wo 2014/169402 A1 |[IN I/ NPFVH 00O - A 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

23 October 2014 (23.10.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/169402 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
B23B 3/22 (2006.01) B23Q 15/18 (2006.01)

International Application Number:
PCT/CN2013/000449

International Filing Date:
19 April 2013 (19.04.2013)

Filing Language: English
Publication Language: English
Applicant: SUMITOMO CHEMICAL
COMPANY,LIMITED [JP/JP]; 27-1,Shinkawa 2-
chome,Chuo-ku,Tokyo 104-8260 (JP).

Inventors: SHIRAISHI, Yuichi; 1-1, Oe-cho, Nii-

hama-shi, Ehime, 792-00015 (JP). OKUBQO, Munekata;
1-1, Oe-cho, Niithama-shi, Ehime, 792-00015 (JP). MAT-
SUMOTO, Shuzo; No.61 Xin Mei Road, A New Zone,
Wuxi, Jiangsu (CN). LI, Donglin; No.61 Xin Mei Road, A
New Zone, Wuxi, Jiangsu (CN).

Agent: WATSON & BAND; 26th Floor, Wenxin United
Press Tower, 755 Wei Hai Road, Shanghai 200041 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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FIG. 1

(57) Abstract: A cutting method to cut an end surface of a workpiece is disclosed. The method includes: providing a cutting unit
(20) having a rotary shaft (21) and a cutting blade (24) protruding toward the end surface side of the workpiece; rotating the cutting
blade around the rotary shaft; cutting the end surface of the workpiece by bringing the rotating cutting blade into contact with the
end surtace of the workpiece; measuring a predetermined parameter indicating an overheated condition of the cutting unit after com -
pleting a predetermined number of batches ot a cutting process; and adjusting a relative position between the cutting blade and an
end surface of a workpiece to be cut in a subsequent batch, before beginning the cutting process of the subsequent batch, such that
external dimensions of the workpiece, which are to be obtained by the cutting process of the subsequent batch would not be beyond
a required allowance. The method can satisty the required dimensions of a workpiece.
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CUTTING METHOD AND CUTTING APPARARTUS

Technical Field
[0001]

The present invention relates to a cutting method and a cutting apparatus.

10 Background Art
[0002]
In the related art, a cutting method disclosed in PTL 1 has been known as a
cutting method of cutting an end surface of a workpiece. In the cutting method in PTL
1, when the end surface of an optical member such as a polarizing plate is cut, and a
15 cutting region formed by a rotating cutting blade is brought into contact with the end
surface of the optical member to perform the cutting, a portion apart from a
predetermined virtual line within the cutting region is brought into contact with the end
surface of the optical member. By this method the depression force caused by the
cutting blade 1s said to be reduced and thereby the end surface of the optical member is

20 said to be finished in a good condition.

Citation List
Patent Literature
[0003]

25 [PTL. 1] Japanese Patent No. 4954662
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Summary of Invention
Technical Problem

[0004]

Incidentally, at the time when the related art was filed, an allowance of the
product specification was wide, and for example an external dimension tolerance of a
polarizing plate was + 0. 15 mm. Therefore, a variation width in external dimensions of
the polarizing plate when cutting an end surface of the polarizing plate can be well within
the allowance of the product specification and a polarizing plate of the required
dimensions can be obtained satisfactorily.

However, in recent years, in association with making frames of liquid crystal
display devices narrower, a request for the variation width in the external dimensions of
the polarizing plate has become stricter, and for example the external dimension
tolerance of the polarizing plate may be + 0.05 mm. Therefore, simply cutting the end
surface of the polarizing surface by use of a known method such as that disclosed in PTL
1 results in that the variation width in.the external dimensions of the polarizing plate may
be over the allowance of the required product specification, and, hence, it becomes
difficult to satisfy the recent strictly required dimensions.

[0005]

According to the findings of the present inventors, when cutting the end surface
of an optical member, if a cutting unit is used for a predetermined period of time, it is
observed a phenomenon that the external dimensions of the optical member are gradually
decreased. As a result of extensive studies, the present inventors have found that a
reason for the phenomenon is thermal expansion of a rotary shaft that may be caused by

the influence of a rotation drive of the rotary shaft or friction between the rotary shaft and
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bearings, and thereby have completed the present invention.

[0006]

The present invention is made in view of such circumstances, and an object is to
provide a cutting method and a cutting apparatus which can satisfy the strictly required

5  dimensions of a workpiece.

Solution to Problem
[0007]
In order to achieve the above object, the present invention employs the
10 following means.

(1) According to a first aspect of the present invention there is provided a
cutting method to cut an end surface of a workpiece, which comprises providing a cutting
unit having a rotary shaft and a cutting blade protruding toward the end surface side of
the workpiece; rotating the cutting blade around the rotary shaft; cutting the end surface

15  of the workpiece by bringing the rotating cutting blade into contact with the end surface
of the workpiece; measuring a predetermined parameter indicating an overheated
condition of the cutting unit after completing a predetermined number of batches of a
cutting process; and adjusting a relative position between the cutting blade and an end
surface of the workpiece to be cut in a subsequent batch, before beginning the cutting

20  process of the subsequent batch.

[0008]

(2) In the cutting method described in the above (1), a relative position
between the cutting blade and an end surface of the workpiece to be cut in a subsequent
batch may be adjusted such that external dimensions of the workpiece, which are to be

25  obtained by the cutting process of the subsequent batch, are not beyond a required
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allowance such as that given by the product specification of the workpiece.

(3) In the cutting method described in the above (1) or (2), a thermal
expansion amount of the rotary shaft after cutting may be measured as the predetermined
parameter.

[0009]

(4) In the cutting method described in the above (1) or (2), a temperature
around the rotary shaft after cutting may be measured as the predetermined parameter;
and the adjustment may be performed based on data of a thermal expansion amount of
the rotary shaft corresponding to the measured temperature.

[0010]

(5) In the cutting method described in the above (4), the rotary shaft may be
rotatably supported by bearings, and both the rotary shaft and the bearings may be
covered with a cover, and the rotary shaft and the cover may be capable of heat
conduction via the bearing, and a temperature of the cover may be measured as the
temperature around the rotary shaft.

[0011]

(6) According to a second aspect of the present invention, there is provided a
cutting method to cut an end surface of a workpiece, which comprises providing a cutting
unit having a rotary shaft and a cutting blade protruding toward the end surface side of
the workpiece; rotating the cutting blade around the rotary shaft; and cutting the end
surface of the workpiece by bringing the rotating cutting blade into contact with the end
surface of the workpiece; wherein the rotary shaft is cooled in order for the rotary shaft
not to be thermally expanded.

[0012]

(7) In the cutting method described in the above (6), the rotary shaft may be



10

15

20

25

WO 2014/169402 PCT/CN2013/000449

5

cooled in order for the rotary shaft not to be thermally expanded, such that external
dimensions of the workpiece would not be beyond a required allowance such as that is
given in the product specification of the workpiece.

(8) In the cutting method described in the above (6) or (7), the rotary shaft may
be rotatably supported by bearings, and both of the rotary shaft and the bearings may be
covered with a cover, the rotary shaft and the cover may be capable of heat conduction
via the bearing, and the cooling may be performed by an external cooling of the cover by
means of a coolant.

- [0013]

(9) In the cutting method described in the above (6) or (7), the rotary shaft may
be rotatably supported by bearings, and both the rotary shaft and the bearings may be
covered with a cover, the rotary shaft and the cover may be capable of heat conduction
via the bearing, and the cooling may be performed by blowing cooling air onto the cover.

