CUTTI NG APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus including a bl ade changi ng appar at us.

Description of the Related Art

A known cutting apparatus incorporates a cutting
bl ade that cuts a pl at e-shaped wor kpi ece, such as a
sem conduct or wafer and an optical device wafer having a
front surface on which a plurality of devices are forned,
and a resin package substrate, into divided chips. The
cutting bl ade needs replacenent at regular intervals
because a cutting edge of the cutting bl ade wears out
t hrough use.

A cutting bl ade repl acenent procedure typically
i ncl udes insertion of the cutting blade into a boss of a
bl ade nmount di sposed at a distal end of a spindle of the
cutting apparatus and fixing of the cutting blade with a
fixing nut. Fitting the cutting blade into the boss of
the bl ade nount requires a certain level of skill. A
cutting blade, if inserted obliquely, can damage the
bl ade nmount or can be fixed in an oblique position,

resulting in incorrect cutting.



An approach to solve the foregoing problemhas |ed
to devel opnent of an automatic bl ade changi ng appar at us
that mechanically changes the cutting bl ades (see, for
exanpl e, Japanese Patent No. 2617876 and Japanese Patent
Lai d- open No. 2007-208114). The automatic bl ade changi ng
appar atus has enabl ed qui ck replacenent of the cutting

bl ade.

SUWARY OF THE | NVENTI ON

The known autonatic bl ade changi ng appar at us,
however, requires an accurate positional adjustnent
t hrough which an axis of a holding portion of the
aut omati ¢ bl ade changi ng apparatus for nounting the
cutting blade in, or renoving the cutting blade from the
boss of the blade nount is in conplete alignnent with an
axis of the boss along a single straight line. This
posi ti onal adjustnent involves a heavy workl oad.

It is therefore an object of the present invention
to provide a cutting apparatus including a blade changing
apparatus that can nmount or renove quickly and reliably a
cutting blade in or froma blade nmount disposed at a
di stal end of a spindle.

In accordance with an aspect of the present

i nvention, there is provided a cutting apparatus. The



cutting apparatus includes: a cutting unit that cuts a
wor kpi ece held by a chuck table with a cutting bl ade
fixed to a bl ade nount nounted at a distal end of a

spi ndl e; a noving nechani smthat noves the cutting unit
in an axial direction of the spindle; and a bl ade
changi ng apparatus that renoves the cutting blade from
and nounts the cutting blade on, the blade nount to

t hereby exchange the cutting bl ades, the cutting bl ade
including a circular base having an insertion hole at a
center thereof and a cutting edge fixed to an outer
circunferential edge of the circular base. The bl ade
nmount i ncludes: a boss that is passed through the
insertion hole in the cutting blade and extends in the
axial direction of the spindle; and a flange that
integrally protrudes in a radial direction fromthe boss
at a position posterior to the boss and on which the
cutting bl ade abuts. The bl ade changi ng appar at us

i ncl udes a bl ade nmounting and renoval portion that

i ncludes: a first holding portion that renovably hol ds
the circular base of the cutting blade; a noving support
portion that supports the first holding portion and noves
the first holding portion to a renoval and nounting
position at which the insertion hole in the cutting bl ade

faces the boss of the blade nount; and a first coupling



mechani smthat couples the first holding portion with the
novi ng support portion such that the first hol di ng
portion is freely tiltable with respect to the noving
support portion. The first coupling mechani smincludes a
plurality of first elastic nenber pairs, each pair, while
tensioning the first holding portion in opposite
directions, fixing the first holding portion to the
novi ng support portion, and forces acting fromthe first
el astic nenber pairs bal ance each other to thereby
support the first holding portion tiltably and aerially.

Preferably, the blade changi ng apparatus further
i ncludes a nut rotation portion that includes: a second
hol di ng portion that renovably holds a fixing nut that
fixes the cutting blade inserted in the boss of the bl ade
nount to the boss; rotary nmeans that is disposed in the
novi ng support portion and that rotates the fixing nut
fitted to the boss; and a second coupling nechani smt hat
coupl es the second hol ding portion with the noving
support portion freely tiltably with respect to the
novi ng support portion.

Preferably, the first elastic nmenber pairs each
include a pair of coil springs as elastic nenbers having
bias forces identical to each other and tensioning in

opposite directions. Preferably, the first hol ding
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portion includes a suction portion that suctions and
hol ds the circul ar base of the cutting bl ade.

Preferably, the first coupling nmechanismis such
that the first holding portion has an axis at a position
corresponding to a center in the insertion hole in the
circular base of the cutting blade held in the first
hol di ng portion. Preferably, the fixing nut has a
plurality of pin holes, and the second hol di ng portion of
the nut rotation portion includes a plurality of pins
that can be inserted in the pin holes in the fixing nut.

In accordance with the cutting apparatus including
the bl ade changi ng apparatus, the first hol ding portion
of the blade changi ng apparatus for holding the circular
base of the cutting blade is coupled with the first
noving portion freely tiltably by the first coupling
mechani sm Thus, even when the cutting bl ade held through
cl anmping or suction by the first holding portion tilts
slightly relative to the boss of the blade nount, an
angle of the cutting blade is adjusted wth no speci al
intervention so as to follow a profile of the boss when
the insertion hole in the cutting blade is nounted over
the boss, so that the cutting blade can be reliably
nmount ed on the bl ade nount.

