CUTTI NG BLADE STATE DETECTI NG METHOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting bl ade
state detecting nmethod for detecting a state of a cutting
bl ade mounted to a cutting apparat us.

Description of the Related Art

A cutting blade to be used in a cutting apparatus
may undergo generation of chipping or a through-hole in a
tool edge or on a radial-directionally inner side as
conpared to the tool edge, due to a |l oad during
processing or collision of a scattered chip. Wen
processi ng of a workpiece is conducted in such a state of
the tip edge, chipping or cracking at a |l evel nore than
expected woul d be generated; in view of this, a bl ade
damage detector has been devel oped, and the cutting bl ade
is constantly nonitored (see, for exanple, Japanese
Pat ent Lai d-open No. 2001-298001). The bl ade damage
det ect or described in Japanese Patent Laid-open No. 2001-
298001 generally detects chipping in the tool edge of the

cutti ng edge.

SUMVARY OF THE | NVENTI ON



The cutting bl ade may undergo formation of a
through-hole on a radial-directionally inner side as
conpared to the tool edge of the cutting edge due to
collision of a chip. The through-hole thus generated al so
causes chi pping or cracking. However, the bl ade danage
det ector described in Japanese Patent Laid-open No. 2001-
298001 exam nes only chipping in the tool edge of the
cutting edge, so that a through-hole may be overl ooked.

Accordingly, it is an object of the present
invention to provide a cutting blade state detecting
nmet hod whi ch nakes it possible to detect a through hol e
formed in a cutting edge, in addition to chipping.

In accordance with an aspect of the present
i nvention, there is provided a cutting bl ade state
detecting nethod for detecting a state of a cutting edge
of a cutting blade, in a cutting apparatus including a
chuck table that holds a workpiece, a cutting unit in
whi ch the cutting blade having a cutting edge at a
peri phery thereof is nounted to a spindle and which cuts
t he workpi ece held on the chuck table with the cutting
bl ade, a tool edge exam nation unit including an entering
section where the cutting edge of the cutting bl ade
enters and a light emtting section and a |ight receiving

section di sposed opposite to each other with the entering
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section therebetween, and a noving unit that relatively
noves the tool edge exam nation unit and the cutting unit
in aradial direction of the cutting blade. The tool edge
exam nation unit further includes a photoelectric
conversion section that converts an anount of pul sed
light received by the light receiving section into

vol tage, and a voltage recordi ng section that records the
vol tage converted by the photoel ectric conversion section
on a pul se basis. The cutting bl ade state detecting

met hod i ncludes a voltage recording step in which the
noving unit is noved while rotating the cutting bl ade,
and variation in the voltage during when the |ight
receiving section is noved froma position where the
cutti ng edge does not shield the pulsed light to be
received by the light receiving section to a position
where the cutting edge enters the entering section by a
predeterm ned anmount is recorded, and a determ ning step
of determining a state of the cutting edge fromthe
variation in the voltage recorded in the voltage
recordi ng step. In the determning step, it is

determ ned that chipping is absent in the cutting edge in
a case where an increase in the voltage of equal to or
nore than a predeterm ned value is absent, it is

determ ned that chipping has been generated at a tip end
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of the cutting edge in a case where a periodical and
tenporary increase in the voltage is generated from

i mredi ately after the shielding of the pulsed Iight by
the cutting edge is started, and it is determned that a
t hr ough- hol e has been fornmed on a radial-directionally

i nner side as conpared to an outer peripheral edge of the
cutting edge in a case where a periodical and tenporary
increase in the voltage is generated after a state in
whi ch generation of a periodical and tenporary increase
in the voltage is absent has continued fromi medi ately
after the shielding of the pulsed light by the cutting
edge is started.

Preferably, the noving unit includes a cutting-in
feeding unit that noves the cutting unit or a |ight
emtting section-light receiving section noving unit that
noves together the light emtting section and the |ight
recei ving section.

The present invention produces an effect that it is
possible to detect a through-hole forned in a cutting
edge, in addition to chipping.

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 wll best be understood froma study of
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the followi 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 of a configuration
exanple of a cutting apparatus for carrying out a cutting
bl ade state detecting nethod according to a first
enbodi nent ;

FIG 2 is a perspective view depicting a nmgjor part
of a cutting unit of the cutting apparatus illustrated in
FIG 1 and a unit main body of a tool edge exam nation
unit;

FIG 3 is a diagramschematically depicting a
configuration of the tool edge exam nation unit of the
cutting apparatus illustrated in FIG 1,

FIG 4 is a side view schematically depicting
pul sed light emtted by a light emtting section of the
tool edge exam nation unit of the cutting apparatus
illustrated in FIG 1 and a cutting bl ade;

FIG 5 is a diagramdepicting a value of a voltage
converted by a photoel ectric conversion section from an
amount of pulsed light of the tool edge exam nation unit

of the cutting apparatus illustrated in FIG 1;
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FIG 6 is a schematic diagram for explaining a
position of detecting a state of a tool edge of a cutting
edge of the cutting blade of the tool edge exam nation
unit of the cutting apparatus illustrated in FIG 1

FIG 7 is a diagram schematically depicting a
configuration of a second tool edge exam nation unit of
the cutting apparatus illustrated in FIG 1

FIG 8 is a flowchart depicting a flow of the
cutting bl ade state detecting nmethod according to the
first enbodi nent;

FIG 9 is a diagramdepicting an exanpl e of
variation in voltage value at the tinme of determning
that chipping is generated in the cutting edge, in a
determining step of the cutting blade state detecting
method illustrated in FIG 8;

FIG 10 is a diagram depicting an exanpl e of
variation in voltage value at the tinme of determning
that a through-hole is generated in the cutting edge, in
the determning step of the cutting bl ade state detecting
method illustrated in FIG 8; and

FIG 11 is a diagram schematically depicting a
configuration of a second tool edge exam nation unit of a
cutting apparatus for carrying out a cutting blade state

detecting nethod according to a second enbodi nent.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Enbodi nents of the present invention will be
described in detail belowreferring to the drawi ngs. The

present invention is not to be limted by the contents
described in the follow ng enbodi nents. In addition, the
conponents descri bed bel ow i ncl ude those which can be
easily conceived of by a person skilled in the art and
those which are substantially the sanme. Further, the
configurations described bel ow can be conbi ned as
requi red. Besides, various kinds of om ssion, replacenent
or nodification of the configuration can be made in such
ranges as not to depart fromthe gist of the present
I nventi on.
<Fi rst Enbodi nent >

A cutting blade state detecting nethod according to
a first enbodi nent of the present invention will be
descri bed based on the drawi ngs. The cutting bl ade state
detecting nethod according to the first enbodinent is
carried out in a cutting apparatus 1 illustrated in FIG
1. First, a configuration of the cutting apparatus 1 w ||
be described. FIG 1 is a perspective view depicting a
configuration exanple of the cutting apparatus for

carrying out the cutting blade state detecting nethod



according to the first enbodinent. FIG 2 is a
perspective view depicting a major part of a cutting unit
of the cutting apparatus illustrated in FIG 1 and a unit
mai n body of a tool edge exam nation unit.

In the first enbodi nent, a workpi ece 200 as an
obj ect to be processed by the cutting apparatus 1
illustrated in FIG 1 is a wafer such as a di sk-shaped
sem conductor wafer or optical device wafer using
silicon, gallium arsenide, silicon carbide (SiC
sapphire, or the like as a base material. The workpiece
200 is fornmed with devices 203 in regions partitioned in
a grid pattern by a plurality of division |lines 202
formed in a grid pattern in a front surface 201 thereof.

