CUTTI NG BLADE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an annular cutting
bl ade used at a tine of cutting a workpiece.

Description of the Related Art

In the case of dividing various kinds of plate-
shaped wor kpi eces such as sem conductor wafers, resin
package substrates, ceram c substrates, and gl ass
substrates into a plurality of chips or in the case of
formng the workpiece with a groove or grooves, use is
made of a cutting blade including a cutting edge
cont ai ning abrasive grains fixed by a bond. As the
cutting bl ade, for exanple, an annul ar hubl ess bl ade (or
washer bl ade) which does not have a base nenber and in
whi ch the blade as a whole is forned of a cutting edge is
used. The hubl ess blade is an annul ar bl ade which has a
circular outer periphery and has a through-hole
(specifically, a round hole) formed in a central portion
of a disk such as to be concentric with the outer
peri pheral circle. The hubless blade is nounted to a
nmount by using the through-hole.

The nmount includes a cylindrical boss section, and



a flange section fornmed on an outer peripheral side of
the boss section. 1In the case of nounting the hubl ess
bl ade onto the nmount, the boss section is inserted into
t he through-hol e of the hubl ess bl ade, and one surface of
the hubl ess blade is put into contact wwth the fl ange
section. Then, an annul ar presser nut is put into contact
with the other surface of the hubl ess blade, and the
hubl ess bl ade i s sandwi ched between the flange section
and the presser nut. Thereafter, an annular fixing nut is
di sposed on an opposite side of the presser nut fromthe
hubl ess bl ade, and the fixing nut is fixed to atip
portion of the boss section. As a result, the hubless
blade is fixed to the nount in the state of being
sandwi ched between the flange section and the presser
nut .

A tip end portion of a cylindrical spindle is fixed
to a part of the nount by a bolt or the like. A
rotational drive source such as a notor is connected to
the other end portion of the spindle, and the spindle
serves as a rotational shaft of the nount. Wen cutting a
wor kpi ece by the hubl ess bl ade, the spindle is rotated by
the rotational drive source, whereby the hubless blade is
rotated at high speed. Then, the hubl ess bl ade bei ng

rotated at high speed is made to cut into the workpiece,

2



to cut the workpiece.

Incidentally, when cutting is conducted in a state
in which a msregistration anount between a rotationa
center of the spindle and a center of the outer
peri pheral circle of the hubless blade is conparatively
| arge, the cutting is conducted by only a part of an
outer peripheral portion of the hubl ess blade, so that
chi pping or clacking is liable to occur in the workpiece.
Note that, for easy insertion of the boss section into
t he through-hol e of the hubless bl ade, a dianeter of the
t hrough-hole is set |larger than an outside dianeter of
the boss section (an all owance wdth is provided), and,
for reducing the aforenenti oned m sregistrati on anount,
the allowance width is generally set to a small size (for
exanple, 10 umto 20 unm). As a result, when the hubl ess
bl ade is nounted to the nount, the m sregistration anount
between the rotational center of the spindle and the
center of the outer peripheral circle of the hubl ess
bl ade i s reduced.

However, as a result of the reduction in the
al | ownance wi dth, a play anount of the through-hole is
reduced, and it becones conparatively difficult to insert
the boss section into the through-hole. For exanple, in

the case where the workmanshi p of the operator is |ow or
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in the case where the nount has a flaw, the cutting bl ade
may be danaged when the boss section is inserted into the
t hrough-hole. On the other hand, when the dianeter of the
through-hole is set sufficiently larger than the outside
di aneter of the boss section, the boss section can easily
be inserted into the through-hole, but, as described
above, the msregistration anount between the rotationa
center of the spindle and the center of the outer

peri pheral circle of the hubl ess bl ade becones
conparatively large. Therefore, if cutting is conducted
in this state, chipping or clacking is liable to occur in
the workpiece. In order to avoid this, it is necessary to
reshape the outer peripheral portion according to the

m sregi stration anount (nanely, truing) and to process

t he hubl ess bl ade in such a manner that the outer

peri pheral portion becones a perfect circle with
reference to the rotational center of the spindle (to
performwhat is generally called generation of roundness)
each tine the hubless blade is nounted to the nount (see,

for exanple, Japanese Patent Laid-Qpen No. 2013-233613).

SUVMARY OF THE | NVENTI ON
The present invention has been made in

consi deration of the above-nentioned problens. It is an
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obj ect of the present invention to secure both setting
the size of a through-hole to such a size as to all ow
easy insertion of a boss section, and om ssion of truing
for generation of roundness each tine a blade is nounted
to a nount.