When the fixing nut is nmounted on, or renoved from



t he boss of the bl ade nmount using the nut rotation
portion of the blade changi ng apparatus, because of the
second hol ding portion being coupled with the second
nmovi ng portion by the second coupling nechanism even
when the fixing nut fixed by the second hol ding portion
tilts slightly relative to the boss of the blade nount,
an angle of the fixing nut is adjusted wth no speci al
intervention so as to follow the profile of the boss when
the fixing nut is nounted over the boss, so that the
fixing nut can be reliably nounted on the boss of the
bl ade nount .

The above and ot her objects, features, and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself will best be understood froma study of
the follow ng description and appended clains with
reference to the attached drawi ngs show ng sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view depicting a cutting
apparatus accordi ng to an enbodi nent of the present
i nvention;

FIG 2 is a perspective view depicting a bl ade



changi ng appar at us;

FIG 3A is an expl oded perspective view depicting a
cutting unit;

FIG 3B is a partial cross-sectional side elevation
vi ew depicting the cutting unit;

FIG 4 is a perspective view depicting a bl ade
nmounti ng and renoval portion according to a first
enbodi nent ;

FIG 5 is a partial cross-sectional side elevation
vi ew depicting the blade nmounting and renoval portion
according to the first enbodi nent fixed in a noving
portion, as viewed froma direction of an arrow Ain FIG
4,

FIG 6 is a perspective view depicting a bl ade
nounting and renoval portion according to a second
enbodi nent ;

FIG 7 is a perspective view depicting a bl ade
nounting and renoval portion according to a third
enbodi nent ;

FIG 8 is a schematic view depicting a coupling
mechani sm of a bl ade nounti ng and renoval portion
according to a fourth enbodi nent;

FIG 9 is an expl oded perspective view depicting a

nut rotation portion;



FIG 10A is a perspective view depicting the nut
rotation portion;

FIG 10B is a cross-sectional view taken along line
10B-10B in FIG 10A

FIG 11 is an expl oded perspective view depicting
the nut rotation portion rotated through 90° fromthe
condition depicted in FIG 9;

FIG 12A is a perspective view depicting the nut
rotation portion rotated through 90° fromthe condition
depicted in FIG 10A; and

FIG 12B is a cross-sectional view taken along line

12B-12B in FIG 12A

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Enbodi nents of the present invention will be

descri bed in detail below wth reference to the
acconpanying drawings. FIG 1 is a perspective view
depicting a cutting apparatus 2 including a bl ade
changi ng apparatus 72 according to an enbodi nent of the
present invention. As depicted in FIG 1, the cutting
apparatus 2 includes an apparatus base 4. The apparatus
base 4 supports various elenents constituting the cutting
apparatus 2. The apparatus base 4 has an upper surface

havi ng an opening 4a fornmed therein. The opening 4a has a



rectangul ar shape elongated in an X-axis direction
(feeding direction).

An X-axis noving table 6, an X-axis noving
nmechani sm (not depicted), and a dust-proof and dri p-proof
cover 8 are disposed inside the opening 4a. The X-axis
novi ng nmechani sm noves the X-axis noving table 6 in the
X-axis direction. The dust-proof and drip-proof cover 8
covers the X-axis noving nechanism The X-axis noving
mechani smincludes a pair of X-axis guide rails (not
depi cted) that extend in parallel with each other in the
X-axis direction. The X-axis noving table 6 is slidably
nmounted on the X-axis guide rails.

A nut portion (not depicted) is forned on the | ower
surface side of the X-axis noving table 6. An X-axis bal
screw (not depicted) in parallel with the X-axis guide
rails is threadedly engaged with this nut portion. The X-
axis ball screw has a first end coupled with an X-axis
pul se nmotor (not depicted). Rotation of the X-axis bal
screw by the X-axis pul se notor causes the X-axis noving
table 6 to nove along the X-axis guide rails in the X-
axis direction.

A chuck table 10 is disposed on the X-axis noving
table 6. The chuck table 10 suctions and holds a

wor kpi ece. The chuck table 10 is coupled with a



rotational drive source (not depicted), such as a notor
and is rotated about a rotary axis that extends
substantially in parallel with a Z-axis direction
(vertical direction). The chuck table 10 is also fed in
the X-axis direction by the X-axis noving nechani sm

The chuck table 10 has a front surface (upper
surface) that assunes a hol ding surface 10a, which
suctions and holds the workpi ece. The holding surface 10a
I's connected with a suction source (not depicted) through
a fl ow passage (not depicted) formed inside the chuck
table 10. The chuck table 10 is provided with clanps 10b.
The cl anps 10b are di sposed around the chuck table 10 and
fix the workpiece in place.

The workpiece is, for exanple, a sem conductor
wafer that is affixed to a tape held on an annul ar frame
and is handled wth the annular frame. The handling of
the workpiece with the annular frame and the tape all ows
the workpiece to be protected from for exanple, inpact
duri ng conveyance. Additionally, expanding the tape
all ows a workpi ece that has been cut to be divided and
allows an interval between divided chips to be w dened.