In addition, the workpiece 200 of the present
i nvention may be a so-called TAI KO (registered trademnarKk)
waf er which is thinned in a central portion and is forned
with a thicker part at a peripheral portion, or may be,
other than a wafer, a resin package substrate such as a
rectangul ar quad flat no | eaded (QFN) package substrate
having a plurality of devices sealed with a resin, a
ceram c substrate, a ferrite substrate, a substrate
i ncluding at | east one of nickel and iron, a gl ass
substrate, or the like. 1In the first enbodi nent, the

wor kpi ece 200 is supported by an annular frane 205, wth
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its back surface 204 adhered to an adhesi ve tape 206
havi ng the annul ar franme 205 nounted to a peripheral edge
of the adhesive tape 206.

(Cutting Apparatus)

The cutting apparatus 1 illustrated in FIG 1 is a
processi ng apparatus for holding the workpi ece 200 by a
chuck table 10 and cutting the workpi ece 200 al ong
division Iines 202 by a cutting blade 21. As depicted in
FIG 1, the cutting apparatus 1 includes the chuck table
10 that suction holds the workpiece 200 by a hol di ng
surface 11, a cutting unit 20 that cuts the workpi ece 200
hel d on the chuck table 10 by the cutting blade 21, an
i magi ng unit 30 that inages the workpiece 200 held on the
chuck table 10, and a tool edge exam nation unit 40.

In addition, as illustrated in FIG 1, the cutting
apparatus 1 includes a noving unit 50 that relatively
noves the chuck table 10 and the cutting unit 20. The
nmoving unit 50 includes at |east an X-axis noving unit 51
as a processing feeding unit that puts the chuck table 10
into processing feeding in an X-axis direction paralle
to a horizontal direction, a Y-axis noving unit 52 as an
i ndexing feeding unit that puts the cutting unit 20 into
i ndexing feeding in a Y-axis direction parallel to a

hori zontal direction and orthogonal to the X-axis
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direction, a Z-axis noving unit 53 as a cutting-in
feeding unit that puts the cutting unit 20 into cutting-
in feeding in a Z-axis direction orthogonal to both the
X-axis direction and the Y-axis direction and parallel to
the vertical direction, and a rotational noving unit 54
that rotates the chuck table 10 around an axis paralle

to the Z-axis direction.

The X-axis noving unit 51 noves the noving plate 12
supporting the chuck table 10 and the rotational noving
unit 54 in the X-axis direction which is the processing
feeding direction, thereby to put the chuck table 10 and
the cutting unit 20 into relative processing feeding in
the X-axis direction. The Y-axis noving unit 52 noves the
cutting unit 20 in the Y-axis direction which is the
i ndexi ng feeding direction, thereby to put the chuck
table 10 and the cutting unit 20 into relative indexing
feeding in the Y-axis direction. The Z-axis noving unit
53 noves the cutting unit 20 in the Z-axis direction
which is the cutting-in direction, thereby to put the
chuck table 10 and the cutting unit 20 into relative
cutting-in feeding in the Z-axis direction. The
rotational noving unit 54 is disposed on the noving plate
12. Note that the Z-axis direction corresponds to a

radial direction of the cutting bl ade 21.
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The X-axis noving unit 51, the Y-axis noving unit
52, and the Z-axis noving unit 53 include a known bal
screw provided to be rotatable around an axis, a known
notor that rotates the ball screw around the axis, and
known guide rails that support the chuck table 10 or the
cutting unit 20 novably in the X-axis direction, the Y-
axis direction, or the Z-axis direction. In addition, the
Z-axis nmoving unit 53 is for noving the cutting unit 20
in the Z-axis direction, and is a noving unit as
described in the claimfor relatively noving a |ight
emtting section 45 and a light receiving section 46 of
the tool edge examination unit 40 and the cutting unit 20
in the Z-axis direction.

The chuck table 10 is disc-shaped, and its hol di ng
surface 11 for holding the workpiece 200 is forned froma
porous ceramc or the like. In addition, the chuck table
10 is provided to be novable in the X-axis direction,
with the noving plate 12 provided to be novable, by the
X-axis noving unit 51, between a processing region under
the cutting unit 20 and a carrying-in/out region which is
spaced fromthe [ ower side of the cutting unit 20 and at
whi ch the workpi ece 200 is carried in and out. The chuck
table 10 is provided to be rotatable around an axis

parallel to the Z-axis direction by the rotational noving
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unit 54. The chuck table 10 is connected to a vacuum
suction source (not illustrated), and by bei ng sucked by
t he vacuum sucti on source, suction holds the workpiece
200 nmounted on the holding surface 11. In the first
enbodi nent, the chuck table 10 suction holds the back
surface 204 side of the workpiece 200 through the
adhesi ve tape 206. In addition, as depicted in FIG 1, a
plurality of clanp sections 13 for clanping the annul ar
frame 205 are provided in the periphery of the chuck
tabl e 10.

The cutting unit 20 is cutting nmeans in which the
cutting blade 21 is nounted to a spindle 23 and which is
for cutting the workpiece 200 held by the chuck table 10.
As illustrated in FIG 1, the cutting apparatus 1 is a
so-called facing dual type cutting apparatus which
i ncludes two cutting units 20, nanely, which is a two-
spi ndl e di ci ng saw.

The cutting units 20 are each provided to be
novable in the Y-axis direction by the Y-axis noving unit
52 relatively to the workpi ece 200 held by the chuck
table 10, and are each provided to be novable in the Z-
axis direction by the Z-axis noving unit 53. As depicted
in FIG 1, the cutting units 20 are each provided on a

support frane 3 erected from an apparatus main body 2,
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through the Y-axis noving unit 52 and the Z-axis noving
unit 53 and the like. The cutting units 20 are confi gured
such that the cutting blade 21 can be positioned at a
freely selected position on the holding surface 11 of the
chuck table 10 by the Y-axis noving unit 52 and the Z-
axis noving unit 53.

As illustrated in FIG 2, the cutting unit 20
i ncludes the cutting blade 21, a spindle housing 22
provided to be novable in the Y-axis direction and the Z-
axis direction by the Y-axis noving unit 52 and the Z-
axis noving unit 53, the spindle 23 which is provided in
the spindle housing 22 to be rotatable around an axis,
which is rotated by a notor (not illustrated) and which
has the cutting blade 21 nounted to a tip end thereof,
and a bl ade cover 24 fixed to a tip end surface of the
spi ndl e housi ng 22.

The cutting blade 21 is a substantially ring-shaped
extrenely thin grindstone. In the first enbodi nent, as
depicted in FIG 2, the cutting blade 21 is a so-called
hub bl ade whi ch includes an annul ar circul ar base 211,
and an annul ar cutting edge 212 for cutting the workpiece
200 and di sposed at a peripheral edge of the circular
base 211. The cutting edge 212 includes abrasive grains

of di anond, cubic boron nitride (CBN), or the like and a
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bond material (binder) such as a netal or a resin, and is
formed in a predeterm ned thickness. The cutting edge 212
of the cutting blade 21 is worn when cutting the

wor kpi ece 200. Note that, in the present invention, the
cutting blade 21 may be a so-call ed washer bl ade which

i ncludes only the cutting edge 212.

