BLADE REPLACI NG APPARATUS AND ADJUSTI NG METHOD OF BLADE

REPLACI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a blade re
apparatus that replaces a cutting blade mounted in
cutting apparatus and an adjusting method of the bl
replacing apparatus.

Description of the Related Art

In a device chip manufacturing process, aw
which has a device such as an integrated circuit (|
a large scale integration (LSI) formed in each of a
plurality of regions demarcated by a plurality of p
dividing lines (streets) intersecting each other is
A plurality of device chips including respective de
are obtained by dividing the wafer along the planne
dividing lines. The device chips are mounted in va
electronic apparatuses such as mobile telephones or
personal computers.

A cutting apparatus is used to divide a wor
typified by the above-described wafer. The cutting
apparatus includes a chuck table that holds the wor

and a cutting unit that performs cutting processing
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the workpiece. The cutting unit includes a spindle
which an annular cutting blade for cutting the wafe
fixed. The cutting blade is fixed to a distal end
of the spindle by a nut. The workpiece is cut and
by making the cutting blade fitted to the cutting u
rotate and cut into the workpiece.

The cutting blade is periodically replaced
the cutting blade is worn by cutting the workpiece.
the cutting blade is to be replaced, first, the use
cutting blade is removed by loosening and removing
nut fixing the cutting blade. Thereafter, a replac
cutting blade is fitted to the distal end portion o
spindle, and the replacement cutting blade is fixed
the nut. Manual work of replacing the cutting blad
time and effort, and there is a fear of the cutting
or the nut being accidentally dropped during the wo
Accordingly, attempts have been made to replace the
cutting blade automatically. JP Hei 6-326186A disc
blade replacing apparatus that automatically replac
cutting blade. This blade replacing apparatus incl
mechanism of attaching and detaching cutting blades
(blade attaching and detaching means) and a mechani
attaching and detaching the nut for fixing a cuttin

blade to the spindle (nut attaching and detaching m
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In addition, JP 2016-144838A discloses a position
adjusting jig for performing alignment between the blade

replacing apparatus and the spindle.

SUMVARY OF THE | NVENTI ON

The blade replacing apparatus includes a bl ade
holding unit that holds the used cutting blade fixe d to
the distal end portion of the spindle and a replace ment

cutting blade (unused cutting blade) stored by a
predetermined blade storage unit. For example, the blade
holding unit holds a cutting blade by sandwiching t he

cutting blade by a plurality of gripping members

(gripping pawls). When a cutting blade is to be re placed,
first, the blade holding unit holds a replacement c utting
blade stored by the blade storage unit. At this ti me,
when alignment between the blade holding unit and t he
blade storage unit is not performed accurately, it is

difficult for the blade holding unit to hold the
replacement cutting blade appropriately.

In addition, a blade holding unit having a

mechanism of sucking and holding a cutting blade ma y be
used in place of the blade holding unit that grips a
cutting blade by the plurality of gripping members. The
blade holding unit having the mechanism of sucking and
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holding the cutting blade can suck any position of
cutting blade. Thus, even when there is some error
alignment between the blade holding unit and the bl
storage unit, the blade holding unit can suck and h
the replacement cutting blade. On the other hand,
positional relation between the replacement cutting
and the blade holding unit tends to vary in a state
which the blade holding unit sucks and holds the
replacement cutting blade. When the position of th
replacement cutting blade with respect to the blade
holding unit varies, positional relation between th
replacement cutting blade and the spindle also vari
when the replacement cutting blade is fitted to the
spindle. As a result, when the replacement cutting
is brought close to the spindle, the cutting blade
inappropriately come into contact with the spindle,
the cutting blade or the spindle may be damaged, or
broken pieces of the cutting blade may adhere to th
spindle, so that the work of replacing the cutting
may be consequently hindered.

The present invention has been made in view
problems. It is an object of the present invention
provide a blade replacing apparatus that can

appropriately hold a cutting blade and an adjusting
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method of the blade replacing apparatus.

In accordance with an aspect of the present
invention, there is provided an adjusting method of a
blade replacing apparatus for replacing a cutting b lade

that is fixed to a distal end portion of a spindle

included in a cutting apparatus and is configured t o cut
a workpiece. The blade replacing apparatus include sa
blade storage unit including a movable storage sect ion
configured to store the cutting blade on a front si de of
a transparent supporting member, a transporting uni t

configured to transport the cutting blade, the

transporting unit including a holding unit configur ed to
hold the cutting blade and a moving mechanism confi gured
to move the holding unit between the storage sectio n and
the spindle, a camera disposed on a back side of th e

supporting member and configured to photograph the
holding unit positioned on the front side of the
supporting member via the supporting member, and a

control unit including an operation control section

configured to control operation of the blade storag e unit
and the transporting unit and a position registrati on
section in which positions of the storage section a nd the

holding unit when the cutting blade is attached or

detached to or from the blade storage unit are
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registered. The storage section includes a first m
portion photographable by the camera, and the holdi
unit includes a second mark portion photographable
camera. The adjusting method includes a registerin
of obtaining an image including the first mark port

and the second mark portion by photographing the fi

mark portion and photographing the second mark port

through the supporting member by the camera, and
registering the positions of the storage section an
holding unit when the first mark portion and the se
mark portion are arranged in predetermined position
relation on a basis of the image as designated posi
in the position registration section, a determining

of moving the storage section and the holding unit
that the storage section and the holding unit are
arranged at the designated positions registered in
position registration section, and determining whet
not the first mark portion and the second mark port
are arranged in the predetermined positional relati
and an overwriting step of overwriting the position
the storage section and the holding unit as the
designated positions in the position registration s
after adjusting the position of the storage section

the holding unit such that the first mark portion a
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second mark portion are arranged in the predetermin
relation when the determining step determines that
first mark portion and the second mark portion are
arranged in the predetermined positional relation.

Incidentally, preferably, the holding unit
sucking and holding portion configured to suck and
the cutting blade or a gripping portion configured
grip the cutting blade.

In accordance with another aspect of the pr
invention, there is provided a blade replacing appa
for replacing a cutting blade that is fixed to a di
end portion of a spindle included in a cutting appa
and is configured to cut a workpiece. The blade re
apparatus includes a blade storage unit including a
movable storage section configured to store the cut
blade on a front side of a transparent supporting m
a transporting unit configured to transport the cut
blade, the transporting unit including a holding un
configured to hold the cutting blade and a moving
mechanism configured to move the holding unit betwe
storage section and the spindle, a camera disposed
back side of the supporting member and configured t
photograph the holding unit positioned on the front

of the supporting member via the supporting member,
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control unit including an operation control section
configured to control operation of the blade storag
and the transporting unit and a position registrati
section in which positions of the storage section a
holding unit when the cutting blade is attached or
detached to or from the blade storage unit are
registered. The storage section includes a first m
portion photographable by the camera, and the holdi
unit includes a second mark portion photographable
camera.

Incidentally, preferably, the holding unit
sucking and holding portion configured to suck and
the cutting blade or a gripping portion configured
grip the cutting blade.

The blade replacing apparatus according to
aspect of the present invention includes the storag
section provided with the first mark portion that c
photographed by the camera and the holding unit pro
with the second mark portion that can be photograph
the camera. It is thereby possible to determine wh
or not the first mark portion and the second mark p
are arranged in the predetermined positional relati
the basis of the image obtained by the camera, and

check whether the positional relation between the s
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section and the holding unit is proper or not. The

it is determined that the first mark portion and th
second mark portion are not arranged in the predete
positional relation, the positional relation betwee
storage section and the holding unit is adjusted, a
positions of the storage section and the holding un
when the positional relation between the storage se
and the holding unit is adjusted can be overwritten
designated positions in the registration section.

the appropriate positional relation between the sto
section and the holding unit is periodically update

a state in which the holding unit can appropriately
the cutting blade stored in the storage section is
maintained.

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
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view depicting a cu
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apparatus;

FIG. 2 is a perspective view depicting a cu
unit;

FIG. 3 is a perspective view depicting a bl
replacing apparatus;

FIG. 4 is a perspective view depicting a bl
storage unit;

FIG. 5 is a perspective view depicting a
transporting unit;

FIG. 6 is a perspective view depicting the
replacing apparatus in a state in which the blade s
unit and a blade suction unit are opposed to each o

FIG. 7 is a front view depicting the blade
replacing apparatus in a registering step;

FIG. 8A is an image diagram depicting an im
obtained in the registering step;

FIG. 8B is an image diagram depicting an im
including a first mark portion and a second mark po
not coinciding with each other;

FIG. 9A is an image diagram depicting an im
obtained in a determining step;

FIG. 9B is an image diagram depicting an im
including the first mark portion and the second mar

portion arranged in predetermined positional relati
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and
FIG. 10 is a perspective view depicting a b lade

attaching and detaching unit.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment according to one aspect of th e
present invention will hereinafter be described wit h
reference to the accompanying drawings. Descriptio n will

first be made of an example of a configuration of a

cutting apparatus according to the present embodime nt.
FIG. 1 is a perspective view depicting a cutting

apparatus 2. Incidentally, in FIG. 1, an X-axis di rection
(a processing feed direction, a first horizontal

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

direction (an indexing feed direction, a second

horizontal direction, and a left-right direction) a re
directions perpendicular to each other. In additio n, aZ-
axis direction (a vertical direction, an upward-dow nward

direction, and a height direction) is a direction

perpendicular to the X-axis direction and the Y-axi S
direction.