It is noted that neverthel ess the workpi ece may be
i ndi vidual ly processed for cutting without the use of the

annul ar franme and the tape.
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The apparatus base 4 has a protruding portion 12
at an anterior corner away fromthe opening 4a. The
protrudi ng portion 12 protrudes laterally fromthe
apparatus base 4. A space is defined inside the
protrudi ng portion 12. A cassette elevator 16 is di sposed
in the space. The cassette elevator 16 can ascend and
descend. A cassette 18, which can house a plurality of
wor kpi eces, is | oaded on an upper surface of the cassette
el evator 16.

A conveyance unit (not depicted) that conveys the
wor kpi ece onto the chuck table 10 is disposed at a
position close to the opening 4a. A workpiece w thdrawn
fromthe cassette 18 by the conveyance unit is placed on
the hol ding surface 10a of the chuck table 10.

A support structure 20 is disposed on the upper
surface of the apparatus base 4 so as to overhang the
openi ng 4a. The support structure 20 supports a cutting
unit 14, which cut the workpiece. A cutting unit noving
mechani sm 22 is di sposed at an upper portion of a front
surface of the support structure 20. The cutting unit
novi ng nechani sm 22 noves the cutting unit 14 in a Y-axis
direction (indexing direction) and the Z-axis direction.

The cutting unit noving nmechani sm 22 is provided

with a pair of Y-axis guide rails 24. The Y-axis guide
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rails 24 are disposed on the front surface of the support
structure 20 so as to extend in parallel with the Y-axis
direction. A Y-axis noving plate 26 is slidably nounted
on the Y-axis guide rails 24. The Y-axis noving plate 26
constitutes the cutting unit noving nechanism22. A nut
portion (not depicted) is disposed on the back surface
side (posterior surface side) of the Y-axis noving plate
26. A Y-axis ball screw 28, which extends in paralle
wWith the Y-axis guide rails 24, is threadedly engaged
with this nut portion.

The Y-axis ball screw 28 has a first end coupl ed
with a Y-axis pul se notor (not depicted). Rotation of the
Y-axis ball screw 28 by the Y-axis pul se notor causes the
Y-axis noving plate 26 to nove al ong the Y-axis guide
rails 24 in the Y-axis direction. A pair of Z-axis guide
rails 30 is disposed on the front surface (anterior
surface) of the Y-axis noving plate 26. The Z-axis guide
rails 30 extend in parallel with the Z-axis direction. A
Z-axis noving plate 32 is slidably nmounted on the Z-axis
gui de rails 30.

A nut portion (not depicted) is disposed on the
back surface side (posterior surface side) of the Z-axis
noving plate 32. A Z-axis ball screw 34, which extends in

parallel with the Z-axis guide rails 30, is threadedly
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engaged with this nut portion. The Z-axis ball screw 34
has a first end coupled with a Z-axis pul se notor 36.
Rotation of the Z-axis ball screw 34 by the Z-axis pul se
notor 36 causes the Z-axis noving plate 32 to nove al ong
the Z-axis guide rails 30 in the Z-axis direction.

The cutting unit 14, which cuts the workpiece, and
an imaging unit 38 are fixed on the | ower portion of the
Z-axis noving plate 32. Mvenent of the Y-axis noving
plate 26 in the Y-axis direction by the cutting unit
novi ng nmechani sm 22 causes the cutting unit 14 and the
i maging unit 38 to be indexed. Movenent of the Z-axis
nmoving plate 32 in the Z-axis direction by the cutting
unit novi ng mechani sm 22 causes the cutting unit 14 and
the imaging unit 38 to ascend and descend.

Ref erence nuneral 40 denotes a cleaning unit. The
wor kpi ece cut by the cutting unit 14 is conveyed by a
conveyance nechani sm (not depicted) fromthe chuck table
10 onto the cleaning unit 40. The cleaning unit 40
I ncludes a spinner table 42. The spinner table 42
suctions and holds the workpiece in a tubul ar cl eaning
space. A rotational drive source that rotates the spinner
table 42 at a predeterm ned speed, such as a notor, is
coupled with a | ower portion of the spinner table 42.

An injection nozzle 44 is disposed at a position
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superior to the spinner table 42. The injection nozzle 44
injects a cleaning fluid (typically, a binary fluid
m xture of water and air) toward the workpiece. Injecting
the cleaning fluid fromthe injection nozzle 44 at a cut
wor kpi ece held by a rotating spinner table 42 allows the
wor kpi ece to be cl eaned. The workpi ece cl eaned by the
cleaning unit 40 is housed in the cassette 18 by the
conveyance nechani sm (not depicted).

As depicted in FIG 3, the cutting unit 14 includes
a spindle housed in a spindle housing 48. A spindle
di stal end portion 50, which has a snall dianeter, is
formed into a taper having decreasing dianeters toward
the distal end. A threaded hole 52 is fornmed in an end
face of the spindle distal end portion (spindle taper) 50.

Ref erence nuneral 54 denotes a bl ade nount. The
bl ade nount 54 includes a cylindrical boss 56 and a
flange 58. The flange 58 integrally protrudes in a radia
direction fromthe boss 56 at a position posterior to the
boss 56. A cutting blade nounted in the boss 56 abuts on
the flange 58.

