwardly away from each other, they rel ease the
cutting bl ade 21.

The nut hol der 83 nmounts a fastening nut 27 on and
di snounts a fastening nut 27 froma boss 242. As
illustrated in FIG 9, the nut holder 83 includes a
casing 832 fixed to the unit body 81 and having a hol | ow
cylindrical appearance, a spindle 833 housed in the
casi ng 832 and rotatable about a central axis 831
parallel to the Y-axis direction, a disk-shaped support
base 834 fixed to an end of the spindle 833, a plurality
of grippers 835 attached to the support base 834, and a
plurality of fitting pins 836 nounted on an end face of
t he support base 834 that faces the fastening nut 27 of
the correspondi ng cutting unit 20.

The spindle 833 has an end projecting fromthe
casing 832 toward the correspondi ng bl ade stocker 70. The

spi ndl e 833 has another end coupled to an electric notor,
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not illustrated, for rotating the spindle 833 about its
own central axis.

The grippers 835 are circunferentially spaced from
each other on an outer edge portion of an end face of the
support base 834 that faces the bl ade holders 74 of the
correspondi ng bl ade stocker 70. According to the first
enbodi ment, there are four grippers 835 di sposed at
circunferentially equally spaced intervals on the outer
edge portion of the end face of the support base 834. The
gri ppers 835 are novable radially on the end face of the
support base 834 by a drive nechanism not illustrated,
housed in the support base 834. Wen the grippers 835 are
noved radially inwardly toward each other, they grip the
outer circunferential surface of the fastening nut 27.
When the grippers 835 are noved radially outwardly away
fromeach other, they rel ease the fastening nut 27.

The fitting pins 836 are supported on the support
base 834 such that they can protrude fromand retracted
into the end face of the support base 834. According to
the first enbodi nent, there are four fitting pins 836
di sposed on the end face of the support base 834 at
equal |y spaced intervals in the circunferentia
directions of the support base 834. Wen the fitting pins

836 protrude fromthe end face of the support base 834,
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they are fitted respectively in the fitting holes 271 in
the fastening nut 27.

The noving unit 84 noves the unit body 81, i.e.,

t he bl ade chucks 82 and the nut hol der 83, along the X-
axis direction, the Y-axis direction, and the Z-axis
direction. The noving unit 84 noves each of the bl ade
chucks 82 between a position where a cutting blade 21 can
be nounted on and di snounted fromthe bl ade holder 74 in
the transfer position 744 of the correspondi ng bl ade
stocker 70 and a position where a cutting blade 21 can be
nmount ed on and di snounted fromthe boss 242 of the nount
24 of the cutting unit 20 in the nounting/di snounting
position. The noving unit 84 noves the nut holder 83 to a
position where a fastening nut 27 can be nounted on and

di snounted fromthe boss 242 of the nount 24 of the
cutting unit 20 in the nounting/disnmounting position. The
nmoving unit 84 includes at |east one ball screw, an

el ectric notor, and guide rails.

The bl ade changer unit 7 further includes a
changer-unit-side position detecting unit for detecting
the positions in the X-axis direction and the positions
in the Z-axis direction of the central axes of at |east
t he bl ade chucks 82 and the nut hol der 83, and the

positions in the Y-axis direction of flat surfaces 827 of
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the grippers 825 of the blade chucks 82 for contacting an
end face of the circular base 212 of a cutting blade 21
and the positions in the Y-axis direction of the grippers
835 of the nut hol der 83.

In the processing apparatus 1 thus constructed
above, the vibration detecting sensors 28 det ect
vi brations caused when the grippers 825 of the bl ade
chuck 82 contact the nmount 24 of the cutting unit 20 in
t he nounting/di smounting position. Wen the out put
signals output fromthe vibration detecting sensors 28
exceed a threshold value 400 illustrated in FIG 3, the
position in the X-axis direction and the position in the
Z-axis direction of the central axis 246 of the nount 24
of the cutting unit 20 in the nounting/di smounting
position, and the position in the Y-axis direction of a
di stal end face 247 of the boss 242 of the nmount 24 can
be detected. The threshold value 400 is a val ue | ower
than the output signals output fromthe vibration
detecting sensors 28 when the vibration detecting sensors
28 detect vibrations caused when the grippers 825 of the
bl ade chuck 82 contact the nount 24.

The control unit 100 controls the various
mechani sms, descri bed above, of the processi ng apparatus

1 to enable the processing apparatus 1 to performa
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processi ng operation on the workpiece 200. The contro
unit 100 al so detects contact between the grippers 825
and 835 and the boss 242 on the basis of the detection
signals fromthe vibration detecting sensors 28.

The control unit 100 is a conputer having an
arithnetic processing apparatus having a m croprocessor
such as a CPU (central processing unit, a storage device
having a nenory such as a ROM (read only nmenory) or a RAM
(random access nenory), and an input/output interface
device. The arithnetic processing apparatus of the
control unit 100 perforns arithnmetic processing
operations according to conputer prograns stored in the
storage device and outputs control signals for
controlling the processing apparatus 1 through the
i nput/output interface device to the units, referred to
above, of the processing apparatus 1.

The control unit 100 is connected to a display unit
101, illustrated in FIG 1, including a liquid crysta
di spl ay device for displaying workpi ece processing states
and i nmages, and an input unit that is used by the
operator to enter processing contents information. The
i nput unit includes at |east one of a touch panel on the
di splay unit 101 and an external input device such as a

keyboard or the like.
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As illustrated in FIG 1, the control unit 100
i ncl udes a cal culator 102 and a nounting/ di snmounting
controller 103. The calculator 102 cal cul ates the
position in the X-axis direction and the position in the
Z-axis direction of the central axis 246 of the nount 24
fromthe position in the X-axis direction, i.e., an X
coordinate, and the position in the Z-axis direction,
i.e., a Z coordinate, that are detected by the position
detecting units at the tine the noving unit 84 is
controlled to nove the nount 24 and the bl ade chucks 82
relatively to each other in the X-axis direction and the
Z-axis direction to bring the grippers 825 of each of the
bl ade chucks 82 into contact with the nount 24 at at
| east three contact points and the output signals from
the vibration detecting sensors 28 exceed the threshold
val ue 400 as they have detected vibrations upon contact
bet ween the grippers 825 and the nount 24.

The cal cul ator 102 al so calculates the position in
the Y-axis direction of the distal end face 247 of the
boss 242 of the nmount 24 fromthe position in the Y-axis
direction, i.e., a Y coordinate, that are detected by the
position detecting units at the tinme the noving unit 84
is controlled to bring the grippers 825 of each of the

bl ade chucks 82 into contact with the end face 247 of the
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boss 242 of the nount 24 at at |east one contact point
and the output signals fromthe vibration detecting
sensors 28 exceed the threshold value 400 as they have
detected vi brati ons upon contact between the grippers 825
and the end face 247.

According to the first enbodi nent, when the
grippers 825 of each of the blade chucks 82 are brought
into contact with the nount 24 at respective positions
t hereon, the cal culator 102 cal cul ates the position in
the X-axis direction, the position in the Z-axis
direction and the position in the Y-axis direction that
are detected by the position detecting units at the tine
the output signals fromthe two vibration detecting
sensors 28 exceed the threshold val ue 400, and thereafter
cal cul ates the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the nount 24 and the position in the Y-axis direction
of the distal end face 247 of the boss 242 of the nount
24.

The nounti ng/ di snmounting controller 103 nmounts a
cutting blade 21 on or disnmounts a cutting blade 21 from
the boss 242 of a cutting unit 20 in the position,
cal cul ated by the cal cul ator 102, where the central axis

246 of the nmount 24 cal cul ated by the cal cul ator 102 and
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the central axis 821 of the blade chuck 82 are coaxia
wi th each other. The nounting/di snounting controller 103
al so nounts a cutting blade 21 on or disnobunts a cutting
bl ade 21 fromthe boss 242 of a cutting unit 20 in the
position, calculated by the calculator 102, in the Y-axis
direction of the distal end face 247 of the boss 242.

The functions of the calculator 102 and the
nount i ng/ di smounting controller 103 are realized when the
arithnmetic processing apparatus perfornms arithnetic
processi ng operations according to conputer prograns
stored in the storage device of the control unit 100. The
storage device of the control unit 100 stores the
position in the X-axis direction and the position in the
Z-axis direction of the central axis 745 of the bl ade
hol der 74 in the transfer position 744 of each bl ade
stocker 70, and also stores the position in the Y-axis
direction of the blade fitting nenber 741 of the bl ade
hol der 74 in the transfer position 744 of each bl ade
stocker 70. The storage device of the control unit 100
further stores the position in the X-axis direction and
the position in the Z-axis direction of the central axis
246 of the boss 242 of the nount 24 of each cutting unit
20 positioned in the nounting/di snmounting position, and

al so stores the position in the Y-axis direction of the
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distal end face 247 of the boss 242 of the nount 24 of
each cutting unit 20 positioned in the
nmount i ng/ di smounti ng position.
(Processing operation of the processing apparatus)
A processing operation of the processing apparatus
1 of the above structure will be described below In
preparation for the processing operation, the operator
regi sters processing contents infornmation in the contro
unit 100, takes workpieces 200 to be cut into the
cassette 61, and places the cassette 61 on an upper
surface of the cassette elevator 60. In preparation for
the processing operation, furthernore, the operator
pl aces cutting blades 21 on the bl ade hol ders 74 of each
of the bl ade stockers 70 of the blade changer unit 7.
Thereafter, in response to an instruction fromthe
operator to start the processing operation, the
processing apparatus 1 starts the processing operation.
When the processing apparatus 1 has started the
processi ng operation, the control unit 100 controls the
feed unit to deliver a workpiece 200 fromw thin the
cassette 61 to the holding table 10 in the
| oadi ng/ unl oadi ng area 64, where the reverse side 204 of
t he wor kpi ece 200 supported on the annul ar frame 205 by

t he adhesive tape 206 is held under suction on the
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hol di ng surface 11 of the holding table 10, and controls
the clanps 12 to clanp the annul ar frane 205.

The control unit 100 controls the X-axis noving
unit to nove the holding table 10 toward the processing
area 63, controls the imge capturing unit 30 to capture
an i mage of the workpiece 200, and carries out an
alignnent step for positioning the workpiece 200 and the
cutting units 20 in alignnent with each other on the
basis of the imge captured by the image capturing unit
30. Then, the control unit 100 noves the workpi ece 200
and the cutting units 20 relatively to each other al ong
the projected dicing |lines 202, and causes the cutting
bl ades 21 to cut into the workpiece 200 al ong the
projected dicing lines 202 into individual device chips
that carry the respective devices 203. Thereafter, the
control unit 100 controls the cleaning unit 62 to cl ean
t he wor kpi ece 200 as divided into the device chips and
then controls the feed unit to take the workpi ece 200
back into the cassette 61. Subsequently, the control unit
100 controls the cutting units 20 to successively cut the
wor kpi eces 200 taken out of the cassette 61, and finishes
t he processing operation when all the workpieces 200 from
t he cassette 61 have been cut.