The cutting apparatus 2 includes a base 4 t hat
supports or houses constituent elements constitutin g the
cutting apparatus 2. An opening 4a is formed in a corner
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portion on a front side of the base 4. A cassette
base 6 raised and lowered by a raising and lowering
mechanism (not depicted) is provided within the ope
4a. A cassette 8 that can house a plurality of wor

11 is disposed on an upper surface of the cassette
holding base 6. Incidentally, in FIG. 1, the conto

the cassette 8 is indicated by a chain double-dashe
line.

The workpiece 11 is, for example, a disk-sh
warfer formed of a semiconductor material such as si
The top surface side of the workpiece 11 is demarca
into a plurality of regions by a plurality of plann
dividing lines (streets) arranged in a lattice mann
as to intersect each other. A device such as an IC
LSl is formed in each of the regions. A plurality
device chips each including each of the devices are
obtained when the cutting apparatus 2 cuts and divi
the workpiece 11 along the planned dividing lines.

A circular tape (dicing tape) 13 having a |
diameter than that of the workpiece 11 is affixed t
undersurface (lower surface) side of the workpiece
Usable as the tape 13 is a sheet or the like includ
film-shaped substrate formed in a circular shape an

adhesive layer (glue layer) provided on the substra
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For example, the substrate is formed of a resin suc
polyolefin, polyvinyl chloride, or polyethylene
terephthalate, and the adhesive layer is formed of
epoxy-based, acrylic-based, or rubber-based adhesiv
the like. In addition, an ultraviolet curable resi
is cured by being irradiated with an ultraviolet ra
be used as the adhesive layer.

In addition, an outer circumferential porti
the tape 13 is affixed to an annular frame 15 that
formed of a metal or the like and that has a circul
opening in a central portion thereof. The diameter
opening of the frame 15 is larger than the diameter
the workpiece 11. The workpiece 11 is disposed wit
opening of the frame 15. When the tape 13 is affix
the workpiece 11 and the frame 15, the workpiece 11
supported by the frame 15 via the tape 13. Then, t
workpiece 11 supported by the frame 15 is housed in
cassette 8.

It is to be noted that there are no limitat
the material, shape, structure, size, and the like
workpiece 11. For example, the workpiece 11 may be
warfer formed of a semiconductor other than silicon
InP, GaN, SiC, or the like), a ceramic, a resin, a

or the like. In addition, there are no limitations
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kind, quantity, shape, structure, size, arrangement
the like of the devices formed on the workpiece 11
either. The devices may not be formed on the workp
11.

A rectangular opening 4b having a longitudi
direction along the X-axis direction is provided on
side of the opening 4a. Arranged within the openin
are a moving mechanism 10 of a ball screw type and
bellows-shaped dust-proof and drip-proof cover 12 t
covers an upper portion of the moving mechanism 10
which can be expanded or contracted in the X-axis
direction. The moving mechanism 10 includes a movi
table 10a in a flat plate shape. The moving mechan
moves the moving table 10a along the X-axis directi

A chuck table (holding table) 14 that holds
workpiece 11 is provided on the moving table 10a.
chuck table 14 is connected to a rotational driving
source (not depicted) such as a motor, and is there
rotated about a rotational axis substantially paral

with the Z-axis direction. In addition, the chuck

14 is moved by the moving mechanism 10 along the X-

direction together with the moving table 10a (proce
feed). The upper surface of the chuck table 14

constitutes a holding surface 14a that holds the
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workpiece 11. The holding surface 14a is connected
suction source (not depicted) such as an ejector vi
suction passage (not depicted), the suction passage
formed inside the chuck table 14, a valve (not depi
and the like. In addition, a plurality of clamps 1

grip and fix the frame 15 supporting the workpiece
provided on the periphery of the chuck table 14.

A pair of guide rails 18 arranged along the
direction is provided above the opening 4b. The pa
guide rails 18 has a supporting surface that suppor
frame 15 supporting the workpiece 11 from below and
side surface substantially perpendicular to the
supporting surface. The pair of guide rails 18 mov
as to approach and separate from each other while
maintaining a state of being substantially parallel
the Y-axis direction. The pair of guide rails 18 a
the workpiece 11 and the frame 15 at a predetermine
position by sandwiching the frame 15 by the side su
(positioning).

A gate-shaped first supporting structure 20
disposed on the base 4 so as to straddle the openin
A rail 22 is fixed to the front side (guide rail 18
of the first supporting structure 20 along the Y-ax

direction. A holding unit 26 that holds the workpi
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is coupled to the rail 22 via a moving mechanism 24
moving mechanism 24 moves the holding unit 26 in th
axis direction along the rail 22. In addition, the
mechanism 24 includes an air cylinder. The air cyl
includes a rod that is raised and lowered along the
axis direction. The holding unit 26 is fixed to a
end portion of the rod of the air cylinder. The ho
unit 26 holds the frame 15 positioned by the pair o
guide rails 18 and transfers the frame 15 onto the
table 14. For example, the holding unit 26 has a
plurality of suction pads that suck and hold the up
surface side of the frame 15 supporting the workpie
The holding unit 26 holds the workpiece 11 by sucki
frame 15 by the suction pads.

In addition, a gripping mechanism 26a that
edge portion of the frame 15 is provided to an end
portion on the opening 4a side (cassette holding ba
side) of the holding unit 26. The frame 15 is draw
from the cassette 8 onto the pair of guide rails 18
moving the holding unit 26 in a direction of going
from the cassette 8 along the Y-axis direction in a
in which the gripping mechanism 26a grips the frame
housed in the cassette 8. In addition, the frame 1

housed into the cassette 8 by moving the holding un
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to the cassette 8 side along the Y-axis direction i
state in which the gripping mechanism 26a grips the
15 disposed on the pair of guide rails 18.

Further, a rail 28 is fixed to the front si
the first supporting structure 20 along the Y-axis
direction. A holding unit 32 that holds the workpi
Is coupled to the rail 28 via a moving mechanism 30
moving mechanism 30 moves the holding unit 32 in th
axis direction along the rail 28. In addition, the
mechanism 30 includes an air cylinder. The air cyl
includes a rod that is raised and lowered along the
axis direction. The holding unit 32 is fixed to a
end portion of the rod of the air cylinder. For ex
the holding unit 32 has a plurality of suction pads
suck and hold the upper surface side of the frame 1
supporting the workpiece 11. The holding unit 32 h
the workpiece 11 by sucking the frame 15 by the suc
pads.

A gate-shaped second supporting structure 3
disposed in the rear of the first supporting struct
so as to straddle the opening 4b. A pair of moving
mechanisms 36A and 36B is fixed to end portions on
sides of the front side (first supporting structure

side) of the second supporting structure 34. A cut
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unit 38A is fixed to a lower portion of the moving
mechanism 36A. A cutting unit 38B is fixed to a lo
portion of the moving mechanism 36B. The moving me
36A is a ball screw type moving mechanism that move
cutting unit 38A along the Y-axis direction and the
axis direction. The moving mechanism 36A controls
position in the Y-axis direction and the Z-axis dir
of the cutting unit 38A. In addition, the moving
mechanism 36B is a ball screw type moving mechanism
moves the cutting unit 38B along the Y-axis directi
the Z-axis direction. The moving mechanism 36B con
position in the Y-axis direction and the Z-axis dir
of the cutting unit 38B.

FIG. 2 is a perspective view depicting the
unit 38A. The cutting unit 38A includes a cylindri
housing 40. The housing 40 houses a cylindrical sp
(rotary shaft) 42 disposed along the Y-axis directi
distal end portion (one end side) of the spindle 42
exposed to the outside of the housing 40. A mount
fixed to the distal end portion. In addition, a
rotational driving source (not depicted) such as a
that rotates the spindle 42 is coupled to a proxima
portion (another end side) of the spindle 42.

The mount 44 includes a disk-shaped flange
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46 and a cylindrical supporting shaft 48 that proje
from a central portion of a front surface 46a of th
flange portion 46. An annular protruding portion 4
projects from the front surface 46a is provided to
front surface 46a side of an outer circumferential
portion of the flange portion 46. A front end surf
of the protruding portion 46b is formed substantial
parallel with the front surface 46a. A threaded po
48a is formed on the outer circumferential surface
supporting shaft 48. In addition, a recessed porti
is formed in a central portion of the front end sur
of the supporting shaft 48. An annular cutting bla
that cuts the workpiece 11 is fitted to the support
shaft 48.

The cutting blade 50 includes an annular ba
formed of a metal or the like and an annular cuttin
54 formed along an outer edge portion of the base 5
cylindrical opening 52a that penetrates the base 52
thickness direction is provided in a central portio
the base 52. In addition, an annular protruding po
52Db that protrudes in the thickness direction of th
52 is formed on the periphery of the opening 52a of
base 52. The cutting edge 54 is, for example, form

fixing abrasive grains formed of diamond or the lik
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nickel plating layer. However, the materials of th
abrasive grains and bonding material of the cutting
54 are not limited, but are selected as appropriate
according to the material of the workpiece 11, a pu
of processing, and the like.

An annular nut 56 for fixing the cutting bl
is fastened to the threaded portion 48a of the supp
shaft 48. An opening 56a in a circular shape
corresponding to the diameter of the supporting sha
is formed in a central portion of the nut 56. A th
groove corresponding to the threaded portion 48a fo
on the supporting shaft 48 is formed in the opening
In addition, a plurality of through holes 56b that
penetrate the nut 56 in a thickness direction are f
in the nut 56 at substantially equal intervals alon
circumferential direction of the nut 56.