In accordance with an aspect of the present
I nvention, there is provided an annul ar cutting bl ade
having a t hrough-hole and used at a tine of cutting a
wor kpi ece, the cutting blade including a mark section
i ndicative of an orientation of the cutting bl ade when a
cylindrical boss section provided in a nount fixed to one
end portion of a spindle is inserted into the through-
hol e of the cutting blade. An inner periphery of the
cutting bl ade corresponding to an edge of the through-
hol e includes a positioning region where a length froma
center of an outer peripheral circle of the cutting bl ade
to the inner periphery of the cutting blade is equal to a
radi us of the boss section, and an all owance regi on which
Is located in a region different fromthe positioning
region and where the length fromthe center of the outer
peri pheral circle of the cutting blade to the inner
peri phery of the cutting blade is |onger than the radius
of the boss section. Wen the cutting blade is di sposed

on the boss section by inserting the boss section into
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the through-hole while the mark section is adjusted to a
predeterm ned orientation, a distance between a
rotational center of the boss section and the center of
the outer peripheral circle of the cutting blade is equa
to or less than a predeterm ned | ength.

Preferably, the mark section is provided in such a
manner as to cut out the cutting blade fromthe inner
peri phery of the cutting blade toward an outer periphery
of the cutting bl ade.

In addition, preferably, the cutting blade further
i ncludes a wei ght adjusting section for adjusting a
devi ation in wei ght bal ance generated due to
m sregi stration between the center of the outer
peripheral circle of the cutting blade and a center of a
circle of the inner periphery of the cutting bl ade.

Besi des, preferably, the weight adjusting section
Is a cutout section provided in such a nmanner as to cut
out the cutting blade fromthe inner periphery of the
cutting blade toward the outer periphery of the cutting
bl ade.

The cutting blade according to the described aspect
of the present invention includes the nmark section
i ndicative of the orientation of the cutting bl ade when

the cylindrical boss section provided in the nount is
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inserted into the through-hole of the cutting blade. The
i nner periphery of the cutting blade corresponding to the
edge of the through-hole includes the positioning region
and the allowance region. In the positioning region, the
l ength fromthe center of the outer peripheral circle of
the cutting blade to the inner periphery of the cutting
bl ade is equal to the radius of the boss section. On the
ot her hand, the allowance region is located in a region
different fromthe positioning region, and, in the
al |l omance region, the length fromthe center of the outer
peripheral circle of the cutting blade to the inner
peri phery of the cutting blade is |onger than the radius
of the boss section. Therefore, when the boss section is
inserted into the through-hole by adjusting the nmark
section to a predeterm ned orientation, the boss section
can easily be inserted into the through-hole.

Further, when the cutting blade is disposed on the
boss section by inserting the boss section into the
t hrough-hole while the mark section is adjusted to a
predeterm ned orientation, a distance between the
rotational center of the boss section and the center of
the outer peripheral circle of the cutting blade is equa
to or less than a predeternmi ned | ength. For exanple, when

the cutting blade is disposed on the boss section by



inserting the boss section into the through-hole while
the mark section is adjusted to a predeterm ned
orientation, the rotational center of the boss section
and the center of the outer peripheral circle of the
cutting blade coincide with each other. 1In this way, when
the cutting blade is disposed on the boss section by
i nserting the boss section into the through-hole while
the mark section is adjusted to the predeterm ned
orientation, the outer peripheral circle of the cutting
bl ade can be regarded as a perfect circle with reference
to the rotational center of the spindle, and, therefore,
reshapi ng of the cutting bl ade for generation of
roundness (nanely, truing) can be omtted.

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

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a partially sectional side view of a

cutti ng appar at us;



FIG 2 is an expl oded perspective view of a cutting
unit;

FIG 3 is a partially sectional side view of the
cutting unit;

FIG 4Ais a front view of a nount fixed to atip
portion of a spindle and the |ike;

FIG 4B is a diagram depicting one side of a
cutting bl ade;

FIG 4Cis a diagramdepicting a state in which a
first boss section is inserted into a through-hol e;

FIG BAis a front view of a cutting bl ade
according to a second enbodi nent;

FIG 5B is a front view of a cutting bl ade
according to a third enbodi nent; and

FIG 6 is a front view of a cutting bl ade according

to a fourth enbodi nent.

DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENTS
A first enbodi nent according to a node of the
present invention will be described referring to the
attached drawings. FIG 1 is a partially sectional side
view of a cutting apparatus 2. First, a workpiece 11 cut
by use of the cutting apparatus 2 and the like will be

descri bed. The workpiece 11 in the present enbodi nent is
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a di sk-shaped wafer fornmed of a sem conductor nmateri al
such as silicon (Si), silicon carbide (SiC), and gallium
nitride (GaN). Note that the workpiece 11 is not limted
to the disk-shaped wafer and nay be a rectangul ar
substrate such as a resin package substrate, a ceramc
substrate, and a gl ass substrate.