(Cutting blade nounting/di snounti ng operation)

44



Next, an operation of the blade changer unit 7 of
the processing apparatus 1 of the above structure for
nount i ng/ di smounting a cutting blade 21 will be descri bed
bel ow. According to the first enbodi nent, the contro
unit 100 operates to nount and di snmount a cutting bl ade
21 if it decides that the cutting blade 21 of at | east
one of the cutting units 20 has reached a bl ade changi ng
timng while the processing apparatus 1 is in the
processi ng operation. The blade changing timng refers to
atimng to change the cutting blade 21 of each of the
cutting units 20. The blade changing timng is reached
each tinme the cutting blade 21 has cut a preset nunber of
wor kpi eces 200 or when the nmeasured outside dianmeter of
the cutting bl ade 21 becones smaller than a preset
nunerical value, for exanple, and is registered as part
of the processing contents information in the contro
unit 100. Furthernore, the blade changing timng
according to the present invention nmay be sonetinme while
a wor kpi ece 200 i s being processed or may be when a
wor kpi ece 200 is changed while a plurality of workpieces
200 are being processed in succession.

The operation of the blade changer unit 7 of the
processi ng apparatus 1 for nounting and di snmounting the

cutting blade 21 refers to a step of renoving the cutting
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bl ade 21 of a cutting unit 20 and attaching a cutting

bl ade 21 from a bl ade stocker 70 to the cutting unit 20.
In other words, the operation for nounting and

di snounting the cutting blade 21 refers to a step of
replacing the cutting blade 21 nounted on a cutting unit
20 with a cutting blade 21 held by a bl ade stocker 70.

In the operation for nounting and di snounting the
cutting blade 21, the nounting/disnounting controller 103
of the control unit 100 stops rotating the spindle 23 of
a cutting unit 20 that has reached a bl ade changi ng
timng, and controls the noving unit 84 to position the
cutting unit 20 that has reached the bl ade changi ng
timng in the nmounting/di snounting position. In the
operation for nmounting and disnmounting a cutting bl ade 21,
furthernore, the nounting/disnmounting controller 103
controls the electric notor 75 of the blade stocker 70
corresponding to the cutting unit 20 that has reached the
bl ade changing timng to position a cutting blade 21 to
be nounted on the cutting unit 20 that has reached the
bl ade changing timng in the transfer position 744.

In the operation for nounting and di snmounting the
cutting blade 21, the nounting/disnounting controller 103
controls operation of the noving unit 84 of the

correspondi ng bl ade nounti ng/di snounting unit 80 on the
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basis of the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the nount 24 of the cutting unit 20 in the

nmount i ng/ di smounti ng position, the position in the Y-axis
direction of the distal end face 247 of the nount 24 of
the cutting unit 20 in the nmounting/disnounting position,
the positions being stored in the storage device, and the
detection signals fromthe position detecting units.

In the operation for nounting and di snmounting the
cutting blade 21, the nmounting/disnounting controller 103
controls the noving unit 84 to position one of the bl ade
chucks 82 in a position where the grippers 825 of the
bl ade chuck 82 can grip the cutting blade 21 held on the
bl ade holder 74 in the transfer position 744 on the bl ade
stocker 70. The nounti ng/di snounting controller 103
controls the blade chuck 82 to cause the grippers 825
thereof to grip the cutting blade 21 held on the bl ade
hol der 74 in the transfer position 744 on the bl ade
st ocker 70.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the blade nounting/di snmounti ng
unit 80 toward the cutting unit 20 in the
nount i ng/ di smounti ng position and position the nut hol der

83 in a position where the grippers 835 thereof can grip
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the fastening nut 27 of the cutting unit 20 in the
nmount i ng/ di snounti ng position. The nounting/di snounti ng
controller 103 controls the nut holder 83 to cause the
grippers 835 thereof to grip the fastening nut 27 and
rotate the spindle 833 thereof about the central axis 831
in a direction to renove the fastening nut 27 fromthe
externally threaded outer circunferential surface 245 of
the boss 242. The fitting pins 836 are fitted into the
respective pin fitting holes 271, allow ng the fastening
nut 27 to rotate with the support base 834 of the nut
hol der 83. The nounti ng/ di snounting controller 103
controls the nut holder 83 to rotate the spindle 833
until the fastening nut 27 di sengages fromthe externally
threaded outer circunferential surface 245, whereupon the
nmount i ng/ di smounting controller 103 stops rotating the
spi ndl e 833. The nounting/di snmounting controller 103
controls the noving unit 84 to nove the other blade chuck
82 toward the cutting unit 20 in the nmounting/di snounting
position and position the other blade chuck 82 in a
position where the grippers 825 thereof can grip the
cutting blade 21 nounted on the cutting unit 20 from
whi ch the fastening nut 27 has been renoved.

The nounti ng/ di smounting controller 103 controls

the other blade chuck 82 to cause the grippers 825
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thereof to grip the cutting blade 21 of the cutting unit
20 fromwhich the fastening nut 27 has been renoved. The
nmount i ng/ di smounting controller 103 controls the noving
unit 84 to nove the cutting blade 21 gripped by the other
bl ade chuck 82 away al ong the Y-axis direction fromthe
nmount 24 of the cutting unit 20 from which the fastening
nut 27 has been renoved, pulling the boss 242 of the
nmount 24 of the cutting unit 20 from which the fastening
nut 27 has been renoved fromw thin the insertion hole
211 in the cutting blade 21 gripped by the other blade
chuck 82.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the one bl ade chuck 82 toward
the cutting unit 20 from which the fastening nut 27 and
the cutting blade 21 have been renoved, and position the
one bl ade chuck 82 in a position where the gripped
cutting blade 21 is juxtaposed with and spaced in the Y-
axis direction fromthe nmount 24 of the cutting unit 20
fromwhich the fastening nut 27 and the cutting bl ade 21
have been renoved. At this time, the nounting/di snounting
controller 103 positions the one bl ade chuck 82 in a
position where the central axis 821 thereof is coaxia
wth, i.e., isinline with, the central axis 246 of the

nmount 24 of the cutting unit 20 from which the fastening
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nut 27 and the cutting blade 21 have been renoved.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the one bl ade chuck 82 al ong
the Y-axis direction closely to the cutting unit 20 from
whi ch the fastening nut 27 and the cutting bl ade 21 have
been renoved, and insert the boss 242 of the nount 24 of
the cutting unit 20 from which the fastening nut 27 and
the cutting blade 21 have been renoved into the insertion
hole 211 in the cutting blade 21 gripped by the one bl ade
chuck 82. The nounting/di snounting controller 103
controls the noving unit 84 to position the one bl ade
chuck 82 in a position where the circular base 212 of the
cutting blade 21 gripped by the one bl ade chuck 82
contacts the outer edge portion 244 of the bearing flange
243 of the mount 24, and rel eases the grippers 825 of the
one bl ade chuck 82 fromthe cutting bl ade 21.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the one bl ade chuck 82 away
fromthe boss 242 of the nount 24 of the cutting unit 20
on which the cutting blade 21 has been nounted, and
position the nut holder 83 in a position where the
fastening nut 27 gripped by the nut hol der 83 can be
t hreaded over the externally threaded outer

circunferential surface 245 of the boss 242 of the nount
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24 of the cutting unit 20 on which the cutting bl ade 21
has been nounted. The nounting/di snounting controller 103
controls the nut holder 83 to rotate the spindle 833

t hereof about the central axis 831 in a direction to put
the fastening nut 27 onto the externally threaded outer
circunferential surface 245 while gripping the fastening
nut 27 with the grippers 835. The nounting/di snmounting
controller 103 controls the nut holder 83 to rotate the
spindl e 833 thereof until the fastening nut 27 is

t hreaded over the externally threaded outer
circunferential surface 245, and thereafter stop rotating
the spindle 833, and rel eases the grippers 835 of the nut
hol der 83 fromthe fastening nut 27.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the bl ade nounting/di snmounti ng
unit 80 toward the bl ade stocker 70, and position the
ot her bl ade chuck 82 in a position where the gripped
cutting blade 21 is juxtaposed with and spaced in the Y-
axis direction fromthe bl ade holder 74 in the transfer
position 744. At this tinme, the nounting/di snmounting
controller 103 positions the other blade chuck 82 in a
position where the central axis 821 thereof is coaxia
wth, i.e., isinline with, the central axis 745 of the

bl ade fitting nmenber 741 of the blade holder 74 in the
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transfer position 744.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to bring the other blade chuck 82
along the Y-axis direction closely to the bl ade hol der 74
in the transfer position 744, and insert the bl ade
fitting menber 741 into the insertion hole 211 in the
cutting blade 21 gripped by the other blade chuck 82. The
nount i ng/ di smounting controller 103 controls the noving
unit 84 to position the other blade chuck 82 in a
position where the circular base 212 of the cutting bl ade
21 gripped by the other blade chuck 82 contacts the bl ade
hol der 74 in the transfer position 744, and rel eases the
gri ppers 825 of the other blade chuck 82 fromthe cutting
bl ade 21.

The nounti ng/ di smounting controller 103 controls
the noving unit 84 to nove the blade nounting/di snounti ng
unit 80 to a standby position, and thereafter finishes
the operation to nount and di snobunt the cutting bl ade. As
descri bed above, the nounting/di smounting controller 103
of the control unit 100 aligns the central axis 246 of
the boss 242 of the nmount 24 with the central axes 821 of
t he bl ade chucks 82 and nounts a cutting blade 21 on and
di snounts a cutting blade 21 fromthe nount 24.

(Mount position cal cul ati ng operation)
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Next, an operation of the blade changer unit 7 of
the processing apparatus 1 of the above structure for
cal culating the position of the boss 242 of the nount 24
of the processing apparatus 1 constructed as descri bed
above will be described below. FIG 10 illustrates in
perspective the manner in which the grippers of the bl ade
chuck and the outer circunferential surface of the boss
are held in contact with each other in a position
cal cul ating operation for calculating the position of the
central axis of the nount of the processing apparatus
illustrated in FIG 1. FIG 11 illustrates in perspective
the manner in which the grippers of the blade chuck and
the outer circunferential surface of the boss are held in
contact with each other in the position cal cul ating
operation for calculating the position of the centra
axis of the nount of the processing apparatus illustrated
in FIG 1. FIG 12 schematically illustrates the manner
in which the grippers of the blade chuck and the outer
circunferential surface of the boss are held in contact
with each other at a first contact point in the position
cal cul ating operation for calculating the position of the
central axis of the nount of the processing apparatus
illustrated in FIG 1. FIG 13 schematically illustrates

the manner in which the grippers of the bl ade chuck and
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the outer circunferential surface of the boss are held in
contact with each other at a second contact point in the
position cal culating operation for calculating the
position of the central axis of the nount of the
processing apparatus illustrated in FIG 1. FIG 14
schematically illustrates the manner in which the
gri ppers of the blade chuck and the outer circunferentia
surface of the boss are held in contact with each other
at a third contact point in the position calculating
operation for calculating the position of the centra
axis of the nount of the processing apparatus illustrated
in FIG 1.

According to the first enbodinment, the control unit
100 carries out the operation for calculating the
position of the nount 24 if it decides that a position
calculating timng to calculate the position of the boss
242 of the nmount 24 of at |east one of the cutting units
20 has been reached. The position calculating timng
refers to a timng to calculate the position in the X-
axis direction and the position in the Z-axis direction
of the central axis 246 of the boss 242 of the nount 24
of each cutting unit 20 in the nounting/di smounti ng
position and al so cal culate the position in the Y-axis

direction of the distal end face 247 of the boss 242. The
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position calculating timng is reached each tine the
cutting blade 21 has cut a preset nunber of workpieces
200, desirably inmediately before each cutting blade 21
iIs to be changed, and is registered as part of the
processing contents information in the control unit 100.
According to the present invention, furthernore, the
position cal cul ating operation may be carried out anytine
by the operator controlling the input unit.