An external thread 60 is formed in an outer
peri phery of the cylindrical boss 56 and an interna
thread 62 is formed in an inner periphery of the

cylindrical boss 56. The bl ade nmount 54 further has a
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t apered engagenent hole 64. Insert the spindle taper 50

I n the engagenent hole 64 in the blade nount 54 and

t hreadedly engage a screw 68 with the threaded hole 52

t hrough the engagenent hole 64 in the bl ade nmount 54. The
bl ade nmount 54 is thereby nounted on the spindle taper 50.

A cutting blade 66 is what is called a hub bl ade
i ncluding a circular base 66a having an insertion hole
66b at a center thereof and an electrofornmed cutting edge
66¢c fixed on an outer periphery of the circular base 66a.
Ref erence nuneral 70 denotes a fixing nut. The fixing nut
70 has an internal thread 71 fornmed in an inner periphery
thereof. The internal thread 71 is threadedly engaged
with the external thread 60 fornmed in the boss 56 of the
bl ade mount 54. The fixing nut 70 further has four pin
holes 76 formed in a front surface thereof. Pins 164 of a
nut rotation portion 86 depicted in FIG 10 are fitted in
the respective pin holes 76.

To nount the cutting blade 66 on the spindle, nount
the cutting bl ade 66 over the boss 56 of the bl ade nount
54 and, while overlapping the fixing nut 70 with the
cutting bl ade 66, threadedly engage the internal thread
71 of the fixing nut 70 with the external thread 60
formed in the boss 56 of the blade nount 54. Tightening

the fixing nut 70 causes the cutting blade 66 to be
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nount ed on the spindle taper 50 by being cl anped between
the flange 58 of the blade nmount 54 and the fixing nut 70.

Ref erence is nmade back to FIG 1. The apparatus
base 4 has a recess 75 forned on the front side in the Y-
axis direction. The recess 75 extends in the X-axis
direction. The blade changing apparatus 72 is disposed in
the recess 75. As depicted in the enlarged view of FIG 2,
a pair of guide rails 76, which extend in the X-axis
direction, is fixed in the recess 75. The bl ade changi ng
apparatus 72 is disposed so as to be guided by the guide
rails 76 and novable in the X-axis direction by a bl ade
changi ng appar at us novi ng nmechani sm 78.

The bl ade changi ng appar at us novi ng nechani sm 78
i ncludes a ball screw 80, a nut, and a pul se notor 82.
The ball screw 80 extends in the X-axis direction. The
nut, not depicted, is nounted on an X-axi s novi ng bl ock
74 (noving support portion) of the blade changing
apparatus 72 and is threadedly engaged with the bal
screw 80. The pulse notor 82 is coupled with one end of
the ball screw 80.

When the pul se notor 82 of the blade changi ng
appar atus novi ng mechani sm 78 of the bl ade changi ng
apparatus 72 is driven, the ball screw 80 is thereby

rotated, so that the X-axis noving block 74 of the bl ade
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changi ng apparatus 72, on which the nut threadedly
engaged with the ball screw 80 is nounted, nobves in the
X-axis direction.

The bl ade changi ng apparatus 72 further includes a
pair of air cylinders 90 and 96, a bl ade nounting and
renoval portion 84, and the nut rotation portion 86. The
air cylinders 90 and 96 are nmounted on the X-axis noving
bl ock 74. The bl ade nmounting and renoval portion 84 is
nmounted on a piston (first noving portion) 92 of the air
cylinder 90. The nut rotation portion 86 is nounted on a
pi ston (second noving portion) 98 of the air cylinder 96.
A notor is built in the second noving portion 98 of the
air cylinder 96. The nut rotation portion 86 is thus
configured to be novable in the Y-axis direction and
rotatable by the notor.

A bl ade rack 100 is nounted on the apparatus base 4
so as to face the bl ade changi ng apparatus 72. As
depicted in FIG 2, a pair of cylindrical protrusions 102
and 104 is forned on the blade rack 100. The cylindrica
protrusions 102 and 104 protrude fromthe blade rack 100.
The cutting blade 66 is to be nounted on each of the
cylindrical protrusions 102 and 104. A ring-shaped
receiver 106 is disposed at a root of the cylindrica

protrusi on 104.
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FIG 2 depicts a condition in which a new cutting
bl ade 66 is nmounted on the cylindrical protrusion 102 of
the bl ade rack 100 and another cutting blade 66 that is
hel d by the bl ade nounting and renoval portion 84 of the
bl ade changi ng apparatus 72 and that is to be replaced by
the new cutting blade 66 is about to be nounted on the
cylindrical protrusion 104 of the blade rack 100. Upon
changi ng the cutting blades 66, the nut rotation portion
86 of the blade changi ng apparatus 72 invariably hol ds
the fixing nut 70 renoved fromthe bl ade nount 54.

A detailed configuration of the blade changi ng
apparatus 72 wll be described belowwith reference to
FIGS. 4 to 12B. FIG 4 is a perspective view depicting
t he bl ade nounting and renoval portion 84 of the bl ade
changi ng apparatus 72. FIG 5 is a partial cross-
sectional side elevation view depicting the bl ade
nmounting and renoval portion 84 fixed in the first noving
portion 92, as viewed froma direction of the arrow A in
FIG 4.

A hol di ng portion 110 of the blade nounting and
renoval portion 84 includes a | arge-dianeter hol ding
portion 112 and a small-dianeter portion 114. Three grip
jaws 118 are nmounted in openings 113 forned in the | arge-

di aneter hol ding portion 112 so as to be novable in a
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radi al direction.