The spindle 23 rotates the cutting blade 21 by
bei ng rotated around an axis by a notor. The bl ade cover
24 covers at | east the upper side of the cutting bl ade
21. The bl ade cover 24 is fixed to a tip end surface of
the spindle housing 22. In addition, the bl ade cover 24
Is provided with a shower nozzle 25 and a pair of Dbl ade
nozzl es 26. The shower nozzle 25 faces a tool edge of the
cutting edge 212 of the cutting blade 21 in the X-axis
direction, and supplies cutting water to the tool edge of
the cutting edge 212 of the cutting blade 21 during
cutting. The blade nozzles 26 extend in parallel to the
X-axis direction and are di sposed with a spacing
t herebetween in the Y-axis direction. The bl ade nozzles
26 have a lower end of the cutting edge 212 of the
cutting blade 21 positioned between thensel ves, and
supplies cutting water to the |lower end of the cutting
edge 212 of the cutting blade 21 during cutting. Note

that the axes of the cutting blade 21 and the spindle 23
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of the cutting unit 20 are set parallel to the Y-axis
di rection.

The imaging unit 30 is fixed to the cutting unit 20
on one side so as to be noved as one body with the
cutting unit 20 on the one side. The inmaging unit 30
i ncludes an inmaging elenment for inaging a region to be
di vi ded, the region of the workpiece 200 before cutting
that is held by the chuck table 10. The imagi ng el enent
is, for exanple, a charge-coupl ed device (CCD) i naging
el enent or a conplenentary MOS (CMOS) i magi ng el enent.
The imaging unit 30 i nages the workpiece 200 held by the
chuck table 10, to obtain an image for, for exanple,
perform ng alignnment between the workpiece 200 and the
cutting blade 21, and outputs the obtained imge to a
control unit 100 of the tool edge exam nation unit 40.

In addition, the cutting apparatus 1 includes an X-
axis direction position detection unit (not illustrated)
for detecting the position of the chuck table 10 in the
X-axis direction, a Y-axis direction position detection
unit (not illustrated) for detecting the position of the
cutting unit 20 in the Y-axis direction, and a Z-axis
direction position detection unit for detecting the
position of the cutting unit 20 in the Z-axis direction.

The X-axis direction position detection unit and the Y-

15



axis direction position detection unit can include a
linear scale parallel to the X-axis direction or the Y-
axis direction, and a reading head. The Z-axis direction
position detection unit detects the position of the
cutting unit 20 in the Z-axis direction by pul ses of a
notor. The X-axis direction position detection unit, the
Y-axis direction position detection unit and the Z-axis
direction position detection unit output to the contro
unit 100 the position of the chuck table 10 in the X-axis
direction and the position of the |lower end of the
cutting edge 212 of the cutting blade 21 of the cutting
unit 20 in the Y-axis direction or the Z-axis direction.
Note that, in the first enbodi nent, the positions
of the chuck table 10 and the cutting unit 20 of the
cutting apparatus 1 in the X-axis direction and those in
the Y-axis direction and the Z-axis direction are
determ ned based on reference positions (not illustrated)
which are prelimnarily determned. In addition, in the
first enbodi nent, the reference position in the Z-axis
direction for the cutting unit 20 is a position where the
hol di ng surface 11 of the chuck table 10 and the | ower
end of the cutting edge 212 of the cutting blade 21 are
positioned on the sane pl ane.

(Tool Edge Exam nation Unit)
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Next, the tool edge exam nation unit will be
described. FIG 3 is a diagramschematically depicting a
configuration of the tool edge exam nation unit of the
cutting apparatus illustrated in FIG 1. FIG 4 is a side
view schematically depicting pulsed light emtted by the
light emtting section of the tool edge exam nation unit
of the cutting apparatus illustrated in FIG 1 and the
cutting blade. FIG 5 is a diagramdepicting a voltage
val ue of a voltage converted by the photoelectric
conversion section froma |light anmount of the pul sed
light of the tool edge exami nation unit of the cutting
apparatus illustrated in FIG 1. FIG 6 is a diagramfor
expl ai ning a position for detecting the tool edge state
of the cutting edge of the cutting bl ade of the tool edge
exam nation unit of the cutting apparatus illustrated in
FIG 1.

The tool edge exami nation unit 40 is a unit for
detecting the state of the tool edge of the cutting edge
212 of the cutting blade 21 for cutting the workpiece
200. As the state of the tool edge, the tool edge
exam nation unit 40 detects the presence or absence of
chi pping of a part fromthe peripheral edge of the
cutting edge 212 and the presence or absence of a

t hrough-hol e 213 (depicted in FIG 4 and the |ike)
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penetrating the radial-directionally inner side as
conpared to the peripheral edge of the cutting edge 212.
The chi ppi ng and the through-hole 213 nmay be generated
during the manufacture of the cutting blade 21 or during
cutting. The through-hole 213 is generated by collision
of a part of the workpiece 200 cut during cutting, and
has an inside dianmeter of the order of 40 um for
exanple. The tool edge exam nation unit 40 includes a
unit main body 41 depicted in FIGS. 2 and 3.

In the first enbodinent, the unit main body 41 is
attached to an inner surface of a water case 60 which is
provided in the periphery of the chuck table 10 and which
has a drain port (not illustrated) for receiving and
draining cutting water containing cutting swarf generated
by cutting the workpiece 200 by the cutting unit 20.

The unit main body 41 includes a pair of |eg
sections 42 erected in the Z-axis direction and a
connection section 43. The pair of |leg sections 42 are
di sposed with a spacing therebetween in the Y-axis
direction. The spacing between the pair of |eg sections
42 is larger than the thickness of the cutting edge 212
of the cutting blade 21. Accordingly, the pair of |eg
sections 42 are provided therebetween with an entering

section 44 where the cutting edge 212 of the cutting
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bl ade 21 enters. In other words, the tool edge

exam nation unit 40 includes the entering section 44. The
pair of |leg sections 42 are di sposed so as to clanp the
cutting edge 212 of the cutting blade 21 therebetween
when the cutting edge 212 of the cutting blade 21 is
inserted therebetween. The connection section 43 connects
| ower end portions of the pair of |eg sections 42, and
extends in a horizontal direction in parallel to the Y-
axi s direction.

In addition, the unit main body 41 includes the
light emtting section 45 and the |ight receiving section
46 on opposite sides of the entering section 44 in the Y-
axis direction. The light emtting section 45 is provided
at the |l eg section 42 on one side of the pair of |eg
sections 42. The light emtting section 45 includes an
optical fiber 48 that is connected to a |ight source 47,
propagates pulsed |ight (depicted in FIG 4 and
herei nafter referred to as the pulsed light 300) fromthe
i ght source 47, and emts the light toward the | eg
section 42 on the other side, nanely, the light receiving
section 46. In the first enbodinent, the outside dianeter
of the optical fiber 48 of the light emtting section 45
is, for exanple, 0.3 to 5 mm and a spot dianeter of the

pul sed light 300 is, for exanple, 0.3 to 5 m”m 1In
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addition, the light emtting section 45 emts the pul sed
| ight 300 at a predeterm ned frequency.

The light receiving section 46 is provided at the
| eg section 42 on the other side, receives the pul sed
light 300 emtted fromthe light emtting section 45, and
out puts the received pul sed light 300 to the control unit
100.