[0014]

(10) According to a third aspect of the present invention, there is provided a
cutting method to cut an end surface of a workpiece, which comprises providing a cutting
unit having a rotary shaft and a cutting blade protruding toward the end surface side of
the workpiece; rotating the cutting balade around the rotary shaft; cutting the end surface
of the workpiece by bringing the rotating cutting blade into contact with the end surface
of the workpiece; wherein the rotary shaft has been heated in advance up to a saturated
condition where thermal expansion of the rotary shaft no longer occurs.

[0015]

(11) In the cutting method described in the above (10), the rotary shaft may
have been heated in advance up to a saturated condition where thermal expansion of the

rotary shaft no longer occurs, such that external dimensions of the workpiece would not
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be beyond a required allowance such as that given in the product specification of the
workpiece.

(12) In the cutting method described in the above (10) or (11), the heating may
be performed by allowing an idling rotation of the rotary shaft before performing a
cutting process of the workpiece.

[0016]

(13) According to a first aspect of the present invention, there is provided a
cutting apparatus to cut an end surface of a workpiece, which comprises a processing
device comprising a cutting unit having a rotary shaft and a cutting blade protruding
toward the end surface side of the workpiece, the cutting blade being rotatable around the
rotary shaft and the end surface of the workpiece being cuttable by bringing the rotating
cutting blade into contact with the end surface of the workpiece; and a controlling device
that controls adjusting a relative position between the cutting blade and an end surface of
a workpiece to be cut in the subsequent batch before beginning a cutting process of a
subsequent batch, based on a predetermined parameter indicating an overheated
condition of the cutting unit after completing a predetermined number of batches of the
cutting process.

[0017]

(14) In the cutting apparatus described in the above (13), the controlling
device controls adjusting a relative position between the cutting blade and an end surface
of a workpiece to be cut in the subsequent batch, such that external dimensions of the
workpiece to be obtained by the cutting process of the subsequent batch are not beyond a
required allowance such as that given in the product specification of the workpiece.

(15) In the cutting apparatus described in the above (13;) or (14), a dimension

sensor which measures a thermal expansion amount of the rotary shaft after cutting may
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be further provided as the predetermined parameter.

[0018]

(16) In the cutting apparatus described in the above (13) or (14), a temperature
sensor which measures a temperature around the rotary shaft after cutting as the

5  predetermined parameter may be further provided, and the controlling device may

perform the adjustment based on data of a thermal expansion amount of the rotary shaft
corresponding to a measurement result of the temperature sensor.

[0019]

(17) In the cutting apparatus described in the above (16), bearings rotatably

10  supporting the rotary shaft and a cover covering both of the rotary shaft and the bearings
may be further provided, the rotary shaft and the cover may be capable of heat
conduction via the bearing, and the temperature sensor may measure a temperature of the
cover as the temperature around the rotary shaft.

[0020]

15 (18) According to a second aspect of the present invention, there is provided a
cutting apparatus to cut an end surface of a workpiece, which comprises a processing
device including a cutting unit having a rotary shaft and a cutting blade protruding
toward the end surface side of the workpiece, the cutting blade being rotatable around the
rotary shaft and the end surface of the workpiece being cuttable by bringing the rotating

20  cutting blade into contact with the end surface of the workpiece; and a controlling device
that performs a control where the rotary shaft is cooled in order for the rotary shaft not to
be thermally expanded.

[0021]
(19) In the cutting apparatus described in the above (18), the controlling

25  device may perform a control where the rotary shaft is cooled in order for the rotary shaft
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not to be thermally expanded, such that external dimensions of the workpiece would not
be beyond a required allowance.

(20) In the cutting apparatus described in the above (18) or (19), bearings
rotatably supporting the rotary shaft, a cover covering both of the rotary shaft and the
bearings, and a cooling unit capable of external cooling of the cover by means of a
coolant may be further provided, the rotary shaft and the cover may be capable of heat
conduction via the bearing, , and the controlling device may control the cooling unit
performing the external cooling of the cover.

[0022]

(21) In the cutting apparatus described in the above (18) or (19), bearings
rotatably supporting the rotary shaft, a cover covering both the rotary shaft and the
bearings, and an air-cooling unit capable of blowing cooling air onto the cover may be
further provided, the rotary shaft and the cover may be capable of heat conduction via the
bearing, , and the controlling device may control the air-cooling unit of blowing the
cooling air onto the cover.

[0023]

(22) According to a third aspect of the present invention, there is provided a
cutting apparatus to cut an end surface of a workpiece, which comprises a processing
device including a cutting unit having a rotary shaft and a cutting blade protruding
toward the end surface side of the workpiece, the cutting blade being rotatable around the
rotary shaft and the end surface of the workpiece being cuttable by bringing the rotating
cutting blade into contact with the end surface of the workpiece; and a controlling device
that performs a control where the rotary shaft has been heated in advance up to a
saturated condition where thermal expansion of the rotary shaft no longer occurs.

[0024]
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(23) In the cutting apparatus described in the above (22), the controlling
device may perform a control where the rotary shaft may have been heated in advance up
“to asaturated condition where thermal expansion of the rotary shaft no longer occurs,
such that external dimensions of the workpiece would not be beyond a required
5 allowance.
(24) In the cutting apparatus described in the above (22) or (23), the
controlling device may perform a control for allowing an idling rotation of the rotary

shaft before performing a cutting process of the workpiece, as the heating.

10 Advantageous Effects of Invention
[0025]
According to the present invention, it is possible to provide a cutting method and
a cutting apparatus which are capable of satisfying strictly required dimensions of a
workpiece.
15
Brief Description of Drawings
[0026]
FIG. 1 is a perspective view illustrating a cutting apparatus according to a first
embodiment.
20 FIG. 2 is a side view of a cutting unit.
FIG. 3 is a schematic diagrarh illustrating an arrangement relationship of a rotary
shaft, bearings and a cover.
FIG. 4 is a perspective view illustrating a cutting apparatus before attaching a
rotating body.

25 FIG. 5 is a perspective view illustrating a cutting apparatus after attaching a
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rotating body.
FIG. 6 is a view illustrating a cutting method according to the first embodiment.
FIG. 7 1s a view illustrating a relationship between the number of batches and a
deviated amount from a reference value of external dimensions of a laminated body.
5 FIG:. 8 is a perspective view illustrating a dimension sensor.
FIG. 9 is a schematic diagram illustrating an arrangement relationship between a
dimension sensor and a cutting unit.
FIG. 10 is a view illustrating variations in external dimensions of a laminated
body according to a comparative example.

10 FIG. 11 is a view illustrating variations in external dimensions of a laminated
body in a long-side direction of an optical member according to the first embodiment.

FIG. 12 is a view illustrating variations in external dimensions of a laminated
body in a short-side direction of an optical member according to the first embodiment.
FIG. 13 is a perspective view illustrating a temperature sensor.

15 FIG. 14 is a view illustrating a preparation method of a thermal expansion table
indicating a relationship between a temperature of a cover and a thermal expansion
amount of a rotary shaft.

FIG. 15 is a view illustrating variations in external dimensions of a laminated
body in a long-side direction of an optical member according to a second embodiment.

20 FIG. 16 is a view illustrating variations in external dimensions of a laminated
body in a short-side direction of an optical member according to the second embodiment.

FIG. 17 1s a perspective view illustrating a cooling unit.

FIG. 18 is a perspective view illustrating an air-cooling unit (a blower).

25  Description of Embodiments
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[0027]

Herein, embodiments of the present invention will be described with reference
to the accompanying drawings, but the present invention is not limited to the following
embodiments.

5 [0028]

In all of the following drawings, for easy understanding of the drawings,
dimensions and proportions of each conﬁgu‘ration element are appropriately varied. In
addition, in the following description and the drawings, the same reference numerals are
given to the same or corresponding elements, and the repeated description will be

10 omitted.

[0029]

(First Embodiment)

FIG. 1 is a perspective view illustrating a cutting apparatus 1 using a cutting
method according to a first embodiment of the present invention.