The cutting blade 50 is fitted to the mount
that the supporting shaft 48 is inserted into the o
52a of the base 52. Then, when the nut 56 is screw
fastened onto the threaded portion 48a of the suppo
shaft 48 in a state in which the cutting blade 50 i
fitted to the mount 44, the cutting blade 50 is
sandwiched by the front end surface 46c¢ of the flan

portion 46 and the nut 56. The cutting blade 50 is
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thereby fixed to the distal end portion of the spin
42.

Incidentally, while the configuration of th
cutting unit 38A has been described above, the
configuration of the cutting unit 38B is similar to
of the cutting unit 38A. The cutting blade 50 fitt
the cutting unit 38A and the cutting blade 50 fitte
the cutting unit 38B are arranged so as to face eac
other.

As depicted in FIG. 1, a camera (imaging un
that images the workpiece 11 held on the chuck tabl
and the like is provided at each of positions adjac
the cutting units 38A and 38B. The camera 60 is, f
example, formed by a visible light camera including
imaging element that receives visible light and con
the visible light into an electric signal, an infra
camera including an imaging element that receives a
infrared ray and converts the infrared ray into an
electric signal, or the like. Alignment between th
workpiece 11 and the cutting units 38A and 38B is
performed on the basis of an image obtained by imag
the workpiece 11 on the chuck table 14 by the camer
for example.

A cleaning unit 62 is disposed on a side of
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opening 4b (opposite side from the opening 4a). Th
cleaning unit 62 includes a spinner table 62a that
the workpiece 11 within a tubular cleaning space.
spinner table 62a is coupled with a rotational driv
source (not depicted) such as a motor that rotates
spinner table 62a about a rotational axis substanti
parallel with the Z-axis direction. Disposed above
spinner table 62a is a nozzle 62b that jets a clean
fluid (for example, a mixed fluid obtained by mixin
water and air with each other) to the workpiece 11
by the spinner table 62a. The workpiece 11 is clea
jetting the fluid from the nozzle 62b to the workpi
while rotating the spinner table 62a holding the
workpiece 11.

A blade replacing apparatus (blade replacin
mechanism) 64 for replacing cutting blades 50 is pr
on the back side (rear side) of the second supporti
structure 34. The blade replacing apparatus 64 rep

used cutting blades 50 fitted to the cutting units

and 38B with replacement cutting blades 50 (unused

cutting blades 50), and attaches and detaches nuts
(see FIG. 2) for fixing the cutting blades 50 to th
distal end portions of the spindles 42. Incidental

details of a configuration of the blade replacing
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apparatus 64 will be described later.

Each constituent element constituting the c

apparatus 2 (the moving mechanism 10, the chuck tab

the clamps 16, the guide rails 18, the moving mecha

24, the holding unit 26, the moving mechanism 30, t

holding unit 32, the moving mechanisms 36A and 36B,

cutting units 38A and 38B, the camera 60, the clean
unit 62, the blade replacing apparatus 64, and the
is connected to a control unit (control section) 66
control unit 66 generates a control signal for
controlling operation of each constituent element o
cutting apparatus 2, and thereby controls operation
the cutting apparatus 2.

The control unit 66 is, for example, formed
computer. The control unit 66 includes a processin
that performs various kinds of processing (computat
and the like) necessary for the operation of the cu
apparatus 2 and a storage unit that stores various
of information (data, a program, and the like) used
the processing by the processing unit. The process
unit includes a processor such as a central process
unit (CPU). In addition, the storage unit includes
various kinds of memories constituting a main stora

apparatus, an auxiliary storage apparatus, and the
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The above-described cutting apparatus 2 per
cutting processing on the workpiece 11. When the
workpiece 11 is to be processed, the workpiece 11t
processed is first housed into the cassette 8. The
cassette 8 is mounted on the upper surface of the
cassette holding base 6.

The holding unit 26 unloads the workpiece 1
in the cassette 8 from the cassette 8. Specificall
holding unit 26 moves along the X-axis direction so
go away from the cassette 8 in a state in which the
gripping mechanism 26a grips an end portion of the
15. Thus, the workpiece 11 is drawn out from the c
8 and is disposed on the pair of guide rails 18. T
the workpiece 11 is positioned by sandwiching the
workpiece 11 between the pair of guide rails 18. N
the upper surface side of the frame 15 is held by t
holding unit 26, and the workpiece 11 is transporte
the chuck table 14. The workpiece 11 is disposed o
chuck table 14 via the tape 13. In addition, the f
is fixed by the plurality of clamps 16. When a neg
pressure of the suction source is made to act on th
holding surface 14a in this state, the chuck table
sucks and holds the workpiece 11 via the tape 13.

Then, the cutting blades 50 fitted to the ¢
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units 38A and 38B cut into the workpiece 11 while
rotating, and thereby the workpiece 11 is subjected
cutting processing. For example, the workpiece 11
along the planned dividing lines by the cutting bla
50, and is thereby divided into a plurality of devi
chips. When the processing of the workpiece 11 is
completed, the holding unit 32 holds the upper surf
side of the frame 15 and transports the workpiece 1
the chuck table 14 to the cleaning unit 62. Then,
cleaning unit 62 cleans the workpiece 11. When the
cleaning of the workpiece 11 is completed, the hold
unit 26 holds the upper surface side of the frame 1
transports the workpiece 11 onto the pair of guide
18. Then, the workpiece 11 and the frame 15 are
positioned by sandwiching the frame 15 between the
of guide rails 18. Thereatfter, the holding unit 26

to the cassette 8 side in a state in which the grip
mechanism 26a grips the frame 15, and houses the
workpiece 11 into the cassette 8.

The workpiece 11 is thus processed by the ¢
apparatus 2. Incidentally, the storage unit of the
control unit 66 stores a program describing a serie
operations of the cutting apparatus 2 described abo

When an operator gives the cutting apparatus 2 an
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instruction to process the workpiece 11, the proces
unit of the control unit 66 reads a program from th
storage unit and executes the program, and sequenti
generates a control signal for controlling operatio
each constituent element of the cutting apparatus 2

Here, the cutting blades 50 fitted to the c
units 38A and 38B are gradually worn by cutting the
plurality of workpieces 11, and are therefore repla
periodically. The replacement of the cutting blade
automatically performed by the blade replacing appa
64.

FIG. 3 is a perspective view depicting the
replacing apparatus 64. The blade replacing appara
includes a pair of blade storage units (blade racks
and 70B that hold and store a plurality of cutting
50. The blade storage units 70A and 70B are arrang
as to be opposed to each other along the Y-axis
direction. The blade storage units 70A and 70B eac
a used cutting blade 50 used for cutting workpieces
and a replacement cutting blade 50 (unused cutting
50).

The blade storage units 70A and 70B each in
columnar supporting structure 72 disposed along the

axis direction. For example, the supporting struct
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is provided in the rear of the second supporting
structure 34 (see FIG. 1) and is fixed to the upper
surface of the base 4. However, there is no limita
the installation position of the supporting structu
A cylindrical rotary shaft 74 disposed along the Y-
direction is housed in the supporting structure 72.
distal end portion (one end side) of the rotary sha
is exposed from a side surface of the supporting
structure 72. A proximal end portion (another end
of the rotary shaft 74 is coupled with a rotational

driving source (not depicted) such as a motor. In

addition, a disk-shaped supporting member 76 is fix

the distal end portion of the rotary shaft 74. The
supporting member 76 is rotated about a rotational
substantially parallel with the Y-axis direction by
transmitted from the rotational driving source via
rotary shaft 74.

FIG. 4 is a perspective view depicting the
storage unit 70A. Incidentally, while a configurat
the blade storage unit 70A will be described in the
following, the blade storage unit 70B is configured
similar manner to the blade storage unit 70A.

The supporting member 76 has a front surfac

and a back surface 76b substantially parallel with
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other. The distal end portion of the rotary shaft
fixed to the back surface 76b side of the supportin
member 76. Then, a plurality of movable storage se
78 that store cutting blades 50 are arranged on the
surface 76a side of the supporting member 76.
Specifically, the supporting member 76 is provided
plurality of circular openings 76c¢ that penetrate t
supporting member 76 in a thickness direction. The
plurality of openings 76c are, for example, formed
substantially equal intervals along the circumferen
direction of the supporting member 76. Then, disk-
supporting members 80 that are formed of a transpar
material and support the cutting blades 50 are fitt
into the openings 76¢, and are fixed, within the op
76c¢, to the supporting member 76.

Central portions of the supporting members
each provided with a cylindrical boss portion (supp
shaft) 82 that projects from a front surface 80a of
supporting member 80. For example, the boss portio
formed of the same transparent material as the supp
member 80 and is fixed to the central portion of th
supporting member 80. The boss portion 82 is forme
that the diameter of the boss portion 82 correspond

the diameter of the opening 52a (see FIG. 2) provid
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the base 52 of the cutting blade 50. The boss port ion 82
can therefore be inserted into the opening 52a of t he
base 52. When the boss portion 82 is inserted into the
opening 52a of the base 52, the cutting blade 50 is

supported by the front surface 80a of the supportin g
member 80 and the boss portion 82. Thus, the front

surface 80a of the supporting member 80 and the bos S

portion 82 constitute a storage section 78.

In addition, each storage section 78 is pro vided
with a first mark portion 84 indicating the positio n of
the storage section 78. For example, the first mar k
portion 84 is a marker attached to a region of the front
surface 80a side of the supporting member 80, the r egion
being superposed on the boss portion 82 (bottom sur face
portion of the boss portion 82). FIG. 4 depicts th e
storage sections 78 provided with a cross-shaped ma rk as

the first mark portion 84.