A plurality of streets (not illustrated) is set in
a grid pattern on a front surface 1la side of the
wor kpi ece 11 in the present enbodi nent, and a device (not
illustrated) is formed in each of regions partitioned by
the plurality of streets. A circular dicing tape 13
formed of a resin and having a dianmeter |arger than a
di aneter of the workpiece 11 is adhered to a back surface
11b side of the workpiece 11. The dicing tape 13 has, for
exanple, a lamnated structure of a base material |ayer
and a pressure sensitive adhesive |ayer (glue |ayer).

The base material layer is formed of a resin such
as a polyolefin (PO, and a pressure sensitive adhesive
| ayer fornmed of a pressure sensitive adhesive resin such
as an ultraviolet (UV) curing resin is formed on the
whol e part or a part of a surface of the base material
| ayer. The back surface 11b side of the workpiece 11 is
adhered to a substantially central portion of the dicing

tape 13, and one surface of an annular franme 15 forned of
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a metal is adhered to an outer peripheral portion of the
dicing tape 13. Note that the dicing tape 13 is not
limted to the | am nated structure of the base materi al

| ayer and the pressure sensitive adhesive |ayer. For
exanple, the dicing tape 13 nay have only the base
material layer. In this case, the base material layer is
t her noconpr essi on bonded to the workpiece 11 or the I|ike,
whereby the dicing tape 13 is adhered to the workpiece 11
or the Iike.

The cutting apparatus 2 has a di sk-shaped chuck
table 4 that hol ds under suction the workpiece 11 or the
l'ike. The chuck table 4 has a franme body forned of a
nmetal or the like. A flow path (not illustrated) of a
predet erm ned shape is provided inside the franme body,
and one end of the flow path is connected to a suction
source (not illustrated) such as an ejector. A recess
i ncl udi ng a di sk-shaped space is forned on an upper
surface side of the frane body. A disk-shaped porous
plate (not illustrated) is fixed to the recess. An upper
surface of the porous plate is exposed on the upper side
of the chuck table 4, and a | ower surface of the porous
plate is connected to the other end of the flow path in
the franme body.

When the suction source is operated, a negative
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pressure is generated at the upper surface of the porous
pl ate, so that the upper surface of the chuck table 4
functions as a hol ding surface 4a that hol ds under
suction an object placed on the upper surface. Note that
a plurality of clanp units 6 for fixing the frame 15 is
provi ded at an outer peripheral portion of the chuck
table 4. A o table (not illustrated) for rotating the
chuck table 4 around a predeterm ned rotational axis is
provi ded under the chuck table 4. 1In addition, an X-axis
novi ng nmechani sm (not illustrated) for noving the chuck
table 4 or the like in a processing feeding direction (X-
axis direction) is provided under the o6 table.

A cutting unit 10 has a cylindrical spindle 14.
The spindle 14 is disposed in such a manner that its
hei ght direction is along a Y-axis direction. An annul ar
cutting blade (hubless blade) 18 is nounted to a tip
portion of the spindle 14 through a nount 16 or the |iKke,
and a rotational drive source such as a notor is
connected to the other end side of the spindle 14. In the
case of cutting the workpiece 11 by the cutting unit 10,
first, the back surface 11b side (nanely, the dicing tape
13) of the workpiece 11 is held by the holding surface 4a
such that the front surface 1la is exposed, and the frane

15 is fixed by the plurality of clanp units 6.
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Next, the front surface l1lla side of the workpiece
11 is imged by a canera unit (not illustrated) having an
i magi ng el enent or the like. Based on an inmge obtained
by the imaging, a region to be cut (nanmely, the street)
Is detected. Then, the cutting blade 18 is positioned on
an extension |line of one of the streets. Thereafter, the
cutting blade 18 is rotated with a rotational axis of the
spindle 14 as a center, and a |ower end of the cutting
bl ade 18 is positioned between the back surface 11b of
t he workpi ece 11 and the hol ding surface 4a. Then, the
chuck table 4 is noved in the X-axis direction relative
to the workpiece 11 by the X-axis noving nechanism As a
result, the workpiece 11 is cut along the X-axis
di rection.

After the workpiece 11 is cut along one of the
streets, the cutting unit 10 is noved along the Y-axis
direction (indexing feeding direction), and the cutting
bl ade 18 is positioned on an extension |line of other
street adjacent in the Y-axis direction to the one of the
streets. Then, the workpiece 11 is cut along the other
street. Simlarly, the workpiece 11 is cut along the
remai ning streets. Note that the X-axis direction and the
Y-axis direction are orthogonal to each other on a pl ane

perpendi cular to the vertical direction (Z-axis
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di rection).

Next, the configuration of the cutting unit 10 w |
be described in detail using FIGS. 2, 3, 4A, 4B, and 4C.
FIG 2 is an expl oded perspective view of the cutting
unit 10, and FIG 3 is a partially sectional side view of
the cutting unit 10. The cutting unit 10 has a tubul ar
spi ndl e housing 12. A part of the aforenentioned spindle
14 is accommodated in the spindle housing 12 in a
rotatable manner. A tip portion of the spindle 14 is
formed with a tapped hole 14a having a predetermn ned
depth al ong the height direction of the spindle 14. The
tapped hole 14a is substantially cylindrical in shape,
and the center axis of the tapped hole 14a coincides with
the rotational axis of the spindle 14.

