BLADE REPLACI NG DEVI CE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a blade
replacing device used in a cutting apparatus.

Description of the Related Art

In order to divide a semiconductor wafer of
silicon or the like with a plurality of devices for
a front surface side thereof into individual device
chips, a cutting apparatus including an annular cut
blade is used. The cutting blade is a consumable a
required to be replaced, as necessary, according to
degree of abrasion or the like. For example, in a
where an operator manually replaces the cutting bla
the used cutting blade is detached from a blade mou
fixed to a tip part of a spindle, and thereafter, a
cutting blade is mounted to the blade mount.

At the time of mounting, first, a boss sect
the blade mount is inserted into a through-opening
cutting blade. Next, in a state in which the cutti
blade is abutted on a flange section of the blade m
the boss section is inserted into a presser nut, an

presser nut is fastened to a screw groove in an out
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circumferential side surface of the boss section.
result, the cutting blade is clamped between the fl
section and the presser nut, and a position in an a
direction of the spindle is fixed. Itis to be not
however, that a thickness of a cutting edge of the
cutting blade is very small, and breakage is liable
occur, so that a replacing operation needs operator
skill.

In view of this, a blade replacing device f
automatically taking out a new cutting blade from a

for cutting blades and mounting the new cutting bla

the blade mount has been developed (see, for exampl

Japanese Patent Laid-open No. 2007-98536). The cut

blade as an object to be replaced by the blade repl
device is, in general, a hub type cutting blade (na
hub blade) that has a metallic annular base, and an
annular cutting edge fixed to an outer circumferent
part of the annular base. In the case of mounting
hub blade to the blade mount by use of the blade
replacing device, for example, the hub blade is mov
a state in which a blade gripping unit of the blade
replacing device grips the front surface side of th
annular base, and the boss section is inserted into

through-hole of the annular base such that the back
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surface side of the annular base abuts on the flang
section. The annular base of the hub blade has its
thickness unified independently of the kind of the
cutting edge. Therefore, in the case of mounting t
blade to the blade mount by the blade replacing dev
in general, the hub blade is moved to a predetermin
position where the back surface side of the annular
abuts on the flange section, irrespectively of the
thickness of the cutting edge.

However, there is also a blade replacing de
for replacing a washer type cutting blade (namely,
hubless blade) not having an annular base but compo
the cutting edge itself (see, for example, Japanese
Patent Laid-open No. 2016-64450). The blade replac
device has a jig for suction holding the hubless bl
In the case of mounting the hubless blade to the bl
mount by use of this blade replacing device, first,
front surface side of the hubless blade is suction
by the jig, and then, the jig is moved such that th
surface side of the hubless blade comes into contac
the flange section. However, the thickness of the
cutting edge of the hubless blade varies, for examp
a range from 0.02 mm to 3.0 mm.

Therefore, for example, in a case where a h
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blade comparatively small in thickness of the cutti ng

edge is mounted to the blade mount and thereafter a

hubless blade comparatively large in thickness of t he
cutting edge is mounted in place thereof, the huble Ss
blade comparatively large in thickness of the cutti ng
blade is excessively pressed against the flange sec tion.
In this case, there is a fear of breakage of the hu bless

blade or damage to the flange section.

SUMVARY OF THE | NVENTI ON
The present invention has been made in
consideration of the aforementioned problems. It san
object of the invention to prevent breakage of a cu tting
blade and damage to a flange section in the case of
mounting cutting blades different in thickness of a
cutting edge to a blade mount.

In accordance with an aspect of the present

invention, there is provided a blade replacing devi ce
used in a cutting apparatus that cuts a workpiece b y an
annular cutting blade mounted to a tip part of a sp indle

through a blade mount, the blade mount having a
cylindrical boss section which projects in an axial
direction of the spindle in a state of being fixed to the

tip part of the spindle to be inserted into a throu gh-
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opening of the cutting blade, and an annular flange
section which is located on a base end part side of
boss section, projects to outside relative to the b
section in a radial direction of the boss section,
capable of making contact with the cutting blade in
state in which the cutting blade is inserted in the
section. The blade replacing device includes a hol
section that detachably holds one surface side of t
cutting blade, a moving section that relatively adv
and retracts the holding section in a state of hold
the cutting blade relative to the spindle in the ax
direction of the spindle, and positions the holding
section at least at a mounting position at which th
other surface located on an opposite side of the on
surface of the cutting blade is equal to or less th
predetermined distance from the flange section of t
blade mount, and at a released position at which th
cutting blade is spaced from the blade mount, and a
thickness information acquisition section for acqui
information concerning a thickness of the cutting b
in which the mounting position of the holding secti
adjusted according to the thickness of the cutting
acquired by utilizing the thickness information

acquisition section.
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Preferably, the thickness information acqui
section includes a camera unit for acquiring an ima
identification information provided on the cutting
or an accommodating case in which the cutting blade
accommodated, a reader for reading the identificati
information, or a measuring unit for measuring the
thickness of the cutting blade.

In addition, preferably, an annular presser
flange clamping the cutting blade together with the
flange section is mounted to the blade mount, the p
flange has a central hole into which the boss secti
inserted, and a through-hole that is provided on an
outside of the central hole and penetrates from one
surface side of the presser flange to the other sur
side of the presser flange, and the holding section
suction holds an opening exposed to the one surface
of the presser flange, of the through-hole, thereby
suction hold the cutting blade by the other surface
of the presser flange through the presser flange.

Besides, preferably, the cutting blade has
annular base section held by the holding section, a
annular grindstone section fixed to an outer
circumferential part of the base section, and the h

section suction holds one surface side of the base
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section, thereby to suction hold the cutting blade.

The blade replacing device according to one
of the present invention includes the holding secti
that detachably holds one surface side of the cutti
blade, the moving section that relatively advances
retracts the holding section in the state of holdin
cutting blade relative to the spindle in the axial
direction of the spindle and positions the holding
section at least at the mounting position and at th
released position, and the thickness information
acquisition section that acquires information conce
the thickness of the cutting blade. The mounting
position of the holding section is adjusted accordi
the thickness of the cutting blade acquired by the
thickness information acquisition section. Therefo
even in a case where the cutting blades different i
thickness of the cutting edge are mounted to the bl
mount, breakage of the cutting blade and damage to
flange section can be prevented.