15 [0030]

The cutting apparatus 1 is intended to cut an end surface of a workpiece. In the
present embodiment, the cut object is an end surface Wa of a rectangular parallelepiped
laminated body W in which multiple sheets of an optical member F are superimposed.
This allows end surfaces of the multiple sheets of the optical member F to be cut together.

20  For example, the laminated body W can be obtained by punching a long raw sheet of
monolayer sheet or laminated sheet into a rectangular shape. Incidentally, the cut object
is not limited to the laminated body W, but may be a single sheet of the optical member F.
In addition, the cut object can be other various members in addition to the laminated
body W.

25 [0031]
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The sheet constituting the laminated body W includes polyvinyl alcohol film,
cellulose-based film represented by triacetyl cellulose film, and ethylene acetate vinyl
based film, but is not particularly limited thereto. In case where a polarizing plate is
configured to have multi-layers of optical film, since the thickness of the polarizing plate
is large, the polarizing plate is preferable as the cut object of the cutting apparatus 1
according to the present invention, which is capable of processing end surfaces of a large
améunt of film.

[0032]

As illustrated in FIG. 1, the cutting apparatus 1 includes a processing device (for
example, a first processing device 2 and a second processing device 3 in the present
embodiment), a moving device 4, a first position adjusting device 5, a second position
adjusting device 6 and a controlling device 7.

[0033]

The first processing device 2 and the second processing device 3 are arranged to
oppose each other by interposing the moving device 4. In each of the first processing
device 2 and the second processing device 3, a cutting unit 20 capable of cutting the end

surface Wa of the laminated body W is arranged on the moving device 4 side. Rotating

the cutting units 20 of both the first processing device 2 and the second processing device

3 enables two end surfaces Wa of the four end surfaces Wa of the laminated body W to be
cut simultaneously and collectively.

[0034]

Herein, a configuration of the cutting unit 20 will be described.

FIG. 2 1s a side view of the cutting unit 20.

[0035]

As illustrated in FIG. 2, the cutting unit 20 includes a'rotary shaft 21 extending
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along a normal direction of the end surface Wa (refer to FIG. 1) of the laminated body W,
a rotating body 22 rotating around the rotary shaft 21, a support 23 supporting the rotary
shaft 21 and a plurality of cutting blades disposed on the rotating body 22 (for example,
six cutting blades such as a first cutting blade 24a, a second cutting blade 24b, a third
cutting blade 24c¢, a fourth cutting blade 24d, a fifth cutting blade 24¢ and a sixth cutting
blade 24f in the present embodiment). In the following description, the first cutting
blade 24a, the second cutting blade 24b, the third cutting blade 24c, the fourth cutting
blade 24d, the fifth cutting blade 24¢ and the sixth cutting blade 24f may be collectively
referred to as “cutting blade 24”.

[0036]

The rotating body 22 is fixed to the rotary shaft 21 and can be rotated in one
direction around the rotary shaft 21. The rotating body 22 has an installation surface
22a which is vertical with respect to the rotary shaft 21. The rotating body 22 has a disk
shape, but is not limited to the shape. |

[0037]

For example, a diameter of the rotating body 22 is approximately 250 mm.
However, the diameter of the rotating body 22 is not limited thereto, and may be from
150 mm to 600 mm, for example.

[0038]

The cutting blade 24 is disposed on the installation surface 22a of the rotating
body 22. The cutting blade 24 protrudes from the installation surface 22a toward the
end surface Wa (refer to FIG. 1) side of the laminated body W.

[0039]

The cutting blades 24a to 24c, in this order, are configured to have an increased

protruding amount from the installation surface 22a.  The first cutting blade 24a has the
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longest distance from the rotary shaft 21 and the smallest protruding amount from the
installation surface 22a, and in contrast the third cutting blade 24c has the shortest
distance from the rotary shaft 21 and the largest protruding amount from the installation
surface 22a.

[0040]

The first cutting blade 24a, the second cutting blade 24b, the fourth cutting blade
24d and the fifth cutting blade 24e are cutting blades for rough cutting and made of
polycrystalline diamond.  On the other hand, the third cutting blade 24c¢ and the sixth
cutting blade 24f are cutting blades for finishing and made of a single crystal diamond.
If the material is selected as a preferable form for the material of the cutting blade and is
suitable for cutting the end surface Wa (refer to FIG. 1) of the laminated body W, the
material is not particularly limited.

[0041]

In the present embodiment, the number of the cutting blades is six, but without
being limited thereto, may be appropriately varied depending on various conditions such
as a distance from the rotary shaft 21 to the cutting blades. However, from the
viewpoint of processing efficiency, it is preferable to increase the number of the cutting
blades as the distance from the rotary shaft 21 to the cutting blades becomes longer. In
addition, the arrangement of the cutting blades is not particularly limited, but from the
viewpoint of processing efficiency, it is preferable to arrange a plurality of the cutting
Blades at a predetermined interval so as to have an equal distance from the rotary shaft
21.

[0042]

A shape of the cutting blades is not particularly limited, but may be columnar,

prismatic, the shape of cylinder whose cross section forms a trapezoidal shape and
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hemispherical. The shape or size of the cutting blades may be appropriately set
depending on dimensions of optical members and the required processing efficiency. In
addition, the cutting blades, if disposed to protrude to the end surface Wa (refer to FIG. 1)
side of the laminated body W, the cutting blades may be tilted with respect to the axial
direction of the rotary shaft 21.

[0043]

FIG. 3 is a schematic diagram illustrating an arrangement relationship of the
rotary shaft 21, bearings 25 and a cover 26. Referring to FIG. 3, for convenience, the
rotating body 22, the support 23 and the cutting blades 24 configuring the cutting unit 20
are not illustrated.

[0044]

As illustrated in FIG. 3, the cutting apparatus 1 (refer to FIG. 1) includes
bearings 25 rotatably supporting the rotary shaft 21, and the cover 26 covering both of
the rotary shaft 21 and the bearings 25. The rotary shaft 21 and the cover 26 are
configured to be capable of heat conduction via the bearings 25. For example, the
material of the rotary shaft 21 is chromium-molybdenum steel, the material of the
bearings is high carbon chromium steel and the material of the cover 26 is plain cast iron.

[0045]

FIG. 4 1s a perspective view illustrating the cutting apparatus 1 before attaching
the rotating body 22.

FIG. 5 is a perspective view illustrating the cutting apparatus 1 after attaching
the rotating body 22.

[0046]

As 1llustrated in FIG. 4, before attaching the rotating body 22 (refer to FIG. 5),

one end portion 21a of the rotary shaft 21 protrudes from one end portion of the cover 26.
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[0047]

As illustrated in FIG. 5, the rotating body 22 is attached to the one end portion
21a (refer to FIG. 4) of the rotary shaft 21 protruding from one end portion of the cover
26.

[0048]

Referring back to FIG. 1, the moving device 4 includes a base 40, a frame 41
with a gate shape, which is disposed on the base 40, a table 42 with a disk shape, which
is disposed on the base 40, a first pressing member 43 arranged on the table 42, a
cylinder 44 disposed at the base 40 side of the frame 41 and a second pressing member
45 attached to a tip of a rod of the cylinder 44.

[0049]

The moving device 4 moves the laminated body W in a V direction in parallel to
the longitudinal direction of the end surface Wa of the laminated body W with respect to
the cutting unit 20,

[0050]

The table 42 can rotate the first pressing member 43 around a central axis of the
table 42. The cylinder 44 can vertically move the second pressing member 45. The
laminated body W is fixed by being interposed between the first pressing member 43 and
the second pressing member 45.