A nmount 16 is disposed at a tip portion of the
spindle 14. The nmount 16 has a cylindrical first boss
section (boss section) 16a which is inserted in a
t hrough-hol e 18a of the cutting blade 18. On the outside
of the first boss section 16a, a flange section 16b is
provi ded concentrically such as to surround the outside
of the first boss section 16a. The flange section 16b has
an annul ar surface 16c which makes contact with one
surface of the cutting blade 18 in the case where the

cutting blade 18 is disposed on an outer periphera
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portion of the first boss section 16a. The annul ar
surface 16c is | ocated between one end and the other end
in a lengthw se direction of the cylindrical first boss
section 16a.

On one end side of the first boss section 16a, a
cylindrical second boss section 16d smaller in dianeter
than the first boss section 16a is formed concentrically
with the first boss section 16a. The cylindrical second
boss section 16d is forned in the inside thereof with a
nounting hole 16e corresponding to the shape on the tip
side of the spindle 14. On the other end side of the
first boss section 16a, a cylindrical third boss section
16f is formed concentrically with the first boss section
16a. An outside dianmeter of the third boss section 16f is
smal l er than the outside dianmeter of the first boss
section 16a and is substantially equal to an outside
di anmeter of the second boss section 16d.

A male screw 16g is formed in a partial region
| ocated on the side opposite to the first boss section
16a, of the outside surface of the third boss section
16f. 1In addition, an attaching hole 16h is fornmed on the
inside of the third boss section 16f and the first boss
section 16a. The attaching hole 16h is forned

concentrically with the third boss section 16f and the
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first boss section 16a. The attaching hole 16h is
connected to the nounting hole 16e, and the attaching
hol e 16h and the nmounting hole 16e form a through-hole.
The attaching hole 16h has a cylindrical first space
formed mainly in the inside of the third boss section
16f .

The attaching hole 16h further has a cylindrica
second space which is forned mainly in the inside of the
first boss section 16a and has a dineter smaller than a
di aneter of the first space. Note that the center axes of
the first and second spaces coincide with the center axis
of the nounting hole 16e. Due to the difference between
the dianeters of the first and second spaces, a stepped
part 16i is formed inside the attaching hole 16h. A
washer 20 having an outside dianeter |arger than an
I nsi de dianeter of the stepped part 16i is disposed at
the stepped part 16i. A shaft portion of a bolt 22 having
a head portion of a dianeter |arger than an inside
di aneter of the washer 20 is inserted in the washer 20.

When the shaft portion of the bolt 22 is fastened
to the tapped hole 14a of the spindle 14 in a state in
which the spindle 14 is nounted to the nounting hol e 16e,
the nount 16 is fixed to a tip portion (one end portion)

of the spindle 14 by the head portion of the bolt 22 and
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the washer 20. In this instance, the center axis of the
cylindrical first boss section 16a coincides with a
rotational center 14b of the spindle 14. FIG 4Ais a
front view of the nount 16 fixed to a tip portion of the
spindle 14 and the |like. An outer peripheral circle of
the first boss section 16a in a plane orthogonal to the
center axis of the first boss section 16a has a
predet erm ned outside dianeter (2ri).

Referring again to FIGS. 2 and 3, the third boss
section 16f is inserted in an annul ar presser fl ange
section 24. The presser flange section 24 has an annul ar
surface 24a. The annul ar surface 24a is the sane in
out si de dianeter and the inside dianeter as the annul ar
surface 16¢c of the flange section 16b and faces the
annul ar surface 16¢c in the case where the third boss
section 16f is inserted in the presser flange section 24.
When the third boss section 16f is inserted in the
presser flange section 24 in a state in which the cutting
bl ade 18 is set on an outer peripheral portion of the
first boss section 16a, a nmale screw 16g |located at a tip
portion of the third boss section 16f is exposed fromthe
presser flange section 24. An annular fixing nut 26
formed with a fenal e screw 26a at an inside surface

thereof is fastened to the thus exposed nmal e screw 16g.
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As a result, the cutting blade 18 is fixed to a tip
portion of the spindle 14 in the state of being

sandw ched between the annul ar surface 16c¢c of the nount
16 and the annul ar surface 24a of the presser flange
section 24.