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu

the following description and appended claims with
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reference to the attaching drawings showing some

preferred embodiments of the invention.

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

apparatus according to a first embodiment;

FIG. 2 is an exploded perspective view of a
cutting unit;

FIG. 3 is a partially sectional side view o
cutting unit;

FIG. 4 is a perspective view of a blade rep
unit;

FIG. 5 is a side view of a replacing mechan

FIG. 6 is a perspective view of a blade sto
section;

FIG. 7A is a diagram depicting a manner of
mounting a cutting blade having a first thickness;

FIG. 7B is a diagram depicting a manner of
mounting a cutting blade having a second thickness;

FIG. 8A is a partial enlarged view of FIG.

FIG. 8B is a partial enlarged view of FIG.

FIG. 9A is a diagram depicting a manner of
acquiring an image of identification information;

FIG. 9B is a diagram depicting a manner of
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acquiring an image of a thickness of a cutting edge ;

FIG. 10 is an exploded perspective view of a
cutting unit according to a second embodiment;

FIG. 11 is a partially sectional side view of the
cutting unit according to the second embodiment;

FIG. 12 is an exploded perspective view of a
cutting unit according to a third embodiment;

FIG. 13 is a partially sectional side view of the
cutting unit according to the third embodiment;

FIG. 14 is an exploded perspective view of a
cutting unit according to a fourth embodiment; and

FIG. 15 is a partially sectional side view of the

cutting unit according to the fourth embodiment.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

An embodiment according to one mode of the

present invention will be described below referring to
the attached drawings. FIG. 1 is a perspective vie w of a
cutting apparatus 2 according to the first embodime nt.

An X-axis direction (processing feeding direction), avY-
axis direction (indexing feeding direction), and a Z-axis

direction (vertical direction or upward-downward
direction) depicted in FIG. 1 are mutually orthogon al

directions. Note that, in FIG. 1, part of constitu ent
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elements is depicted with a functional block. The
cutting apparatus 2 includes a base 4 that supports
constituent elements. At a corner part of the base
elevator 6 that moves upward and downward by a lift
mechanism (not illustrated) is provided.

A cassette 8 is mounted on an upper surface
lifting base 6a of the elevator 6. A plurality of
of support plates 8a each pair capable of supportin
workpiece 11 are provided in the cassette 8 at a
predetermined interval along a height direction of

cassette 8. The workpiece 11 is, for example, a di

shaped wafer formed of a semiconductor material suc

silicon. To one surface side of the workpiece 11,
central part of a circular dicing tape 13 having a
diameter larger than a diameter of the workpiece 11
attached. In addition, one surface of a metallic a
frame 15 is attached to a peripheral part of the di
tape 13. The workpiece 11 is accommodated in the
cassette 8 in the form of a workpiece unit 17 in wh
the workpiece 11 is supported by the frame 15 throu
dicing tape 13.

A circular opening 4a is formed in a region
adjacent to one side in the X-axis direction of the

elevator 6. A cleaning unit 10 for cleaning the
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workpiece 11 after cutting is performed is disposed
the opening 4a. The cleaning unit 10 has a spinner
12. A nozzle (not illustrated) for jetting a gas-I
mixed fluid in which a liquid such as pure water an
are mixed is disposed on an upper side of the spinn
table 12. A pair of guide rails 14 are provided on
upper side of the cleaning unit 10.

The pair of guide rails 14 are moved, by a
driving mechanism not illustrated, so as to go clos
and away from each other along the Y-axis direction
the pair of guide rails 14, the position of the wor
unit 17 in the Y-axis direction is adjusted. Ata
position adjacent to one side in the Y-axis directi
with respect to the guide rails 14, a rectangular o
4b having a longitudinal part along the X-axis dire
is formed. The opening 4b is provided with a recta
table cover 16.

On both side in the X-axis direction of the
cover 16, dustproof and dropletproof covers 18 capa
shrinking and extending in the X-axis direction are
provided. On an upper side of the table cover 16,
chuck table 20 for suction holding the workpiece un
is provided. An upper surface of the chuck table 2

functions as a holding surface for suction holding
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workpiece unit 17 by using a negative pressure gene
in a suction source (not illustrated) such as an ej
A pair of clamp unit 22a for clamping the frame 15
workpiece unit 17 are provided on the table cover 1
addition, a pair of dress tables 22 are provided on
table cover 16. A dressing board (not illustrated)
dressing a cutting blade 34 (described later) is su
held by each of the dress tables 22.

At a lower part of the chuck table 20, a
rotational drive source (not illustrated) such as a
for rotating the chuck table 20 around a rotational
substantially parallel to the Z-axis direction is
provided. At a lower part of the rotational drive
source, a ball screw type X-axis moving mechanism
(processing feeding unit) (not illustrated) for mov
the rotational drive source and the chuck table 20
X-axis direction is provided. Of the opening 4b, a
region adjacent to the pair of guide rails 14 in th
axis direction is a conveying-in/conveying-out regi
where conveying-in and conveying-out of the workpie
are performed. Of the opening 4b, a region located
one side in the X-axis direction relative to the
conveying-in/conveying-out region is a cutting regi

where cutting of the workpiece 11 is conducted.
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On an upper side of the cutting region, a
rectangular parallelepiped-shaped cover member 24 f
of a metal or the like is provided. In a space cov
by the cover member 24, a pair of cutting units 26
disposed. A ball screw type Z-axis moving mechanis
(cutting-in feeding mechanism) (not illustrated) is
connected to each of the cutting units 26. In addi
a ball screw type Y-axis moving mechanism (indexing
feeding mechanism) (not illustrated) is connected t
Z-axis moving mechanism. Each cutting unit 26 is m
along the Z-axis direction by the Z-axis moving
mechanism, and is moved along the Y-axis direction
Y-axis moving mechanism. Here, by use of FIGS. 2 a
the cutting unit 26 will be described.