Ref erence nuneral 108 denotes an annul ar fixing
plate. The fixing plate 108 has an inner circunferentia
hol e 109, in which the small-dianeter portion 114 of the
hol ding portion 110 is fitted. A pair of nounting plates
120a and 120b is fixed to side surfaces of the | arge-

di aneter hol ding portion 112 of the holding portion 110.
A pair of pins 124a is fixed in the nmounting plate 120a.
The pins 124a are spaced apart from each other.

As with the nounting plate 120a, a pair of pins
124b is fixed in the nmounting plate 120b (see FIG 5).
Meanwhi l e, a pair of pins 122a and 122b is fixed in the
annul ar fixing plate 108. The pins 122a and 122b are
spaced 180° apart from each other in the rotating
di rection.

A pair of coil springs 126a is disposed between the
pair of pins 124a, which are fixed to the nounting plate
120a, and the annular fixing plate 108. The coil springs
126a each have a bias force identical to each other. The
coil springs 126a, while tensioning the holding portion
110 in opposite directions, are fixed to the fixing plate
108. The coil spring 126a and the coil spring 126b are
adjusted to provide a bias force identical to each other.

Simlarly, a pair of coil springs 126b is di sposed
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bet ween the pair of pins 124b, which are fixed to the
nmounting plate 120b, and the annular fixing plate 108.
The coil springs 126b each have a bias force identical to
each other. The coil springs 126b, while tensioning the
hol di ng portion 110 in opposite directions, are fixed to
the fixing plate 108.

As depicted in FIG 5, a U shaped nenber 116 is
fixed to a bottom surface of the snall-dianeter portion
114 of the holding portion 110. As depicted in FIG 5, a
pair of pins 128a, which are spaced apart from each ot her,
is fixed to a lateral portion 116a on a first side of the
U shaped nenber 116. Simlarly, a pair of pins 128b,
whi ch are spaced apart fromeach other, is fixed to a
| ateral portion 116b on a second side of the U shaped
menber 116.

A pair of pins 130a and 130b, which are spaced 180°
apart fromeach other in the rotating direction, is fixed
to the annular fixing plate 108. As is evident from FI G
5, a pair of coil springs 132a is di sposed between the
pair of pins 128a, which are fixed to the |ateral portion
116a on the first side of the U shaped nenber 116, and
the pin 130a fixed to the annular fixing plate 108.

Simlarly, a pair of coil springs 132b is coupl ed

between the pair of pins 128b, which are fixed to the
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| ateral portion 116b on the second side of the U shaped
menber 116, and the pin 130b fixed to the annular fixing
pl ate 108.

It is here noted that the coil springs 132a each
have a bias force (spring force) identical to each other
and the coil springs 132b each have a bias force (spring
force) identical to each other. The coil springs 132a,
whil e tensioning in opposite directions, cause the snall -
di anmeter portion 114 of the holding portion 110 to be
fixed to the annular fixing plate 108. Simlarly, the
coil springs 132b, while tensioning in opposite
di rections on the side opposite to the coil springs 132a,
cause the small-diameter portion 114 of the hol ding
portion 110 to be fixed to the annular fixing plate 108.
The coil springs 132a and the coil springs 132b are
adjusted to provide a bias force identical to each other.

FIG 5 is a cross-sectional view on the arrow A in
FIG 4. The four coil springs 126a and 126b provi ded at
superior positions in FIG 5 and the four coil springs
132a and 132b provided at inferior positions in FIG 5
are disposed in directions nutually orthogonal to each
other. The coil springs 126a, 126b, 132a, and 132b cause
the hol ding portion 110 to be fixed to the fixing plate

108 in an aerially supported state and constitute a

21



coupl i ng nechani sm 115 capable of freely tilting.

As depicted in FIG 5, the annular fixing plate 108
is fixed to a distal end of the first noving portion 92
by a screw not depicted. Thus, because the coupling
mechani sm 115 coupl es the | arge-di aneter hol ding portion
112 with the first nmoving portion 92 freely tiltably with
respect to the first noving portion 92, forces of the
coil springs 126a, 126b, 132a, and 132b constituting the
coupl i ng mechani sm 115 bal ance each other, so that the
coupl i ng mechani sm 115 can support the |arge-di aneter
hol di ng portion 112 tiltably and aerially.

FIG 6 is a perspective view depicting a bl ade
nounting and renoval portion 84A according to a second
enbodi nent of the present invention. In the second
enbodi nent, the | arge-di aneter holding portion 112 of the
hol di ng portion 110 is provided wth four suction cups
(suction portions) 134 instead of the grip jaws 118 in
the first enbodi ment depicted in FIGS. 4 and 5.

The suction cups 134 suction and hold the circul ar
base 66a of the cutting blade 66. Configurations of the
bl ade nmounting and renoval portion 84A in the second
enbodi nent are otherwi se identical to the configurations
of the blade nmounting and renoval portion 84 in the first

enbodi nent. Like reference nunerals identify Iike
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conmponents and descriptions for those conponents will be
omtted.