Besides, as illustrated in FIGS. 1 and 3, the tool
edge exam nation unit 40 includes the control unit 100
which is a conputing unit, in addition to the
af orenenti oned unit nmain body 41. The control unit 100
I ncl udes a photoel ectric conversion section 101, a
vol tage recordi ng section 102, a determ ning section 103,
and a control section 104.

The phot oel ectric conversion section 101 converts
the light anobunt of the pulsed Iight 300 received by the
light receiving section 46 into a voltage. The
phot oel ectric conversion section 101 converts into a
vol tage val ue of voltage according to the |ight anmount of
the pulsed light 300 inputted fromthe |ight receiving
section 46. Note that, in the first enbodinent, the |ight
amount of the pulsed light 300 received by the |ight
recei ving section 46 and the voltage val ue of the voltage

converted by the photoel ectric conversion section 101 are
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proportional to each other.

Note that, as the cutting blade 21 is | owered al ong
the Z-axis direction and enters the depth of the entering
section 44, an anmount 301 (indicated by dotted line in
FIG 4) by which the pulsed light 300 emtted fromthe
light emtting section 45 and received by the |ight
recei ving section 46 is shielded by the cutting blade 21
i ncreases. Then, the voltage value of the voltage
converted by the photoelectric conversion section 101 is
gradual |y reduced, as depicted in FIG 5.

Note that, in FIG 5, the axis of abscissas
represents the tine el apsed fromthe start of |owering of
the cutting blade 21, and the axis of ordinates
represents the voltage value of the voltage converted by
t he photoel ectric conversion section 101. In addition, in
the first enbodinent, in FIG 5, the voltage val ue when
the pulsed light 300 is received by the photoelectric
conversion section 101 in an anmount of 100% (when a
reception rate of the pulsed light 300 is 100% is
i ndi cated as 100% and the voltage val ue when the pul sed
light 300 is received by the photoel ectric conversion
section 101 in an anount of 0% (when the reception rate
of the pulsed light 300 is 0% is indicated as 0%

The vol tage recording section 102 records the
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vol tage converted by the photoel ectric conversion section
101 on a pulse basis. In the first enbodi nent, the
vol tage recordi ng section 102 records the voltage val ue
of the voltage converted by the photoel ectric conversion
section 101, in one-to-one correspondence with the tine
when the pulsed light 300 is inputted to the
phot oel ectri c conversion section 101.

The determ ning section 103 determ nes the state of
the tool edge of the cutting edge 212 of the cutting
bl ade 21 inserted into the entering section 44, or the
presence or absence of chipping and the through-hole 213,
fromvariation in the voltage value of the voltage
recorded by the voltage recording section 102.

The control section 104 controls each conponent of
the cutting unit 20 and the tool edge exam nation unit
40, to cause the tool edge exam nation unit 40 to perform
an operation of detecting the state of the tool edge of
the cutting edge 212 of the cutting blade 21. 1In the
operation of detecting the state of the tool edge, the
control section 104 positions the position of the cutting
bl ade 21 relative to the unit main body 41 of the too
edge exam nation unit 40 at a position where the
reception rate of the pulsed |light 300 received by the

light receiving section 46, or the voltage val ue
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converted by the photoel ectric conversion section 101, is
100% and then positions the relative position
sequentially at each of positions where the reception
rate, or the voltage value, is 90% 80% 70% 60% 50%
40% 30% 20% 10% or 0% which are each the val ue
| onered by a predeterm ned value of 10% at a tinme from
100%

The control section 104 causes the tool edge
exam nation unit 40 to performthe operation of detecting
the state of the tool edge when the position of the
cutting blade 21 relative to the unit nmain body 41 of the
tool edge exam nation unit 40 is at each of the positions
where the reception rate of the pulsed |ight 300 received
by the |light receiving section 46, or the voltage val ue
converted by the photoel ectric conversion section, is
90% 80% 70% 60% 50% 40% 30% 20% 10% or 0% In
the operation of detecting the state of the tool edge,
the control section 104, in a state of rotation at a
predeterm ned rotational speed by the spindle 23, emts
the pulsed light 300 at a predeterm ned frequency from
the light receiving section 45, receives the pulsed |ight
300 by the light receiving section 46, converts the
pul sed light 300 into a voltage by the photoelectric

conversion section 101, and records the voltage in the
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vol tage recordi ng section 102.

Note that each of the positions where the voltage
val ue converted by the photoel ectric conversion section
101 is 100% 90% 80% 70% 60% 50% 40% 30% 20% 10%
or 0% is each of the positions where the |ower end of the
cutting edge 212 of the cutting blade 21 is positioned at
each of the positions indicated by horizontal lines in
FIG 6. Particularly, in the first enbodi nent, the
position where the voltage val ue converted by the
phot oel ectric conversion section 101 is 100%is a
position where the pulsed Iight 300 to be received by the
light receiving section 46 is not shielded by the cutting
edge 212 at all, and is a starting position for starting
the detection of the state of the tool edge in the nethod
of detecting the state of the cutting bl ade 21.

In the first enbodi nent, the position where the
vol tage val ue converted by the photoel ectric conversion
section 101 is 0%is, for exanple, a position where the
| ower end of the cutting edge 212 of the cutting bl ade 21
is equal to or lower than a position which is on the sane
pl ane as the | ower end of the pulsed Iight 300. The
position where the voltage val ue converted by the
phot oel ectric conversion section 101 is 0%is a position

where the pulsed |ight 300 to be received by the Iight
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receiving section 46 is perfectly shielded by the cutting
edge 212, and is a finishing position for finishing the
detection of the state of the tool edge in the nethod of
detecting the state of the cutting blade 21. In addition,
in the first enbodi nent, each of the positions where the
vol t age val ue converted by the photoel ectric conversion
section 101 is 90% 80% 70% 60% 50% 40% 30% 20%
10% or 0% or which are each a value |lowered by a
predeterm ned value at a tinme from100% is a detection
position for detecting the state of the tool edge in the
nmet hod of detecting the state of the cutting bl ade 21.
Note that, in the present invention, the predeterm ned
value is not limted to 10% Besides, in the first
enbodi nent, the position where the voltage val ue
converted by the photoel ectric conversion section 101 is
90%is a position immedi ately after the shielding of the
pul sed |light 300 by the cutting edge 212 is started.