Next, the structure of the cutting blade 18 will be
described nore in detail. The cutting blade 18 is an
annul ar hubl ess bl ade (nanely, washer blade) in which
di anond abrasive grains are dispersed in a resin bond or
a netal bond. It is to be noted, however, that the
cutting blade 18 may be a hubl ess bl ade which is forned
by an el ectrof orm ng net hod and whi ch contains abrasive
grains dispersed in a bond of a netal such as nickel.
FIG 4B is a diagramdepicting one surface side of the
cutting blade 18. An outer peripheral circle of the
cutting blade 18 has a radius ro (for exanple, 28.0 mm
| arger than the radius r1 of the first boss section 16a.
On the other hand, an inner peripheral circle (nanely,
the edge of the through-hole 18a) of the cutting bl ade 18
has a radius rs (for exanple, 20.1 mm |arger than the
radius ri1 and smaller than the radius ro.

It is to be noted, however, that the center 18c of
the inner peripheral circle is disposed with a deviation

in a predeterm ned direction fromthe center 18b of the
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outer peripheral circle. Note that, as depicted in FIG
4B, in the present enbodi nent, a distance between the
center 18b of the outer peripheral circle (nanely, the
center of the outside dianeter) and the center 18c of the
i nner peripheral circle (nanely, the center of the inside
di aneter) is nmade to be a deviation amount A, and a
direction fromthe center 18b toward the center 18c is
made to be a deviation direction. The deviation anmount A
is, for exanple, equal to or nore than 100 um and equa

to or less than 1 mm In an ordinary hubl ess bl ade, the
t hrough-hole is forned concentrically with an outer

peri pheral circle of the hubless blade. In other words,
an ordinary hubl ess blade is not forned such that the
center 18b of the outer peripheral circle and the center
18c of the inner peripheral circle are deviated by as
much as 100 umor nore, as in the case of the cutting

bl ade 18.

A predeterm ned mark section is forned at a
predeterm ned position of the inner peripheral circle of
the cutting blade 18. The mark section is fornmed in such
a manner as to cut out a part of the cutting bl ade 18
fromthe inside toward the outside of the through-hole
18a. The cutout 18d in the present enbodi nent has an

arch-shaped cutout (mark section) 18d, but the arch-shape
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is not limtative and other shape may be adopted. The
cutout 18d is fornmed, for exanple, in a region including
the intersection of a straight |ine passing through the
center 18b and the center 18c and the inner periphera
circle of the cutting blade 18. The cutout 18d functions
as a mark section indicative of an orientation of the
cutting blade 18 when the cutting blade 18 is nmounted to
the nount 16 by inserting the first boss section 16a into
the through-hole 18a of the cutting bl ade 18.

For exanple, when the first boss section 16a is
inserted into the through-hole 18a, an orientation of the
cutout 18d is adjusted in such a manner that the cutout
18d is positioned at a top portion (an upper portion in
the vertical direction) of the first boss section 16a.
FIG 4Cis a diagramdepicting a state in which the first
boss section 16a has been inserted in the through-hole
18a. Wien the first boss section 16a is inserted into the
t hrough- hol e 18a by adjusting the cutout 18d to a
predeterm ned orientation and the cutting blade 18 is
di sposed on the first boss section 16a, two end portions
| ocated on the inner peripheral circle of the cutting
bl ade 18, of an arch-shaped curve defining the cutout
18d, cone into contact with a part of the first boss

section 16a.

20



In other words, the two end portions function as a
positioning region 18a: for making contact with the first
boss section 16a. Note that a length fromthe two end
portions to the center 18b of the outer peripheral circle
iIs set to be equal to the radius ri of the outer
peri pheral circle of the first boss section 16a.
Therefore, when the first boss section 16a is inserted
into the through-hole 18a in a state in which the cutout
18d is adjusted to a predeterm ned orientation and the
cutting blade 18 is disposed on the first boss section
16a, a distance between the center 18b of the outer
peripheral circle and the rotational center 14b is equa
to or less than a predetermi ned I ength. For exanple, the
center 18b of the outer peripheral circle and the
rotational center 14b coincide with each other

Note that, in the present enbodi nent, the distance
between the center 18b of the outer peripheral circle and
the rotational center 14b is equal to or |less than a
predeterm ned | ength neans that the distance between the
center 18b and the rotational center 14b is within 10 um
desirably within 5 um On the other hand, a region
different fromthe positioning region 18a;, of the
t hrough-hole 18a, is an all owance regi on 18a> where a

l ength fromthe center 18b of the outer peripheral circle
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to the inner peripheral circle of the through-hole 18a is
| onger than the radius r1 of the first boss section 16a.

The al | owance region 18a> is a region that does not
make contact with the first boss section 16a when the
first boss section 16a is inserted into the through-hole
18a in the state in which the cutout 18d is adjusted to
the predeterm ned orientation and the cutting blade 18 is
di sposed on the first boss section 16a. Note that, as
illustrated in FIG 4C, in the present enbodinent, a
| ength of the allowance region 18a> on a straight |ine
passi ng through the centers 18b and 18c is an all owance
width B. Wth the allowance regi on 18a> provi ded, the
first boss section 16a can be inserted into the through-
hol e 18a easily, as conpared to the case where a play
amount of the through-hole 18a relative to the outside
di ameter of the first boss section 16a is set as small as
possi bl e.