FIG 7 is a perspective view depicting a bl ade
nmounti ng and renoval portion 84B according to a third
enbodi nent of the present invention. The blade nounting
and renoval portion 84B in the third enbodi nent
represents a holding portion 112A, on which the suction
cups 134 are nounted, offset to one side froma center of
t he bl ade nounting and renoval portion 84B. Even with
such a configuration, the coupling nmechani sm 115, which
coupl es the hol ding portion 112A with the first noving
portion 92 freely tiltably with respect to the first
novi ng portion 92, acts effectively.

The third enbodinment is effective for a
configuration in which, because of interference with an
existing part of the cutting apparatus, for exanple, the
hol ding portion 112 of the bl ade changi ng apparatus 72
cannot be disposed at the center of the blade nounting
and renoval portion 84A as depicted in FIG 6. There nay
be a configuration in which the grip jaws 118 are
provi ded i nstead of the suction cups 134.

FIG 8 is a schematic view depicting a coupling
mechani sm 115A, which freely tiltably couples the hol ding

portion 110 of a fourth enbodinment with a fixing nenber
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108A fixed to a noving portion 90. The coupling nmechani sm
115A in the fourth enbodinent freely tiltably couples the
hol di ng portion 110 with the fixing nmenber 108A usi ng
three coil springs 138, which are spaced 120° apart from
each other in a circunferential direction. Even with such
a configuration, forces acting fromthe three coi

springs 138 bal ance each other, so that the hol ding
portion 110 can be tiltably and aerially supported.

A detailed configuration of the nut rotation
portion 86 will be described below with reference to FIGS
9to 12B. FIG 9 is an expl oded perspective view
depicting the nut rotation portion 86. FIG 10Ais a
per spective view depicting the nut rotation portion 86.
FIG 10B is a cross-sectional view taken along |line 10B-
10Bin FIG 10A. FIG 11 is an expl oded perspective view
depicting the nut rotation portion 86 rotated through 90°
fromthe condition depicted in FIG 9. FIG 12Ais a
per spective view depicting the nut rotation portion 86
rotated through 90° fromthe condition depicted in FIG
10A. FIG 12B is a cross-sectional view taken along |ine
12B-12B in FIG 12A

Ref erence nuneral 142 denotes a rotary shaft. As
depicted in FIG 10B, the rotary shaft 142 is nounted

rotatably at a distal end of the noving portion 98 via a
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bearing 170. In the present enbodi nent, the noving
portion 98 is novable in the Y-axis direction in FIGS. 1
and 2 by the air cylinder 96 and a notor disposed inside
the noving portion 98 rotates the rotary shaft 142.

Ref erence nuneral 144 denotes an apertured plate
havi ng an opening 145. As is best depicted in FIG 10B
the rotary shaft 142 is disposed in the apertured plate
144. A pair of abutnment pins 146 is fixed to the rotary
shaft 142. The abutnent pins 146 are spaced 180° apart
fromeach other in the circunferential direction

Ref erence nuneral 160 denotes a jacket. The jacket
160 includes a holding portion 160a and a | ateral portion
160b. The four pins 164 are fixed to the hol ding portion
160a. The lateral portion 160b has a pair of openings 162.
The abutnent pins 146 are inserted in the respective
openi ngs 162.

Pl ace the jacket 160 over the rotary shaft 142 as
depicted in FIG 9 and fix the jacket 160 to the
apertured plate 144 with a pair of screws 168 as depicted
in FIG 10B. The foregoing steps allow the jacket 160 to
be noved integrally with the apertured plate 144.

More specifically, as depicted in FIG 11, the
j acket 160 has protrusions 161. The protrusions 161 each

have a threaded hole 163 forned therein. The apertured
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plate 144 has a round hole 165 fornmed therein. Insert the
screw 168 in the round hole 165 and threadedly engage the
screw 168 with the threaded hole 163 in the jacket 160.
The foregoing step causes the jacket 160 to be fixed to
the apertured plate 144. Reference nuneral 172 depicted
in FIGS. 10B and 12B denotes a seal that is fixed in the
rotary shaft 142 to thereby hernetically seal the bearing
170.

As is best depicted in FIGS. 9 and 11, a pair of
pins 148, which are spaced 180° apart from each other in
the circunferential direction, are fixed to the rotary
shaft 142. Furthernore, as is best depicted in FIG 10B
a pair of pins 156, which are spaced 180° apart from each
other in the rotating direction, are fixed to the rotary
shaft 142.

As is best depicted in FIGS. 10A and 12B, a pair of
pi ns 150, which are spaced apart |laterally the rotary
shaft 142, is fixed to the apertured plate 144,
specifically, a total of four pins 150 are fixed to the
apertured plate 144. A coil spring 152 is fitted across
each of the pins 148, which are fixed to the rotary shaft
142, and each of the pins 150, which are fixed to the
apertured plate 144.

The coil springs 152, provided in pairs, are each
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set to have a bias force (spring force) identical to each
other. The coil springs 152 each fix the jacket 160,
whi ch includes the holding portion 160a and which is
integrated with the apertured plate 144, to the noving
portion 98 while tensioning the jacket 160 in opposite
directions. Additionally, as is best depicted in FIGS. 11
and 12A, a pair of pins 154, which are spaced apart
laterally the rotary shaft 142, is fixed to the apertured
pl ate 144, specifically, a total of four pins 154 are
fixed to the apertured plate 144. The four pins 154 are
spaced 90° apart fromthe abovenenti oned respective four
pi ns 150.