In addition, a camera (imaging unit) 86 tha t can
photograph the first mark portion 84 is provided on the
back surface 76b side of the supporting member 76. For

example, the camera 86 is formed by a visible light

camera including an imaging element that receives v isible
light and converts the visible light into an electr ic
signal, an infrared camera including an imaging ele ment

29



that receives an infrared ray and converts the infr

ray into an electric signal, or the like. The came

is fixed to a side surface of the supporting struct

72. The camera 86 is disposed in a position superp
the supporting member 76 in the Y-axis direction.
camera 86 photographs a storage section 78 position
a position opposed to the camera 86. When the came
photographs the storage section 78, the first mark
portion 84 is also photographed via the transparent
supporting member 80, and an image displaying the f
mark portion 84 is obtained. In addition, when the
supporting member 76 is rotated, the storage sectio
is moved along the circumferential direction of the
supporting member 76, so that the storage section 7
opposed to the camera 86 is changed. The storage s
78 to be photographed by the camera 86 is thereby
selected.

The material of the supporting member 80 is
selected as appropriate according to the kind of th
camera 86. For example, in a case where the camera
a visible light camera, the supporting member 80 is
formed by a member that transmits visible light. C
examples of the material of the supporting member 8

include plastic, glass (quartz glass, borosilicate
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or the like), and the like. In addition, the same
material as that of the supporting member 80 can be
also for the boss portion 82.

It is to be noted that there are no limitat
the kind and shape of the first mark portion 84 as
as the camera 86 can photograph the first mark port
84. For example, the first mark portion 84 is prov
coloring or processing the front surface 80a side o
supporting member 80. In addition, instead of prov
the first mark portion 84 anew, the structure of th
storage section 78 itself (for example, the contour
the opening 76c¢, the contour of the supporting memb
the contour of the boss portion 82, or the like) ma
used as the first mark portion 84. In addition, th
no limitation on the position of the first mark por
84 either as long as the camera 86 can photograph t
first mark portion 84. For example, the first mark
portion 84 may be provided on the back side (camera
side) of the supporting member 80. However, the fi
mark portion 84 is preferably provided on the front
surface 80a side of the supporting member 80 (botto
surface portion of the boss portion 82) because for
matter does not easily adhere to the first mark por

84 and the first mark portion 84 is not easily remo
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when the first mark portion 84 is provided on the f
surface 80a side of the supporting member 80. Furt
instead of providing the openings 76¢ and the suppo
members 80 to the supporting member 76, the support
member 76 itself may be formed by a transparent mem
made of a plastic, a glass, or the like. In this c
plurality of boss portions 82 projecting from the f
surface 76a of the supporting member 76 are provide
the front surface 76a of the supporting member 76 a
boss portions 82 constitute storage sections 78. T
first mark portions 84 are provided on the front su
76a side or the back surface 76b side of the suppor
member 76.

As depicted in FIG. 3, the blade storage un
and 70B are arranged in a state of being separated
each other such that the front surface 76a of the
supporting member 76 of the blade storage unit 70A
the front surface 76a of the supporting member 76 o
blade storage unit 70B face each other. Then, a
transporting unit (transporting mechanism) 88 that
and transports cutting blades 50 is provided betwee
blade storage units 70A and 70B as viewed from the

The transporting unit 88 includes a moving

mechanism 90 that moves an attaching and detaching
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(attaching and detaching mechanism) 98 to be descri
later. The moving mechanism 90 includes a plate-sh
base 90a disposed substantially in parallel with th
axis direction and the Y-axis direction. The base
for example, disposed in the rear of the second
supporting structure 34 (see FIG. 1).

A ball screw 92 disposed along the X-axis d
is fixed to the lower surface side of the base 90a.
addition, a rectangular parallelepipedic moving blo

is screwed onto the ball screw 92, and a supporting

member 96 formed in a U-shaped shape as viewed from

side is fixed to the lower surface side of the movi
block 94. The supporting member 96 supports the at
and detaching unit 98 that attaches and detaches cu
blades 50 and nuts 56 (see FIG. 2). The moving mec
90 has a pulse motor (not depicted) connected to an
portion of the ball screw 92. When the pulse motor
rotates the ball screw 92, the attaching and detach
unit 98 supported by the supporting member 96 moves
the X-axis direction along the ball screw 92. A po

in the X-axis direction of the attaching and detach
unit 98 is thereby controlled. The moving mechanis
also includes a ball screw type Y-axis moving mecha

(not depicted) that moves the base 90a along the Y-

33

bed
aped
e X-

90a is,

irection
In

ck 94

the

ng
taching
tting
hanism

end

ing
in
sition
ing
m 90
nism

axis



direction. The Y-axis moving mechanism controls a
position in the Y-axis direction of the attaching a
detaching unit 98.

FIG. 5 is a perspective view depicting the
attaching and detaching unit 98. The supporting me
supporting the attaching and detaching unit 98 incl
plate-shaped upper wall portion 96a fixed to the lo
surface side of the moving block 94, a columnar sid
portion 96b that projects downward from an end port
the rear side of the upper wall portion 96a, and a
shaped supporting portion 96c¢ that projects from a
end portion of the side wall portion 96b to a front
and is disposed substantially in parallel with the
wall portion 96a. The attaching and detaching unit
supported by the supporting portion 96c of the supp
member 96.

The attaching and detaching unit 98 include
blade attaching and detaching unit 100 that attache
detaches cutting blades 50 and a nut attaching and
detaching unit 130 that attaches and detaches nuts
(see FIG. 2) for fixing the cutting blades 50. The
attaching and detaching unit 100 and the nut attach
and detaching unit 130 are fixed onto the supportin

portion 96¢ of the supporting member 96.
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The blade attaching and detaching unit 100
a motor 102 constituting a rotational driving sourc
a power transmitting mechanism 104 connected to the
102. The motor 102 and the power transmitting mech
104 are arranged along the X-axis direction so as t
adjacent to each other. The motor 102 includes a c
102a formed in a hollow cubic shape and housing
constituent elements such as a rotor and a stator a
rotary shaft connected to the rotor and disposed al
the Z-axis direction. A distal end portion of the
shaft of the motor 102 is exposed from the upper su
of the casing 102a. A disk-shaped pulley 102b is f
the distal end portion of the rotary shaft. The po
transmitting mechanism 104 includes a casing 104a f
in a hollow cubic shape and a rotary shaft housed i
casing 104a and disposed along the Z-axis direction
distal end portion of the rotary shaft of the power
transmitting mechanism 104 is exposed from the uppe
surface of the casing 104a. A disk-shaped pulley 1
fixed to the distal end portion of the rotary shaft

A through hole 104c that penetrates the cas
in the left-right direction (Y-axis direction) is f
in the casing 104a. A cylindrical shaft 106 is ins

in the through hole 104c so as to penetrate the cas
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104a. Both end portions of the shaft 106 are expos
both side surfaces of the casing 104a. The shaft 1
held in a state of being rotatable about a rotation
axis substantially parallel with the Y-axis directi

is coupled, within the casing 104a, to the rotary s
of the power transmitting mechanism 104. Specifica
the casing 104a is internally provided with a conve
mechanism that converts a rotational power of the r
shaft of the power transmitting mechanism 104, the
shaft being disposed along the Z-axis direction, in
rotational power of the shaft 106 disposed along th
axis. The converting mechanism is, for example, fo
a bevel gear (a spiral bevel gear, a straight bevel
or the like) or a hypoid gear.

The motor 102 and the power transmitting me
104 are coupled to each other by an annular couplin
member 108 formed of a belt, a chain, or the like.
Specifically, the coupling member 108 is wound in a
oblong shape as viewed in plan so as to be in conta
with the side surface of the pulley 102b of the mot

and the side surface of the pulley 104b of the powe

transmitting mechanism 104. When power is supplied

motor 102, the power of the motor 102 is transmitte

the rotary shaft of the power transmitting mechanis
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via the pulley 102b, the coupling member 108, and t
pulley 104b. In addition, the converting mechanism
provided within the casing 104a transmits the power
the rotary shaft of the power transmitting mechanis
to the shaft 106, so that the shaft 106 is rotated.
power transmitting mechanism 104 thus transmits the
of the motor 102 to the shaft 106.

A blade holding unit 110A that holds the cu
blade 50 fitted to the cutting unit 38A (see FIG. 1
a cutting blade 50 to be newly fitted to the cuttin
38A is fixed to one end side of the shaft 106. In
addition, a blade holding unit 110B that holds the
cutting blade 50 fitted to the cutting unit 38B (se
1) and a cutting blade 50 to be newly fitted to the
cutting unit 38B is fixed to another end side of th
shaft 106.

The blade holding units 110A and 110B each
a plate-shaped supporting member 112 formed in an o
shape as viewed from the side and fixed to a distal
portion of the shaft 106 and blade suction units 11
114B provided on a surface side of the supporting m
112, the surface side facing an opposite side from
power transmitting mechanism 104. The blade suctio

114A is fixed to one end side of the supporting mem
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112. The blade suction unit 114B is fixed to anoth
side of the supporting member 112.

The blade suction units 114A and 114B each
a cylindrical holding unit (sucking and holding por
116 fixed to the supporting member 112. A surface
holding unit 116, the surface facing the opposite s
from the power transmitting mechanism 104, constitu
circular holding surface 116a that holds the cuttin
blade 50. On the holding surface 116a side of an o
circumferential portion of the holding unit 116, an
annular groove (recessed portion) 116b is formed al
outer circumferential edge of the holding unit 116.
groove 116b is connected to a suction source (not
depicted) such as an ejector via a flow passage (no
depicted) formed inside the holding unit 116, a val
(not depicted), and the like. When a negative pres
the suction source is made to act on the groove 116
state in which the holding surface 116a of the hold
unit 116 is held in contact with the protruding por
52b (see FIG. 2) of the base 52 of the cutting blad
the cutting blade 50 is sucked and held by the hold
unit 116.