[0051]

The base 40 can be moved so as to pass through between the first processing
device 2 and the second processing device 3.  When cutting, the first pressing member
43 and the second pressing member 45 fix the laminated body W. At this time, a
normal direction of both end surfaces of the laminated body W 1s caused to match an

extending direction of each rotary shaft 21 of the first processing device 2 and the second
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processing device 3.  Then, the rotating body 22 is rotated and the base 40 is moved
such that the laminated body W would pass through between the first processing device 2
and the second processing device 3. The base 40 is moved in the direction V
perpendicular to the longitudinal direction of the end surface Wa of the laminated body
W to be cut, using a moving mechanism (not illustrated).

In association with the rotation of the rotating body 22, the cutting blade 24,
which are disposed on the installation surface 22a of the rotating body 22, are rotated and
come into contact with the end surface Wa od the laminated body W, and thereby cut the
end surface Wa.

[0052]

In this case, firstly, the first cutting blade 24a and the fourth cutting blade 24d
which are located at the outermost side df the rotating body 22 come into contact with the
laminated body W and cut the end surface Wa thereof.  If the base 40 moves ahead,
subsequently the second cutting blade 24b and the fifth cutting blade 24¢ which are
disposed at the inner side than the first cutting blade 24a and the fourth cutting blade 24d
come into contact with the laminated body W and cut the end surface Wa thereof.  Since

the second cutting blade 24b and the fifth cutting blade 24¢ have a larger protruding

_amount than the first cutting blade 24a and the fourth cutting blade 24d, the end surface

Wa cut by the first cutting blade 24a and the fourth cutting blade 24d is cut deeper. In
this manner, the first cutting blade 24a, the second cutting blade 24b, the fourth cutting
blade 24d and the fifth cutting blade 24e cut the end surface Wa of the laminated body W
gradually deeper.  Finally, the third cutting blade 24¢ and the sixth cutting blade 24f
which are for the finishing cut the end surface Wa of the laminated body W, to perform
mirror finishing.  After the processing of a pair of the end surfaces Wa opposing each

other is completed in this manner, the table 42 is rotated by 90° to process another end
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surface Wa.

[0053]

The first position adjusting device 5 adjusts the position of the first processing
device 2. Specifically, the first position adjusting device 5 moves the first processing

5  device 2 only in a direction V{ in parallel to the short-side direction of the optical
member F configuring the laminated body W.

[0054]

The second position adjusting device 6 adjusts the position of the second
processing device 3. Specifically, the second position adjusting device 6 moves the

10 second processing device 3 only in the direction Vf.

[0055]

The controlling device 7 performs overall control on the first position adjusting
device 5 and the second position adjusting device 6. The controlling device 7 performs
the control on the first position adjusting device 5 and the second position adjusﬁng

15  device 6, such that each of the first processing device 2 and the second processing device
3 would be move(i only in the direction Vf.

[0056]

Herein, a cutting method according to the present embodiment will be described.

[0057]

20 (Cutting method)

The cutting method according to the present embodiment is a cutting method of
the end surface Wa (refer to FIG. 1) of the laminated body W superimposed by multiple
sheets of the optica} member F, and is performed using the cutting apparatus 1 illustrated

~in FIG. 1.

25 [0058]
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FIG. 6 is a view illustrating the cutting method according to the present
embodiment.

FIG. 6 is a view illustrating the cutting of the end surface Wa of the laminated
body W using the cutting unit 20.

[0059]

As illustrated in FIG. 6, in the cutting method according to the present
embodiment, the end surface Wa of the laminated body W is cut by rotating the rotating
body 22 clockwise and moving it in the direction V in parallel to the longitudinal
direction of the end surface Wa of the laminated body W.

[0060]

The rotating direction of the rotating body 22 is not limited to the (clockwise)
direction illustrated in FIG. 6, but the end surface Wa of the laminated body W may be
cut by rotating the rotating body 22 counterclockwise and moving it in the direction V in
parallel to the longitudinal direction of the end surface Wa of the laminated body W.

[0061]

Incidentally, in the related art, the allowance of the product specification was
wide, and for example the external dimension tolerance of the polarizing plate was = 0.
15 mm. Therefore, the variation width in external dimensions of the polarizing plate
when cutting an end surface of the polarizing plate was able to be within the allowance of
the product specification to obtain the polarizing plate which satisfies required
dimensions.

However, in recent years, in association with making frames of liquid crystal
display devices narrower, a request for the variation width in the external dimensions of
the polarizing plate has become stricter, and for example the external dimension

tolerance of the polarizing plate may be + 0.05 mm. Therefore, simply cutting the end
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surface of the polarizing plate results in that the variation width in the external
dimensions of the polarizing plate may be over the allowance of the required product
specification, and, hence, it becomes difficult to satisfy the recent strictly required
dimensions.

[0062]

FIG. 7 is a view illustrating a relationship between a batch number and a
deviated amount from a reference value of the external dimensions of the laminated body
W.

[0063]

Here, the number of batches means the number of times when the end surface
Wa of the laminated body W is subjected to the cutting process, and one batch means a
process where four end surfaces Wa of one laminated body W are respectively cut once.
For example, in a case where two end surfaces Wa out of the four end surfaces Wa of the
laminated body W are cut simultaneously and collectively, two end surfaces Wa of the
laminated body W in the longitudinal direction of the optical member F are first cut, and
next rotating the table 42 by 90° and cutting the remaining two end surfaces Wa of the
laminated body W in the short direction of the optical member F allow one batch to be
completed.

[0064]

In FIG. 7, variations in the external dimensions of the laminated body W in the
long-side direction of the optical member F are illustrated by a solid line, and variations
in the external dimensions of the laminated body W in the short-side directiqn of the
optical member F are illustrated by a dashed line. In FIG. 7, the horizontal axis
represents the nﬁmber of batches [Nos.]. The vertical axis represents a deviated amount

[mm] from a reference value of the external dimensions of the laminated body W.
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[0065]

As illustrated in FIG. 7, cutting the end surfaces Wa of the laminated body W by
a conventional method causes the number of batches to be increased and consequently
increases the deviated amount from the reference value of the external dimensions of the
laminated body W in each of the long-side direction and the short-side direction of the
optical member F. Therefore, if the number of batches remains to be increased as it is, a
variation width in the external dimensions of the polarizing plate during the cutting is
beyond the management range of the product standards (for example, external dimension
tolerance of the polarizing plate: £ 0.05 mm). In FIG 7, it will be apparent that the
variation width in the external dimensions of the polarizing plate during the cutting is
beyond the external dimension tolerance of the polarizing plate: + 0.05 mm if the number
of batches is 22 or more.

[0066]

According to the findings of the present inventors, when cutting the end surface
of an optical member F, if the rotating body 22 is rotated for a predetermined period of
time, it is observed a phenomenon that the external dimensions of the optical member F
is gradually decreased. As a result of extensive studies, the present inventors have
found that a reason for the phenomenon is thermal expansion of the rotary shaft 21 that
may be caused by the influence of a rotation drive of the rotary shaft 21 or friction
between the rotary shaft 21 and bearings 25, and thereby have invented the following
cutting method.

[0067]

The cutting method according to the present embodiment is a cutting method to
cut the end surface Wa of the laminated body W, which includes providing the cutting

unit 20 having the rotary shaft 21 extending along the normal direction of the end surface
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Wa of the laminated body W and having the cutting blade 24 protruding to the end

surface Wa side of the laminated body W; rotating the cutting blade 24 around the rotary
shaft 21; cutting the end surface Wa of the laminated body W by bringing the rotating
cutting blade 24 into contact with the end surface Wa of the laminated body W;
measuring a predetermined parameter indicating an overheated condition of the cutting
unit 20 after completing a predetermined number of batches of a cutting process; and
adjusting a relative position between the cutting blade 24 and the end surface Wa of the
laminated body W which is subjected to the cutting process in a subsequent batch based
on the predetermined parameter, before beginning the cutting process of the subsequent
batch.