FIG. 2 is an exploded perspective view of t
cutting unit 26 according to the first embodiment,

FIG. 3 is a partially sectional side view of the cu

unit 26. The cutting unit 26 has a tubular spindle
housing 28. A part of a cylindrical spindle 30 is
accommodated in a rotatable manner in the spindle h
28. The spindle 30 is provided at a base end part
thereof with a rotational drive source (not illustr

such as a servo motor.

A tip part 30a of the spindle 30 projects f
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the spindle housing 28. A blade mount 32 is fixed to the

tip part 30a. The blade mount 32 has a first boss

section 32a, and a hole part fitted to the tip part 30a

is formed in the inside of the first boss section 3 2a.
The blade mount 32 has a cylindrical second boss se ction
32b (boss section) projecting to a side opposite to the
first boss section 32a in an axial direction 30b of the
spindle 30 (namely, in the Y-axis direction). The second
boss section 32b is inserted into a through-opening 34a
formed in an annular cutting blade 34 (in the prese nt

embodiment, a hubless blade).

An annular flange section 32c is provided o na
base end part side of the second boss section 32b a nd on
the outer side than the second boss section 32b in a
radial direction of the second boss section 32b. W hen
the second boss section 32b is inserted into the cu tting
blade 34, the flange section 32c is capable of maki ng
contact with the other surface 34b of the cutting b lade
34. An annular recess 32d is formed between the se cond
boss section 32b and the flange section 32c in the radial
direction of the second boss section 32b. The rece ss 32d
functions as a receiving part for receiving an annu lar

projecting part 36a of a presser flange 36 to be

described later.
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On the inner side than the second boss sect
32b in the radial direction of the second boss sect
32b, a third boss section 32e is formed in a manner
projecting further from the second boss section 32b
annular receiving part 32f for receiving a washer 3
formed on the inside of the third boss section 32e.
state in which the washer 30d is disposed on the
receiving part 32f, a male screw 30e is inserted in
inside of the third boss section 32e. When a shaft
of the male screw 30e is fastened to a screw hole 3
the tip part 30a, the receiving part 32f is pressed
head part of the male screw 30e through the washer
and the blade mount 32 is fixed to the tip part 30a
the spindle 30.

The second boss section 32b is inserted int
central hole 36b of the annular presser flange 36.
central hole 36b is formed on the inner side than t
annular projecting part 36a in a radial direction o
presser flange 36. An annular flange surface 36c¢ (
other surface of the presser flange 36) is formed o
outer side than the projecting part 36a. In additi
annular surface 36d (one surface of the presser fla
36) is provided on a side opposite to the projectin

36a and the flange surface 36¢.
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Each of openings 36e 1 of a plurality of through-
holes 36e are exposed at the annular surface 36d. The

plurality of through-holes 36e are provided at

substantially regular intervals in the circumferent ial
direction of the presser flange 36, in a manner of each
penetrating from the flange surface 36c¢ to the annu lar
surface 36d. When a negative pressure is made to a cton
the annular surface 36d in a state in which the fla nge
surface 36¢ faces one surface 34c of the cutting bl ade 34
located on an opposite side of the other surface 34 b, the
negative pressure is transmitted to the flange surf ace
36¢ through the through-holes 36e. When the one su rface
34c side is suction held on the flange surface 36c, the
flange surface 36¢ makes contact with the one surfa ce
34c.

The cutting blade 34 suction held through t he

presser flange 36 is disposed on the blade mount 32 ,

together with the presser flange 36. After dispose don
the blade mount 32, an annular surface 36f of the p resser
flange 36 located between the projecting part 36a a nd the
central hole 36b is suction held toward the blade m ount
32 side. An opening located at one end part of a f low
channel 32g is formed on the inner side than the re cess
32d in a radial direction of the blade mount 32, an d an

16



opening located at the other end part of the flow c
32g is formed in an outer circumferential side surf
the first boss section 32a.

In a state in which the blade mount 32 is f
to the tip part 30a, a cylindrical boss section 38a
provided at the tip part of the spindle housing 28
located at a peripheral part of the first boss sect
32a. The boss section 38a is formed at an inner
circumferential part thereof with an annular groove
over the one circumference. A suction passage 38c
connected to a position of the annular groove 38b w
corresponds to a top part of the boss section 38a.
suction passage 38c is connected to a suction sourc
such as an ejector through a solenoid valve 40.

The boss section 38a, the first boss sectio
the spindle 30, and the like constitute a rotary jo
38. When the solenoid valve 40 is put into an open
state, a negative pressure acts on the flow channel
through the suction passage 38c and the annular gro
38b. By this negative pressure, the annular surfac
of the presser flange 36 is sucked onto the blade m
32, and the cutting blade 34 is clamped between the
presser flange 36 and the flange section 32c. Int

way, the cutting blade 34 is mounted to the tip par
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of the spindle 30.

Here, returning to FIG. 1, other constituen
elements of the cutting apparatus 2 will be describ
door section 44 is provided at a side surface on th
conveying-in/conveying-out region side of the cover
member 24. When the door section 44 is in an open
the chuck table 20 can go into and out of the insid
the cover member 24 (namely, a cutting chamber). O
upper side of the base 4, a first conveying unit 46
provided in a manner of not interfering with the co
member 24. The first conveying unit 46 can be move
the X-axis and Y-axis directions by a first horizon
direction moving mechanism (not illustrated).

The first conveying unit 46 has an air cyli
whose longitudinal part is disposed along the Z-axi
direction. At a lower end part of a rod constituti
air cylinder, a suction unit 46a is provided. The
suction unit 46a has a support member which is
substantially cross-shaped in top plan view, and a
plurality of suction heads (not illustrated) provid
a lower surface side of the support member. The su
unit 46a, for example, sucks the frame 15 of the
workpiece unit 17. At one end part on the elevator

side of the support member, a gripping mechanism 46
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capable of gripping a part of the frame 15 is provi
On an upper side of the first conveying uni
an arm section of a second conveying unit 48 is pro
The second conveying unit 48 can be moved along the
axis and Y-axis directions by a second horizontal
direction moving mechanism (not illustrated). The
conveying unit 48 also has an air cylinder whose
longitudinal part is disposed along the Z-axis dire
A suction unit 48a is provided at a lower end part
rod constituting the air cylinder. The suction uni
has a support member which is substantially cross-s
in top plan view, and a plurality of suction heads
illustrated) provided on a lower surface side of th
support member.
Here, the procedure of cutting the workpiec
by use of the cutting apparatus 2 will be described
briefly. First, in a state in which the first conv
unit 46 grips the frame 15 by the gripping mechanis
the workpiece unit 17 is drawn out from the cassett
onto the pair of guide rails 14. After the positio
the workpiece unit 17 in the Y-axis direction is ad
by the pair of guide rails 14, the first conveying
46 sucks the frame 15 by the suction unit 46a, and

conveys the workpiece unit 17 onto the chuck table
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located in the conveying-in/conveying-out region.