In the position cal cul ati ng operation for
cal culating the position of the central axis 246 of the
nmount 24, the calculator 102 of the control unit 100
perfornms an operation for calculating the position of the
central axis 246 of the mount 24 of the cutting unit 20
i n the nounting/dismounting position. In the position
cal cul ating operation for calculating the position of the
central axis 246 of the nmount 24, the cal cul ator 102 of
the control unit 100 stops rotating the spindle 23 of the
cutting unit 20 that has reached the position cal cul ating
timng, and controls the noving unit 84 to position the
cutting unit 20 that has reached the position cal cul ating
timng in the nounting/disnounting position. 1In the
position cal culating operation for calculating the
position of the central axis 246 of the nount 24, as in

the operation for nounting and di snounting a cutting
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bl ade 21, the cal culator 102 of the control unit 100
renoves the fastening nut 27 and the cutting bl ade 21
fromthe cutting unit 20 that has reached the position
calculating timng, brings the grippers 825 of the bl ade
chuck 82 into contact with the boss 242 of the nount 24
of the cutting unit 20 in the nounting/di snmounting
position, as illustrated in FIGS. 10 and 11, and
cal cul ates the position in the X-axis direction and the
position in the Z-axis direction of the boss 242 of the
nmount 24 of the cutting unit 20 in the
nount i ng/ di smounti ng position.

In the position cal cul ati ng operation for
cal culating the position of the nount 24, the cal cul ator
102 controls operation of the noving unit 84 of the
correspondi ng bl ade nmounti ng/ di snounting unit 80 on the
basis of the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the nount 24 of the cutting unit 20 in the
nmount i ng/ di smounti ng position, the position in the Y-axis
direction of the distal end face 247 of the nount 24 of
the cutting unit 20 in the nounting/disnounting position,
the positions being stored in the storage device, and the
detection signals fromthe position detecting units.

For calculating the position in the X-axis
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direction and the position in the Z-axis direction of the
boss 242 of the nount 24 of cutting unit 20 in the
nount i ng/ di smounti ng position, the cal culator 102
controls the noving unit 84 to nove the unit body 81 of
t he bl ade nounting/di snmounting unit 80 to keep the
gri ppers 825 of either one of the blade chucks 82 that
has not gripped a cutting blade 21 away from each ot her,
and position the grippers 825 closely to the outer
circunferential surface of the boss 242 of the nount 24
of the cutting unit 20 from which the fastening nut 27
and the cutting blade 21 have been renoved, so that the
outer circunferential surface of the boss 242 and the
bl ade chuck 82 can be brought into contact with each
ot her through fine adjustnents. The cal culator 102
controls the nmoving unit 84 to nove either one bl ade
chuck 82 in a first direction 111 illustrated in FIG 12
perpendicular to the central axis 821. According to the
first enbodinment, the first direction 111 is illustrated
as an upward direction along the Z-axis direction.
However, the present invention is not limted to such a
di rection.

Then, as illustrated in FIG 12, the grippers 825
contact the outer circunferential surface of the boss 242

at a first contact point 121. The cal cul ator 102
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recogni zes that the output signals fromthe vibration
detecting sensors 28 exceed the threshold val ue 400 at
time 401 in FIG 3, recognizing that the grippers 825
have contacted the outer circunferential surface of the
boss 242 at the first contact point 121, and stops noving
t he bl ade nounting/di smounting unit 80 of the noving unit
84. The cal culator 102 cal cul ates the position in the X-
axis direction and the position in the Z-axis direction
of the central axis 821 (hereinafter denoted by 821-1) at
the tine the grippers 825 have contacted the outer
circunferential surface of the boss 242 at the first
contact point 121 on the basis of the detection signals
fromthe position detecting units at tine 401 when the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400, and tenporarily stores
the cal cul ated positions in the storage device. In FIGS.
12, 13, and 14, the outer circunferential surface of the
boss 242 is schematically indicated by a solid-line
circle, whereas a circle inscribed in the grippers 825 is
schematically indicated by a two-dot-dash-line circle. 1In
FIG 3, the horizontal axis represents tine el apsed after
the position cal culating operation for cal culating the
position of the central axis 246 of the nount 24 has

started, and the vertical axis represents the output
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signals fromthe vibration detecting sensors 28.

The cal cul ator 102 controls the noving unit 84 to
nove either one of the blade chucks 82 in a second
direction 112 illustrated in FIG 13 perpendicular to the
central axis 821 and different fromthe first direction
111. According to the first enbodi nent, the second
direction 112 is illustrated as a downward direction
along the Z-axis direction. However, the present
invention is not limted to such a direction.

Then, as illustrated in FIG 13, the grippers 825
contact the outer circunferential surface of the boss 242
at a second contact point 122 different fromthe first
contact point 121. The cal cul ator 102 recogni zes that the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400 at tinme 402 in FIG 3,
recogni zing that the grippers 825 have contacted the
outer circunferential surface of the boss 242 at the
second contact point 122, and stops noving the bl ade
nmount i ng/ di smounting unit 80 of the noving unit 84. The
cal cul ator 102 calculates the position in the X-axis
direction and the position in the Z-axis direction of the
central axis 821 (hereinafter denoted by 821-2) at the
time the grippers 825 have contacted the outer

circunferential surface of the boss 242 at the second
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contact point 122 on the basis of the detection signals
fromthe position detecting units at tine 402 when the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400, and tenporarily stores
the cal culated positions in the storage device.

The cal cul ator 102 controls the noving unit 84 to
nove either one of the blade chucks 82 in a third
direction 113 (see FIG 14) perpendicular to the centra
axis 821 and different fromthe first direction 111 and
the second direction 112. According to the first
enbodi nent, the third direction 113 is illustrated as a
direction parallel to the X-axis direction. However, the
present invention is not limted to such a direction.

Then, as illustrated in FIG 14, the grippers 825
contact the outer circunferential surface of the boss 242
at a third contact point 123. The cal cul ator 102
recogni zes that the output signals fromthe vibration
detecting sensors 28 exceed the threshold val ue 400 at
time 403 in FIG 3, recognizing that the grippers 825
have contacted the outer circunferential surface of the
boss 242 at the third contact point 123, and stops noving
t he bl ade nounting/di smounting unit 80 of the noving unit
84. The third contact point 123 is different from both

the first contact point 121 and the second contact point
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122. The cal culator 102 calculates the position in the X-
axis direction and the position in the Z-axis direction
of the central axis 821 (hereinafter denoted by 821-3) at
the tine the grippers 825 have contacted the outer
circunferential surface of the boss 242 at the third
contact point 123 on the basis of the detection signals
fromthe position detecting units at tine 403 when the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400, and tenporarily stores
the cal culated positions in the storage device.

On the basis of the positions in the X-axis
direction and the positions in the Z-axis direction of
the central axes 821-1, 821-2, and 821-3, the cal cul ator
102 cal culates the position in the X-axis direction and
the position in the Z-axis direction of the center of a
circle passing through the central axes 821-1, 821-2, and
821-3 as the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the boss 242 of the nount 24 of the cutting unit 20,
and stores the calculated positions as the position in
the X-axis direction and the position in the Z-axis
direction of the central axis 246 of the boss 242 of the
nount 24 of a new cutting unit 20 in the storage devi ce.

In this manner, in the position cal cul ating
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operation for calculating the central axis 246 of the
nmount 24, the cal cul ator 102 cal cul ates the position in
the X-axis direction and the position in the Z-axis
direction of the central axis 246 of the boss 242 of the
nmount 24 fromthe positions in the X-axis direction and
the positions in the Z-axis direction of the central axes
821-1, 821-2, and 821-3 as represented by the X

coordi nate and the Z coordinate at the tinme the grippers
825 contact the outer circunferential surface of the boss
242 of the mount 24 at the three contact points 121, 122,
and 123 and the output signals fromthe vibration
detecting sensors 28 exceed the threshold val ue 400 as
they detect vibrations upon contact between the grippers
825 and the boss 242 of the nmount 24, as illustrated in
FIGS. 12, 13, and 14. According to the first enbodi nent,
in the position calculating operation for cal culating the
central axis 246 of the nmount 24, the cal cul ator 102
brings the grippers 825 into contact with the outer
circunferential surface of the boss 242 of the nount 24
at the three contact points 121, 122, and 123. According
to the present invention, however, the grippers 825 may
be brought into contact with the outer circunferentia
surface of the boss 242 of the nount 24 at at |east the

three contact points 121, 122, and 123.
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According to the first enbodinment, in the position
cal cul ating operation for calculating the position of the
nmount, next, the calculator 102 of the control unit 100
carries out a position calculating operation for
cal culating the position of the distal end face 247 of
the boss 242 of the nmount 24 of the cutting unit 20 in
the nmounting/di snmounting position. FIG 15 illustrates in
perspective the manner in which the grippers of the bl ade
chuck and a distal end face of the boss are held in
contact with each other in a position calculating
operation for calculating the position of a distal end
face of the nount of the processing apparatus illustrated
in FIG 1. FIG 16 schematically illustrates the
positional relationship between the grippers of the bl ade
chuck and the boss in nmounting or disnmounting a bl ade on
the basis of the position of the central axis of the
nmount that has been cal cul ated by the position
cal cul ating operation for calculating the position of the
mount of the processing apparatus illustrated in FIG 1

In the position calculating operation for
cal culating the position of the distal end face 247 of
t he boss 242 of the nount 24, the calculator 102 of the
control unit 100 controls the noving unit 84 to nove the

unit body 81 of the blade nounting/dismounting unit 80 to
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position the one bl ade chuck 82 in a position where the
flat surfaces 827 of the grippers 825 are juxtaposed in
the Y-axis direction with the distal end face 247 of the
boss 242 of the nount 24 of the cutting unit 20 from
whi ch the fastening nut 27 and the cutting bl ade 21 have
been renoved. Wiile the grippers 825 of the one bl ade
chuck 82 are being spaced fromeach other, the cal cul at or
102 controls the noving unit 84 to bring the one bl ade
chuck 82 along the Y-axis direction closely to the distal
end face 247 of the boss 242 of the nount 24 of the
cutting unit 20 fromwhich the fastening nut 27 and the
cutting bl ade 21 have been renoved.

Then, as illustrated in FIG 15, the flat surfaces
827 of the grippers 825 contact the distal end face 247
of the boss 242. The cal cul ator 102 recogni zes that the
out put signals fromthe vibration detecting sensors 28
exceed the threshold val ue 400, recognizing the flat
surfaces 827 of the grippers 825 has contacted the distal
end face 247 of the boss 242, and stops noving the bl ade
nmount i ng/ di smounting unit 80 of the noving unit 84. The
cal cul ator 102 cal culates the position in the Y-axis
direction of the flat surfaces 827 at the tine the flat
surfaces 827 of the grippers 825 has contacted the distal

end face 247 of the boss 242 on the basis of the
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detection signals fromthe position detecting units at
the tine when the output signals fromthe vibration
detecting sensors 28 exceed the threshold val ue 400, and
stores the calculated position as the position in the Y-
axis direction of the distal end face 247 of the boss 242
of the nount 24 of a new cutting unit 20 in the storage
devi ce.