Note that the control section 104 sets a
conbi nation of the frequency of |light em ssion of the
pul sed |ight 300 and the rotational speed of the cutting
bl ade 21 in such a manner that the pulsed Iight 300 is
not al ways applied at the same angle to the cutting bl ade
21, nanely, that the pulsed light 300 is not applied to

the sane position of the cutting edge 212 of the cutting
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bl ade 21. That the pulsed light 300 is not applied to the
same position of the cutting edge 212 of the cutting
bl ade 21 neans that the positions where the pulsed |ight
300 is applied to the cutting edge 212 of the cutting
bl ade 21 are deviated in the circunferential direction,
that the whole parts of the positions where the pul sed
light 300 is applied to the cutting edge 212 of the
cutting blade 21 do not overlap with each other, and that
parts of the positions where the pulsed |ight 300 is
applied to the cutting edge 212 of the cutting blade 21
may overlap with each other

For exanple, in the first enbodinment, in a case
where the outside dianeter of the cutting edge 212 of the
cutting blade 21 is 55.6 nm the length of the outer
circunference of the cutting edge 212 is 174. 6725515 mm
and the rotational speed of the cutting blade 21 is
60,000 rpm and with the frequency of |ight em ssion of
the pul sed |Iight 300 being 250 kHz and with the sanpling
frequency of the pulsed light 300 of the |ight receiving
section 46 being 0.004 ns, the spacing between the
centers of the positions where the pulsed Iight 300 is
applied to an outer edge of the cutting edge 212 of the
cutting blade 21 may be set to 0.698690206 nmm

In addition, the control section 104 of the contro
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unit 100 controls each conponent of the cutting apparatus
1 to cause the cutting apparatus 1 to performa
processi ng operation on the workpiece 200. Note that the
control unit 100 is a conputer that includes a conputing
unit having a m croprocessor such as a central processing
unit (CPU), a storage unit having a nenory such as a read
only menory (ROM or a random access nenory (RAM, and an
i nput -out put interface unit. The conmputing unit of the
control unit 100 perforns conputing processing according
to a conputer programstored in the storage unit, and
out puts control signals for controlling the cutting
apparatus 1 and the tool edge exam nation unit 40 to each
conmponent of the cutting apparatus 1 and the tool edge
exam nation unit 40 through the input-output interface
unit.

The control unit 100 is connected to a display unit
110 including, for exanple, a liquid crystal display for
di spl aying the state of a processing operation and i mges
and the like, an input unit (not illustrated) used when
the operator registers processing contents infornation
and the like, and an alarmunit 120 that gives an alarm
to the operator. The input unit includes at |east one of
a touch panel provided at the display unit 110 and an

external input device such as a keyboard. The alarm unit

27



120 gives an alarmto the operator by issuing at | east
one of a sound or |ight.

In addition, the tool edge exam nation unit 40 is
used also for determning a reference position in the Z-
axis direction for the cutting unit 20. The control unit
100 prelimnarily stores as a reference voltage 400
(depicted in FIG 5) a voltage value of a voltage
converted by the photoel ectric conversion section 101
when the cutting unit 20 is positioned at a reference
position in the Z-axis direction. The tool edge
exam nation unit 40 detects, and stores, the result of
detection by the Z-axis direction position detection unit
when the cutting blade 21 is gradually | owered and
gradually inserted toward the depth of the entering
section 44, the light receiving section 46 receives the
pul sed light 300 fromthe light emtting section 45, and
the voltage val ue of the voltage converted by the
phot oel ectric conversion section 101 becones a reference
vol tage 400, as a reference position in the Z-axis
direction for the cutting unit 20. The control section
104 of the control unit 100 perforns cutting by utilizing
the reference position in the Z-axis direction for the
cutting unit 20 detected by the tool edge exam nation

uni t 40.
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Note that the timng at which the cutting apparatus
1 detects the reference position in the Z-axis direction
for the cutting unit 20 by use of the tool edge
exam nation unit 40 is, for exanple, each tine one sheet
of workpiece 200 is cut, or each tinme a predeterm ned
nunber of workpieces 200 is cut, and is stored in the
storage unit of the control unit 100 as part of the
processi ng contents informtion.

In addition, the aforenentioned cutting apparatus 1
i ncl udes a second tool edge exami nation unit 70 depicted
in FIG 7. FIG 7 is a diagramschematically depicting a
configuration of the second tool edge exam nation unit of
the cutting apparatus illustrated in FIG 1. The second
tool edge exam nation unit 70 is a unit for detecting the
state of the tool edge of the cutting edge 212 of the
cutting blade 21 during cutting. As the state of the too
edge, the second tool edge exam nation unit 70 detects
the presence or absence of chipping of a part from an
outer edge of the cutting edge 212.

As illustrated in FIG 7, the second tool edge
exam nation unit 70 includes a unit main body 71, and
i ncl udes the photoel ectric conversion section 101 and the
vol tage recordi ng section 102 and the determ ning section

103 of the tool edge exam nation unit 40. In the first
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enbodi nent, the unit main body 71 is provided on the

bl ade cover 24. The unit main body 71 includes a pair of
| eg sections 72 which are erected in the Z-axis

di rection, which are spaced fromeach other in the Y-axis
di rection, and which have the cutting edge 212 of the
cutting blade 21 positioned therebetween, and a
connection section 73 connecting upper end portions of
the pair of leg sections 72. A part between the pair of
| eg sections 72 is an entering section 74 where the
cutting edge 212 of the cutting blade 21 enters. The
second tool edge exam nation unit 70 includes the
entering section 74.

In addition, the unit main body 71 includes a |ight
emtting section 75 provided at the | eg section 72 on one
side of the pair of leg sections 72, and a |ight
recei ving section 76 provided at the |leg section 72 on
the other side. The light emtting section 75 includes an
optical fiber 78 which is connected to a |ight source 77,
transmts pulsed light emtted by the |ight source 77,
and emits the light toward the I eg section 72 on the
ot her side, nanely, toward the |ight receiving section
76. In the first enbodinent, the outside dianeter of the
optical fiber 78 of the light emtting section 75 is, for

exanple, 0.3 to 5 nm and the light receiving section 76
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receives the pulsed light emtted fromthe light emtting
section 75 and outputs the received light to the
phot oel ectric conversion section 101 of the control unit
100.

The phot oel ectric conversion section 101 converts
the light amount of the pulsed |light received by the
light receiving section 76 into a voltage. The
phot oel ectric conversion section 101 converts the |ight
amount of the pulsed light 300 inputted fromthe |ight
receiving section 76 into a voltage of a voltage val ue
according to the light amount. Note that, in the first
enbodi nent, the |ight anount of the pulsed |ight 300
received by the light receiving section 76 and the
vol tage val ue of the voltage converted by the
phot oel ectric conversion section 101 are proportional to
each ot her.

Note that, when chipping is generated in the
cutting edge 212 of the cutting blade 21 during cutting,
the |light amount of the pulsed light emtted fromthe
light emtting section 75 and received by the |ight
receiving section 76 increases as conpared to before the
generation of chi pping.

The voltage recording section 102 stores the

vol tage converted by the photoel ectric conversion section
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101 on a pulse basis. In the first enbodi nent, the
vol tage recordi ng section 102 records the voltage val ue
of the voltage converted by the photoel ectric conversion
section 101, in one-to-one correspondence with the tine
when the pulsed light is inputted to the photoel ectric
conversion section 101.

The determ ning section 103 determ nes the state of
the tool edge of the cutting edge 212 of the cutting
bl ade 21, nanely, the presence or absence of generation
of chipping, fromvariation in the voltage val ue of the
vol tage recorded by the voltage recordi ng section 102.
The determ ning section 103 determ nes whether or not the
vol tage val ue recorded by the voltage recording section
102 during cutting is increased nore than a preset
i ncrease rate attendant on bl ade wear and periodically,
and, when it is determned that the voltage value is
I ncreased nore than the increase rate and periodically,
the determ ning section 103 determ nes that chipping has
been generated in the cutting edge 212 of the cutting
bl ade 21.