Incidentally, in the case where the cutout 18d is
not provided, a deviation in weight bal ance may be
generated due to a msregistration between the center 18b
of the outer peripheral circle of the cutting bl ade 18
and the center 18c of the inner peripheral circle (the
circle of the inner periphery) of the cutting bl ade 18,

namely, due to a msregistration between the center 18b
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of the outer peripheral circle and the center 18c of the
I nner peripheral circle. However, with the cutout 18d
provi ded, the deviation in weight bal ance generated in
the surroundi ngs of the center 18b can be adjusted. In
ot her words, the cutout 18d functions as a wei ght

adj usting section, in addition to a mark section.

Note that, in the case where the cutting bl ade 18
is inserted in the first boss section 16a and is fixed by
sandwi chi ng between the flange section 16b and the
presser flange section 24, the cutout 18d is | ocated on
the inside (nanmely, on the side of the center axis of the
first boss section 16a) relative to the outer periphera
edges of the annular surface 16¢c and the annul ar surface
24a. Therefore, the cutout 18d does not make contact wth
t he wor kpi ece 11 when the workpiece 11 is cut by the
cutting blade 18, and, therefore, the cutout 18d does not
directly influence the cutting.

Next, a method of manufacturing the cutting bl ade
18 in the present enbodinment will be described bel ow. For
exanple, in the case where the cutting blade 18 is a
hubl ess bl ade using a resin bond, a m xture of abrasive
grains and a resin and the like is placed and nolded in a
nol d havi ng an annul ar space in which the center of an

I nner peripheral circle and the center of an outer
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peripheral circle are deviated from each other by a
predeterm ned | ength, whereby an annul ar nol ded body is
obt ai ned. Next, the nolded body is baked to obtain a
baked body. Then, a | aser beam of such a wavelength as to
be absorbed in the baked body is applied to a part in a
vicinity of the inner periphery of the baked body, to
renove a part of the inner peripheral region of the baked
body. As a result, the cutting blade 18 forned with the
cutout 18d is manufactured.

Next, a nmethod of using the cutting blade 18 of the
present enbodiment will be described below. First, the
first boss section 16a is inserted into the through-hole
18a of the cutting blade 18 in such a manner that the
cutout 18d of the cutting blade 18 coincides with a top
portion of the first boss section 16a, whereby the
cutting blade 18 is disposed on the first boss section
16a (insertion step S10). After the insertion step S10,
the first boss section 16a is inserted into the presser
flange section 24, and the fixing nut 26 is fastened to
the male screw 16g. As a result, the cutting blade 18 is
nmounted to the spindle 14 (nounting step S20).

In this instance, the center 18b of the outer
peri pheral circle of the cutting blade 18 coi ncides

substantially with the rotational center 14b of the
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spindle 14. Therefore, after the nounting step S20, it is
unnecessary to reshape the cutting bl ade 18 (nanely,
truing) in such a manner that the outer peripheral circle
of the cutting blade 18 becones a perfect circle relative
to the rotational center 14b. Thus, generation of
roundness i s unnecessary in the case of using the cutting
bl ade 18, so that wear and tear of the cutting blade 18
can be restrained. It is to be noted, however, that in
the case where the cutting blade 18 has not been
subjected to setting, an outer peripheral portion of the
cutting blade 18 may be dressed for the purpose of
setting. Thereafter, as has been described referring to
FIG 1, the workpiece 11 is cut by the cutting unit 10
(first cutting step S30).

After the first cutting step S30, for exanple, an
al ready partially processed workpi ece 11 or ot her
wor kpi ece 11 may be cut by different kinds of hubl ess
blades. In this case, the fixing nut 26 and the presser
flange section 24 are sequentially detached, and the
cutting blade 18 is detached fromthe nount 16. Then, a
predet erm ned hubl ess bl ade is nounted to the nount 16
(replacenment step S40). After the replacenent step $40,
an already partially processed workpi ece 11 or ot her

wor kpi ece 11 is cut by the thus replaced predeterm ned
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hubl ess bl ade (second cutting step S50).

Incidentally, after the second cutting step S50,
the cutting blade 18 may be reused. In this case, the
first boss section 16a is again inserted into the
t hrough-hol e 18a of the cutting blade 18 in such a manner
that the cutout 18d coincides with a top portion of the
first boss section 16a, to thereby set the cutting bl ade
18 at the first boss section 16a (reinsertion step S60).
After the reinsertion step S60, the cutting blade 18 is
fixed to the spindle 14 by the presser flange section 24
and the fixing nut 26 (renounting step S70). Even after
the renounting step S70, generation of roundness is
unnecessary. Thus, with the cutting bl ade 18 used, wear
and tear due to generation of roundness each tine of the
nounting step can be avoided, so that the |ife of the
cutting blade 18 can be extended as conpared to an
ordi nary hubl ess bl ade.