Then, the chuck table 20 is moved into the
cutting region, in a state in which the back surfac
of the workpiece 11 is suction held. After alignme
the like is performed, the chuck table 20 and the c
unit 26 are relatively moved in the X-axis directio
whereby the workpiece 11 is cut by the rotating cut
blade 34. After cutting is performed, the chuck ta
is again returned into the conveying-in/conveying-o
region. Then, the second conveying unit 48 sucks t
frame 15 by the suction unit 48a, and conveys the
workpiece unit 17 from the chuck table 20 to the cl
unit 10.

The spinner table 12 is rotated in the stat
suction holding the back surface side of the workpi
11, and a gas-liquid mixed fluid is jetted from the
nozzle to the front surface side of the workpiece 1
whereby the workpiece 11 is cleaned. Thereafter, t
workpiece 11 is dried. After cleaning and drying a
performed, the first conveying unit 46 sucks the fr
by the suction unit 46a, and conveys the workpiece
17 onto the pair of guide rails 14. Thereafter,
utilizing the gripping mechanism 46b, the workpiece

17 is pushed into the cassette 8.
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As cutting of a plurality of workpieces 11
progresses, the cutting blade 34 is worn, so that t
cutting blade 34 has to be replaced. The cutting
apparatus 2 of the present embodiment has a blade
replacing device 50 for replacing the washer type ¢
blade 34. The blade replacing device 50 has a blad
replacing unit 52 for conveying, replacing, and the
of the cutting blade 34 (see FIG. 4). FIG.4isa
perspective view of the blade replacing unit 52. T
blade replacing unit 52 has a base plate 54 positio
fixed relative to the base 4.

The base plate 54 is provided with a liftin

mechanism 56. The lifting mechanism 56, for exampl

a motor (not illustrated) provided at a lower part
base plate 54, and a driving pulley (not illustrate
connected to a rotary shaft of the motor. A driven
pulley (not illustrated) is provided at an upper pa
the base plate 54. One toothed endless belt (not
illustrated) is wrapped around the driving pulley a
driven pulley, and a metallic first support tool 58
connected to a part of the toothed endless belt.
The first support tool 58 is moved upward a
downward along the Z-axis direction as the lifting

mechanism 56 is operated. Note that the lifting
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mechanism 56 may be of a ball screw type. An artic
robot 60 is attached to the first support tool 58.
articulated robot 60 has a first rotating mechanism
having a rotational drive source such as a motor wh
rotary shaft is disposed substantially in parallel
Z-axis direction. One end part of a first arm 62a
attached to a rotary shaft of the first rotating
mechanism 62.

A second rotating mechanism 64 is attached
other end part of the first arm 62a. The second ro
mechanism 64 has a rotational drive source such as
motor whose rotary shaft is disposed substantially
parallel to the Z-axis direction. One end part of
second arm 64a is attached to a rotary shaft of the
second rotating mechanism 64. To the other end par
the second arm 64a, a third rotating mechanism 66 i
attached. The third rotating mechanism 66 has a
rotational drive source such as a motor whose rotar
shaft is disposed substantially in parallel to the
direction. A metallic bracket 68 is attached to a
shaft of the third rotating mechanism 66.

A replacing mechanism 72 for replacing the
cutting blade 34 is fixed to the bracket 68. The |

mechanism 56 and the articulated robot 60 constitut
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moving section 70 for moving the replacing mechanis
FIG. 5 is a side view of the replacing mechanism 72
replacing mechanism 72 has a substantially cylindri
housing 72a. A rotational drive source (not illust
such as a motor for rotating the housing 72a around
rotary shaft 72b located substantially at the cente
cylinder is accommodated in the inside of the housi
72a.

At a side surface of the housing 72a, a pai
holding jigs 74 (holding sections) are disposed suc
the rotary shaft 72b is interposed therebetween. E
the holding jigs 74 can detachably hold the one sur
34c side of the cutting blade 34. The holding jig
a bottomed cylindrical frame body formed of a metal
the like. An annular lip section (not illustrated)
at the time of attaching and detaching the presser
36 is disposed in the vicinity of an opening part i
the frame body. The lip section is formed from an
elastic material such as rubber, resin, or elastome

A surface of the lip section is formed with
plurality of first openings (not illustrated) along
circumferential direction of the lip section. Each
the first openings is connected to a first flow cha

(not illustrated) connected to a suction source (no
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illustrated) such as an ejector, and a second flow
channel (not illustrated) connected to an air suppl
source (not illustrated) that jets air. The first
channel and the second flow channel are individuall
provided with solenoid valves (not illustrated), an
when the first flow channel is set into an open sta
the second flow channel is set into a closed state,
negative pressure is transmitted to the first openi
For example, the presser flange 36 is suction held
lip section by this negative pressure.

On the other hand, when the first flow chan
set into a closed state and the second flow channel
set into an open state, air is jetted from the firs
openings. The jetting of air is utilized when the
presser flange 36 is separated from the lip section
addition, an annular non-contact suction section (n
illustrated) formed from a metal or the like is pro
between an inner circumferential side surface of th
frame body and an outer circumferential side surfac
the lip section. An outer circumferential side sur
of the non-contact suction section is formed with a
plurality of second openings (not illustrated) alon
circumferential direction of the non-contact suctio

section.
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Each of the second openings is connected to
aforementioned air supply source (not illustrated)
through a third flow channel (not illustrated). Th
third flow channel is also provided with a solenoid
(not illustrated). When the third flow channel is
into an open state and air is jetted from each seco
opening, a rotational flow is formed, and a negativ
pressure is generated in the vicinity of the rotati
center of the rotational flow according to Bernoull
law. The negative pressure formed in this way is
utilized when the cutting blade 34 disposed at a bl
stock section 76 (see FIG. 6) is suction held on th
holding jigs 74 through the presser flange 36. FIG
a perspective view of the blade stock section 76.