In addition, the holding unit 116 is provid

a second mark portion 118 that indicates the positi
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the holding unit 116. The second mark portion 118
example, a marker that is attached to a center on t
holding surface 116a side of the holding unit 116 a
which can be photographed by the camera 86 (see FIG
FIG. 5 depicts holding units 116 provided with a cr
shaped mark as the second mark portion 118. Incide
there are no limitations on the kind, shape, positi
and the like of the second mark portion 118 as long
the camera 86 can photograph the second mark portio
For example, the second mark portion 118 is provide
coloring or processing the holding surface 116a sid
the holding unit 116. In addition, instead of prov
the second mark portion 118 anew, the structure of
holding unit 116 itself (for example, the groove 11
the like) may be used as the second mark portion 11
Further, the second mark portion 118 may be attache
position displaced by a predetermined distance from
center on the holding surface 116a side of the hold
unit 116.

When the cutting blades 50 fitted to the cu
units 38A and 38B are replaced, the blade holding u
110A and 110B attach and detach the cutting blades
Incidentally, concrete operation of the blade holdi

units 110A and 110B at a time of the replacement of
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cutting blades 50 will be described later.

The nut attaching and detaching unit 130 is
provided in front of the blade attaching and detach
unit 100. The nut attaching and detaching unit 130
includes a motor 132 constituting a rotational driv
source and a power transmitting mechanism 134 conne
to the motor 132. The motor 132 and the power
transmitting mechanism 134 are arranged along the X
direction so as to be adjacent to each other.

Configurations of the motor 132 and the pow
transmitting mechanism 134 are each similar to thos
the motor 102 and the power transmitting mechanism
the blade attaching and detaching unit 100. Specif
the motor 132 includes a casing 132a and a pulley 1
fixed to a distal end portion of a rotary shaft of
motor 132. In addition, the power transmitting mec
134 includes a casing 134a and a pulley 134b fixed
distal end portion of a rotary shaft of the power
transmitting mechanism 134. A through hole 134c th
penetrates the casing 134a in the left-right direct
(Y-axis direction) is formed in the casing 134a. A
cylindrical shaft 136 is inserted in the through ho
134c so as to penetrate the casing 134a. Both end

portions of the shaft 136 are exposed from both sid
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surfaces of the casing 134a. The shaft 136 is held
state of being rotatable about a rotational axis
substantially parallel with the Y-axis direction an
coupled, within the casing 134a, to the rotary shaf
the power transmitting mechanism 134.

The motor 132 and the power transmitting me
134 are coupled to each other by an annular couplin
member 138 formed of a belt, a chain, or the like.
Specifically, the coupling member 138 is wound in a
oblong shape as viewed in plan so as to be in conta
with the side surface of the pulley 132b of the mot
and the side surface of the pulley 134b of the powe
transmitting mechanism 134. When power is supplied
motor 132, the power of the motor 132 is transmitte
the rotary shaft of the power transmitting mechanis
via the pulley 132b, the coupling member 138, and t
pulley 134b. In addition, a converting mechanism p
within the casing 134a transmits the power of the r
shaft of the power transmitting mechanism 134 to th
shaft 136, so that the shaft 136 is rotated. The p
transmitting mechanism 134 thus transmits the power
the motor 132 to the shaft 136.

Fixed to one end side of the shaft 136 is a

holding unit 140A that holds and rotates the nut 56
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FIG. 2) for fixing the cutting blade 50 to the spin
of the cutting unit 38A. In addition, fixed to ano
end side of the shaft 136 is a nut holding unit 140
holds and rotates the nut 56 for fixing the cutting
50 to the spindle 42 of the cutting unit 38B.

The nut holding units 140A and 140B each in
cylindrical rotating member 142 fixed to a distal e
portion of the shaft 136. The rotating member 142
biased to an opposite side from the power transmitt
mechanism 134 by a spring or the like and is config
to be movable along the Y-axis direction by applica
of an external force. In addition, the rotating me

142 has a front surface 142a that faces the opposit

from the power transmitting mechanism 134. The rot

member 142 is provided with four holding pins 144 t
project from the front surface 142a. The holding p
are formed so as to correspond to the position and
of the through holes 56b of the nut 56 (see FIG. 2)
holding pins 144 can therefore be inserted into the
through holes 56b. Incidentally, the number of hol
pins 144 is set as appropriate according to the num

through holes 56b. In addition, a plurality of gri

members 146 that grip the nut 56 are arranged on th

periphery of the rotating member 142 at substantial
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equal intervals along the circumferential direction
the rotating member 142. The gripping members 146
each formed in a columnar shape. Proximal end port
(one end side) of the gripping members 146 are fixe
the outer circumferential surface of the rotating m
142. FIG. 5 depicts an example in which four gripp
members 146 that grip the outer circumferential sur
of the nut 56 from four directions are provided. D
end portions (another end side) of the gripping mem
146 project from the front surface 142a of the rota
member 142. Pawl portions 146a bending toward the
side of the rotating member 142 are formed at the d
end portions. In addition, the gripping members 14
biased outward in the radial direction of the rotat
member 142 by a spring or the like and are configur
such that the pawl portions 146a are movable along
radial direction of the rotating member 142. Furth
cover 148 formed in a hollow cylindrical shape is
provided to the periphery of the rotating member 14
rotating member 142 and the proximal end sides (pow
transmitting mechanism 134 side) of the gripping me
146 are housed within the cover 148.

When the rotating member 142 is pressed to

inside of the cover 148, the spring biasing the rot
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member 142 is contracted, and the rotating member 1
pushed to the inside of the cover 148 together with
plurality of gripping members 146. When the rotati
member 142 is pushed to the inside of the cover 148
distal end sides (pawl portion 146a side) of the
plurality of gripping members 146 are brought into
contact with and pressed by an inner wall of the co
148, and the springs biasing the gripping members 1
contracted. The distal end sides of the plurality
gripping members 146 thereby move inward in the rad
direction of the rotating member 142. Then, the pl
of gripping members 146 are set in a state in which
length directions thereof are arranged so as to be
the inner wall of the cover 148. At this time, the
portions 146a of the gripping members 146 are, for
example, arranged more inward in the radial directi
the rotating member 142 than the outer circumferent
edge of the rotating member 142 (closed state).
When the application of the external force
rotating member 142 is released, on the other hand,
rotating member 142 moves to the outside of the cov
148, and the state in which the distal end sides of
gripping members 146 are pressed by the inner wall

cover 148 is released. The distal end sides of the
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plurality of gripping members 146 thereby move outw
the radial direction of the rotating member 142. T

the distal end sides of the plurality of gripping m

146 are arranged more outward in the radial directi
the rotating member 142 than in the closed state.
time, the pawl portions 146a of the gripping member
are, for example, arranged more outward in the radi
direction of the rotating member 142 than the outer
circumferential edge of the rotating member 142 (op
state).

Each of the nut holding units 140A and 140B
described above holds and rotates the nut 56.
Specifically, first, the nut 56 comes into contact
the front surface 142a of the rotating member 142 s
that the holding pins 144 of the rotating member 14
inserted into the through holes 56b of the nut 56 (
FIG. 2). When the rotating member 142 is pushed in
inside of the cover 148 in this state, the pluralit
gripping members 146 are set in a closed state, and
pawl portions 146a come into contact with the outer
circumferential surface of the nut 56, so that the
is gripped. When the motor 132 is driven in the st
which the nut 56 is held by the plurality of grippi

members 146, the power of the motor 132 is transmit
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the shaft 136 via the power transmitting mechanism 134,
and the shaft 136 is rotated. Thus, the rotating m ember

142 is rotated, and the nut 56 held by the gripping

members 146 is also rotated. Fastening and detachi ng of
the nuts 56 at a time of replacing the cutting blad es 50
fitted to the cutting units 38A and 38B can be perf ormed
automatically by holding and rotating the nuts 56 b y the
nut holding units 140A and 140B. Incidentally, con crete
operation of the nut attaching and detaching unit 1 30 at

the time of replacing the cutting blades 50 will be
described later.
The replacement of the cutting blades 50 fi tted to

the cutting units 38A and 38B (see FIG. 1) can be

performed automatically by using the blade replacin g
apparatus 64 described above. A concrete example o f
operation of the blade replacing apparatus 64 at a time
of replacing the cutting blades 50 will be describe din

the following. Incidentally, in the following,

description will be made particularly of operation ina
case of replacing the used cutting blade 50 fitted to the
cutting unit 38A with a replacement cutting blade 5 0
stored by the blade storage unit 70A. However, sim ilar
description applies to operation in a case of repla cing
the used cutting blade 50 fitted to the cutting uni t 38B
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with a replacement cutting blade 50 stored by the b
storage unit 70B.

First, the attaching and detaching unit 98
by the moving mechanism 90 (see FIG. 3), and thereb
blade suction unit 114B included in the blade holdi
unit 110A is opposed to a replacement cutting blade
held by a storage section 78 of the blade storage u
70A. FIG. 6 is a perspective view depicting the bl
replacing apparatus 64 in a state in which the blad
storage unit 70A and the blade suction unit 114B ar
opposed to each other. At this time, the storage s
78 of the blade storage unit 70A and the holding un
of the blade suction unit 114B are aligned with eac
other. The alignment between the storage section 7
the holding unit 116 is performed by adjusting the
position of the storage section 78 by rotating the
shaft 74 of the blade storage unit 70A and adjustin
position of the attaching and detaching unit 98 (po
of the blade suction unit 114B) by the moving mecha
90 (see FIG. 3).