Next, a second enbodinment will be described bel ow
FIG 5Ais a front view of a cutting blade 28 according
to the second enbodinment. Note that the sane conponents
as those in the first enbodi nent above are denoted by the
sanme reference synbols as used above. The cutting bl ade
28 does not have the cutout 18d, but has a V-shaped mark

(mark section) 28a indicative of an orientation of the
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cutting blade 28 relative to the nmount 16. A region of
the inner periphery corresponding to the mark 28a
functions as the aforenenti oned positioning region 18ax.
Wiile the mark 28a is fornmed, for exanple, by using an
I nk such as a pignent ink or a dye ink, the mark 28a may
be also forned by partly renoving the other surface side
of the cutting blade 28 and form ng ruggedness on the
ot her surface side.

In addition, the cutting blade 28 further includes
a thin section (weight adjusting section) 28b. The thin
section 28b is disposed on the side opposite to the
af orenenti oned deviation direction, is a region on the
outer peripheral side of the cutting blade 28 relative to
the mark 28a, is not used as a cutting edge, and is
formed in such a region as not to nmake contact with the
wor kpi ece 11. Wth the thin section 28b provided, the
devi ation in weight bal ance generated in the surroundi ng
of the center 18b of the outer peripheral circle of the
cutting blade 28 due to the m sregistration between the
center 18b of the outer peripheral circle and the center
18c of the inner peripheral circle can be adjusted. 1In
this way, the mark 28a and the thin section 28b play the
sane role as the cutout 18d. Note that the thin section

28b may be provided on the other surface side of the
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cutting blade 28 forned with the mark 28a or may be
formed on one surface side |ocated on the side opposite
to the other surface of the cutting bl ade 28.

In the case where the insertion of the first boss
section 16a into the cutting blade 28 is nade to fix the
cutting blade 28 in the state of being sandw ched between
the flange section 16b and the presser flange section 24,
the mark 28a and the thin section 28b are | ocated on the
i nner side than the outer peripheral edges of the annul ar
surface 16¢c and the annul ar surface 24a. Therefore, the
mark 28a and the thin section 28b do not nake contact
with the workpiece 11, so that the mark 28a and the thin
section 28b do not directly influence the cutting.

In the second enbodi nent, also, the center 18b of
the outer peripheral circle of the cutting blade 28 can
be made to coincide with the rotational center 14b of the
spindle 14 by using the mark 28a. Therefore, generation
of roundness is also unnecessary for the cutting bl ade
28, so that wear and tear of the cutting bl ade 28 can be
restrai ned. Besides, also in the second enbodi ment, wth
the all owance region 18a, provided, the first boss section
16a can be inserted into the through-holel 18a of the
cutting blade 28 easily, as conpared to the case where

the play anmount of the through-hole 18a relative to the
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out si de dianeter of the first boss section 16a is made as
smal | as possi bl e.

Next, a third enbodiment will be described bel ow
FIG 5Bis a front view of a cutting blade 38 according
to the third enbodinent. Note that the sane conponents as
those in the first and second enbodi nents above are
denoted by the sane reference synbols as used above. The
cutting blade 38 has the aforenentioned nmark 28a. In
addition, the cutting blade 38 has small cutouts 38a
smal ler in size than the aforementioned cutout 18d. In
the present enbodi nent, two small cutouts 38a are
di sposed in the edge of the through-hole 18a,
specifically at positions in line synmetry with respect
to a straight line passing through the centers 18b and
18c.

The two small cutouts 38a are disposed on the side
opposite to the aforenenti oned deviation direction in
relation to the center 18b of the outer periphera
circle. The two small cutouts 38a function as a wei ght
adj usting section for adjusting the deviation in weight
bal ance generated in the surroundi ng of the center 18b of
the outer peripheral circle of the cutting blade 28. In
the case where the insertion of the first boss section

16a into the cutting blade 38 is nade to fix the cutting
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bl ade 38 in the state of being sandw ched between the
flange section 16b and the presser flange section 24, the
mark 28a and the snmall cutouts 38a are |ocated on the

i nner side than the outer peripheral edges of the annul ar
surface 16¢ and the annul ar surface 24a. Therefore, the
mark 28a and the small cutouts 38a do not make contact

wi th the workpiece 11, so that the mark 28a and the snal
cutouts 38a do not directly influence the cutting.

In the third enbodi nent, also, the center 18b of
the outer peripheral circle of the cutting blade 38 can
be made to coincide with the rotational center 14b of the
spindle 14 by using the mark 28a. Therefore, generation
of roundness is al so unnecessary for the cutting bl ade
38, so that wear and tear of the cutting blade 38 can be
restrai ned. Besides, also in the third enbodinment, with
the all owance region 18a, provided, the first boss section
16a can be inserted into the through-hole 18a of the
cutting blade 38 easily, as conpared to the case where
the play anmount of the through-hole 18a relative to the
outsi de dianeter of the first boss section 16a is nade as
smal | as possi bl e.