The blade stock section 76 has a disc-shape

stock board 78. The stock board 78 of the present

embodiment is formed from a substantially transpare

material (for example, acrylic resin) that transmit

visible light. The stock board 78 has a plurality

first recesses 78b formed on an upper surface 78a s

thereof, the plurality of first recesses 78b for

accommodating respective accommodating cases 80 alo

circumferential direction of the stock board 78. T

accommodating case 80 made of a substantially trans

25

the

valve
set

nd

nt

of

ide

ng the
he

parent



resin is disposed in each of the first recesses 78b

Note that in FIG. 6, for convenience’ sake,
accommodating case 80 is omitted. The accommodatin
80 is formed in a central part thereof with a disc-
projecting section 80a, and the through-opening 34a
the cutting blade 34 is disposed at the projecting
section 80a, whereby one cutting blade 34 is accomm
in one accommodating case 80. In addition, on the
surface 78a side, a second recess 78c for accommoda
the presser flange 36 is formed. The second recess
is an annular recess, and, at a central part of the
recess, a cylindrical projecting section 78d to be
inserted into the central hole 36b of the presser f
36 is provided.

The presser flange 36 is accommodated in th
second recess 78c in such a manner that the annular
surface 36d faces upward. A rotary shaft 82 is con
to a lower surface side of a central part of the st
board 78. A ring illumination 84 is disposed on an
side than the rotary shaft 82 and on a lower side o
stock board 78. On a lower side of a through-hole
ring illumination 84, a camera unit (thickness
information acquisition section) 86 is disposed in

manner of facing upward. The camera unit 86 has an
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objective lens and an imaging element such as a

complementary metal-oxide-semiconductor (CMOS) imag

sensor or a charge-coupled device (CCD) image senso

The camera unit 86 acquires an image of identificat

information 88 provided on the accommodating case 8

the cutting blade 34.

The identification information 88 includes
code, a two-dimensional code, characters, figure,
symbols, or the like. In the example depicted in F
the identification information 88 is provided on th
accommodating case 80, and the identification infor
88 may be provided on the cutting blade 34 (see FIG
Note that the identification information 88 may be
printed directly on the accommodating case 80 or th
cutting blade 34, or a seal on which the identifica
information 88 is printed may be attached to the
accommodating case 80 or the cutting blade 34.

The cutting blade 34 is formed, for example
mixing abrasive grains of diamond, cubic boron nitr
(cBN), or the like with a binder such as a metal, a
ceramic, or a resin. Therefore, ruggedness arising
the abrasive grains is formed on the surface of the

cutting blade 34. In contrast, the surface of the

accommodating case 80 is smaller in ruggedness than
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surface of the cutting blade 34. Therefore, inac
where the identification information 88 is provided

the surface of the accommodating case 80, the image
the identification information 88 can be acquired b
camera unit 86 more accurately, as compared to a ca
where the identification information 88 is provided

the surface of the cutting blade 34.

The identification information 88 includes,
example, a thickness 34d of the cutting blade 34 (s
FIG. 3), an outside diameter, an inside diameter, t
kind of the abrasive grains, a grain size of the ab
grains, a degree of concentration, the kind of the
a serial number, information for specifying the
accommodating case 80 for the cutting blade 34 to b
accommodated, and the like. By analyzing and readi
image acquired by the camera unit 86 by a control u
(see FIG. 1) of the cutting apparatus 2, the inform
concerning the thickness 34d of the cutting blade 3
to various values in the range of, for example, 10
5 mm is acquired.

The control unit 90 includes, for example,
computer, and includes a processor (processing devi

represented by a central processing unit (CPU), a m

storage device such as a dynamic random access memo
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(DRAM), a static random access memory (SRAM), or a
only memory (ROM), and an auxiliary storage device
as a flash memory, a hard disk drive, or a solid st
drive. A software including a predetermined progra
stored in the auxiliary storage device. By operati
processing device and the like according to the sof
the functions of the control unit 90 are realized.
program for reading the information concerning the
thickness 34d of the cutting blade 34, and the othe
types of information, based on the image acquired b
camera unit 86, is also stored in the auxiliary sto
device.

In a case where, for example, the identific
information 88 is composed of one-dimensional codes
dimensional codes, or the like, the program for rea
information concerning the thickness 34d or the oth
types of information decodes these codes. In addit
in a case where the identification information 88 i
composed of characters, the program may perform opt
character recognition (OCR). The control unit 90 a
controls the operations of the elevator 6, the clea
unit 10, the guide rails 14, the chuck table 20, th
cutting unit 26, the first conveying unit 46, the s

conveying unit 48, the blade replacing device 50, a
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like.

The control unit 90 operates the Y-axis mov
mechanism of the cutting unit 26, the lifting mecha
56, the articulated robot 60, and the like, whereby
holding jig 74 is positioned at least at a mounting
position and at a released position. The mounting
position of the holding jig 74 is a position of the
holding jig 74 suction holding the cutting blade 34
position where the other surface 34b of the cutting
34 is equal to or less than a predetermined distanc
the flange section 32c of the blade mount 32 (see F
7A, 7B, 8A, and 8B).

For example, when the holding jig 74 is loc
at the mounting position, the other surface 34b of
cutting blade 34 makes contact with the flange sect
32c of the blade mount 32. Note that, when the hol

jig 74 is at the mounting position, a slight gap (f

example, a gap on the order of approximately 0.1 mm

1.0 mm) may be formed between the other surface 34b

the flange section 32c. In addition, the released
position of the holding jig 74 is a position of the
holding jig 74 suction holding the cutting blade 34
position where the cutting blade 34 is located at a

position spaced from the blade mount 32 (see, for
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example, FIG. 9A). For example, when the holding |

is at the released position, the other surface 34b
cutting blade 34 is located at a position spaced by
predetermined distance from the tip part of the thi
boss section 32e in the axial direction 30b.