The control unit 66 (see FIG. 1) controls t
positions of the storage sections 78 of the blade s
units 70A and 70B and the positions of the holding

116 of the blade suction units 114A and 114B. For
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example, the control unit 66 includes a position
registration section (position storage section) 66a
which the positions of the storage sections 78 of t
blade storage units 70A and 70B and the positions o
holding units 116 of the blade suction units 114A a
114B are registered (stored). In addition, the con
unit 66 includes an operation control section 66b t
controls operation of the blade storage units 70A a
and the transporting unit 88. Functions of the pos
registration section 66a and the operation control
section 66b are implemented by using a processor an
memory included in the control unit 66.

Registered in the position registration sec
are the positions (designated positions) of storage
sections 78 and holding units 116 at a time of atta
and detaching cutting blades 50 to and from the bla
storage units 70A and 70B. For example, the positi
a storage section 78 and a holding unit 116 when th
central position of the storage section 78 storing
cutting blade 50 and the central position of the ho
unit 116 coincide with each other in the Y-axis dir
are registered as designated positions in the posit
registration section 66a. The operation control se

66b reads the designated positions registered in th
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position registration section 66a and generates a ¢
signal for arranging the storage section 78 and the
holding unit 116 at the respective designated posit
This control signal controls the operation of the b
storage units 70A and 70B and the transporting unit
so that the storage section 78 and the holding unit
are arranged at the designated positions. As a res
the storage section 78 and the holding unit 116 are
aligned with each other.

Thereatfter, the moving mechanism 90 moves t
suction unit 114B along the Y-axis direction to the
make the holding unit 116 approach the storage sect
78, and bring the holding surface 116a of the holdi
unit 116 into contact with the protruding portion 5
(see FIG. 2) of the base 52 of the replacement cutt
blade 50 stored by the storage section 78. When a
negative pressure of the suction source is made to
the groove 116b of the holding unit 116 in this sta
the replacement cutting blade 50 is sucked and held
the blade suction unit 114B.

Next, the moving mechanism 90 moves the att
and detaching unit 98 along the X-axis direction th
the lower sides of the first supporting structure 2

the second supporting structure 34 (see FIG. 1) to
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dispose the attaching and detaching unit 98 at a po
opposed to the cutting unit 38A. First, the attach
detaching unit 98 is positioned such that the nut h

unit 140A is opposed to the mount 44 (see FIG. 2) o
cutting unit 38A. Incidentally, positional relatio

between the cutting unit 38A and the nut holding un
140A is adjusted by the moving mechanism 36A and th
moving mechanism 90 (see FIG. 1).

Thereatfter, the moving mechanism 36A moves
cutting unit 38A to the nut holding unit 140A.
Consequently, the nut 56 (see FIG. 2) fixing the cu
blade 50 fitted to the cutting unit 38A is pressed
against the front surface 142a of the rotating memb
included in the nut holding unit 140A. At this tim
plurality of holding pins 144 included in the nut h
unit 140A are inserted into the through holes 56b (
FIG. 2) of the nut 56. When the rotating member 14
pressed by the nut 56, the rotating member 142 is p
in to the inside of the cover 148, and the pluralit
gripping members 146 are set in a closed state. Th
56 is thereby gripped by the pawl portions 146a of
plurality of gripping members 146.

Next, the shaft 136 is rotated by the power

motor 132, and thereby the nut holding unit 140A is
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rotated in a first direction (for example, a direct
indicated by an arrow A). Consequently, the nut 56
gripped by the nut holding unit 140A is rotated and
loosened and is detached from the supporting shaft
the mount 44 (see FIG. 2).

Thereatfter, the cutting unit 38A is moved a
Y-axis direction, and thereby the cutting unit 38A
the nut holding unit 140A are separated from each o
Incidentally, the nut holding unit 140A is configur
be able to maintain a state in which the rotating m
142 is pushed in to the inside of the cover 148. T
56 is therefore held by the nut holding unit 140A a
after being detached from the supporting shaft 48.

Next, the moving mechanism 90 moves the att
and detaching unit 98 to oppose the blade suction u
114A of the blade holding unit 110A to the used cut

blade 50 fitted to the cutting unit 38A. Then, the

mechanism 36A moves the cutting unit 38A to the bla

suction unit 114A to bring the holding surface 116a
the holding unit 116 of the blade suction unit 114A
contact with the protruding portion 52b (see FIG. 2
the base 52 of the used cutting blade 50. When a n
pressure of the suction source is made to act on th

groove 116b of the holding unit 116 in this state,
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used cutting blade 50 is sucked and held by the bla
suction unit 114A. Thereafter, the cutting unit 38
moved along the Y-axis direction, and thereby the ¢
unit 38A and the blade suction unit 114A are separa
from each other. Consequently, the used cutting bl
is detached from the cutting unit 38A.

Next, the shaft 106 is rotated by 180° by t
of the motor 102. Consequently, the supporting mem
is rotated, and the position of the blade suction u
114A and the position of the blade suction unit 114
interchanged. As a result, the blade suction unit
holding the replacement cutting blade 50 is opposed
the mount 44 of the cutting unit 38A.

Thereatfter, the moving mechanism 36A moves
cutting unit 38A toward the blade suction unit 114B
thereby makes the cutting unit 38A and the blade su
unit 114B approach each other. Consequently, the
supporting shaft 48 (see FIG. 2) of the mount 44 is
inserted into the opening 52a (see FIG. 2) of the
replacement cutting blade 50 held by the blade suct
unit 114B. When the suction of the replacement cut
blade 50 by the blade suction unit 114B is released
this state, the replacement cutting blade 50 is mou

on the distal end portion of the spindle 42. Then,
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cutting unit 38A is moved along the Y-axis directio
thereby the cutting unit 38A and the blade suction
114B are separated from each other.

Next, the moving mechanism 90 moves the att
and detaching unit 98, and thereby the nut holding
140A in a state of holding the nut 56 (see FIG. 2)
positioned so as to be opposed to the mount 44 (see
2) of the cutting unit 38A. Then, the moving mecha
36A moves the cutting unit 38A to the nut holding u
140A. Consequently, the nut 56 held by the nut hol
unit 140A is positioned at the distal end portion o
supporting shaft 48 of the mount 44. In this state
shaft 136 is rotated by the power of the motor 132,
thereby the nut holding unit 140A is rotated ina s
direction (for example, a direction indicated by an
B) opposite from the first direction. Consequently
nut 56 is rotated and fastened to the threaded port
48a formed on the supporting shaft 48 of the mount
(see FIG. 2). As a result, the replacement cutting
50 is sandwiched by the front end surface 46c¢ (see
2) of the protruding portion 46b of the mount 44 an
nut 56, and is thus fixed to the cutting unit 38A.

Thereatfter, the cutting unit 38A is moved a

Y-axis direction, and thereby the cutting unit 38A
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the nut holding unit 140A are separated from each o
At this time, the rotating member 142 moves to the
outside of the cover 148, and the plurality of grip
members 146 are set in an opened state. The grippi
the nut 56 by the plurality of gripping members 146
thereby released.

Next, the moving mechanism 90 moves the att
and detaching unit 98 along the Y-axis direction to
oppose the blade suction unit 114A holding the used
cutting blade 50 to a storage section 78 of the bla
storage unit 70A. At this time, alignment between
storage section 78 of the blade storage unit 70A an
holding unit 116 of the blade suction unit 114A is
performed. Incidentally, a method of the alignment
similar to the above-described method of aligning t
storage section 78 of the blade storage unit 70A an
holding unit 116 of the blade suction unit 114B wit
other. Then, the boss portion 82 of the storage se
78 is inserted into the opening 52a (see FIG. 2) of
used cutting blade 50 held by the blade suction uni
114A. The used cutting blade 50 is thereby held an
stored by the storage section 78. Thus, the moving
mechanism 90 moves the holding units 116 of the bla

suction units 114A and 114B holding the cutting bla
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between the storage sections 78 of the blade storag
70A and the spindle 42, and the replacement of the
cutting blades 50 by the blade replacing apparatus
performed.

The above-described method of replacing the
blades 50 aligns the blade storage units 70A and 70
the blade suction units 114A and 114B with each oth
the basis of the designated positions registered in
advance in the position registration section 66a (s
FIG. 1) of the control unit 66. However, for vario
reasons (for example, secular degradations of the b
storage units 70A and 70B, the moving mechanism 90,
the attaching and detaching unit 98 or the like), a
displacement may occur in the positional relation b
the storage sections 78 and the holding units 116 e
when the storage sections 78 of the blade storage u
70A and 70B and the holding units 116 of the blade
suction units 114A and 114B are arranged at the
respective designated positions.

Accordingly, the present embodiment checks
positional relation between the storage sections 78
the holding units 116 by using the first mark porti
provided to the storage sections 78 of the blade st

units 70A and 70B and the second mark portions 118
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provided to the holding units 116 of the blade suct

units 114A and 114B, and updates the designated pos

registered in the position registration section 66a
Accuracy of alignment between the blade storage uni
and 70B and the blade suction units 114A and 114B c
maintained by periodically performing this process
predetermined timing (for example, at a time of
maintenance of the blade replacing apparatus 64).

A concrete example of an adjusting method o
blade replacing apparatus according to the present
embodiment will be described in the following.
Incidentally, in the following, description will be
of, as an example, a procedure in a case of adjusti
positional relation between a storage section 78 of
blade storage unit 70A and the holding unit 116 of
blade suction unit 114A included in the blade holdi
unit 110A. However, the following procedure can be
applied to alignment between any storage section 78
any holding unit 116.