Next, a fourth enbodinment will be described bel ow
FIG 6 is a front view of a cutting blade 48 according to

the fourth enbodinent. Note that the sanme conponents as
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those in the first, second, and third enbodi nents above
are denoted by the sane reference synbols as used above.
The cutting blade 48 has two snall cutouts 38a. In
addition, the cutting blade 48 has a small cutout 48a
smal l er than the aforenentioned cutout 18d, at
substantially the same position as the cutout 18d. O an
arch-shaped curve defining the small cutout 48a, two end
portions |ocated on the inner peripheral circle of the
cutting blade 48 function as the aforenentioned
positioning regions 18aj.

Besi des, the small cutout 48a functions as a mark
section indicative of the orientation of the cutting
bl ade 18 relative to the nmount 16, at the tine of
mounting the cutting blade 48 to the nount 16, and, |ike
the smal|l cutouts 38a, functions also as a weight
adj usting section. In the case where the insertion of the
first boss section 16a into the cutting bl ade 48 is nade
to fix the cutting blade 48 in the state of being
sandwi ched between the flange section 16b and the presser
flange section 24, the small cutouts 38a and 48a are
| ocated on the inner side than the outer peripheral edges
of the annul ar surface 16c and the annul ar surface 24a.
Therefore, the small cutouts 38a and 48a do not nake

contact with the workpiece 11, so that the small cutouts
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38a and 48a do not directly influence the cutting.

In the fourth enbodi nent, also, the center 18b of
the outer peripheral circle of the cutting blade 48 can
be made to coincide wth the rotational center 14b of the
spindle 14, by using the small cutout 48a. Therefore,
generation of roundness is also unnecessary for the
cutting blade 48, so that wear and tear of the cutting
bl ade 48 can be restrained. In addition, also in the
fourth enbodi ment, with the all owance regi on 18a:
provi ded, the first boss section 16a can be inserted into
the through-hole 18a of the cutting bl ade 48 easily, as
conpared to the case where the play anount of the
t hrough-hole 18a relative to the outside dianeter of the
first boss section 16a is nade as snall as possible.

In addition, the structures, nethods and the |ike
according to the above enbodi nents can be nodified as
required insofar as the nodifications do not depart from
the scope of the object of the present invention. The
mark 28a is not limted to the exanples shown in FIGS. 5A
and 5B. In other words, the position, size, nunber, shape
and the like of the mark 28a are not |imted, insofar as
the positioning region 18a: in consideration of the
m sregi stration between the center 18b of the outer

peri pheral circle and the center 18c of the inner
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peripheral circle can be specified. Note that the mark
28a is not limted to the case of being visually
confirmed by the operator, but nay be read by a reading
apparatus (not illustrated) including a camera or the
like. In addition, the position, size, nunber, shape and
the like of the small cutouts 38a are also limted to the
exanpl es depicted in FIGS. 5 and 6.

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 clai ns 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 IS CLAIMED | S

1. An annular cutting bl ade having a through-hole
and used at a tine of cutting a workpiece, the cutting
bl ade conpri si ng:

a mark section indicative of an orientation of the
cutting blade when a cylindrical boss section provided in
a mount fixed to one end portion of a spindle is inserted
into the through-hole of the cutting bl ade,

wherein an inner periphery of the cutting bl ade
corresponding to an edge of the through-hole includes

a positioning region where a length froma
center of an outer peripheral circle of the cutting bl ade
to the inner periphery of the cutting blade is equal to a
radi us of the boss section, and

an al l owance region which is located in a
region different fromthe positioning region and where
the length fromthe center of the outer peripheral circle
of the cutting blade to the inner periphery of the
cutting blade is longer than the radius of the boss
section, and,

when the cutting blade is disposed on the boss
section by inserting the boss section into the through-
hole while the mark section is adjusted to a

predeterm ned orientation, a distance between a
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rotational center of the boss section and the center of
the outer peripheral circle of the cutting blade is equa
to or less than a predeterm ned | ength.

2. The cutting blade according to claim1,

wherein the mark section is provided in such a
manner as to cut out the cutting blade fromthe inner
peri phery of the cutting blade toward an outer periphery
of the cutting bl ade.

3. The cutting blade according to claim1, further
conpri si ng:

a wei ght adjusting section for adjusting a
devi ation in wei ght bal ance generated due to
m sregi strati on between the center of the outer
peripheral circle of the cutting blade and a center of a
circle of the inner periphery of the cutting bl ade.

4. The cutting blade according to claim 3,

wherei n the wei ght adjusting section is a cutout
section provided in such a manner as to cut out the
cutting blade fromthe inner periphery of the cutting

bl ade toward an outer periphery of the cutting bl ade.
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