Next, the procedure of replacing the cuttin
blade 34 by utilizing the holding jig 74 will be
described. Prior to replacement of the cutting bla
first, the mounting position of the holding jig 74
(teaching step). In the teaching step, for example
operator sets spatial coordinates of the mounting
position while observing the position of the holdin
74 by utilizing an optical camera (not illustrated)
provided in the cutting apparatus 2.

Specifically, in a state in which the cutti

blade 34 having a predetermined thickness 34d is su

held by the holding jig 74 through the presser flan
the cutting unit 26 and the holding jig 74 are rela
advanced or retracted along the Y-axis direction (a

direction 30b), whereby the mounting position is

determined, and the spatial coordinates of the moun

position are stored in the control unit 90. Note t

the aforementioned observation, advancing or retrac

determination, and the like are conducted by utiliz
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display input device (for example, a touch panel) (
illustrated) provided in the cutting apparatus 2.
After the teaching step is performed, repla
of the cutting blade 34 is conducted at a suitable
(replacing step). In the replacing step, first, by
utilizing the camera unit 86, information concernin
thickness 34d of the new cutting blade 34, and the
types of information are acquired (see FIG. 6). Ne
utilizing the moving section 70, the replacing mech
72 is moved onto the blade stock section 76, and th
cutting blade 34 is suction held by the holding jig
one side through the presser flange 36.
Subsequently, the replacing mechanism 72 is
into the inside of the cover member 24 by way of th
section 44, and the holding jig 74 on the other sid
different from the holding jig 74 on the one side i
to face the presser flange 36 mounted to the blade

32. Then, the cutting unit 26 is moved by the Y-ax

moving mechanism such that the spindle 30 approache

holding jig 74 on the other side, and the presser f

36 mounted to the blade mount 32 and the used cutti

blade 34 are suction held by the holding jig 74 on
other side. Note that, in this instance, the solen

valve 40 connected to the rotary joint 38 is put in
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closed state.

After the used cutting blade 34 is suction
by the holding jig 74 on the other side, the cuttin
26 is moved (retracted) such that the holding jig 7
the other side is spaced away from the blade mount
the Y-axis direction. As a result, the holding jig
the other side is moved relative to the blade mount
and the spindle 30, and is moved to the released
position. Next, the replacing mechanism 72 is rota
180 degrees around the rotary shaft 72b, after whic
cutting unit 26 is moved (advanced) such that the h
jig 74 on the one side approaches the blade mount 3
along the Y-axis direction. As a result, the holdi
74 on the one side is moved relative to the blade m
32 and the spindle 30, and is moved to the mounting
position.

Note that, in the replacing step, only the
cutting blade 34 may be replaced, without replacing
presser flange 36 already mounted to the blade moun
Specifically, first, in a state in which the used c
blade 34 and the presser flange 36 are suction held
the holding jig 74 on the one side, the holding jig
the one side is moved to the blade stock section 76

Then, the used cutting blade 34 is disposed in the
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accommodating case 80, after which the new cutting blade
34 is suction held by the holding jig 74 on the one side
through the presser flange 36. Thereafter, the hol ding
jig 74 on the one side is disposed at the mounting

position. In this way, the cutting blade 34 can al so be
replaced.

The mounting position of the holding jig 74 on
the one side is adjusted according to the thickness 34d
of the new cutting blade 34. FIG. 7A is a diagram
depicting a manner in which the new cutting blade 3 4
having a first thickness 34d 1 iIs mounted to the blade
mount 32. The first thickness 34d 1 Is larger than the
thickness 34d of the cutting blade 34 used in the
teaching step. In this case, the control unit 90 r educes
the advancing amount of the cutting unit 26 accordi ng to
a difference between the thicknesses 34d and 34d 1, thereby
to adjust the mounting position of the holding jig 74 on
the one side. Therefore, even in a case where the new
cutting blade 34 having the first thickness 34d 1 different
from the set thickness 34d is mounted to the blade mount
32, damage to the new cutting blade 34 and damage t o the
flange section 32c can be prevented.

FIG. 7B is a diagram depicting a manner in which
the new cutting blade 34 having a second thickness 34d:2 is

34



mounted to the blade mount 32. The second thicknes s 34d »

is smaller than the thickness 34d of the cutting bl ade 34
used in the teaching step. In this case, the contr ol

unit 90 increases an advancing mount of the cutting unit
26 according to a difference between the thicknesse s 34d

and 34d », thereby to adjust the mounting position of the

holding jig 74 on the one side. Therefore, damage to the
new cutting blade 34 and damage to the flange secti on 32c
can be prevented, and the new cutting blade 34 and the
presser flange 36 can suitably be disposed on the b lade
mount 32.

FIG. 8A is a partial enlarged view of FIG. TA,
and FIG. 8B is a partial enlarged view of FIG. 7B. Note
that A in FIG. 8A corresponds to A in FIG. 8B, and B in
FIG. 8A corresponds to B in FIG. 8B. As depicted i n FIG.

8A, in a case where the cutting blade 34 having the

comparatively large first thickness 34d 1 Is mounted to the
blade mount 32, the control unit 90 disposes a tip part

of the holding jig 74 at a mounting position 74a 1 (see

FIG. 8B). In contrast, in a case where the cutting blade
34 having the comparatively small second thickness 34d2 is

mounted to the blade mount 32, the control unit 90
disposes the tip part of the holding jig 74 at a mo unting

position 74a 2 nearer to the flange section 32c than the

35



mounting position 74a 1 as depicted in FIG. 8B.
Next, a modification of the method for acqu
thickness information concerning the cutting blade
will be described. FIG. 9A is a diagram depicting
manner in which an image of identification informat
provided on the cutting blade 34 by a camera unit
(thickness information acquisition section) 94 diff
from the camera unit 86 on the blade stock section
The camera unit 94 is, for example, fixed to a free
selected position on the base 4. When the other su
34b of the cutting blade 34 whose one surface 34c i
suction held by the holding jig 74 through the pres
flange 36 is made to face the camera unit 94, the c
unit 94 can acquire the image of the identification
information 88 provided on the other surface 34b.
Note that the camera unit 94 may be of a po
type which the operator can hold by hand. In this
the operator brings the camera unit 94 close to the
stock section 76, whereby the image of the identifi
information 88 provided on the accommodating case 8
the cutting blade 34 can be acquired by the camera
94. In addition, the camera unit 94 may be provide
the replacing mechanism 72 of the blade replacing u

52. In this case, when the holding jig 74 approach
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cutting blade 34 disposed at the blade stock sectio
the image of the identification information 88 prov

on the accommodating case 80 or the cutting blade 3
be acquired by the camera unit 94.