In the position calculating operation for
cal culating the position of the distal end face 247 of
t he boss 242 of the nount 24, the calculator 102 thus
cal cul ates the position in the Y-axis direction of the
di stal end face 247 of the boss 242 of the nmount 24 from
the position in the Y-axis direction of the flat surfaces
827 as represented by the Y coordinate at the tine the
gri ppers 825 contact the distal end face 247 of the boss
242 of the nount 24 at one contact point and the out put
signals fromthe vibration detecting sensors 28 exceed
the threshol d val ue 400 as they have detected vibrations
upon contact between the grippers 825 and the distal end
face 247. According to the first enbodinent, in the
position cal cul ating operation for calculating the
position of the distal end face 247 of the boss 242 of
the nount 24, the calculator 102 brings the grippers 825

into contact with the distal end face 247 of the boss 242
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of the nount 24 at one contact point. According to the
present invention, the grippers 825 nay be brought into
contact with the distal end face 247 of the boss 242 of
the nount 24 at at |east one contact point. The

nmount i ng/ di snounting controller 103 of the control unit
100 controls the bl ade nounting/di snounting unit 80 to
align the central axis 821 of the blade chuck 82 with the
central axis 246 of the nmount 24, as illustrated in FIG
16, on the basis of the calculated position in the X-axis
direction and the cal cul ated position in the Z-axis
direction of the central axis 246 and the position in the
Y-axis direction of the distal end face 247 of the boss
242, whereupon cutting blades 21 are di snounted and
mounted. In FIG 16, the outer circunferential surface of
the boss 242 is schematically indicated by a solid-line
circle, whereas a circle inscribed in the grippers 825 is
schematically indicated by a two-dot-dash-line circle.

In the processing apparatus 1 according to the
first enbodi ment described above, the nount 24 of the
spindl e 23 has the vibration detecting sensors 28, and
the processing apparatus 1 grasps the positions where the
gri ppers 825 of the blade chuck 82 and the nount 24
contact each other on the basis of the output signals

fromthe vibration detecting sensors 28 and the detection
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results fromthe position detecting units. As a result,
t he bl ade changer unit 7 according to the first

enbodi nent is able to deternine with ease the position of
the nmount 24 on which a cutting blade 21 is nounted.

Furthernore, the processing apparatus 1 according
to the first enbodi nent can easily determ ne the position
in the X-axis direction and the position in the Z-axis
direction of the central axis 246 of the boss 242 of the
mount 24 of the cutting unit 20 in the
nmount i ng/ di smounti ng position as it brings the grippers
825 of the blade chuck 82 into contact with the outer
circunferential surface of the boss 242 of the nount 24
of the cutting unit 20 in the nounting/di snmounting
position at at |east the three contact points 121, 122,
and 123.

Mor eover, the processing apparatus 1 according to
the first enbodi nent can easily determine the position in
the Y-axis direction of the distal end face 247 of the
boss 242 of the nmount 24 of the cutting unit 20 in the
nmount i ng/ di smounti ng position as it brings the grippers
825 of the blade chuck 82 into contact with the distal
end face 247 of the boss 242 of the nmount 24 of the
cutting unit 20 in the nounting/di snmounting position at

at | east one contact point.
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Furt hernore, the processing apparatus 1 according
to the first enbodi nent can easily determ ne the position
of the nount 24 on which a cutting blade 21 is nounted
because the contact between the grippers 825 of the bl ade
chuck 82 and the nmount 24 is recognized fromthe out put
signals fromthe vibration detecting sensors 28 that the
nmount 24 of the spindle 23 has, rather than being
detected by way of contact-induced conduction, and with
the grippers 825 not nmade of an electrically conductive
mat eri al .

[First nodification]

A processing apparatus according to a first
nodi fication of the first enbodinment will hereinafter be
descri bed below with reference to the drawings. FIG 17
illustrates in side elevation the manner in which
gri ppers of a blade chuck and a bearing flange of a nount
are held in contact with each other in a position
cal cul ating operation for calculating the position of a
di stal end face of the nount of the processi ng apparatus
according to the first nodification of the first
enbodi nent. Those parts of the processing apparatus
according to the first nodification which are identica
to those of the processing apparatus according to the

first enbodi nent are denoted by identical reference
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characters in FIG 17, and will not be described in
detail bel ow.

The processi ng apparatus, denoted by 1, according
to the first nodification of the first enbodinent is the
sane as the processing apparatus 1 according to the first
enbodi nent except that a position cal culating operation
for calculating the position of the distal end face 247
of the boss 242 of the nount 24 in a position cal cul ating
operation for calculating the position of the nount 24 is
different fromthe position calculating operation
according to the first enmbodinent. In the position
cal cul ating operation for calculating the position of the
di stal end face 247 of the boss 242 of the mount 24 in
the position cal cul ating operation for cal culating the
position of the nount 24, the processing apparatus 1
according to the first nodification of the first
enbodi nent brings the flat surfaces 827 of the grippers
825 of the blade chuck 82 into contact with the outer
edge portion 244 of the distal end of the bearing flange
243 of the mount 24 of the cutting unit 20 in the
nmount i ng/ di snounti ng position, calculates the position in
the Y-axis direction of the outer edge portion 244 of the
bearing fl ange 243, and cal cul ates the position in the Y-

axis direction of the distal end face 247 of the boss 242.
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In the processing apparatus 1 according to the
first nodification of the first enbodi nent, as with the
first enbodi ment, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 grasps the positions where the grippers 825
of the blade chuck 82 and the nount 24 contact each ot her
on the basis of the output signals fromthe vibration
detecting sensors 28 and the detection results fromthe
position detecting units. As a result, the processing
apparatus 1 according to the first nodification of the
first enbodinment is able to determne with ease the
position of the nount 24 on which a cutting blade 21 is
nmounted, as with the first enbodi nent.

[ Second nodification]

A processing apparatus according to a second
nodi fication of the first enbodinent will hereinafter be
descri bed below with reference to the drawings. FIG 18
illustrates in perspective by way of exanple the
structure of a blade chuck of a bl ade
nmount i ng/ di srounting unit of a blade changer unit of the
processi ng apparatus according to the second nodification
of the first enbodinent. Those parts of the processing
apparatus according to the second nodification which are

Identical to those of the processing apparatus according
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to the first enbodi nent are denoted by identica
reference characters in FIG 18, and will not be
descri bed in detail bel ow.

As illustrated in FIG 18, the processi ng apparat us,
denoted by 1, according to the second nodification of the
first enbodinment is the sane as the processing apparatus
1 according to the first enbodi nent except that the bl ade
chuck 82 of the blade nmounting/disnounting unit 80 of the
bl ade changer unit 7 has a vibration detecting sensor 28.
According to the second nodification, the vibration
detecting sensor 28 is enbedded centrally in the support
base 824.

The processing apparatus 1 according to the second
nodi fication of the first enbodinent, as wth the first
enbodi nent, includes the blade nounting/di smounting unit
80 having the bl ade chucks 82 each having the vibration
detecting sensor 28, and grasps the positions where the
gri ppers 825 of the blade chuck 82 and the nount 24
contact each other on the basis of the output signals
fromthe vibration detecting sensor 28 and the detection
results fromthe position detecting units. As a result,

t he processing apparatus 1 according to the second
nodi fication of the first enbodinent is able to determ ne

wi th ease the position of the nount 24 on which a cutting
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bl ade 21 is nmounted, as with the first enbodi nent.

According to the present invention, the grippers
835 of the nut holder 83 may be brought into contact with
the mount 24, as with the first enbodi nent, the first
nmodi fication, and the second nodification, and the
position referred to above of the nount 24 may be
calculated. In this case, it is desirable that the nut
hol der 83 may have a vibration detecting sensor 28.
[ Third nodification]

A processing apparatus according to a third
nodi fication of the first enbodi nent will hereinafter be
descri bed below with reference to the drawings. FIG 19
illustrates in side elevation the manner in which
grippers of a blade chuck and the outer edge of a bearing
flange of a nmount are held in contact with each other in
a position cal culating operation for calculating the
position of the central axis of the nount of the
processi ng apparatus according to the third nodification
of the first enbodinment. Those parts of the processing
apparatus according to the third nodification which are
identical to those of the processing apparatus accordi ng
to the first enbodi nent are denoted by identica
reference characters in FIG 19, and will not be

described in detail bel ow
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The processi ng apparatus, denoted by 1, according
to the third nodification of the first enbodinent is the
sanme as the processing apparatus 1 according to the first
enbodi nent except that in the position calculating
operation for calculating the position of the centra
axis 246 of the nount 24 in the position calculating
operation for cal culating the position of the nount 24,
the processing apparatus 1 calculates the position in the
X-axis direction and the position in the Z-axis direction
of the central axis 246 of the nount 24 fromthe position
in the X-axis direction as represented by the X
coordinate, and the position in the Z-axis direction as
represented by the Z coordinate, that are detected by the
position detecting units at the tine the noving unit 84
is controlled to nove the nount 24 and the bl ade chucks
82 relatively to each other in the X-axis direction and
the Z-axis direction to bring the outer edge of the
bearing fl ange 243 of the nmount 24 and the grippers 825
of the blade chuck 82 into contact with each other at at
| east three contact points, and the output signals from
the vibration detecting sensors 28 exceed the threshold
val ue 400 as they have detected vibrations upon contact
bet ween the outer edge of the bearing flange 243 and the

gri ppers 825 of the blade chuck 82.
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In the processing apparatus 1 according to the
third nodification of the first enbodi nent, as with the
first enbodi ment, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 brings the grippers 825 of the blade chuck 82
into contact with the bearing flange 243 of the nmount 24,
and grasps the positions where the grippers 825 of the
bl ade chuck 82 contact the bearing flange 243 of the
mount 24 on the basis of the output signals fromthe
vi bration detecting sensor 28 and the detection results
fromthe position detecting units. As a result, the
processing apparatus 1 according to the third
nodi fication of the first enbodinent is able to determne
with ease the central positions in the X-axis direction
and the Z-axis direction of the nount 24 on which a
cutting blade 21 is nounted, as with the first enbodi nent.
[ Second enbodi nent ]

A processing apparatus according to a second
enbodi nent of the present invention will be described
below with reference to the drawings. FIG 20 illustrates
I n perspective the manner in which grippers of a bl ade
chuck holds a jig in a position calculating operation for
cal culating the position of the central axis of a nount

of the processing apparatus according to the second
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enbodinment. FIG 21 illustrates in perspective the manner
in which a boss is inserted into an opening in the jig in
the position cal culating operation for calculating the
position of the central axis of the nount of the
processi ng apparatus according to the second enbodi nent.
FIG 22 illustrates in perspective another manner in

whi ch the boss is inserted into the opening in the jig in
the position cal culating operation for calculating the
position of the central axis of the nount of the
processi ng apparatus according to the second enbodi nent.
FIG 23 schematically illustrates the manner in which an
edge of the jig that defines the opening is held in
contact with an outer circunferential surface of the boss
at a first contact point in the position calculating
operation for calculating the position of the centra

axis of the nount of the processing apparatus according
to the second enbodinent. FIG 24 schematically
illustrates the manner in which the edge of the jig that
defines the opening is held in contact wwth the outer
circunferential surface of the boss at a second contact
point in the position cal culating operation for

cal culating the position of the central axis of the nount
of the processing apparatus according to the second

enbodi nent. FIG 25 schematically illustrates the nmanner
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in which the edge of the jig that defines the opening is
held in contact with the outer circunferential surface of
the boss at a third contact point in the position
cal cul ating operation for calculating the position of the
central axis of the nmount of the processing apparatus
according to the second enbodinent. FIG 26 illustrates
I n perspective the manner in which the jig and a di stal
end face of the boss are held in contact with each other
in a position calculating operation for calculating the
position of a distal end face of the nount of the
processi ng apparatus according to the second enbodi nent.
In FIGS. 20 through 26, those parts that are identical to
those according to the first enbodi nent are denoted by
i dentical reference characters, and will not be descri bed
in detail bel ow

The processi ng apparatus, denoted by 1, according
to the second enbodinent is the sanme as the processing
apparatus 1 according to the first enbodi nent except that
in a position calculating operation for calculating the
position of the nount 24, the grippers 825 of the bl ade
chuck 82 hold a jig 300 and bring the jig 300 into
contact with the outer circunferential surface and the
di stal end face 247 of the boss 242, as illustrated in

FI G 20.
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In the position calculating operation for
cal culating the position of the nount 24, the processing
apparatus 1 according to the second enbodi nent causes the
bl ade chuck 82 which is not gripping the cutting bl ade 21
renmoved fromthe cutting unit 20 to hold the jig 300, as
illustrated in FIG 20. The jig 300 is of an annul ar
shape with an opening 301 | arger than the boss 242,
defined centrally therein. According to the second
enbodi nent, the opening 301 has an inside dianeter |arger
than the outside dianeter of the boss 242.