[0068]

The controlling device 7 according to the present embodiment, based on the
predetermined parameter indicating an overheated condition of the cutting unit 20 after
completing the predetermined number of batches of the cutting process, controls for
adjusting a relative position between the cutting blade 24 and the end surface Wa of the
laminated body W which is subjected to the cutting process in a subsequent batch, before
beginning the cutting process of the subsequent batch, such that external dimensions of
the laminated body W, which are to be obtained by the cutting process of the subsequent
batch, would not be beyond the required allowance defined by the product specification.

[0069]-

Here, the predetermined number of batches of the cutting process is once or
more, preferably once or more and 100 times or less, more preferably once or more and
50 times or less, further preferably once or more and 20 times or less.

The predetermined parameter indicating the overheated condition of the cutting

unit 20 means a value indicating the thermal expansion amount of the rotary shaft 21
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when the rotary shaft 21 is thermally expanded due to the influence of the rotation drive
of the rotary shaft 21 or the friction between the rotary shaft 21 and the bearings 25.

[0070]

In the present embodiment, the thermal expansion amount of the rotary shaft 21
after the cutting is measured as the predetermined parameter.

[0071]

FIG. 8 is a perspective view illustrating a dimension sensor 30.

FIG. 9 is a schematic diagram illustrating an arrangement relationship between
the dimension sensor 30 and the cutting unit 20.

In FIG. 9, for convenience, the rotary shaft 21 and the support 23 which
configure the cutting unit 20 are not illustrated, but the rotating body 22 and the cutting
blade 24 are illustrated.

[0072]

As iliustrated in FIG. §, in the present embodiment, the thermal expansion
amount of the rotary shaft 21 after the cutting is measured using the dimension sensor 30.
For example, as the dimension sensor 30, it is possible to use a non-contact type
dimension measuring instrument.

[0073]

As illustrated in FIG. 9, a hole 26h passing through the cover 26 is formed at a
portion of the cover 26. The hole 26h is arranged opposing an opposite side surface
(hereinafter, in some cases, referred to as a rear surface of the rotating body 22) to the
side where the g_:'utting blade 24 of the rotating body 22 1s disposed.

[0074]

The dimension sensor 30 and a laser light emitting surface 30a are arranged at a

position overlapped with the hole 26h when viewed from the normal direction of the rear
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surface of the rotating body 22. The laser light is emitted from the laser light eﬁiﬁing
surface 30a toward the rear surface of the rotating body 22. The dimension sensor 30
measures a returning distance of the laser light between the laser light emitting surface
30a and the rear surface of the rotating body 22. In this manner, the thermal expansion
amount of the rotary shaft 21 after the cutting is measured as a displacement amount in
the direction V{ of the rotating body 22.

[0075]

The controlling device 7, based on the measurement result of the dimension
sensor 30, controls the first position adjusting device 5 and the second position adjusting
device 6, and causes the first processing device 2 and the second processing device 3 to
respectively move in the direction Vf.

[0076]

The cutting method according to the present embodiment includes measuring,
after completing a predetermined number of batches of a cutting process, the
displacement amount in the direction Vf of the rotating body 22 as the thermal expansion
amount of the rotary shaft 21 after the cutting process using the dimension sensor 30, and
adjusting the relative position between, in the direction Vf, the cutting blade 24 and the
end surface Wa of the laminated body W which is subjected to the cutting process in the
subsequent batch using the controlling device 7, before beginning the cutting process of
the subsequent batch, such that external dimensions of the laminated body W, which are
to be obtained by the cutting process of the subsequent batch, would not be beyond the
allowance defined by product specification.

[0077]

Herein, a relation between the number of batches and the deviated amount from

the reference value of the external dimensions of the laminated body W will be described
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with reference to FIGS. 10 to 12.

FIG. 10 is a view illustrating variations in the external dimensions of the
laminated body W in the long-side direction of the optical member F according to a
comparative example.

FIG. 11 is a view illustrating variations in the external dimensions of the
laminated body W in the long-side direction of the optical member F according to the
present embodiment.

FIG. 12 is a view illustrating variations in the external dimensions of the
laminated body in the short-side direction of the optical member F according to the
present embodiment.

In FIGS. 10 to 12, the horizontal axis represents the number of batches [Nos.].
The vertical axis represents a deviated amount [mm] from a reference value of the
external dimensions of the laminated body W. “The maximum value” represents the
largest value out of variations in the deviated amount during one batch, “the minimum
value” represents the smallest value out of the variations in the deviated amount during
one batch, and “the average value” represents a value obtained by averaging the
variations in the deviated amount during one batch. In the comparative example, the
relative position between the end surface Wa and the cutting blade 24 in the direction VI
is not adjusted.

[0078]

In the comparative example, as illustrated in FIG. 10, cutting the end surfaces
Wa of the laminated body W causes the number of batches to be increased and
consequently increases the deviated amount from the reference value of the external
dimensions of the laminated body W. Therefore, if the number of batches remains to be

increased as it is, a variation width in the external dimensions of the polarizing plate
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during the cutting is beyond the management range of the product standards (for example,
+0.05 mm). InFIG 10, it will be appreciated that the variation width in the external
dimensions of the polarizing plate during the cutting is beyond the management range
(for example, + 0.05 mm) of the product standards if the number of batches is four or
more.

[0079]

In contrast, the present embodiment includes measuring, after completing the
predetermined number of batches of the cutting process, the displacement amount in the
direction Vf of the rotating body 22 as the thermal expansion amount of the rotary shaft
21 after the cutting, and adjusting the relative position between, in the direction Vf, the
cutting blade 24 and the end surface Wa of the laminated body W which i1s subjected to
the cutting process in the subsequent batch, before beginning the cutting process of the
subsequent batch, such that external dimensions of the laminated body W, which are .to
be obtained by the cutting process of the subsequent batch, would not be beyond the
pre-specified allowance (for example, + 0.05 mm) defined by the product specification.

[0080]

In FIG. 11, for every one batch of the cutting process of the end surface Wa of
the laminated body W the setting position of the cutting unit 20 is moved to a direction
where the deviated amount is offset and thereby the required dimensions are materialized
such that the deviated amount from the reference value of the external dimensions of the
laminated body W in the long-side direction of the optical member F would not be
beyond the required allowance range.

[0081]

In FIG: 12, for every one batch of the cutting process of the end surface Wa of

the laminated body W the setting position of the cutting unit 20 is moved to a direction
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where the deviated amount is offset and thereby the required dimensions are
materiallized such that the deviated amount from the reference value of the external
dimensions of the laminated body W in the short-side direction of the optica‘l member F
would not be beyond the required allowance range.

[0082]

According to the present embodiment described above, if the setting position of
the cutting unit 20 is moved at a predetermined timing, it is possible to obtain the optical
member F satisfying the required dimensions.

[0083]

In addition, the displacement amount in the direction V{f of the rotating body 22
is measured as the thermal expansion amount of the rotary shaft 21 after the cutting,
using the dimension sensor 30. Therefore, it is possible to accurately obtain an moving
amount required for the cutting unit 20.

[0084]

In the present embodiment, an example where the moving device 4 moves the
laminated body W in the direction V in parallel to the longitudinal direction of the end
surface Wa of the l@inated body W with respect to the cutting unit 20 has been
described, but the embodiment is not limited thereto. The moving device may move the
cutting unit in the direction in parallel to the longitudinal direction of the end surface of
the laminated body with respect to the end surface of the laminated body. That is, the
moving device may be configured to relatively move the cutting unit in the direction in
parallel to the longitudinal direction of the end surface of the laminated body with respect
to the end surface of the laminated body.

[0085]

(Second Embodiment)
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Subsequently, a cutting method according to a second embodiment will be
described.