Incidentally, in a case where the rotary sh
of the blade stock section 76 is disposed along a
predetermined direction substantially orthogonal to
Z-axis direction, the image of the identification
information 88 may be acquired by use of the camera
86 disposed such that an optical axis of an objecti
lens (not illustrated) is along the predetermined
direction. FIG. 9B is a diagram depicting a manner
which the image of the thickness 34d of the cutting
34 is acquired by a camera unit (measuring unit) 96
another modification. The camera unit 96 may be fi
a freely selected position on the base 4. Note tha
camera unit 96 may be of a portable type which the
operator can hold by hand.

For example, as shown in FIG. 9B, when the
positions of the holding jig 74 and the camera unit
are adjusted such that a center axis of the cutting
34 and an optical axis of an objective lens (not
illustrated) of the camera unit 96 are substantiall

orthogonal to each other and the camera unit 96 is
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disposed at a side surface of the cutting edge, an
of the cutting edge can be acquired. The acquired
is subjected to image processing by a predetermined
program installed in the control unit 90. An actua
length corresponding to one pixel is previously
determined, and when a predetermined program conver
number of pixels in the thickness direction of the
cutting blade into the actual length, the thickness
is thereby calculated.

Note that, as the measuring unit, a reflect
type laser displacement gauge (not illustrated) hav
one or two sensor heads can also be used in place o
camera units 94 and 96. The sensor head has a
semiconductor laser that emits a laser beam. In
addition, the sensor head has a light receiving ele
that receives reflected light of the laser beam app
to the object of measurement. For example, the two
sensor heads are disposed so as to face each other
the cutting blade 34 interposed therebetween, and a
distance from one sensor head to the other surface
and a distance from the other sensor head to the on
surface 34c are subtracted from a distance between
two sensor heads, whereby the thickness 34d is

calculated.
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Note that calculation of the thickness 34d
conducted by a processor provided in the reflection
laser displacement gauge. In addition, the acquisi
of the information concerning the thickness 34d of
cutting blade 34 is not limited to the acquisition
image by the camera units 86, 94, and 96 and the
thickness measurement by the laser displacement gau
For example, in a case where the identification
information 88 is a bar code or a two-dimensional ¢
the identification information 88 can also be read
of a reader (scanner) 94a as the thickness informat
acquisition section (see FIG. 9A). The reader 94a
light source, a line sensor or an area sensor for
receiving reflected light from the light source, an
processor for decoding a signal received by the sen

Note that, in a case where the identificati
information 88 is a bar code, the reader 94a may ha
light source capable of applying a laser beam, a po
mirror for scanning the laser beam, a sensor for
receiving reflected light, and a processor for deco
signal received by the sensor. In addition, for ex
in a case where an integrated circuit (IC) tag, ar
frequency identifier (RFID) tag, or the like storin

information concerning the thickness 34d is provide
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the cutting blade 34, a non-contact type reader
(thickness information acquisition section) 94a suc
an IC reader or an RFID reader for reading informat
from the IC tag or the RFID tag can also be used in
of the camera units 86, 94, and 96.

Next, a second embodiment will be described
FIG. 10 is an exploded perspective view of a cuttin
100 according to the second embodiment, and FIG. 11
partially sectional side view of the cutting unit 1
according to the second embodiment. The cutting un
does not have the rotary joint 38. In the cutting
100, instead of using suction by a negative pressur
presser nut 102 formed with a female screw 102a on
inner circumferential side surface is fastened to a
groove 32h formed in the third boss section 32e of
blade mount 32, whereby the cutting blade 34 is cla
between the presser flange 36 and the flange sectio
As a result, the cutting blade 34 is mounted to the
part 30a of the spindle 30.

Also in the second embodiment, as in the f
embodiment, the control unit 90 adjusts the mountin
position of the holding jig 74 according to the
difference from the set thickness 34d. As a result

damage to the cutting blade 34 and damage to the fl
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section 32c can be prevented. An outer circumferen
side surface of the presser nut 102 is formed with
annular groove 102b utilized when the presser nut 1
gripped. The presser nut 102 is rotated by a nut h
section 104 (see FIGS. 4 and 5) of the replacing
mechanism 72.

As depicted in FIGS. 4 and 5, the nut holdi
section 104 has four claw parts 106 for holding an
circumferential part of the presser nut 102. A bas
part of each of the claw parts 106 is connected to
rotary shaft 108. A driving section 110 such as a
is connected to the rotary shaft 108. When the dri
section 110 is operated, each claw part 106 is rota
around the rotary shaft 108. The rotary shaft 108
rotated in one direction depicted in FIG. 5 and in
other direction opposite to the one direction. For
example, when the nut holding section 104 is rotate
the one direction, the presser nut 102 is fastened
third boss section 32e, and, when the nut holding s
104 is rotated in the other direction, the presser
102 is detached from the third boss section 32e.

Next, a third embodiment will be described.

12 is an exploded perspective view of a cutting uni

according to the third embodiment, and FIG. 13 is a
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partially sectional side view of the cutting unit 1
according to the third embodiment. The cutting uni
according to the third embodiment does not have the
washer type cutting blade 34, but has a hub type cu
blade 114. In such a point, the third embodiment d

from the first embodiment. The cutting blade 114 h

annular base section 116 formed from a metal such a

aluminum alloy.