According to the second enbodi nent, in the position
cal culating operation for calculating the central axis
246 of the mount 24 of the cutting unit 20 in the
nmount i ng/ di snounti ng position, the cal culator 102 of the
control unit 100 controls the noving unit 84 to nove the
mount 24 and the jig 300 held by the blade chuck 82
relatively to each other in the X-axis direction and the
Z-axis direction to bring theminto contact with each
other at at | east three contact points, and cal cul ates
the position in the X-axis direction and the position in
the Z-axis direction of the central axis 246 of the nount
24 fromthe position in the X-axis direction as
represented by the X coordinate and the position in the

Z-axis direction as represented by the Z coordinate

77



detected by the position detecting units at the tinme the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400 as they detect vibrations
upon contact between the nmount 24 and the jig 300.

Furt hernore, the cal culator 102 controls the noving
unit 84 to bring the jig 300 held by the grippers 825 of
t he bl ade chuck 82 into contact with the distal end face
247 of the boss 242 of the nmount 24 at at |east one
contact point, and calculates the position in the Y-axis
direction of the distal end face 247 of the boss 242 of
the nount 24 fromthe position in the Y-axis direction as
represented by the Y coordinate detected by the position
detecting units at the tine the output signals fromthe
vi bration detecting sensors 28 exceed the threshold val ue
400 as they detect vibrations upon contact between the
jig 300 and the distal end face 247.

According to the second enbodi nent, in the position
cal cul ating operation to calculate the position of the
central axis 246 of the nmount 24 of the cutting unit 20
in the nounting/disnmounting position, the cal culator 102
of the control unit 100 controls the noving unit 84 to
nove unit body 81 of the blade nounting/di smounting unit
80 to position the blade chuck 82 holding the jig 300 in

a position where the blade chuck 82 is juxtaposed in the
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Y-axis direction with the boss 242 of the nount 24 of the
cutting unit 20 fromwhich the fastening nut 27 and the
cutting blade 21 have been renobved. At this tinme, the
cal cul ator 102 positions the cutting unit 20 and the

bl ade chuck 82 in a position where they are coaxial wth
each other on the basis of the position in the X-axis
direction and the position in the Z-axis direction of the
central axis 246 in the nounting/di snounting position
stored in the storage device. The calculator 102 controls
the noving unit 84 to bring the blade chuck 82 gri pping
the jig 300 closely to the cutting unit 20 along the Y-
axis direction, insert the boss 242 into the opening 301
inthe jig 300, as illustrated in FIG 21, and stop the
bl ade chuck 82 in a position where the nount 24 and the
jig 300 are spaced fromeach other and kept out of

contact with each other.

The cal cul ator 102 controls the noving unit 84 to
nove the bl ade chuck 82 gripping the jig 300 successively
in the first direction 111, the second direction 112, and
the third direction 113, that are perpendicular to the
central axis 821, in the sanme manner as with the first
enbodi nent, as illustrated in FIG 22.

When the cal cul ator 102 controls the noving unit 84

to nove the blade chuck 82 in the first direction 111, as
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illustrated in FIG 23, an inner circunferential surface
of the jig 300 that defines the opening 301 contacts the
outer circunferential surface of the boss 242 at the
first contact point 121. As with the first enbodi nent,
the cal cul ator 102 cal cul ates the position in the X-axis
direction and the position in the Z-axis direction of the
central axis 821-1 at the time the inner circunferentia
surface of the jig 300 that defines the opening 301 has
contacted the outer circunferential surface of the boss
242 at the first contact point 121, and tenporarily
stores the calculated positions in the storage device. In
FIGS. 23, 24, and 25, the outer circunferential surface
of the boss 242 is schematically indicated by a solid-
line circle, whereas an outer profile of the jig 300 is
schematical ly indicated by two-dot-dash-1ine circles.
The cal cul ator 102 controls the noving unit 84 to
nove the bl ade chuck 82 gripping the jig 300 in the
second direction 112. Then, as illustrated in FIG 24,
the inner circunferential surface of the jig 300 that
defines the opening 301 contacts the outer
circunferential surface of the boss 242 at the second
contact point 122. As with the first enbodi nent, the
cal cul ator 102 calculates the position in the X-axis

direction and the position in the Z-axis direction of the
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central axis 821-2 at the time the inner circunferentia
surface of the jig 300 that defines the opening 301 has
contacted the outer circunferential surface of the boss
242 at the second contact point 122, and tenporarily
stores the calculated positions in the storage device.

The cal cul ator 102 controls the noving unit 84 to
nove the bl ade chuck 82 gripping the jig 300 in the third
direction 113. Then, as illustrated in FIG 25, the inner
circunferential surface of the jig 300 that defines the
openi ng 301 contacts the outer circunferential surface of
the boss 242 at the third contact point 123. As with the
first enbodi nent, the calculator 102 cal cul ates the
position in the X-axis direction and the position in the
Z-axis direction of the central axis 821-3 at the tine
the inner circunferential surface of the jig 300 that
defi nes the opening 301 has contacted the outer
circunferential surface of the boss 242 at the third
contact point 123, and tenporarily stores the cal cul ated
positions in the storage device.

As with the first enbodi nent, the cal culator 102
calculates the position in the X-axis direction and the
position in the Z-axis direction of the center of a
circle passing through the central axes 821-1, 821-2, and

821-3 as the position in the X-axis direction and the
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position in the Z-axis direction of the central axis 246
of the boss 242 of the nount 24 of the cutting unit 20,
and stores the calculated positions as the position in
the X-axis direction and the position in the Z-axis
direction of the central axis 246 of the boss 242 of the
nount 24 of a new cutting unit 20 in the storage device.
In this manner, in the position calculating operation for
calculating the central axis 246 of the nount 24, the
cal cul ator 102 cal culates the position in the X-axis
direction and the position in the Z-axis direction of the
central axis 246 of the boss 242 of the mount 24 fromthe
positions in the X-axis direction and the positions in
the Z-axis direction of the central axes 821-1, 821-2,
and 821-3 as represented by the X coordinates and the Z
coordi nates at the tinme the jig 300 contacts the outer
circunferential surface of the boss 242 of the nount 24
at the three contact points 121, 122, and 123 and the

out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400 as they detect vibrations
upon contact between the jig 300 and the boss 242 of the
mount 24, as illustrated in FIGS. 23, 24, and 25.
According to the second enbodi nent, in the position

cal cul ating operation for calculating the central axis

246 of the mount 24, the calculator 102 brings the jig
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300 into contact wth the outer circunferential surface

of the boss 242 of the nount 24 at the three contact
points 121, 122, and 123. According to the present

I nvention, however, the jig 300 may be brought into
contact with the outer circunferential surface of the

boss 242 of the nount 24 at at |east three contact points.

According to the second enbodi nent, in the position
cal cul ating operation for calculating the position of the
di stal end face 247 of the boss 242 of the nmount 24 of
the cutting unit 20 in the nounting/disnounting position,
t he cal cul ator 102 of the control unit 100 controls the
nmoving unit 84 to nove the unit body 81 of the bl ade
nount i ng/ di smounting unit 80 to position the blade chuck
82 gripping the jig 300 in a position where the jig 300
is juxtaposed in the Y-axis direction with the distal end
face 247 of the boss 242 of the nount 24 of the cutting
unit 20 fromwhich the fastening nut 27 and the cutting
bl ade 21 have been renoved.

The cal cul ator 102 controls the noving unit 84 to
bring the blade chuck 82 gripping the jig 300 along the
Y-axis direction closely to the distal end face 247 of
the boss 242 of the nmount 24 of the cutting unit 20 from
whi ch the fastening nut 27 and the cutting bl ade 21 have

been renoved.
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Then, as illustrated in FIG 26, the jig 300
contacts the distal end face 247 of the boss 242. As with
the first enbodi nent, the cal cul ator 102 cal cul ates the
position in the Y-axis direction of the distal end face
247 of the boss 242 of the nount 24 of a new cutting unit
20, and stores the calculated position in the storage
device. In the position calculating operation for
cal culating the position of the distal end face 247 of
t he boss 242 of the nount 24, the calculator 102 thus
cal cul ates the position in the Y-axis direction of the
di stal end face 247 of the boss 242 of the nmount 24 from
the position in the Y-axis direction as represented by
the Y coordinate at the tine the jig 300 contacts the
di stal end face 247 of the boss 242 of the nmount 24 at
one contact point and the output signals fromthe
vi bration detecting sensors 28 exceed the threshold val ue
400 as they detect vibrations upon contact between the
jig 300 and the boss 242 of the nount 24.

According to the second enbodi nent, in the position
cal cul ating operation for calculating the position of the
di stal end face 247 of the boss 242 of the nount 24, the
cal cul ator 102 brings the jig 300 into contact with the
di stal end face 247 of the boss 242 of the nmount 24 at

one contact point. According to the present invention,
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the jig 300 may be brought into contact with the distal
end face 247 of the boss 242 of the nmount 24 at at | east
one contact point. Then, the nmounting/di snounting
controller 103 of the control unit 100 controls the bl ade
nmount i ng/ di snounting unit 80 to align the central axis
821 of the blade chuck 82 with the central axis 246 of
the nount 24 on the basis of the calculated position in
the X-axis direction and the cal culated position in the
Z-axis direction of the central axis 246 and the position
in the Y-axis direction of the distal end face 247 of the
boss 242, whereupon cutting bl ades 21 are di snmounted and
nmount ed.

In the processing apparatus 1 according to the
second enbodinent, as with the first enbodi nent, the
nmount 24 of the spindle 23 has the vibration detecting
sensors 28, and the processing apparatus 1 grasps the
position where the jig 300 held by the grippers 825 of
t he bl ade chuck 82 and the nount 24 contact each other on
the basis of the output signals fromthe vibration
detecting sensors 28 and the detection results fromthe
position detecting units. As a result, the processing
apparatus 1 according to the second enbodinent is able to
deternmine with ease the position of the nount 24 on which

a cutting blade 21 is nounted.
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[First nodification]

A processing apparatus according to a first
nodi fication of the second enbodi nent will hereinafter be
descri bed below with reference to the drawings. FIG 27
illustrates in side elevation the manner in which a jig
gri pped by a bl ade chuck and a bearing flange of a nount
are held in contact with each other in a position
cal cul ating operation for calculating the position of a
di stal end face of the nount of the processi ng apparatus
according to the first nodification of the second
enbodinent. In FIG 27, those parts of the processing
apparatus according to the first nodification which are
identical to those of the processing apparatus according
to the second enbodi nent are denoted by identica
reference characters, and will not be described in detai
bel ow.