In the present embodiment, a temperature around the rotary shaft 21 after cutting
is measured as a pfedetermined parameter, and based on data of the thermal expansion
amount of the rotary shaft 21, 4which corresponds to the measured temperature, a relative
position is adjusted between the end surface Wa of the laminated body W which is
subjected to the cutting process in the subsequent batch and the cutting blade 24.

[0086]

FIG. 13 is a perspective view illustrating a temperature sensor 31 used in the
cutting method of the present embodiment.

In FIG. 13, the same reference numerals are given to the configuration elements
common to the first embodiment, and the detailed description thereof will not be
repeated.

[0087]

As illustrated in FIG. 13, the temperature sensor 31 is a non-contact type
temperature sensor and is arranged close to the cover 26. The temperature sensor 31
measures the temperature of the cover 26 as the temperature around the rotary shaft 21
after the cutting.  As the temperature sensor 31, a contact type temperature sensor may
be used.

[0088]

As described above, the rotary shaft 21 and the cover 26 are capable of heat
conduction via the bearings 25 (refer to FIG. 3). For exémple, a temperature table
indicating a relationship between the temperature of the cover 26 and the temperature of
the rotary shaft 21 is set in advance to measure the temperature of the cover 26 using the

temperature sensor 31.  This enables the temperature of the rotary shaft 21 td be
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indirectly measured.

[0089]

In addition, setting a thermal expansion table indicating the relationship between
the temperature of the cover 26 and the thermal expansion amount of the rotary shaft 21
in advance can obtain the thermal expansion amount of the rotary shaft 21 after the
cutting. That is, measuring the temperature of the cover 26 using the temperature
sensor 31 enables the thermal expansion amount of the rotary shaft 21 to be indirectly
measured after the cutting.

[0090]

FIG. 14 is a view illustrating a preparation method of the thermal expansion
table indicating the relationship between the temperature of the cover 26 and the thermal
expansion amount of the rotary shaft 21.

[0091]

For example, as illustrated in FIG. 14, the preparation method of the thermal
expansion table can be prepared by setting the temperature of the cover 26 to a
predetermined range and by measuring a displacement amount L in the direction Vf of
the rotating body 22 as the thermal expansion amount of the rotary shaft 21 after the
cutting, in the temperature within the predetermined range. When measuring the
displacement amount L, for example, a measuring instrument made by Mitutoyo
Corporation, that is, a “Digimatic Indicator” type ID-C1012X may be used.

[0092]

The controlling device 7, based on the data of the thermal expansion amount of
the rotary shaft 21 corresponding to the measurement result of the temperature sensor 31,
controls the first position adjusting device 5 and the second position adjusting device 6,

and causes the first processing device 2 and the second processing device 3 to
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respectively move in the direction Vf.

[0093]

In the cutting method according to the present embodiment, after completing the
predetermined number of batches of the cutting process, the temperature of the cover 26
is measured as th¢ temperature arbund the _ri)tary shaft 21 after the cutting, using the
temperature sensor 31; and based on the data of the displacement amount L in the
direction VT of the rotating body 22 as the thermal expansion amount of the rotary shaft
21 corresponding to the measured temperature, the relative position between, in the
direction Vf, the cutting blade 24 and the end surface Wa of the laminated body W which
is subjected to the cutting process in the subsequent batch is adjusted using the
controlling device 7, before beginning the cutting process of the subsequent batch, such
that external dimensions of the laminated body W, which are to be obtained by the
cutting process of the subsequent batch, would not be beyond the allowance defined by
the product specification.

[0094]

Herein, a relation between the number of batches and the deviated amount from
the reference value of the external dimensions of the laminated body W will be described
with reference to FIGS. 15 and 16.

FIG. 15 1s a view illustrating variations in the external dimensions of the
laminated body W in the long-side direction of the optical member F according to the
present embodiment.

FIG l61sa vieW illustrating variations in the external dimensions of the
laminated body W in the short-side direction of the optical member F according to the
present embodiment.

In FIGS. 15 and 16, the horizontal axis represents the number of batches [Nos.].
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The vertical axis represents a deviated amount [mm] from a reference value of the
external dimensions of the laminated body W. “The maximum value” represents the
largest value out of variations in the deviated amount during one batch, “the minimum
value” represents the smallest value out of the variations in the deviated amount during
one batch, and “the average value” represents a value obtained by averaging the
variations in the deviated amount during one batch.

[0095]

In the present embodiment, after completing the predetermined number of
batches of the cutting process, the temperature of the cover 26 1s measured as the
temperature around the rotary shaft 21 after the cutting; and based on the data of the
displacement amount L in the direction VT of the rotating body 22 as the thermal
expansion amount of the rotary shaft 21 corresponding to the measured temperature, the
relative position between, in the direction VT, the cutting blade 24 and the end surface Wa
of the laminated body W which is subjected to the cutting process in the subsequent
batch is adjusted, before beginning the cutting process of the subsequent batch, such that
external dimensions of the laminated body W, which are to be obtained by the cutting
process of the subsequent batch, would not be beyond the required allowance (for
example £ 0.05 mm) defined by the product specification.

[0096]

In FIG. 15, for every one batch of the cutting process of the end surface Wa of
the laminated body W the setting position of the cutting unit 20 is moved to a direction
where the deviatgd amount is offset and thereby the required dimensions are materialized
such that the deviated amount from the reference value of the external dimensions of the
laminated body W in the long-side direction of the optical member F would not be

beyond the required allowance range.
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[0097]

In FIG. 16, for every one batch of the cutting process of the end surface Wa of
the laminated body W the setting position of the cutting unit 20 is moved to a direction
where the deviated amount is offset and thereby the required dimensions are materialized

5  such that the deviated amount from the reference value of the external dimensions of the
laminated body W in the short-side direction of the optical member F would not be
beyond the required allowance range.

[0098]

Even in the present embodiment, if the setting position of the cutting unit 20 is

10 moved at a predetermined timing, it is possible to obtain the optical member F satisfying
the required dimensions.

[0099]

In addition, according to the present embodiment, the temperature of the cover
26 is measured as the temperature around the rotary shaft 21 after the cutting, using the

15  temperature sensor 31, and the displacement amount L in the direction V1 of the rotating
body 22 is obtained as the thermal expansion amount of the rotary shaft 21, which
corresponds to the measured temperature. Therefore, it is possible to accurately obtain
an moving amount required for the cutting unit 20.

[0100]

20 (Third Embodiment)

Subsequently, a cutting method according to a third embodiment will be
described.

The cutting method according to the present embodiment is a cutting method for
the end surface Wa of the laminated body W, which includes providing the cutting unit 20

25 ha{fing the rotary shaft 21 extending along the normal direction of the end surface Wa of
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the laminated body W and having the cutting blade 24 protruding toward the end surface
Wa side of the laminated body W; rotating the cutting blade 24 around the rotary shaft
21; and cutting the end surface Wa of the laminated body W by bringing the rotating
cutting blade 24 into contact with the end surface Wa of the laminated body W; wherein
the rotary shaft 21 is cooled in order for the rotary shaft 21 not to be thermally expanded.

[[0101]

The controlling device 7 according to the present embodiment performs a
control where the rotary shaft 21 is cooled in order for the rotary shaft 21 not to be
thermally expanded, such that the external dimensions of the laminated body W would
not be beyond the required allowance defined by the product specification.

[0102]

In the present embodiment, the cooling is performed by an external cooling be
means of a coolant.  Specifically, the cooling is performed by winding a cooling unit 32
circulating the coolant around the cover 26.

[0103]

The cooling unit 32 capable of circulating the coolant to the cover 26 is wound

around the cover 26. The controlling device 7, as a method of the cooling, performs a

_ control for circulating the coolant to the cooling unit 32.