A coil spring 158 is fitted across each of the pins
156, which are fixed to the rotary shaft 142, and each of
the pins 154, which are fixed to the apertured plate 144.
The coil springs 152 and 158 each fix the hol ding portion
160a of the jacket 160 to the noving portion 98 freely
tiltably, while tensioning the holding portion 160a in
opposite directions. Specifically, forces of the springs
152 and 158, which constitute a coupling nmechani sm 145,
bal ance each other to thereby tiltably and aerially
support the holding portion 160a of the jacket 160.

It is noted that, while FIGS. 9, 10A, 11, and 12A

depi ct the second noving portion 98 only schematically,
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the second noving portion 98 actually has a cylindrica
shape as depicted in FIGS. 2, 10B, and 12B.

The jacket 160 can tilt or rotate relative to the
rotary shaft 142 freely within a range over which the
coil springs extend. Wen the fixing nut 70 is rotated,
however, the rotation of the jacket 160 relative to the
rotary shaft 142 needs to be restricted in order to
transmt the rotational force of the rotary shaft 142 to
the pins 164.

Rotation of the rotary shaft 142 causes the
abut ment pins 146 to abut on sides in the openings 162 in
the jacket 160, so that the rotational force of the
rotary shaft 142 can be directly transmtted to the
j acket 160 wi thout having the coil springs intervening.

Operation and effects of the blade changing
apparatus 72, which has been detail ed above, wll be
descri bed below. To change the cutting blade 66 fixed at
the spindle distal end portion 50, the blade changi ng
appar atus novi ng nechanism 78 is first driven and the nut
rotation portion 86 of the blade changing apparatus 72 is
aligned with the spindle distal end portion 50 al ong an
i dentical axis.

Under the above condition, the air cylinder 96 is

activated to thereby extend the noving portion 98 in the
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Y-axis direction depicted in FIGS. 1 and 2. Additionally,
the rotary shaft 142 is rotated slightly by the notor to
thereby insert the pins 164 fitted on the hol ding portion
160a into the pin holes 76 in the fixing nut 70.

Because the coupling nechani sm 145, which is
conposed of the coil springs 152 and 158, supports the
hol di ng portion 160a freely tiltably, the pins 164 of the
nut rotation portion 86 slide into the pin holes 76 in
the fixing nut 70 even when the rotary shaft 142 is
slightly offset angularly or positionally fromthe axis
of the boss 56. The rotary shaft 142 is rotated by the
not or under the condition in which the pins 164 rest in
the pin holes 76 in the fixing nut 70. The fixing nut 70,
which is threaded engaged with the boss 56, can then be
readily renoved fromthe boss 56 of the blade nount 54.

After the fixing nut 70 has been renoved, the bl ade
changi ng apparatus 72 is noved in the X-axis direction to
thereby bring the blade nounting and renoval portion 84
into alignment with an axis of the spindle distal end
portion 50. The noving portion 92 is then noved by the
air cylinder 90 in the Y-axis direction, the circular
base 66a of the cutting blade 66 is clanped by the grip
jaws 118, and the cutting blade 66 is renoved fromthe

bl ade nount 54.
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To renpove the cutting blade 66, bring the grip jaws
118 opened in the radial direction into abutnment with the
circul ar base 66a of the cutting blade 66 nounted in the
bl ade nmount 54 and then nove the grip jaws 118 inwardly
in the radial direction. This enables the grip jaws 118
to readily clanmp the circul ar base 66a of the cutting
bl ade 66.

FIGS. 1 and 2 depict a condition of the bl ade
changi ng apparatus 72, in which the renoved fixing nut 70
is held by the nut rotation portion 86 and the renoved
cutting blade 66 is to be nmounted on the cylindrica
protrusi on 104 of the blade rack 100.

After the renmoved cutting bl ade 66 has been nounted
on the cylindrical protrusion 104, the bl ade changi ng
apparatus novi ng mechanism 78 is driven, the bl ade
nmounting and renoval portion 84 is caused to face the
cylindrical protrusion 102 on which a new cutting bl ade
66 is nmounted, and the new cutting blade 66 is w thdrawn
fromthe cylindrical protrusion 102 with the circul ar
base 66a of the cutting blade 66 clanped by the grip jaws
118 of the bl ade nounting and renoval portion 84.

The bl ade changi ng apparat us novi ng nechanism 78 is
then driven, thereby to nove the bl ade changi ng appar at us

72 in the X-axis direction and to cause the bl ade
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nounting and renoval portion 84 to face the spindle

di stal end portion 50. Under the foregoing condition, the
air cylinder 90 is driven, thereby to nove the noving
portion 92 in the Y-axis direction and to nount the new
cutting blade 66 clanped by the grip jaws 118 onto the
boss 56 of the bl ade nount 54.

Even when, at this tine, the cutting blade 66 held
by the hol ding portion 112 tilts slightly relative to the
boss 56 of the blade nount 54, because of the hol ding
portion 112 aerially held by the tiltable coupling
mechani sm 115, the angle of the insertion hole 66b in the
cutting blade 66, which is about to be nounted al ong the
boss 56 of the blade nount 54, is adjusted with no
special intervention, so that the cutting blade 66 can be
nmounted on the boss 56 of the bl ade nount 54 w thout
bi ndi ng.