First, the positions of the storage section
the holding unit 116 when the storage section 78 of
blade storage unit 70A and the holding unit 116 of
blade suction unit 114A are arranged in a predeterm

positional relation are registered as designated
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positions in the position registration section 66a
control unit 66 (registering step). FIG. 7 is a fr
view depicting the blade replacing apparatus 64 in
registering step.

In the registering step, first, the moving
mechanism 90 (see FIG. 3) moves the attaching and
detaching unit 98 to oppose the blade suction unit
of the blade holding unit 110A to the storage secti
of the blade storage unit 70A. At this time, when
storage section 78 opposed to the blade suction uni
stores a cutting blade 50, the blade suction unit 1
disposed at a position desirable for the cutting bl
to be appropriately held by the blade suction unit
For example, the blade suction unit 114A is dispose
that the central position of the holding unit 116
coincides with the central position of the storage
section 78 in the Y-axis direction.

Next, the camera 86 photographs the storage

78. When the camera 86 photographs the storage sec

from the back surface 76b side of the supporting me
76, the holding unit 116 of the blade suction unit

is also photographed at the same time through the
transparent supporting member 80 (see FIG. 6) and t

transparent boss portion 82. As a result, an image
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includes the first mark portion 84 attached to the
surface 80a side of the supporting member 80 (botto
surface portion of the boss portion 82) and the sec
mark portion 118 attached to the holding unit 116 i
obtained.

FIG. 8A is an image diagram depicting an im
obtained in the registering step. When the camera
performs photographing in a state in which the cent
position of the storage section 78 and the central
position of the holding unit 116 coincide with each
in the Y-axis direction, the image 160 in a state i
which the first mark portion 84 and the second mark
portion 118 coincide with each other is obtained, a
depicted in FIG. 8A. Then, the positions of the st
section 78 and the holding unit 116 (designated
positions) in the state in which the first mark por
84 and the second mark portion 118 coincide with ea
other are registered in the position registration s
66a (see FIG. 1) of the control unit 66. Registere
the designated position of the storage section 78 i
example, a rotational angle of the rotary shaft 74
(rotational angle of the supporting member 76 or 80
central coordinates of the boss portion 82, or the

In addition, registered as the designated position

58

front

ond

age 160
86

ral

other

orage

tion
ch
ection
d as

s, for

like.

of the



holding unit 116 is, for example, central coordinat
the holding unit 116, a state of the moving mechani
(see FIG. 3) (coordinates of the moving block 94, t
number of rotations of the ball screw 92, or the li

or the like.

Incidentally, the first mark portion 84 may
provided at a position displaced from the center of
storage section 78, and the second mark portion 118
be provided at a position displaced from the center
the holding unit 116. For example, in a case where
boss portion 82 has low transparency and it is thus
difficult for the camera 86 to photograph the holdi
unit 116 through the boss portion 82, the second ma
portion 118 is attached to a position separated fro
center of the holding unit 116 by a predetermined
distance (equal to or more than the radius of the b
portion 82). In this case, an image 160 in a state
which the first mark portion 84 and the second mark
portion 118 do not coincide with each other is obta
FIG. 8B is an image diagram depicting the image 160
including the first mark portion 84 and the second
portion 118 not coinciding with each other. Inac
where the position of the second mark portion 118 i

displaced from the center of the holding unit 116,
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first mark portion 84 and the second mark portion 1
displayed at positions separated from each other by
predetermined distance in the image 160.

As described above, the positions of the st
section 78 and the holding unit 116 when the first
portion 84 and the second mark portion 118 are arra
in predetermined positional relation are registered
the designated positions in the position registrati
section 66a. Then, the replacement of the cutting
50 by the blade replacing apparatus 64 is performed
the designated positions.

At a time of replacement of the cutting bla
the storage section 78 and the holding unit 116 are
arranged at the designated positions registered in
position registration section 66a, and thereby the
storage section 78 and the holding unit 116 are ali
with each other. Incidentally, concrete operation
blade replacing apparatus 64 at the time of replace
of the cutting blade 50 is as described earlier.

Then, after the blade replacing apparatus 6
used for a certain period, maintenance of the blade
replacing apparatus 64 is performed. At this time,
storage section 78 and the holding unit 116 are mov

as to be arranged at the designated positions regis
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in the position registration section 66a, and wheth
not the first mark portion 84 and the second mark p
118 are arranged in predetermined positional relati
determined (determining step).

In the determining step, first, the operati
control section 66b controls operation of the blade
storage unit 70A and the moving mechanism 90 (see F
such that the storage section 78 of the blade stora
unit 70A and the holding unit 116 of the blade suct
unit 114A are arranged at the designated positions
registered in the position registration section 66a
Then, as in the registering step, the camera 86
photographs the storage section 78. Consequently,
image including the first mark portion 84 and the s
mark portion 118 is obtained. Here, even when the
section 78 and the holding unit 116 are controlled
to be arranged at the designated positions register
the position registration section 66a, a displaceme
occur in the positional relation between the storag
section 78 and the holding unit 116, that is, the
positional relation between the first mark portion
the second mark portion 118 for reasons of secular
degradations or the like. Accordingly, the determi

step determines whether or not the first mark porti
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and the second mark portion 118 are arranged in
predetermined positional relation (positional relat
between the first mark portion 84 and the second ma
portion 118 in the registering step).

FIG. 9A is an image diagram depicting an im
obtained in the determining step. The image 162 di
the first mark portion 84 and the second mark porti
at different positions. In this case, it is determ
that the first mark portion 84 and the second mark
portion 118 are not arranged in the predetermined
positional relation, and that a displacement has oc
in the positional relation between the first mark p
84 and the second mark portion 118. The above-desc
determination is, for example, made by image proces
such as pattern matching. Specifically, a referenc
of a state in which the first mark portion 84 and t
second mark portion 118 are in desired positional
relation (see FIG. 8A and FIG. 8B) is obtained in a
and is stored in the control unit 66. Then, the co
unit 66 determines whether or not the first mark po
84 and the second mark portion 118 are in the
predetermined positional relation by comparing the
162 obtained by the camera 86 in the determining st

with the reference image. However, there is no lim
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on a method of the determination. For example, the
162 obtained by photographing by the camera 86 may
displayed on a touch panel (not depicted) provided
cutting apparatus 2, and the operator may refer to
image 162 displayed on the touch panel and determin
whether or not the first mark portion 84 and the se
mark portion 118 are arranged in the predetermined
positional relation.

When it is determined in the determining st
the first mark portion 84 and the second mark porti
are not arranged in the predetermined positional
relation, the positions of the storage section 78 a
holding unit 116 are adjusted such that the first m
portion 84 and the second mark portion 118 are arra
in the predetermined positional relation. For exam
the positions of the storage section 78 and the hol
unit 116 are adjusted by the operator who changes t
position of the storage section 78 or the holding u
116 by operating the touch panel while referring to
image 162 displayed on the touch panel (not depicte
When photographing is then performed by the camera
again after the positions of the storage section 78
the holding unit 116 are adjusted, an image 162 of

state in which the first mark portion 84 and the se
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mark portion 118 are arranged in the predetermined
positional relation is obtained. FIG. 9B is an ima
diagram depicting the image 162 including the first
portion 84 and the second mark portion 118 arranged
the predetermined positional relation.

Then, the positions of the storage section
the holding unit 116 in the state in which the firs
portion 84 and the second mark portion 118 are arra
in the predetermined positional relation are regist
as designated positions in the position registratio
section 66a. Consequently, the designated position
registered in the position registration section 66a
the registering step are overwritten with the newly
obtained designated positions (overwriting step).
the overwriting step is performed, the designated
positions for arranging the storage section 78 and
holding unit 116 in the desired positional relation
updated. Thereafter, the blade replacing apparatus
operated again, and the replacement of the cutting
50 is resumed in a state in which the storage secti
and the holding unit 116 are arranged properly.

As described above, the blade replacing app
64 according to the present embodiment includes the

storage section 78 provided with the first mark por
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84 that can be photographed by the camera 86 and th
holding unit 116 provided with the second mark port
118 that can be photographed by the camera 86. It
thereby possible to determine whether or not the fi
mark portion 84 and the second mark portion 118 are
arranged in the predetermined positional relation o
basis of the image 162 obtained by the camera 86, a
thus check whether or not the positional relation b
the storage section 78 and the holding unit 116 is
proper. Then, when it is determined that the first
portion 84 and the second mark portion 118 are not
arranged in the predetermined positional relation,
positional relation between the storage section 78
the holding unit 116 is adjusted, and the positions
the storage section 78 and the holding unit 116 whe
positional relation between the storage section 78
the holding unit 116 is adjusted can be overwritten
designated positions in the position registration s
66a. Thus, the appropriate positional relation bet
the storage section 78 and the holding unit 116 is
periodically updated, and a state in which the hold
unit 116 can appropriately hold the cutting blade 5
stored in the storage section 78 is maintained.

It is to be noted that the configuration of
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blade replacing apparatus 64 can be changed as
appropriate insofar as cutting blades 50 can be rep
For example, the blade attaching and detaching unit
included in the blade replacing apparatus 64 may in
a pair of blade holding units that grip cutting bla
50. FIG. 10 is a perspective view depicting the bl
attaching and detaching unit 100. The blade attach
detaching unit 100 depicted in FIG. 10 includes bla
holding units 170A and 170B in place of the blade h
units 110A and 110B depicted in FIG. 5.