[0104]

FIG 17isa perspgctive view illustrating the cooling unit 32 used in the cutting
method of the present embodiment.

In FIG. 17, the same reference numerals are given to the configuration elements
common to the first embodiment, and the detailed description thereof will not be
repeated.

[0105]
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Examples of the coolant includes a cooling water.

As illustrated in FIG. 17, the cooling unit 32 is arranged in contact with the
cover 26. For example, the cooling unit 32 is a hose circulating the cooling water.

[0106]

5 As described above, the rotary shaft 21 and the cover 26 are capable of heat
conduction via the bearings 25 (refer to FIG. 3). For example, a temperature table
indicating a relationship between the temperature of the cooling water and the
temperature of the rotary shaft 21 is set in advance to set the temperature of the cooling
water to a temperature which does not allow the rotary shaft 21 to be thermally expanded

10 in excess, and the cooling unit 32 is wound around the cover 26. This enables the rotary
shaft 21 to be indirectly cooled via the cover 26 and the bearings 25.
[0107]
According to the present embodiment, the cooling unit 32 cools the cover 26 in
order for the rotary 21 not to be thermally expanded and the rotary shaft 21 is indirectly
15  cooled. Therefore, it is possible to obtain the optical member F satisfying the required
dimensions. |
[0108]
(Fourth Embodiment)
Subsequently, a cutting method according to a fourth embodiment will be
20 described.
In the above-described third embodiment, the cooling is performed by winding
the cooling unit 32 circulating the coolant around the cover 26.
In contrast, in the present embodiment, the cooling is performed by blowing
cooling air to the cover 26 using an air-cooling unit (in the example a blower 33).

25 [0109]
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The blower 33 capable of blowing the cooling air to the cover 26 is disposed at
the cover 26. The controlling device 7, as the cooling, performs a control for causing
the blower 33 to blow the cooling air.

[0110]

5 FIG. 18 is a perspective view illustrating the blower 33 used in the cutting
method of the present embodiment.

In FIG. 18, the same reference numerals are given to the configuration elements
common to the first embodiment, and the detailed description thereof will not be
repeated.

10 [0111]

As illustrated in FIG. 18, an outlet of the blower 33 for the cooling air is
arranged opposing the rotary shaft 21.

[0112]

As described above, the rotary shaft 21 and the cover 26 are capable of heat

15  conduction via the bearings 25 (refer to FIG. 3). For example, a temperature table
indicating a relationship between the temperature of the cooling air and the temperature
of the rotary shaft 21 is set in advance to set the temperature of the cooling air to a
temperature which does not allow the rotary shaft 21 to be thermally expanded in excess,
and the blower 33 is used to blow the cooling air to the cover 26.  This enables the

20  rotary shaft 21 to be indirectly cooled.

[0113]

According to the present embodiment, the blower 33 cools the cover 26 using
the cooling air in order for the rotary 21 not to be thermally expanded and the rotary shaft
21 is indirectly cooled. Therefore, it is possible to obtain the optical member F

25  satisfying the required dimensions.
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[0114]

In the third and fourth embodiments, cooling by the cooling unit 32 and cooling
by the blower 33 are respectively described as an example of the cooling, but the cooling
is not limited thereto. In addition, an example of indirectly cooling the rotary shaft 21
has been described as the cooling, but the rotary shaft 21 may be directly cooled.

[0115]

In addition, the cooling may be performed in combination with the cooling by
the cooling unit 32 and the cooling by the blower 33.

[0116]

(Fifth Embodiment)

Subsequently, a cutting method according to a fifth embodiment will be
described.

The cutting method according to the present embodiment is a cutting method to
cut the end surface Wa of the laminated body W, which includes providing the cutting
unit 20 having the rotary shaft 21 extending along the normal direction of the end surface
Wa of the laminated body W and having the cutting blade 24 protruding toward the end
surface Wa side of the laminated body W; rotating the cutting blade 24 around the rotary
shaft 21; and cutting the end surface Wa of the laminated body W by bringing the
rotating cutting blade 24 into contact with the end surface Wa of the laminated body W;
wherein the rotary shaft 21 has been heated in advance up to a saturated condition where
the thermal expénsion of the rotary shaft 21 no longer occurs.

[0117]

The controlling device 7 according to the present embodiment performs a
control wehre the rotary shaft 21 has been heated in advance up to the saturated condition

where the thermal expansion of the rotary shaft 21 no longer occurs, such that the
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external dimensions of the laminated body W would not be beyond the required
allowance defined by the product specification.

[0118]

In the present embodiment, the heating is performed by allowing an idling
rotation of the rotary shaft 21 before performing the cutting process of the laminated
body W.

[0119]

The controlling device 7, as the heating, performs a control for allowing the
idling rotation of the rotary shaft 21 before performing the cutting process of the
laminated body W.

[0120]

For example, a thermal expansion table indicating a relationship between the
number of rotations (rotating time) of the rotary shaft 21 and the temperature allowing
the saturated condition where the thermal expansion of the rotary shaft 21 no longer
occurs is set in advance. As illustrated in FIG. 1, before the moving device 4 moves the
laminated body W to the cutting unit 20 in the direction V, the idling rotation of the
rotary shaft 21 may be allowed in advance until the saturated condition where the thermal
expansion of the rotary shaft 21 no longer occurs.

[0121]

According to the present embodiment, the idling rotation of the rotary shaft 21 is
allowed until the saturated condition where the thermal expansion of the rotary shaft 21
no longer occurs. Therefore, it is possible to eliminate the influence due to the thermal
expansion of the rotary shaft 21 with respect to the phenomenon where the external
dimensions of the optical member are gradually decreased. Consequently, it is possible

to obtain the optical member F satisfying the required dimensions.
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[0122]

In the present embodiment, the idling rotation of the rotary shaft 21 before
performing the cutting process of the laminated body W has been described as the

heating by way of example, the heating is not limited thereto. For example, the heating

wn

may be performed using various methods such as heating the rotary shaft 21 using a
heater and the like before performing the cutting process of the laminated body W.  In
addition, the rotary shaft 21 may be directly heated or indirectly heated as the heating.

[0123]

In addition, in the above-described embodiments, the example of controlling the
10  configuration elements of the cutting apparatus 1 using the controlling device 7 has been

described by way of example, but the method is not limited thereto. For example, a
cutting method may be adopted where workers use the cutting apparatus 1.
[0124]
Each of the above-described embodiments are explained by example in which
15  the rotary shaft 21 extends along a normal direction of the end surface Wa (refer to FIG.
1) of the laminated body W, but are not limited thereto. For example, the rotary shaft 21
may tilt obliquely against the end surface Wa of the laminated body W.  That is, it can
be configured to cut obliquely the end surface Wa of the laminated body W by the cutting
blade 24.
20 [0125]

Hitherto, preferred embodiments according to the present embodiments have
been described with reference to the accompanying drawings, but the present invention
of course is not limited to the embodiments. The various shapes or combinations of the
respective configuration members illustrated in the above-described embodiments are

25  merely an example, and may be diversely modified depending on the design
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requirements within the scope without departing from the gist of the present invention.

Reference Signs List
[0126]
1 Cutting Apparatus
2 First Processing Device (Processing Device)
3 Second Processing Device (Processing Device)
7  Controlling Device
20  Cutting unit
21  Rotary Shaft
24  Cutting Blade
25  Bearings
26 Cover
32 Cooling unit
33 Air cooling unit (Blower)
W Laminated Body (Object)

Wa  End Surface of Laminated Body (End Surface of Object)
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CLAIMS

1. A cutting method to cut an end surface of a workpiece, the method
comprising;
5 providing a cutting unit having a rotary shaft and a cutting blade protruding
toward the end surface side of the workpiece;
rotating the cutting blade around the rotary shatft;
cutting the end surface of the workpiece by bringing the rotating cutting blade
into contact with the end surface of the workpiece;

10 measuring a predetermined parameter indicating an overheated condition of the
cutting unit after completing a predetermined number of batches of a cutting process of;
and

~ adjusting a relative position between the cutting blade and an end surface of a
workpiece to be cut in a subsequent batch, before beginning the cutting process of the

15  subsequent batch.