Once the new cutting bl ade 66 has been nounted on
the boss 56 of the blade nmount 54, the fixing nut 70 held
by the nut rotation portion 86 of the blade changing
apparatus 72 is threadedly engaged with the externa
thread 60 formed on the boss 56 of the bl ade nmount 54 and
is tightened. The cutting blade 66 is thereby fixed on
t he bl ade nount 54.

When the cutting blade is nounted on, or renoved
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from the blade nmount, the cutting unit noving nmechani sm
22, instead of the noving portion 92, may be driven to

t hereby advance the bl ade nount toward, or retract the

bl ade nount from a first holding portion of the bl ade
changi ng appar at us.

Simlarly, when the fixing nut is nounted on, or
renmoved from the blade nount, the cutting unit noving
mechani sm 22 nay be driven to thereby advance the bl ade
mount toward, or retract the blade nount from a second
hol di ng portion. The configuration as nentioned above
el i m nates the noving portion of the blade changi ng
apparatus, so that reduction in cost and possible faulty
spots can be achi eved.

The present invention is not [imted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended cl ains and
all changes and nodifications as fall within the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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WHAT | S CLAIMED I S:

1. A cutting apparatus, conprising:

a cutting unit that cuts a workpiece held by a
chuck table with a cutting blade fixed to a bl ade nount
nmounted at a distal end of a spindle;

a nmovi ng nechani smthat noves the cutting unit in
an axial direction of the spindle; and

a bl ade changi ng apparatus that renoves the cutting
bl ade from and nounts the cutting bl ade on, the bl ade
nount to thereby exchange the cutting bl ades, the cutting
bl ade i ncluding a circular base having an insertion hole
at a center thereof and a cutting edge fixed to an outer
circunferential edge of the circul ar base, wherein

t he bl ade nount i ncl udes:

a boss that is passed through the insertion
hole in the cutting blade and extends in the axia
di rection of the spindle; and

a flange that integrally protrudes in a
radial direction fromthe boss at a position posterior to
t he boss and on which the cutting bl ade abuts, and

t he bl ade changi ng apparatus includes a bl ade
nounting and renoval portion that includes:

a first holding portion that renovably hol ds

the circul ar base of the cutting bl ade;
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a nmovi ng support portion that supports the
first holding portion and noves the first hol ding portion
to a renoval and nounting position at which the insertion
hole in the cutting blade faces the boss of the bl ade
mount ; and

a first coupling nmechani smthat couples the
first holding portion with the noving support portion
such that the first holding portion is freely tiltable
Wi th respect to the noving support portion, the first
coupling nmechanismincluding a plurality of first elastic
menber pairs, each pair, while tensioning the first
hol ding portion in opposite directions, fixing the first
hol di ng portion to the noving support portion, forces
acting fromthe first elastic nenber pairs bal anci ng each
other to thereby support the first holding portion
tiltably and aerially.

2. The cutting apparatus according to claiml,
wher ei n

t he novi ng support portion includes a first noving
portion that advances or retracts the first hol ding
portion, in which the insertion hole in the cutting bl ade
faces the boss of the blade nount, in a direction in
parallel with the axial direction of the boss to thereby

fit the cutting blade into the boss or renove the cutting
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bl ade fromthe boss, and

the first holding portion is coupled with the first
novi ng portion of the noving support portion freely
tiltably by the first coupling nechani sm

3. The cutting apparatus according to claiml,
wher ei n

t he bl ade changi ng apparatus further includes a nut
rotation portion that includes:

a second hol ding portion that renovably
holds a fixing nut that fixes the cutting blade inserted
in the boss of the blade nount to the boss;

rotary neans that is disposed in the noving
support portion and that rotates the fixing nut fitted to
t he boss; and

a second coupling nechani smthat couples the
second hol ding portion with the noving support portion
freely tiltably with respect to the noving support
portion.

4. The cutting apparatus according to claim3,
wher ei n

t he novi ng support portion includes a second noving
portion that advances or retracts the second hol di ng
portion, in which the fixing nut faces the boss of the

bl ade nmount, in a direction in parallel with the axia
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direction of the boss to thereby fit the fixing nut over
the boss or renpve the fixing nut fromthe boss, and

the second hol ding portion is coupled with the
second novi ng portion of the noving support portion
freely tiltably by the second coupling nechani sm

5. The cutting apparatus according to claim1,
wherein the first elastic nenber pairs each include a
pair of coil springs as elastic nmenbers having bias
forces identical to each other and tensioning in opposite
di recti ons.

6. The cutting apparatus according to claim1,
wherein the first holding portion includes a plurality of
grip jaws that clanp the circular base of the cutting
bl ade.

7. The cutting apparatus according to claim1,
wherein the first holding portion includes a suction
portion that suctions and holds the circul ar base of the
cutting bl ade.

8. The cutting apparatus according to claiml,
wherein the first coupling mechanismis such that the
first holding portion has an axis at a position
corresponding to a center in the insertion hole in the
circular base of the cutting blade held in the first

hol di ng portion.
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9. The cutting apparatus according to claim 3,
wher ei n

the fixing nut has a plurality of pin holes, and

the second hol ding portion of the nut rotation
portion includes a plurality of pins that can be inserted

in the pin holes in the fixing nut.
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