The control section 104 controls each conponent of
the second tool edge exam nation unit 70, to cause the
second tool edge exam nation unit 70 to perform an

operation of detecting the state of the tool edge of the
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cutting edge 212 of the cutting blade 21. In the first
enbodi nent, when the determ ning section 103 determ nes
t hat chi ppi ng has been generated in the cutting edge 212
of the cutting blade 21, the control section 104 stops
cutting, and operates the alarmunit 120 to give an alarm
to the operator. Wen the determ ning section 103
determi nes that the voltage value is not increased nore
than the increase rate and periodically, the determ ning
section 103 determ nes that chipping has not been
generated in the cutting edge 212 of the cutting bl ade
21, and continues cutting. Note that the functions of the
phot oel ectric conversion section 101, the determ ning
section 103 and the control section 104 nenti oned above
are achieved by a process in which the conputing unit of
the control unit 100 executes a conputer program stored
in the storage unit. The function of the voltage
recording section 102 is realized by the storage unit of
the control unit 100.

The cutting apparatus 1 configured as
af orenenti oned starts a processing operation when the
operator or the |like registers processing contents
information in the control unit 100, the workpiece 200 is
pl aced on the holding surface 11 of the chuck table 10 in

the carrying-in/our region through the adhesive tape 206,
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and the control unit 100 accepts an instruction to start
the processing operation fromthe operator or the |ike.
When the processing operation is started, the cutting
apparatus 1 suction holds the workpi ece 200 on the
hol di ng surface 11 through the adhesive tape 206, cl anps
the annul ar frane 205 by the clanp sections 13, rotates
the spindle 23 around an axis, and supplies cutting water
fromthe nozzles 25 and 26. The cutting apparatus 1 noves
the chuck table 10 fromthe carrying-in/out region toward
the processing region to a position bel ow the inmaging
unit 30 by the noving unit 50, images the workpiece 200
suction held on the chuck table 10 by the inmaging unit

30, and perforns alignnent.

The cutting apparatus 1 perfornms cutting by causing
the cutting blade 21 to cut into the division line 202 of
t he workpi ece 200 until reaching the adhesive tape 206
while relatively noving the cutting blade 21 and the
wor kpi ece 200 al ong the division line 202. Wen all the
di vision lines 202 of the workpiece 200 have been cut,
the cutting apparatus 1 noves the chuck table 10 fromthe
processing region toward the carrying-in/out region.

The cutting apparatus 1 stops novenent of the chuck
table 10 in the carrying-in/out region, stops suction

hol di ng of the workpiece 200 by the chuck table 10,
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rel eases the clanping by the clanp sections 13, and
finishes the processing operation.
(Cutting Blade State Detecting Method)

The cutting bl ade state detecting nethod according
to the first enbodinent is a nethod of detecting the
state of the tool edge of the cutting edge 212 of the
cutting blade 21, nanely, the presence or absence of
generation of chipping and the presence or absence of
generation of the through-hole 213, in the cutting
apparatus 1 configured as aforenentioned. FIG 8 is a
flow chart depicting the flow of the cutting bl ade state
detecting nethod according to the first enbodinent. FIG
9 is a diagramdepicting an exanple of variation in
vol tage value when it is determ ned that chipping has
been generated in the cutting edge, in the determning
step of the cutting bl ade state detecting nmethod depicted
in FIG 8. FIG 10 is a diagramdepicting an exanpl e of
variation in voltage value when it is determ ned that a
t hr ough- hol e has been generated in the cutting edge, in
the determining step of the cutting bl ade state detecting
net hod depicted in FIG 8.

The cutting bl ade state detecting nethod
(hereinafter referred to the state detecting nethod)

according to the first enbodinent is carried out, for
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exanple, at a timng of each tine one sheet of workpiece
200 is cut, or each tine a predeterm ned nunber of
wor kpi eces 200 is cut, or the |like. The timng for
performng the state detecting nethod is stored in the
storage unit of the control unit 100 as part of
processing contents information. |In the first enbodi nent,
the cutting apparatus 1, after performng the state
detecting nethod and determ ning that both the generation
of chi pping and the generation of the through-hole 213
are absent, detects a reference position in the Z-axis
direction for the cutting unit 20 by use of the tool edge
exam nation unit 40; in the present invention, the timng
for performng the state detecting nethod and the
detecting timng of the reference position are not
limted to the timngs described in the first enbodi nent.
As depicted in FIG 8, the state detecting nethod
i ncludes a starting position setting step ST1, a voltage
recording step ST2, and a determ ning step ST3. The
starting position setting step ST1 is a step of
positioning the lower end of the cutting edge 212 of the
cutting blade 21 at a starting position. In the starting
position setting step ST1, the control section 104 of the
control unit 100 controls the notor of the cutting unit

20 to rotate the spindle 23, and, w thout supplying
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cutting water fromthe nozzles 25 and 26, controls the
nmoving unit 50 to position the |lower end of the cutting
edge 212 of the cutting blade 21 of the cutting unit 20
at a position directly above the entering section 44 of
the tool edge examination unit 40. In the starting
position setting step ST1, the control section 104 of the
control unit 100 emts pulsed light 300 at a
predeterm ned frequency fromthe |ight source 47, enits
the pulsed light 300 fromthe light emtting section 45
toward the light receiving section 46, and controls the
Z-axis noving unit 53 to lower the cutting unit 20,
thereby inserting the cutting edge 212 of the cutting
bl ade 21 into the entering section 44.

In the starting position setting step ST1, the
control section 104 of the control unit 100 controls the
Z-axis noving unit 53 based on the voltage val ue of the
vol t age obtai ned through reception of light by the |ight
recei ving section 46 and conversion by the photoelectric
conversion section 101, to position the cutting unit 20
at the starting position, and stops novenent of the
cutting unit 20 in the Z-axis direction.

The voltage recording step ST2 is a step in which
the Z-axis nmoving unit 53 is driven while rotating the

cutting blade 21, and variation in the voltage val ue
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while the cutting edge 212 is noved fromthe starting
position where the cutting edge 212 does not shield the
pul sed |ight 300 to be received by the light receiving
section 46 to a position where the cutting edge 212
enters the entering section by a predeterm ned anount is
recorded. In the first enbodinent, in the voltage
recording step ST2, the control section 104 of the
control unit 100 controls the Z-axis noving unit 53 to

| ower the cutting unit 20 while rotating the cutting

bl ade 21, thereby inserting the cutting blade 21 toward
the depth of the entering section 44. In the first

enbodi nent, in the voltage recording step ST2, the
control section 104 of the control unit 100 controls the
Z-axi s noving unit 53 based on the voltage val ue obtai ned
t hrough reception of light by the Iight receiving section
46 and conversion by the photoelectric conversion section
101, to position the cutting blade 21 at a position where
the voltage value is 90% nanely, where the voltage val ue
is |lowered by a predeterm ned value of 10% fromthe
starting position, and stops novenent of the cutting unit
20 in the Z-axis direction. In the voltage recording step
ST2, the voltage recording section 102 of the contro

unit 100 records the voltage val ue of the voltage

obt ai ned t hrough reception of light by the |ight
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recei ving section 46 and conversion by the photoelectric
conversion section 101.

The determ ning step ST3 is a step of determ ning
the state of the cutting edge 212, fromvariation in the
vol tage val ue of the voltage recorded in the voltage
recording step ST2. In the first enbodinent, in the
determining step ST3, the determ ning section 103 of the
control unit 100 determ nes whether or not an increase in
vol tage of equal to or nore than a predeterm ned val ue
500 (depicted in FIGS. 9 and 10) is absent, in variation
of the voltage recorded by the voltage recordi ng section
102 in the voltage recording step ST2 i medi ately before.
In the determning step ST3, in a case where an increase
in voltage of equal to or nore than the predeterm ned
val ue 500 (depicted in FIGS. 9 and 10) is absent, in
variation in the voltage recorded by the voltage
recordi ng section 102 in the voltage recording step ST2
i medi ately before, the determ ning section 103 of the
control unit 100 determ nes that chipping is absent in
the cutting edge 212, and determ nes that abnormality is
absent in the cutting edge 212 of the cutting blade 21.