The processi ng apparatus, denoted by 1, according
to the first nodification of the second enbodi ment is the
sane as the processing apparatus 1 according to the
second enbodi ment except that a position cal cul ating
operation for calculating the position of the distal end
face 247 of the boss 242 of the nmount 24 in a position
cal cul ating operation for calculating the position of the

mount 24 is different fromthe position cal cul ating
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operation according to the second enbodinent. In the
position cal cul ating operation for calculating the
position of the distal end face 247 of the boss 242 of
the nount 24 in the position calculating operation for
cal culating the position of the nount 24, the processing
apparatus 1 according to the first nodification of the
second enbodi nent brings the jig 300 gripped by the
gri ppers 825 of the blade chuck 82 into contact with the
outer edge portion 244 of the bearing flange 243 of the
nmount 24 of the cutting unit 20 in the
nount i ng/ di smounti ng position, calculates the position in
the Y-axis direction of the outer edge portion 244 of the
bearing fl ange 243, and cal cul ates the position in the Y-
axis direction of the distal end face 247 of the boss 242.
In the processing apparatus 1 according to the
first nodification of the second enbodi nent, as with the
second enbodi nent, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 grasps the position where the jig 300 gri pped
by the grippers 825 of the blade chuck 82 and t he nount
24 contact each other on the basis of the output signals
fromthe vibration detecting sensors 28 and the detection
signals fromthe position detecting units. As a result,

t he bl ade changer unit 7 according to the first
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nodi fication of the second enbodi nent, as with the second
enbodi nent, is able to determne with ease the position
of the nount 24 on which a cutting blade 21 is nount ed.
[ Second nodification]

A processing apparatus 1 according to a second
nodi fication of the second enbodi nent will hereinafter be
descri bed below with reference to the drawings. FIG 28
illustrates in side elevation a nmount of the processing
apparatus according to the second nodification of the
second enbodinent. FIG 29 illustrates in side elevation
a cutting blade of the processing apparatus according to
t he second nodification of the second enbodinent. FIG 30
illustrates in side elevation the manner in which a boss
of the nount of the cutting apparatus according to the
second nodi fication of the second enbodinent is inserted
in an insertion hole in the cutting blade. In FIGS 28,
29, and 30, those parts of the processing apparatus
according to the second nodification which are identica
to those of the processing apparatus according to the
second enbodi nent are denoted by identical reference
characters, and will not be described in detail bel ow.

The processing apparatus 1 according to the second
nodi fication of the second enbodinent is the sane as the

processi ng apparatus 1 according to the second enbodi nent
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except that the cutting blade 21 as the jig 300 is

gri pped by the blade chuck 82 while the position
detecting operation for detecting the position of the
mount 24 is carried out, and the externally threaded
outer circunferential surface 245 of the boss 242 of the
nmount 24 has an outside dianmeter 245-1 smaller than an
outsi de dianmeter 242-1 of an end of the boss 242, as
illustrated in FIG 28.

According to the second nodification of the second
enbodi nent, the insertion hole 211 in the cutting bl ade
21 illustrated in FIG 29 has an inside dianeter
substantially equal to the outside dianeter 242-1 of the
end of the boss 242 of the nount 24 and | arger than the
outsi de diameter 245-1 of the externally threaded outer
circunferential surface 245 of the boss 242. According to
t he second nodification of the second enbodinent, in the
position cal cul ating operation for calculating the
position of the central axis 246 of the boss 242 of the
mount 24 in the position calculating operation for
cal culating the position of the nount 24, as illustrated
in FIG 30, the externally threaded outer circunferentia
surface 245 of the boss 242 of the nount 24 is inserted
into the insertion hole 211 in the cutting bl ade 21

wi t hout contacting the inner circunferential surface of
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the cutting blade 21 that defines the insertion hole 211.
Thereafter, as with the second enbodi nent, the cutting

bl ade 21 is noved successively in the first direction 111,
the second direction 112, and the third direction 113,

and the position in the X-axis direction and the position
in the Z-axis direction of the central axis 246 of the
boss 242 are cal cul at ed.

Furt hernore, according to the second nodification
of the second enbodi ment, in the position cal cul ating
operation for calculating the position of the distal end
face 247 of the boss 242 of the nount 24 in the position
cal cul ating operation for calculating the position of the
nount 24, the circul ar base 212 of the cutting bl ade 21,
etc. is brought into contact with the distal end face 247
of the boss 242 or the outer edge portion 244 of the
bearing flange 243, and the positions in the X-, Z-, and
Y-axis directions of the distal end face 247 of the boss
242 are cal cul at ed.

In the processing apparatus 1 according to the
second nodification of the second enbodi nent, as with the
second enbodi nent, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 grasps the position where the cutting bl ade

21 gripped by the grippers 825 of the blade chuck 82 and
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t he nount 24 contact each other on the basis of the

out put signals fromthe vibration detecting sensors 28
and the detection signals fromthe position detecting
units. As a result, the processing apparatus 1 according
to the second nodification of the second enbodi nent, as
with the first enbodinent, is able to determ ne with ease
the position of the nmount 24 on which a cutting blade 21
I S nount ed.

Furthernore, since the processing apparatus 1
according to the second nodification of the second
enbodi nent determ nes the position of the nmount 24 by
bringing the cutting blade 21 gripped by the grippers 825
into contact with the nount 24, the position of the nount
24 can be determ ned w thout using the dedicated jig 300,
and the position of the nmount 24 can be determ ned while
cutting blades 21 are bei ng di smounted and nount ed.

Mor eover, as the processing apparatus 1 according
to the second nodification of the second enbodi nent
determ nes the position of the nmount 24 by bringing the
cutting blade 21 for use in cutting operations that is
gri pped by the grippers 825 into contact with the nount
24, the processing apparatus 1 is able to deternine the
position of the nount 24 with higher accuracy.

[ Third nodification]
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A processing apparatus according to a third
nodi fication of the second enbodi nent will hereinafter be
descri bed below with reference to the drawings. FIG 31
illustrates in side elevation the manner in which a jig
and the outer edge of a bearing flange of a nount are
held in contact with each other in a position cal cul ating
operation for calculating the position of the centra
axi s of the nount of the processing apparatus according
to the third nodification of the second enbodinent. 1In
FIG 31, those parts of the processing apparatus
according to the third nodification which are identica
to those of the processing apparatus according to the
second enbodi nent are denoted by identical reference
characters, and will not be described in detail bel ow.

The processi ng apparatus, denoted by 1, according
to the third nodification of the second enbodi ment is the
sane as the processing apparatus 1 according to the first
enbodi nent except that in the position calculating
operation for calculating the position of the centra
axis 246 of the nount 24 in the position calculating
operation for calculating the position of the nount 24,
the processing apparatus 1 controls the noving unit 84 to
nove the nount 24 and the bl ade chuck 82 relatively to

each other in the X-axis direction and the Z-axis
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direction to bring the outer edge of the bearing flange
243 of the nmount 24 and the jig 300 into contact with
each other at at |east three contact points, and
calculates the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the nount 24 fromthe position in the X-axis direction
as represented by the X coordinate and the position in
the Z-axis direction as represented by the Z coordinate
detected by the position detecting units at the tine the
out put signals fromthe vibration detecting sensors 28
exceed the threshold value 400 as they detect vibrations
upon contact between the outer edge of the bearing flange
243 and the jig 300.

In the processing apparatus 1 according to the
third nodification of the second enbodi nent, as with the
second enbodi nent, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 brings the jig 300 into contact with the
bearing flange 243 of the nmount 24, and grasps the
position where the bearing flange 243 and the jig 300
contact each other on the basis of the output signals
fromthe vibration detecting sensors 28 and the detection
signals fromthe position detecting units. As a result,

t he processing apparatus 1 according to the third
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nodi fication of the second enbodi ment, as with the first
enbodi nent, is able to determne with ease the position
of the nount 24 on which a cutting blade 21 is nount ed.

According to the present invention, in the second
enbodi nent, each of the bl ade chucks 82 nay include a
vi bration detecting sensor 28 as with the first
enbodi nent .

[ Modi fication]

A processing apparatus according to a nodification
of the first enbodi nent and the second enbodi ment will
herei nafter be described below wth reference to the
drawings. FIG 32 illustrates in perspective by way of
exanpl e the structure of a blade chuck of a bl ade
nmount i ng/ di snounting unit of a bl ade changer unit of the
processi ng apparatus according to the nodification of the
first enbodi nent and the second enbodinment. In FIG 32,
those parts of the processing apparatus according to the
nodi fication which are identical to those of the
processi ng apparatus according to the first enbodi nent
and the second enbodi nent are denoted by identica
reference characters, and will not be described in detai
bel ow.

The processi ng apparatus, denoted by 1, according

to the nodification is the same as the processing
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apparatus according to the first enbodi nent and the
second enbodi nent except that the blade chuck 82 is of a
different structure. As illustrated in FIG 32, the bl ade
chuck, denoted by 82-1, of the blade nounting/di snounting
unit 80 of the blade changer unit 7 of the processing
apparatus 1 according to the nodification includes a
support base 824 that has a distal end face 830 facing
the bl ade hol der 74 and the nount 24 of the cutting unit
20 and having two suction grooves 828 defined therein
that are connected to a suction source and an entry hole
829 defined therein for receiving the boss 242 that
enters the entry hole 829 when a cutting blade 21 is
nmount ed on and di snounted fromthe cutting unit 20. The
suction grooves 828 and the entry hole 829 are recessed
fromthe distal end face 830.

According to the nodification, the two suction
grooves 828 are of an annul ar shape and positioned
coaxially with the end face 830 of the support base 824.
When a negative pressure fromthe suction source acts in
the suction grooves 828, the cutting blade 21 is held
under suction on the distal end face 830 of the support
base 824. The entry hole 829 is defined centrally in the
di stal end face 830 of the support base 824 coaxially

therewi th.
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In the processing apparatus 1 according to the
nodi fi cation, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28 or the bl ade chuck 82 has
the vibration detecting sensor 28, and the processing
apparatus 1 grasps the position where the bl ade chuck 82,
the jig 300, or the cutting blade 21 and the nount 24
contact each other on the basis of the output signals
fromthe vibration detecting sensors 28 and the detection
signals fromthe position detecting units. As a result,
the processing apparatus 1 according to the nodification,
as with the first enbodi nent and the second enbodi nent,
Is able to determne with ease the position of the nount
24 on which a cutting blade 21 is nount ed.
[ Third enbodi nent ]

A processing apparatus according to a third
enbodi nent of the present invention will be described
below with reference to the drawings. FIG 33 illustrates
i n perspective by way of exanple the structure of a bl ade
nmount i ng/ di snounting unit of a bl ade changer unit of the

processi ng apparatus according to the third enbodi nent.