The base section 116 has an annular project
part 116a corresponding to the projecting part 36a.
an inner side than the projecting part 116ain a ra
direction of the base section 116, a through-openin
is formed. The second boss section 32b of the blad
mount 32 is inserted into the through-opening 116b.
an outer side than the projecting part 116a in ara
direction of the base section 116, an annular flang
surface 116c¢ is formed. An annular grindstone sect
118 functioning as a cutting edge is fixed to the b
section 116 with an adhesive, in a state in which a
part of the through-opening 118a is in contact with
outer circumferential part of the projecting part 1
and a first surface 118c is in contact with the fla
surface 116c.

In this way, in the third embodiment, by fi
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the grindstone section 118 to an outer circumferent
part of the base section 116, the base section 116
the grindstone section 118 are united together. It
be noted, however, the base section 116 is not form
with the through-hole 36e. When the annular surfac
(namely, one surface of the cutting blade 114) side
located on an opposite side of the projecting part
and the flange surface 116c is suction held by the
holding jig 74, the cutting blade 114 is suction he
the holding jig 74.

In the case of disposing the cutting blade
suction held by the holding jig 74 on the blade mou
for example, the mounting position of the holding |
is adjusted such that the projecting part 116a goes
the recess 32d and a second surface 118b (namely, t
other surface of the cutting blade 114) located on
opposite side of the first surface 118c makes conta
with the flange section 32c. Next, the annular sur
116e located on the inside of the projecting part 1
sucked toward the blade mount 32 side by the rotary
38, whereby the cutting blade 114 is mounted to the
mount 32.

A thickness 118d of the grindstone section

a length from the second surface 118b to the first
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surface 118c. While the thickness of the base sect
116 is substantially constant in any cutting blade
the thickness 118d of the grindstone section 118 is
to various values in the range of, for example, 10
5 mm. Also in the third embodiment, in a case wher
holding jig 74 suction holding the new cutting blad
is disposed at the mounting position, as in the fir
embodiment, the mounting position of the holding ji
is adjusted by the control unit 90, according to th
difference from the thickness 118d set in the teach
step. As a result, breakage of the cutting blade 1
damage to the flange section 32c can be prevented.

Next, a fourth embodiment will be described
FIG. 14 is an exploded perspective view of a cuttin
120 according to the fourth embodiment, and FIG. 15
partially sectional side view of the cutting unit 1
according to the fourth embodiment. In the cutting
120 of the fourth embodiment, as in the third embod
a hub type cutting blade 114 is mounted to the blad
mount 32. It is to be noted, however, that the cut
unit 120 does not have the rotary joint 38.

In the cutting unit 120, instead of suction
negative pressure, as in the second embodiment (see

10 and 11), the presser nut 102 is fastened to the
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groove 32h, whereby the cutting blade 114 is clampe
between the presser nut 102 and the flange section
Also in the fourth embodiment, as in the first
embodiment, the mounting position of the holding ji
suction holding the new cutting blade 114 is adjust
the control unit 90, according to the difference fr
thickness 118d set in the teaching step. As a resu
breakage of the cutting blade 114 and damage to the
flange section 32c can be prevented.

Other than the aforementioned, the structur
methods, and the like concerning the above embodime
can be modified, as required, in carrying out the p
invention insofar as the modifications do not depar
the object of the invention. For example, also in
cutting units 26 and 112 (see FIGS. 2, 3, 12, and 1
which the cutting blades 34 and 114 are sucked towa
blade mount 32 side by utilizing a negative pressur
in the cutting units 100, 120 (see FIGS. 10, 11, 14
15), the presser nut 102 can be fastened to the thi
boss section 32e of the blade mount 32.

The present invention is not limited to the
details of the above described preferred embodiment
The scope of the invention is defined by the append

claims and all changes and modifications as fall wi
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the equivalence of the scope of the claims are ther efore

to be embraced by the invention.
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VWHAT IS CLAI MED | S:

1. A blade replacing device used in a cutting

apparatus that cuts a workpiece by an annular cutti ng
blade mounted to a tip part of a spindle through a blade
mount,

the blade mount having a cylindrical boss s ection
which projects in an axial direction of the spindle ina
state of being fixed to the tip part of the spindle to be
inserted into a through-opening of the cutting blad e, and
an annular flange section which is located on a bas e end

part side of the boss section, projects to outside

relative to the boss section in a radial direction of the
boss section, and is capable of making contact with the
cutting blade in a state in which the cutting blade IS

inserted in the boss section,

the blade replacing device comprising:

a holding section that detachably holds one
surface side of the cutting blade;

a moving section that relatively advances a nd
retracts the holding section in a state of holding the
cutting blade relative to the spindle in the axial
direction of the spindle, and positions the holding
section at least at a mounting position at which th e

other surface located on an opposite side of the on e

a7



surface of the cutting blade is equal to or less th
predetermined distance from the flange section of t
blade mount, and at a released position at which th
cutting blade is spaced from the blade mount; and

a thickness information acquisition section
acquiring information concerning a thickness of the
cutting blade,

wherein the mounting position of the holdin
section is adjusted according to the thickness of t
cutting blade acquired by utilizing the thickness
information acquisition section.

2. The blade replacing device according to

wherein the thickness information acquisiti
section includes a camera unit for acquiring an ima
identification information provided on the cutting
or an accommodating case in which the cutting blade
accommodated, a reader for reading the identificati
information, or a measuring unit for measuring the
thickness of the cutting blade.

3. The blade replacing device according to

wherein an annular presser flange clamping

cutting blade together with the flange section is m
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to the blade mount,

the presser flange has a central hole into
the boss section is inserted, and a through-hole th
provided on an outside of the central hole and pene
from one surface side of the presser flange to the
surface side of the presser flange, and

the holding section suction holds an openin
exposed to the one surface side of the presser flan
the through-hole, thereby to suction hold the cultti
blade by the other surface side of the presser flan
through the presser flange.

4. The blade replacing device according to

wherein the cutting blade has an annular ba
section held by the holding section, and an annular
grindstone section fixed to an outer circumferentia
of the base section, and

the holding section suction holds one surfa
side of the base section, thereby to suction hold t

cutting blade.
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