The blade holding unit 170A that holds the
blade 50 fitted to the cutting unit 38A (see FIG. 1
a cutting blade 50 to be newly fitted to the cuttin
38A is fixed to one end side of the shaft 106. In
addition, the blade holding unit 170B that holds th
cutting blade 50 fitted to the cutting unit 38B (se
1) and a cutting blade 50 to be newly fitted to the
cutting unit 38B is fixed to another end side of th
shaft 106. The blade holding units 170A and 170B e
include a plate-shaped supporting member 172 formed
oblong shape as viewed from the side and fixed to a
distal end portion of the shaft 106 and blade gripp
units 174A and 174B provided on a surface side of t

supporting member 172, the surface side facing an
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opposite side from the power transmitting mechanism
The blade gripping unit 174A is fixed to one end si
the supporting member 172. The blade gripping unit
is fixed to another end side of the supporting memb
172.

The blade gripping units 174A and 174B each
a cylindrical holding unit (gripping portion) 176 f
to the supporting member 172. The holding unit 176
front surface 176a that faces the opposite side fro
power transmitting mechanism 104. In addition, the
holding unit 176 is provided with a positioning pin
that projects from the front surface 176a. The
positioning pin 178 is formed such that a distal en
portion of the positioning pin 178 corresponds to t
position and size of the recessed portion 48b (see
2) formed in the supporting shaft 48 of the mount 4
positioning pin 178 can therefore be inserted into
recessed portion 48b.

A plurality of gripping members 180 that gr
protruding portion 52b (see FIG. 2) of the cutting
50 are arranged on the periphery of the holding uni
at substantially equal intervals along the
circumferential direction of the holding unit 176.

gripping members 180 are each formed in a columnar
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Proximal end portions (one end sides) of the grippi
members 180 are fixed to the outer circumferential
surface of the holding unit 176. FIG. 10 depicts a
example in which four gripping members 180 that gri
outer circumferential surface of the protruding por
52b of the cutting blade 50 from four directions ar
provided. Distal end portions (another end side) o
gripping members 180 project from the front surface
of the holding unit 176. Contact portions 180a tha
into contact with the outer circumferential surface
the protruding portion 52b of the cutting blade 50
formed at the distal end portions. The distal end

of the gripping members 180 are, for example, moved
the radial direction of the holding unit 176 by a m
mechanism (not depicted) housed within the holding
176. This moving mechanism switches between a stat
(closed state) in which the cutting blade 50 is gri
with the contact portions 180a in contact with the
circumferential surface of the protruding portion 5
(see FIG. 2) of the cutting blade 50 and a state (o
state) in which the gripping of the cutting blade 5
released with the contact portions 180a arranged mo
outward in the radial direction of the holding unit

than in the closed state.
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The blade holding unit 170A replaces the cu
blade 50 fitted to the cutting unit 38A. Specifica
the blade gripping unit 174A of the blade holding u
170A grips and holds the used cutting blade 50 fitt
the cutting unit 38A. In addition, the blade gripp
unit 174B of the blade holding unit 170A grips and
a replacement cutting blade 50 stored by the blade
storage unit 70A (see FIG. 3). Similarly, the blad
holding unit 170B replaces the cutting blade 50 fit
the cutting unit 38B. Specifically, the blade grip
unit 174A of the blade holding unit 170B grips and
the used cutting blade 50 fitted to the cutting uni
In addition, the blade gripping unit 174B of the bl
holding unit 170B grips and holds a replacement cut
blade 50 stored by the blade storage unit 70B (see
3).

When a plurality of gripping members 180 gr
protruding portion 52b of a cutting blade 50 from f
directions, the cutting blade 50 is held such that
central position of the cutting blade 50 coincides
the central position of the holding unit 176 in the
axis direction. Therefore, even when there is a sl
displacement in positional relation between the cut

blade 50 and the holding unit 176 immediately befor
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cutting blade 50 is held by the holding unit 176,
alignment between the cutting blade 50 and the hold
unit 176 is performed automatically by griping the
cutting blade 50 by the plurality of gripping membe
180.

In addition, the holding unit 176 is provid
a second mark portion 182 indicating the position o
holding unit 176. For example, the second mark por
182 is a marker that is attached to the center of a
distal end portion of the positioning pin 178 and w
can be photographed by the camera 86 (see FIG. 4).
10 depicts the holding unit 176 provided with a cro
shaped mark as the second mark portion 182. As wit
second mark portions 118 depicted in FIG. 5 and the
second mark portions 182 are used for alignment bet
the storage sections 78 of the blade storage units
and 70B and the holding units 176 of the blade grip
units 174A and 174B. A method of the alignment usi
second mark portions 182 is similar to the method o
alignment using the second mark portions 118. In

addition, the kind, shape, position, and the like o

second mark portions 182 can be changed as appropri

in the second mark portions 118.

In addition, in the foregoing embodiment,

70

ing

rs

ed with
f the

tion

hich
FIG.
Ss-

h the
like,
ween
70A
ping
ng the

f the

f the

ate as



description has been made of the cutting units 38A
38B in which the cutting blades 50 are fixed by the
56. However, the cutting units 38A and 38B may hav
mechanisms of sucking and holding the cutting blade
In this case, the nuts 56 for fixing the cutting bl

50 are not necessary. It is thereby possible to om
nut attaching and detaching unit 130 of the attachi
detaching unit 98, and thus achieve a reduction in

of the attaching and detaching unit 98.

In addition, in the foregoing embodiment,
description has been made of an example in which th
blade suction units 114A and 114B are configured to
sideward of the blade attaching and detaching unit
(see FIG. 5 and the like). However, the blade atta
and detaching unit 100 may be configured to be mova
(rotatable) such that the blade suction units 114A
114B face downward of the blade attaching and detac
unit 100. In this case, the rotary shaft 74 (see F
and the like) may be disposed along the Z-axis dire
and the front surface 76a of the supporting member
(front surfaces 80a of the supporting members 80) m
disposed along a direction parallel with the X-axis
direction and the Y-axis direction. In a case wher

blade suction units 114A and 114B are opposed to th
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front surface 76a of the supporting member 76 in th
axis direction as described above, the supporting m
76 are provided directly below the movement paths o
blade suction units 114A and 114B. In addition, th
attaching and detaching unit 98 may be connected wi
moving mechanism (robot arm or the like) that moves
blade suction units 114A and 114B to a desired posi

Moreover, structures, methods, and the like
according to the foregoing embodiment can be modifi
implemented as appropriate without departing from t
objective scope of the present invention.

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

by the invention.
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VWHAT IS CLAIMED | S:

1. An adjusting method of a blade replacin
apparatus for replacing a cutting blade that is fix
a distal end portion of a spindle included in a cut
apparatus and is configured to cut a workpiece,

the blade replacing apparatus including

a blade storage unit including a movable st
section configured to store the cutting blade on a
side of a transparent supporting member,

a transporting unit configured to transport
cutting blade, the transporting unit including a ho
unit configured to hold the cutting blade and a mov
mechanism configured to move the holding unit betwe
storage section and the spindle,

a camera disposed on a back side of the sup
member and configured to photograph the holding uni
positioned on the front side of the supporting memb
the supporting member, and

a control unit including an operation contr
section configured to control operation of the blad
storage unit and the transporting unit and a positi
registration section in which positions of the stor
section and the holding unit when the cutting blade

attached or detached to or from the blade storage u
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are registered,

the storage section including a first mark
photographable by the camera, and

the holding unit including a second mark po
photographable by the camera,

the adjusting method comprising:

a registering step of obtaining an image in
the first mark portion and the second mark portion

photographing the first mark portion and photograph

the second mark portion through the supporting memb

the camera, and registering the positions of the st
section and the holding unit when the first mark po
and the second mark portion are arranged in predete
positional relation on a basis of the image as desi
positions in the position registration section;

a determining step of moving the storage se
and the holding unit such that the storage section
the holding unit are arranged at the designated pos
registered in the position registration section, an
determining whether or not the first mark portion a
second mark portion are arranged in the predetermin
positional relation; and

an overwriting step of overwriting the posi

the storage section and the holding unit as the
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designated positions in the position registration s
after adjusting the position of the storage section

the holding unit such that the first mark portion a

second mark portion are arranged in the predetermin

relation when the determining step determines that
first mark portion and the second mark portion are
arranged in the predetermined positional relation.

2. The adjusting method of the blade repla
apparatus according to claim 1, wherein

the holding unit is a sucking and holding p
configured to suck and hold the cutting blade or a
gripping portion configured to grip the cutting bla

3. A blade replacing apparatus for replaci
cutting blade that is fixed to a distal end portion
spindle included in a cutting apparatus and is conf
to cut a workpiece, the blade replacing apparatus
comprising:

a blade storage unit including a movable st
section configured to store the cutting blade on a
side of a transparent supporting member;

a transporting unit configured to transport
cutting blade, the transporting unit including a ho

unit configured to hold the cutting blade and a mov

mechanism configured to move the holding unit betwe
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storage section and the spindle;

a camera disposed on a back side of the sup

member and configured to photograph the holding uni

positioned on the front side of the supporting memb
the supporting member; and

a control unit including an operation contr
section configured to control operation of the blad
storage unit and the transporting unit and a positi
registration section in which positions of the stor
section and the holding unit when the cutting blade
attached or detached to or from the blade storage u
are registered,;

the storage section including a first mark
photographable by the camera, and

the holding unit including a second mark po
photographable by the camera.

4. The blade replacing apparatus according
claim 3, wherein

the holding unit is a sucking and holding p
configured to suck and hold the cutting blade or a

gripping portion configured to grip the cutting bla
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