FIG 34 illustrates in perspective a blade hol ding unit
of the blade mounting/disnmounting unit illustrated in FIG
33. FIG 35 illustrates in front elevation the bl ade

hol ding unit illustrated in FIG 34. In FIGS. 33, 34, and
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35, those parts that are identical to those according to
the first enbodi nent and the second enbodi nent are
denoted by identical reference characters and will not be
descri bed in detail bel ow.

The processi ng apparatus, denoted by 1, according
to the third enbodinent is the sane as the processing
apparatus according to the first enbodi nent and the
second enbodi nent except that the bl ade
nmount i ng/ di snounting unit, denoted by 80-3, is
structurally different fromthe bl ade
nount i ng/ di smounting unit according to the first
enbodi nent and the second enbodi nent. According to the
third enbodi ment, the processing apparatus 1 includes
only one bl ade nounting/di snmounting unit 80-3 illustrated
in FIG 33.

As illustrated in FIG 33, the bl ade
nmount i ng/ di smounting unit 80-3 of the processing
apparatus 1 according to the third enbodi nent includes a
unit body 81-3, a noving unit 84-3 as a noving nenber on
whi ch the unit body 81-3 is novably supported, a bl ade
hol ding unit 85, and a nut holding unit 86. The unit body
81-3 is shaped as a rectangul ar parall el epi ped whose
| ongi tudi nal directions are parallel to horizontal

di rections, supporting the blade holding unit 85 on one
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end thereof and the nut holding unit 86 on the other end
t her eof .

The noving unit 84-3 noves the unit body 81-3, i.e.,
bl ade chucks 82-3 of the blade holding unit 85 and nut
hol ders 83-3 of the nut holding unit 86, along X-axis
directions, Y-axis directions, and Z-axis directions. The
nmoving unit 84-3 al so noves the bl ade chucks 82-3 of the
bl ade hol ding unit 85 between a position where they can
nmount a cutting blade 21 on and di smount a cutting bl ade
21 fromthe blade holder 74 in the transfer position 744
of the blade stocker 70 and a position where they can
nmount a cutting blade 21 on and di smount a cutting bl ade
21 fromthe boss 242 of the nmount 24 of the cutting unit
20 in the nounting/di smounting position. The noving unit
84-3 al so noves the bl ade chucks 82-3 of the bl ade
hol ding unit 85 to a position where they can nount the
fastening nut 27 on and di snount the fastening nut 27
fromthe boss 242 of the nmount 24 of the cutting unit 20
i n the nounting/di snounting position.

According to the third enbodi nent, the noving unit
84-3 includes a base 41 fixed to the apparatus body 2,
etc., a vertically novable nenber 42, a first rotary arm
43, a second rotary arm 44, a vertically noving nmechani sm

45, a first rotating nechani sm 46, a second rotating
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mechani sm 47, and a third rotating nechani sm 48. The base
41 is of a straight shape parallel to the Z-axis
directions. According to the third enbodi nent, the base
41 extends upwardly from an upper surface of the
apparatus body 2. The vertically novable nenber 42 is
novabl y mounted on the base 41 for novenment in the Z-axis
di recti ons.

The first rotary arm 43 and the second rotary arm
44 extend in a straight shape. The first rotary arm 43
has an end rotatably supported on the vertically novable
menber 42 for rotation about a first rotational axis 491
parallel to the Z-axis directions. The other end of the
first rotary arm 43 and an end of the second rotary arm
44 are rotatably supported on each other for rotation
about a second rotational axis 492 parallel to the Z-axis
directions. The unit body 81-3 has its central portion
rotatably supported on the other end of the second rotary
arm 44 for rotation about a third rotational axis 493
parallel to the Z-axis directions.

The vertically noving mechani sm 45 noves the
vertically novabl e nenber 42 in the Z-axis directions
with respect to the base 41. The first rotating nmechani sm
46 rotates the end of the first rotary arm 43 about the

first rotational axis 491 with respect to the vertically
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novabl e menber 42. The second rotating nechani sm 47
rotates the other end of the first rotary arm 43 and the
end of the second rotary arm 44 about the second
rotational axis 492 with respect to each other. The third
rotating nmechanism 48 rotates the unit body 81-3 about
the third rotational axis 493 with respect to the other
end of the second rotary arm 44.

The bl ade hol ding unit 85 includes a rotationa
shaft 51 supported on a |longitudinal end of the unit body
81-3 illustrated in FIGS. 34 and 35, a support nenber 52,
a hollow cylindrical cover nenber 53 illustrated in FIG
33 covering nost of the rotational shaft 51 and the
support nenber 52, and a plurality of blade chucks 82-3
as holders for holding cutting blades 21. The rotationa
shaft 51 is of a cylindrical shape having a central axis
511 parallel to horizontal directions and can be rotated
about the central axis 511 by an electric notor, not
i I'lustrated.

The support nenber 52 has a through hole 521
defined centrally therein through which the rotationa
shaft 51 extends, and includes a plurality of radially
out ward extensions 522 extending radially outwardly from
the center of the support nenber 52. The through hole 521

has an inside dianmeter |arger than the outside dianeter
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of the rotational shaft 51. According to the third
enbodi nent, the support nenber 52 has four outward
extensi ons 522. According to the present invention,
however, the support nenber 52 may have at |east two
outward extensions 522. The outward extensions 522 are
di sposed at circunferentially spaced intervals. According
to the third enbodi nent, the outward extensions 522 are
di sposed at circunferentially equally spaced intervals.
The support nenber 52 is coupled by a joint
assenbly 54 to the rotational shaft 51 that extends
t hrough the through hole 521. The joint assenbly 54
i ncl udes extension fittings 541 di sposed on the outward
extensi ons 522, shaft fittings 542 di sposed on an outer
circunferential surface of the rotational shaft 51, and
resilient menber pairs 543 associ ated respectively with
the extension fittings 541. The extension fittings 541
protrude fromthe respective centers in w dthw se and
| engt hwi se directions of the axially opposite surfaces of
the outward extensions 522. |In other words, two extension
fittings 541 are di sposed on each of the outward
extensi ons 522, so that the joint assenbly 54 has a total
of eight extension fittings 541 according to the third
enbodi nent .

The shaft fittings 542 protrude fromthe outer
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circunferential surface of the rotational shaft 51 in as
many as the nunber of the extension fittings 541.
According to the third enbodi nent, specifically, the

joint assenbly 54 has a total of eight shaft fittings 542.
O the shaft fittings 542, one half, i.e., four shaft
fittings 542, are disposed at circunferentially equally
spaced intervals on the outer circunferential surface of
the rotational shaft 51 on one axial side of the support
menber 52. The remaining four shaft fittings 542 are

di sposed at circunferentially equally spaced intervals on
the outer circunferential surface of the rotational shaft
51 on the other axial side of the support nenber 52. Wth
the rotational shaft 51 extending through the through
hol e 521, according to the third enbodi nent, the four
shaft fittings 542 on one axial side of the support

menber 52 and the other four shaft fittings 542 on the

ot her axial side of the support nenber 52 are spaced from
each other along the central axis 511 across the support
menber 52.

The resilient nmenber pairs 543 are available in as
many as the nunber of extension fittings 541 and the
nunber of shaft fittings 542. In other words, the joint
assenbly 54 has a total of eight resilient nenber pairs

543. Each of the resilient nenber pairs 543 includes a

102



pair of helical springs 544 as resilient nenbers.
According to the third enbodi nent, the helical springs
544 are used as the resilient nenbers. According to the
present invention, however, the resilient nenbers are not
limted to the helical springs 544. The helical springs
544 of each of the resilient nenber pairs 543 have ends
joined to a correspondi ng one of the extension fittings
541 and other ends joined to adjacent two, that are

cl oset to each other and circunferentially next to each
other, of the shaft fittings 542 on the rotational shaft
51 extendi ng through the through hole 521. Therefore, two
hel i cal springs 544 have ends joined to each of the
extension fittings 541, and two helical springs 544 have
ot her ends joined to each of the shaft fittings 542.

Each of the helical springs 544 normally urges the
extension fitting 541 and the shaft fitting 542 to which
it is joined to nove toward each other. According to the
third enbodiment, all of the helical springs 544 have
equal urging forces. As described above, the outward
ext ensi ons 522 are disposed at circunferentially spaced
intervals, the extension fittings 541 are di sposed on the
axi ally opposite surfaces of the outward extensions 522,
one half of the shaft fittings 542 on one side of the

support nenber 52 and the renaining half of the shaft
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fittings 542 on the other side of the support nenber 52
are axially spaced fromeach other along the central axis
511, and the helical springs 544 of each of the resilient
menber pairs 543 have ends joined to a correspondi ng one
of the extension fittings 541 and other ends joined to
adj acent two, that are closet to each other and
circunferentially next to each other, of the shaft
fittings 542 on the rotational shaft 51 extending through
the through hole 521. Consequently, the joint assenbly 54
normal Iy urges the rotational shaft 51 and the support
menber 52 under the urging forces of the helical springs
544 to make the rotational shaft 51 and the through hole
521 coaxial with each other and make the directions in
whi ch the outward extensions 522 extend perpendicular to
the central axis 511. The joint assenbly 54 keeps the
rotational shaft 51 and the support nenber 52 in relative
positions where the rotational shaft 51 and the through
hol e 521 are coaxial wth each other and the directions
in which the outward extensions 522 extend are
per pendi cul ar to the central axis 511.

The bl ade chucks 82-3 are nounted on respective
radially outward di stal ends of the outward extensions
522. The bl ade nounting/di smounting unit 80-3 according

to the third enbodi nent has four blade chucks 82-3. Each
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of the blade chucks 82-3 includes a support base 824
nmounted on one of the radially outward distal ends of the
out ward extensi ons 522, suction grooves 828 connected to
a suction source that are defined in a distal end face
830 of the support base 824 that faces the bl ade hol der
74 and the nmount 24 of the cutting blade 21, and an entry
hol e 829 defined in the support base 824 for receiving
the boss 242 that enters the entry hol e 829 when the
cutting blade 21 is nounted on and di snounted fromthe
cutting unit 20, as with the nodification of the first
enbodi nent and the second enbodi nent. Each of the bl ade
chucks 82-3 holds a cutting blade 21 or a jig 300 under
suction on the distal end face 830 because of a negative
pressure acting in the suction grooves 828 fromthe
suction source. According to the third enbodi nent, each
of the blade chucks 82-3 holds a cutting blade 21 or a
ji1g 300 under suction. According to the present invention,
however, a cutting blade 21 or a jig 300 may be held on
each of the blade chucks 82-3 by any other neans than the
suction neans.