In addition, in the determning step ST3, in a case
where a periodical and tenporary increase in voltage

val ue of equal to or nore than the predeterm ned val ue
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500 has been generated, as depicted in FIG 9, in
variation of the voltage recorded by the voltage
recordi ng section 102 in the voltage recording step ST2

I mredi ately before, the determ ning section 103 of the
control unit 100 determ nes that chipping has been
generated at a tip end of the cutting edge 212, and
determi nes that abnormality is present in the cutting
edge 212 of the cutting blade 21. In this way, in the
determining step ST3, in a case where a periodical and
tenporary increase in voltage val ue has been generated
fromthe position where the voltage value is 90%

i mredi ately after the shielding of the pulsed |ight 300
by the cutting edge 212 is started, the determ ning
section 103 of the control unit 100 determ nes that

chi ppi ng has been generated at the tip end of the cutting
edge 212. In the determning step ST3, the contro
section 104 of the control unit 100 records the result of
determi nation by the determ ning section 103 in the
storage unit.

The control section 104 of the control unit 100
det ermi nes whet her or not abnormality has been present in
the determning step ST3 (step ST4). Upon determ ning
that abnormality has been present in the determ ning step

ST3 (step ST4: Yes), the control section 104 of the
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control unit 100 operates the alarmunit 120 to give an
alarmto the operator (step ST5), and finishes the state
det ecti ng net hod.

Upon determ ning that abnornality has been absent
in the determning step ST3 (step ST4: No), the contro
section 104 of the control unit 100 determ nes whether or
not the cutting blade 21 of the cutting unit 20 is
| ocated at the finishing position (the position where the
voltage value is 0% (step ST6), based on the voltage
val ue of the voltage obtai ned through reception of |ight
by the |light receiving section 46 and conversion by the
phot oel ectri c conversion section 101.

Upon determ ning that the cutting blade 21 of the
cutting unit 20 is located at the finishing position (the
position where the voltage value is 0% (step ST6: Yes),
the control section 104 of the control unit 100 finishes
the state detecting nethod, whereas, upon determ ning
that the cutting blade 21 of the cutting unit 20 is not
| ocated at the finishing position (the position where the
voltage value is 0% (step ST6: No), the control returns
to the voltage recording step ST2.

In the voltage recording step ST2 to which the
control has returned, the control section 104 of the

control unit 100 controls the Z-axis noving unit 53 to
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| ower the cutting unit 20, positions the cutting blade 21
at the position at which the voltage value is 80% and
which is the detecting position where the voltage val ue
is |owered by a predeterm ned value of 10% fromthe
position where the voltage value is 90% based on the
vol tage val ue of the voltage obtained through reception
of light by the light receiving section 46 and conversi on
by the photoel ectric conversion section 101, and stops
novenent of the cutting unit 20 in the Z-axis direction.
In the voltage recording step ST2, the voltage recording
section 102 of the control unit 100 records the voltage
val ue of the voltage obtai ned through reception of |ight
by the |light receiving section 46 and conversion by the
phot oel ectri c conversion section 101, and the contro
proceeds to the determ ning step STS.

In the determning step ST3, in a case where an
I ncrease in voltage of equal to or nore than a
predet erm ned val ue 500 (depicted in FIGS. 9 and 10) is
absent, in variation of the voltage recorded by the
vol tage recordi ng section 102 in the voltage recording
step ST2 inmmedi ately before, the determ ning section 103
of the control unit 100 determ nes that the through-hole
213 is absent, and determ nes that abnornality is absent

in the cutting edge 212 of the cutting bl ade 21.
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In addition, in the determining step ST3, in a case
where a periodical and tenporary increase in voltage
val ue of equal to or nore than the predeterm ned val ue
500 is generated, as depicted in FIG 10, in variation in
the voltage recorded by the voltage recording section 102
in the voltage recording step ST2 inmedi ately before, the
determ ning section 103 of the control unit 100
determ nes that the through-hole 213 has been generated
on a radial-directionally inner side as conpared to the
out er peripheral edge of the cutting edge 212, and
determines that abnormality is present in the cutting
edge 212 of the cutting blade 21. In this way, in the
determining step ST3, in a case where a periodical and
tenporary increase in voltage val ue has been generated at
one of the detecting positions where the voltage value is
| ess than 90% after a state in which generation of a
periodi cal and tenporary increase in voltage value is
absent has continued fromthe position where the voltage
value is 90% i medi ately after the shielding of the
pul sed |ight 300 by the cutting edge 212 is started, the
determ ning section 103 of the control unit 100
determ nes that the through-hole 213 has been generated
on a radial-directionally inner side as conpared to an

outer peripheral edge of the cutting edge 212, and
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determines that abnormality is present in the cutting
edge 212 of the cutting blade 21. In the determ ning step
ST3, the control section 104 of the control unit 100
records the result of determ nation by the determning
section 103 in the storage unit, and proceeds to step

ST4.

In this way, the state detecting nethod repeats the
vol tage recording step ST2, the determ ning step ST3, the
step ST4, and the step ST6, by noving the cutting bl ade
21 of the cutting unit 20 and the tool edge exam nation
unit 40 in the Z-axis direction fromthe starting
position toward the finishing position, to sequentially
position the cutting blade 21 at detecting positions
where the voltage value is |owered by a predeterm ned
amount at a tinme, and until it is determned in the
determining step ST3 that chipping or the through-hole
213 has been generated in the cutting edge 212. In
addition, in a case where it is not determned in the
determining step ST3 that chipping or the through-hole
213 has been generated in the cutting edge 212, the state
detecti ng nethod noves the cutting blade 21 of the
cutting unit 20 and the tool edge exam nation unit 40
fromthe starting position toward the finishing position,

to sequentially position the cutting blade 21 at the
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detecting positions where the voltage value is | owered by
a predeterm ned anount at a tinme, and determ nes the
state of the tool edge.

As has been descri bed above, in the determ ning
step ST3, of the state detecting nethod according to the
first enbodinent, in a case where a periodical and
tenporary increase in voltage val ue has been generated
fromthe position where the voltage value is 90%

i mredi ately after the shielding of the pulsed |ight 300
by the cutting edge 212 is started, the determ ning
section 103 of the control unit 100 determ nes that

chi ppi ng has been generated at the tip end of the cutting
edge 212. In addition, in the determning step ST3, in
the state detecting nethod according to the first

enbodi nent, in a case where a periodical and tenporary

I ncrease in voltage val ue has been generated at one of
the detecting positions where the voltage value is |ess
than 90% after a state in which generation of a
periodi cal and tenporary increase in voltage value is
absent has continued fromthe position where the voltage
value is 90% i medi ately after the shielding of the

pul sed |ight 300 by the cutting edge 212 is started, the
determ ning section 103 of the control unit 100

determ nes that the through-hole 213 has been generated
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on a radial-directionally inner side as conpared to an
outer peripheral edge of the cutting edge 212. As a
result, the state detecting nmethod according to the first
enbodi nent produces an effect that it is possible to
detect the through-hole 213 forned in the cutting edge
212, in addition to chipping.