2. The cutting method according to claim 1, wherein a relative position
between the cutting blade and an end surface of a workpiece to be cut in a subsequent
batch is adjusted such that external dimensions of the workpiece, which are to be

20  obtained by the cutting process of the subsequent batch, would not be beyond a required

allowance.

3. The cutting method according to claim 1 or 2, wherein a thermal expansion
amount of the rotary shaft after cutting is measured as the predetermined parameter.

25
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4. The cutting method according to claim 1 or 2, wherein a temperature around
the rotary shaft after cutting is measured as the predetermined parameter; and
the adjusting is performed based on data of a thermal expansion amount of the

rotary shaft corresponding to the measured temperature.

5. The cutting method according to claim 4,
wherein the rotary shaft is rotatably supported by bearings, and both the rotary
shaft and the bearings are covered with a cover,
wherein the rotary shaft and the cover are capable of heat conduction via the
10 bearing, and
wherein a temperature of the cover is measured as the temperature around the

rotary shaft.

6. A cutting method to set an end surface of a workpiece, the method
15  comprising:

providing a cutting unit having a rotary shaft and a cutting blade protruding

toward the end surface side of the workpiece;

rotating the cutting blade around the rotary shaft; and

cutting the end surface of the workpiece by bringing the rotating cutting blade
20  into contact with the end surface of the workpiece;

wherein the rotary shaft is cooled in order for the rotary shaft not to be thermally

expanded.

7. The cutting method according to claim 6, wherein the rotary shaft is cooled

25 in order for the rotary shaft not to be thermally expanded, such that external dimensions
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of the workpiece would not be beyond a required allowance.

8. The cutting method according to claim 6 or 7,
wherein the rotary shaft is rotatably supported by bearings, and both the rotary
5  shaft and the bearings are covered with a cover,
wherein the rotary shaft and the cover are capable of heat conduction via the
bearing, and
wherein the cooling is performed by an external cooling of the cover by means
of a coolant..
10
9. The cutting method according to claim 6 or 7,
wherein the rotary shaft is rotatably supported by bearings, and both the rotary
shaft and the bearings are covered with a cover,
wherein the rotary shaft and the cover are capable of heat conduction via the
15  bearing, and
wherein the cooling is performed by blowing cooling air onto the cover using an

air-cooling unit.

10. A cutting method to cut an end surface of a workpiece, the method
20  comprising;
providing a cutting unit having a rotary shaft and a cutting blade protruding
toward the end surface side of the workpiece;
rotating the cutting blade around the rotary shaft; and
cutting the end surface of the workpiece by bringing the rotating cutting blade

25  into contact with the end surface of the workpiece;
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wherein the rotary shaft has been heated in advance up to a saturated condition

where thermal expansion of the rotary shaft no longer occurs.

11. The cutting method according to claim 10, wherein the rotary shaft has
5  been heated in advance up to a saturated condition where thermal expansion of the rotary
shaft no longer occurs, such that external dimensions of the workpiece would not be

beyond a required allowance.

12.  The cutting method according to claim 10 or 11,
10 wherein the heating is performed by allowing an idling rotation of the rotary

shaft before performing a cutting process of the workpiece.

13. A cutting apparatus to cut an end surface of a workpiece, comprising;:
a processing device comprising a cutting unit having a rotary shaft and a cutting
15  blade protruding toward the end surface side of the workpiece, wherein the cutting blade
is rotatable around the rotary shaft and the end surface of the workpiece is cuttable by
bringing the rotating cutting blade into contact with the end surface of the workpiece; and
a controlling device that controls adjusting a relative position between the
cutting blade and an end surface of a workpiece to be cut in a subsequent batch, before
20  beginning a cutting process of the subsequent batch, based on a predetermined parameter
indicating an overheated condition of the cutting unit, after completing a predetermined

number of batches of the cutting process.

14. The cutting apparatus according to claim 13, wherein the controlling

25 device controls adjusting the relative position between the cutting blade and an end
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surface of a workpiece to be cut in a subsequent batch, such that external dimensions of
the workpiece to be obtained by the cutting process of the subsequent batch would not be

beyond a required allowance.

5 : 15. The cutting apparatus according to claim 13 or 14, further comprising:
a dimension sensor which measures a thermal expansion amount of the rotary

shaft after cutting as the predetermined parameter.

16. The cutting apparatus according to claim 13 or 14, further comprising:
10 a temperature sensor which measures a temperature around the rotary shaft after
cutting as the predetermined parameter,
wherein the controlling device performs the adjustment based on data of a
thermal expansion amount of the rotary shaft corresponding to a measurement result of
the temperature sensor.
15
17. The cutting ap‘paratus according to claim 16, further comprising:
bearings rotatably supporting the rotary shaft and a cover covering both the
rotary shaft and the bearings,
wherein the rotary shaft and the cover are capable of heat conduction via the
20  bearing, and
wherein the temperature sensor measures a temperature of the cover as the

temperature around the rotary shaft.

18. A cutting apparatus to cut an end surface of a workpiece, comprising:

25 a processing device comprising a cutting unit having a rotary shaft and a cutting
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blade protruding toward the end surface side of the workpiece, wherein the cutting blade

is rotatable around the rotary shaft and the end surface of the workpiece is cuttable by

bringing the rotating cutting blade into contact with the end surface of the workpiece; and
a controlling device that performs a control where the rotary shaft is cooled in

5  order for the rotary shaft not to be thermally expanded.

19. The cutting apparatus according to claim 18, wherein the controlling
device performs the control where the rotary shaft is cooled in order for the rotary shaft
not to be thermally expanded, such that external dimensions of the workpiece would not

10 be beyond a required allowance.

20. The cutting apparatus according to claim 18 or 19, further comprising:
bearings rotatably supporting the rotary shaft,
a cover covering both of the rotary shaft and the bearings, and
15 a cooling unit capable of external cooling of the cover by means of a coolant;
wherein the rotary shaft and the cover are capable of heat conduction via the
bearing, and
wherein the controlling device controls the cooling unit performing the external
cooling of the cover.
20
21. The cutting apparatus according to claim 18 or 19, further comprising:
bearings rotatably supporting the rotary shaft,
a cover covering both of the rotary shaft and the bearings, and
an air-cooling unit capable of blowing cooling air onto the cover;

25 wherein the rotary shaft and the cover are capable of heat conduction via the
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bearing, and

wherein the controlling device controls the air-cooling unit of blowing the

cooling air onto the cover.

5 22. A cutting apparatus to cut an end surface of a workpiece, comprising:

a processing device comprising a cutting unit having a rotary shaft and a cutting
blade protruding toward the end surface side of the workpiece, wherein the cutting blade
is rotatable around the rotary shaft and the end surface of the workpiece is cuttable by
bringing the rotating cutting blade into contact with the end surface of the workpiece; and

10 a controlling device that performs a control where the rotary shaft has been
heated in advance up to a saturated condition where thermal expansion of the rotary shaft

no longer occurs.

23. The cutting apparatus according to claim 22, wherein the controlling
15  device performs a control where the rotary shaft has been heated in advance up to a
saturated condition where thermal expansion of the rotary shaft no longer occurs, such

that external dimensions of the workpiece would not be beyond a required allowance.

24. The cutting apparatus according to claim 22 or 23,
20 wherein the controlling device performs a control for allowing an idling rotation

of the rotary shaft before performing a cutting process of the workpiece, as the heating.
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