According to the third enbodi nent, the distal end
faces 830 of those blade chucks 82-3 that are di sposed
adj acent to each other in circunferential directions

around the rotational shaft 51 lie perpendicularly to
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each other, and the distal end faces 830 of those bl ade
chucks 82-3 that opposite each other across the
rotational shaft 51 |lie parallel to each other
Furt hernore, since the support nenber 52 and the
rotational shaft 51 are joined to each other by the joint
assenbly 54, the distal end faces 830 of the blade chucks
82-3 are swingably joined to the rotational shaft 51 by
the joint assenbly 54 that has the helical springs 544.
Wth the support nenber 52 and the rotational shaft
51 being joined to each other by the joint assenbly 54,
t he angl es formed between adj acent ones of |ines
I nterconnecting the central axes 821 of the bl ade chucks
82-3 and the central axis 511 of the rotational shaft 51
are equal to each other. According to the third
enbodi nent, each of the angles is of 90 degrees.
Therefore, with the support nenber 52 and the rotationa
shaft 51 being joined to each other by the joint assenbly
54, the bl ade chucks 82-3 are disposed in respective
positions spaced at angular intervals of 90 degrees
around the central axis 511 of the rotational shaft 51.
The nut holding unit 86 is supported on the other
| ongi tudi nal end of the unit body 81-3, and has two nut
hol ders 83-3. According to the third enbodi nent, the nut

hol ding unit 86 has respective central axes 831 extendi ng
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inline wth each other and parallel to horizontal

di rections, and al so have respective support bases 834,
each including a plurality of grippers 835, disposed in
respective positions in which the grippers 835 of the
support bases 834 face away from each other

For changing the cutting blade 21 on each of the
cutting units 20 with the bl ade changer unit 7 according
to the third enbodi nent, the noving unit 84-3 brings the
bl ade chucks 82-3 of the blade holding unit 85 supported
on the unit body 81-3 into facing relation to the bl ade
hol der 74 in the transfer position 744 of the bl ade
stocker 70 and the boss 242 of the nount 24 of the
cutting unit 20 in the nounting/di snmounting position, and
brings the nut hol der 83-3 of the nut holding unit 86
supported on the unit body 81-3 into facing relation to
the boss 242 of the nmount 24 of the cutting unit 20 in
t he nounting/ di smounting position.

For calculating the positions referred above of the
mounts 24 of the cutting units 20 with the bl ade changer
unit 7 according to the third enbodi nent, either one of
t he bl ade chucks 82-3 of the blade hol ding unit 85 holds
a cutting blade 21 or a jig 300 under suction, and the
nmoving unit 84-3 noves either one of the bl ade chucks 82-

3 of the blade holding unit 85 supported on the unit body
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81-3 in the sanme manner as the second enbodi nent.

In the processing apparatus 1 according to the
third enbodi nent, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 grasps the positions where the cutting bl ade
21 or the jig 30 and the nount 24 contact each other on
the basis of the output signals fromthe vibration
detecting sensors 28 and the detection results fromthe
position detecting units. As a result, the processing
apparatus 1 according to the third enbodinent is able to
determine with ease the position of the nount 24 on which
a cutting blade 21 is nounted, as with the first
enbodi nent .

According to the present invention, in the third
enbodi nent, each of the bl ade chucks 82-3 may include a
vi bration detecting sensor 28 as with the first
enbodi nent .

[ Modi fi cation]

A processing apparatus according to a nodification
of the first enbodi nent, the second enbodi nent, and the
third enbodiment will be described below wth reference
to the drawings. FIG 36 illustrates accel erations
detected by a vibration detecting sensor of the

processi ng apparatus according to the nodification of the
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first enbodi ment, the second enbodi nent, and the third
enbodinent. In FIG 36, those parts which are identica
to those of the processing apparatus according to the
first enbodi ment, the second enbodinent, and the third
enbodi nent are denoted by identical reference characters,
and wi |l not be described in detail below.

The processi ng apparatus, denoted by 1, according
to the nodification of the first enbodi nent, the second
enbodi nent, and the third enbodiment is the sane as the
processi ng apparatus according to the first enbodi nent,

t he second enbodi nent, and the third enbodi nent except
that the vibration detecting sensors 28 for detecting
vi brations are accel eration sensors for detecting
accel erations as illustrated in FIG 36.

In the processing apparatus 1 according to the
nodi fication of the first enbodi nent, the second
enbodi nent, and the third enbodi ment, the nount 24 or the
bl ade chucks 82-1 and 82-3 have vibration detecting
sensors 28. The vibration detecting sensors 28 detect the
accel erations of vibrations propagated through the
spindle 23 and the nount 24 of the cutting unit 20, and
out put signals representing the detected accelerations to
the control unit 100. In FIG 36, the horizontal axis

represents tinme el apsed after the position calculating
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operation for calculating the position of the centra
axis 246 of the nount 24 has started, and the vertica
axi s represents the accel erations represented by the
output signals fromthe vibration detecting sensors 28.
In the processing apparatus 1 according to the
nodi fication of the first enbodi nent, the second
enbodi nent, and the third enbodi nent, the vibration
detecting sensors 28 detect the accel erations of
vi brations caused when the grippers 825 of the bl ade
chuck 82, the jig 300, or the cutting blade 21 contact
the nount 24 of the cutting unit 20 in the
nmount i ng/ di smounti ng position. Wen the accel erations
represented by the output signals fromthe vibration
detecting sensors 28 exceed a threshold val ue 400-1
illustrated in FIG 36, the processing apparatus 1 can
detect the position in the X-axis direction and the
position in the Z-axis direction of the central axis 246
of the nount 24 of the cutting unit 20 in the
nmount i ng/ di snounting position and the position in the Y-
axis direction of the distal end face 247 of the boss 242
of the mount 24. The threshold value 400-1 is a val ue
| ower than the accel erations represented by the signals
fromthe vibration detecting sensors 28 at the tinme they

detect the accelerations of vibrations caused when the
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gri ppers 825 of the blade chuck 82, the jig 300, or the
cutting blade 21 contact the nount 24.

In the processing apparatus 1 according to the
nodi fi cation, the nount 24 of the spindle 23 has the
vi bration detecting sensors 28, and the processing
apparatus 1 grasps the positions where the grippers 825
of the blade chuck 82, the jig 300, or the cutting bl ade
21 and the nmount 24 contact each other on the basis of
the output signals fromthe vibration detecting sensors
28 and the detection results fromthe position detecting
units. As a result, the processing apparatus 1 according
to the nodification is able to determne wth ease the
position of the nount 24 on which a cutting blade 21 is
nmounted, as with the first enbodinent. |In the processing
apparatus 1 according to the nodification, the bl ade
chucks 82, 82-1, and 82-3 nmamy have vibration detecting
sensors 28.

The present invention is not limted to the above
enbodi nents and nodi fications. Various changes and
nodi fications may be nmade therein wthout departing from
the scope of the invention. According to the above
enbodi nents, the position in the Y-axis direction of the
di stal end face 247 of the boss 242 of the nount 24 is

detected. According to the present invention, the
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position in the Y-axis direction of the distal end face

247 of the boss 242 of the nount 24 may not be detected.
The present invention is not Iimted to the details

of the above described preferred enbodi nents. The scope

of the invention is defined by the appended cl ains and

all changes and nodifications as fall within the

equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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VWHAT IS CLAIMED | S

1. A processing apparatus conprising:

a holding table for holding a workpi ece thereon,
the hol ding tabl e being processing-feedable in an X-axis
direction relatively to a spindle;

a cutting unit including the spindle and a nount
fixed to a distal end of the spindle and having a boss
extending in a Y-axis direction perpendicular to the X-
axis direction;

a bl ade changer unit for nounting a cutting bl ade
on the boss of the nmount and disnounting a cutting bl ade
fromthe boss of the nount; and

a controller for controlling the cutting unit and
t he bl ade changer unit, wherein

the nount further includes a bearing flange for
supporting the cutting bl ade, the bearing flange
projecting radially froman axial rear end of the boss,

t he bl ade changer unit includes

a holder for holding the cutting blade, and
a nmoving unit for noving the hol der,

one or both of the cutting unit and the bl ade
changer unit have a vibration detecting sensor for
detecting vibrations, and

the controll er includes
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a calculator for noving the boss or the
bearing flange and the holder relatively to each other in
the X-axis direction and a Z-axis direction perpendicul ar
to the X-axis direction and the Y-axis direction to bring
the boss or the bearing flange and the holder into
contact with each other at at |east three contact points,
and calculating a center of the nount froman X
coordi nate and a Z coordi nate where the vibration
detecti ng sensor detects vibrations caused upon the
contact between the boss or the bearing flange and the
hol der, and

a nmounting/ di snounting controller for
aligning a center of the holder with the center of the
nmount cal cul ated by the cal cul ator and nounting the
cutting blade on the boss or disnmounting the cutting
bl ade from the boss.

2. A processing apparatus conprising:

a holding table for hol ding a workpi ece thereon,
the hol ding tabl e being processing-feedable in an X-axis
direction relatively to a spindle;

a cutting unit including the spindle and a nount
fixed to a distal end of the spindle and having a boss
extending in a Y-axis direction perpendicular to the X-

axis direction;
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a bl ade changer unit for nounting a cutting bl ade
on the boss of the nount and disnounting a cutting bl ade
fromthe boss of the nmount; and

a controller for controlling the cutting unit and
t he bl ade changer unit, wherein

the nount further includes a bearing flange for
supporting the cutting bl ade, the bearing flange
projecting radially froman axial rear end of the boss,

t he bl ade changer unit i ncludes

a holder for holding a jig having an opening
defined therein that is |larger than the boss, and

a noving unit for noving the hol der,

one or both of the cutting unit and the bl ade
changer unit have a vibration detecting sensor for
detecting vibrations, and

the controller includes,

a calculator for noving the boss or the
bearing flange and the jig relatively to each other in
the X-axis direction and a Z-axis direction perpendi cul ar
to the X-axis direction and the Y-axis direction to bring
the boss or the bearing flange and the jig into contact
with each other at at |east three contact points, and
cal culating a center of the nmount froman X coordinate

and a Z coordi nate where the vibration detecting sensor
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detects vibrations caused upon the contact between the
boss or the bearing flange and the jig, and
a nmounti ng/ di snounting controller for

aligning a center of the holder with the center of the
nmount cal cul ated by the cal cul ator and nounting the
cutting blade on the boss or disnmounting the cutting
bl ade from the boss.

3. The processing apparatus according to claim 2,
wherein

the jig includes the cutting bl ade.

4. The processing apparatus according to claim1,
wherein

the spindle has a central axis whose direction is
represented by the Y-axis direction,

the controller brings the holder into contact with
the boss or a distal end of the bearing fl ange,

the cal cul ator calculates a coordinate in the Y-
axis direction of the boss froma Y coordi nate where the
vi bration detecting sensor detects vibrations, and

t he nounting/di smounting controller nmounts the
cutting blade on the boss or disnmounts the cutting bl ade
fromthe boss while in alignnent with the coordinate in
the Y-axis direction of the boss that is cal cul ated by

t he cal cul at or
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5. The processing apparatus according to claim 2,
wherein

the spindle has a central axis whose direction is
represented by the Y-axis direction,

the controller brings the jig into contact with the
boss or a distal end of the bearing flange,

the cal cul ator calculates a coordinate in the Y-
axis direction of the boss froma Y coordi nate where the
vi bration detecting sensor detects vibrations, and

t he nounting/ di smounting controller nmounts the
cutting blade on the boss or disnmounts the cutting bl ade
fromthe boss while in alignnent with the coordinate in
the Y-axis direction of the boss that is cal cul ated by
t he cal cul at or

6. The processing apparatus according to claiml,
wherein

the vibration detecting sensor includes either an
acoustic em ssion sensor or an accel eration sensor.

7. The processing apparatus according to claim 2,
wher ei n

the vibration detecting sensor includes either an
acoustic em ssion sensor or an accel eration sensor.

8. The processing apparatus according to claim 3,

wher ei n
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the vibration detecting sensor includes either an
acoustic em ssion sensor or an accel eration sensor.

9. The processing apparatus according to claim4,
wher ei n

the vibration detecting sensor includes either an
acoustic em ssion sensor or an accel eration sensor.

10. The processing apparatus according to claimb5,
wherein

the vibration detecting sensor includes either an

acousti c em ssion sensor or an accel erati on sensor.
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