Besides, in the state detecting nethod according to
the first enbodi ment, the Z-axis noving unit 53 as a
cutting-in feeding unit for noving the cutting unit 20
noves the cutting unit 20 to insert the cutting bl ade 21
into the entering section 44. As a result, the state
detecting nethod according to the first enbodi nent
produces an effect that it is possible to detect the
t hrough-hole 213 forned in the cutting edge 212, in
addition to chi pping, sequentially fromthe starting
position through the detecting positions to the finishing
posi tion.
<Second Enbodi nent >

A cutting blade state detecting nethod according to
a second enbodi ment of the present invention will be
descri bed based on the drawngs. FIG 11 is a diagram
schematical ly depicting a configuration of a second too
edge exam nation unit of a cutting apparatus for carrying

out the cutting blade state detecting nethod according to
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t he second enbodinent. Note that, in FIG 11, the sane
parts as those in the first enbodi nent above are denoted
by the sane reference synbols as used above, and
descriptions thereof are omtted.

The cutting bl ade state detecting nmethod accordi ng
to the second enbodinment is the sanme as in the first
enbodi nent except that a unit main body 71 of a second
tool edge exam nation unit 70 is provided to be novable
in the Z-axis direction relative to a blade cover 24 by a
light emtting section-light receiving section noving
unit 80, the light emtting section-light receiving
section noving unit 80 |owers the unit main body 71 of
the second tool edge exam nation unit 70 fromthe
starting position toward the finishing position, the
second tool edge exam nation unit 70 emts pul sed |ight
300 froma light emtting section 75, records variation
in the voltage val ue nentioned above, and determ nes the
presence or absence of generation of chipping and the
t hr ough- hol e 213.

The light emtting section-light receiving section
nmoving unit 80 is a noving unit as described in the claim
that noves the light emtting section 75 and a |ight
receiving section 76 of the unit main body 71 of the

second tool edge exam nation unit 70 as one body in the
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Z-axis direction, to thereby relatively nove the |ight
emtting section 75 and the |ight receiving section 76 of
the second tool edge exam nation unit 70 and the cutting
unit 20 in the Z-axis direction. As illustrated in FIG
11, the light emtting section-light receiving section
noving unit 80 includes a known ball screw 81 provided to
be rotatable around an axis, a known notor 82 that
rotates the ball screw 81 around the axis to lift the
unit main body 71 upward and downward, and known gui de
rails 83 that support the unit nmain body 71 novably in
the Z-axis direction.

In the cutting blade state detecting nethod
according to the second enbodinent, in a determning step
ST3, in a case where a periodical and tenporary increase
in voltage val ue has been generated froma position where
the voltage value is 90% i medi ately after the shielding
of the pulsed light 300 by the cutting edge 212 is
started, the determ ning section 103 of the control unit
100 determ nes that chipping has been generated at the
tip end of the cutting edge 212. In addition, in the
cutting blade state determ ning nethod according to the
second enbodi nment, in the determ ning step ST3, in a case
where a periodical and tenporary increase in voltage

val ue has been generated at one of the detecting
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positions where the voltage value is | ess than 90% after
a state in which generation of a periodical and tenporary
increase in voltage value is absent fromthe position
where the voltage value is 90% i medi ately after the
shiel ding of the pulsed |light 300 by the cutting edge 212
is started has continued, the determ ning section 103 of
the control unit 100 determ nes that the through-hole 213
has been generated on a radial-directionally inner side
as conpared to the outer peripheral edge of the cutting
edge 212. As a result, the cutting blade state detecting
nmet hod according to the second enbodi nent produces an
effect that it is possible to detect the through-hole 213
formed in the cutting edge 212, in addition to chipping,
like in the first enbodi nment.

In addition, in the cutting blade state detecting
met hod according to the second enbodi nent, the |ight
emtting section-light receiving section noving unit 80
noves the unit main body 71 of the second tool edge
exam nation unit 70, to insert the cutting blade 21
between the light emtting section 45 and the |ight
receiving section 46. As a result, the cutting bl ade
state detecting nmethod according to the second enbodi nent
produces an effect that it is possible to detect the

t hrough-hole 213 forned in the cutting edge 212, in
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addition to chi pping, sequentially fromthe starting
position through the detection positions to the finishing
position.

Note that the present invention is not limted to
t he above described enbodi nents. In other words, the
present invention can be carried out with various
nodi fications in such ranges as not to depart fromthe
gist of the invention. Note that an exanple in which the
| onering of the cutting blade 21 is stopped at the hei ght
of each % nenti oned above and the amount of I|ight
received is neasured to determ ne chipping and a through-
hol e has been shown in the voltage recording step ST2 in
t he above enbodi nents, and the tinme for which the
| onering of the cutting blade 21 is stopped need only be
a time enough for neasurenent for at |east one revol ution
of the cutting blade 21 to be carried out, so that the
time is short.

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

be enbraced by the invention.
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VWHAT IS CLAIMED | S:

1. A cutting blade state detecting nmethod for
detecting a state of a cutting edge of a cutting bl ade,
in a cutting apparatus including a chuck table that holds
a workpiece, a cutting unit in which the cutting bl ade
having a cutting edge at a periphery thereof is nounted
to a spindle and which cuts the workpiece held on the
chuck table with the cutting blade, a tool edge
exam nation unit including an entering section where the
cutting edge of the cutting blade enters and a |ight
emtting section and a |light receiving section di sposed
opposite to each other with the entering section
t her ebet ween, and a noving unit that relatively noves the
tool edge exam nation unit and the cutting unit in a
radi al direction of the cutting bl ade,

the tool edge examination unit further including a
phot oel ectri c conversion section that converts an anpunt
of pul sed light received by the light receiving section
into voltage, and a voltage recording section that
records the voltage converted by the photoelectric
conversion section on a pul se basis,

the cutting bl ade state detecting nethod
conpri si ng:

a voltage recording step in which the noving unit
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is noved while rotating the cutting blade, and variation
in the voltage during when the |ight receiving section is
noved froma position where the cutting edge does not
shield the pulsed Iight to be received by the |ight
receiving section to a position where the cutting edge
enters the entering section by a predeterm ned anmount is
recorded; and

a determning step of deternmining a state of the
cutting edge fromthe variation in the voltage recorded
in the voltage recording step, wherein

in the determ ning step,

it is determned that chipping is absent in the
cutting edge in a case where an increase in the voltage
of equal to or nore than a predeterm ned val ue i s absent,

it is determ ned that chipping has been generated
at a tip end of the cutting edge in a case where a
periodi cal and tenporary increase in the voltage is
generated frominmediately after the shielding of the
pul sed light by the cutting edge is started, and

it is determ ned that a through-hole has been
formed on a radial-directionally inner side as conpared
to an outer peripheral edge of the cutting edge in a case
where a periodical and tenporary increase in the voltage

I's generated after a state in which generation of a
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periodi cal and tenporary increase in the voltage is
absent has continued frominmmediately after the shielding
of the pulsed light by the cutting edge is started.

2. The cutting blade state detecting nethod
according to claim1, wherein the noving unit includes a
cutting-in feeding unit that noves the cutting unit.

3. The cutting blade state detecting nethod
according to claim1, wherein the noving unit includes a
light emtting section-light receiving section noving
unit that noves together the light emtting section and

the |light receiving section.
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