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(54) GLASS ROLL

(57) Provided is a glass roll utilizing a flanged roll
core, and reliably inhibiting a glass film from breaking
from an end portion in a width direction thereof as an
origin of breakage. A glass roll (1) is formed by winding
a glass film (4) and a cushion sheet (5), under a state of
being superposed, around a roll core (3) including a

flange (2) at each end portion thereof, in which an end
portion in a width direction of the glass film (4) is sepa-
rated from the flange (2) on each side in the width direc-
tion of the glass film (4), and the cushion sheet (5) is
extended beyond the end portion in the width direction
of the glass film (4) to the flange (2) side, to thereby form
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Description

Technical Field

[0001] The present invention relates to an improved
technology for a package form for a glass film which is
used as a glass substrate for a flat panel display and a
solar cell, and used as cover glass or the like for an or-
ganic light-emitting diode (OLED) lighting.

Background Art

[0002] As is well known in the art, in recent years, there
is a demand for further thinning of various glass plates
including glass substrates for a flat panel display, such
as a liquid crystal display, a plasma display, an organic
light-emitting diode (OLED) display, or a field emission
display. Along with the demand for the further thinning,
as disclosed, for example, in Patent Literature 1, a film-
like sheet glass having a thickness of 200 Pm or less has
been developed.
[0003] Further, as disclosed, for example, in Patent
Literature 2, as a package form for the above-mentioned
sheet glass thinned into a film (hereinafter, referred to as
glass film), there is adopted a glass roll formed by winding
the glass film into a roll around a roll core while the glass
film is superposed on an intermediate layer. The package
form utilizes a characteristic that the glass film has suf-
ficient flexibility due to its thinness.
[0004] On the other hand, the glass film has a short-
coming that the glass film is likely to break due to its
thinness. Therefore, as disclosed in Patent Literature 2,
even in a case of adopting the glass roll as a package
form for a glass film, there is a problem that remains to
be solved.
[0005] The problem is as follows. That is, when the
glass roll is placed on a placed surface such as a pallet
while the roll core is arranged in a laid posture, i.e., a
substantially horizontal posture, the glass film is held in
contact with the placed surface through the intermediate
layer, and hence concentration of stress occurs on the
contact portion of the glass film. Consequently, the glass
film easily breaks.
[0006] In this context, in order to cope with the above-
mentioned problem, a package form for a pressure meas-
uring sheet disclosed in Patent Literature 3 may be ap-
plicable, though Patent Literature 3 does not relate to the
glass film. That is, Patent Literature 3 discloses a pack-
age form, in which a flange larger in size than an outer
diameter of the wound pressure measuring sheet is pro-
vided at each end of a roll core around which the pressure
measuring sheet is wound, and the pressure measuring
sheet is separated from the placed surface.

Citation List

Patent Literature

[0007]

Patent Literature 1: JP 2008-133174 A
Patent Literature 2: JP 2002-534305 A
Patent Literature 3: JP 2009-173307 A

Summary of Invention

Technical Problem

[0008] By the way, as disclosed in Patent Literature 3,
if the flange is provided at each end portion of the roll
core, in a case where the glass roll is placed on the placed
surface such as a pallet, the flange receives the load,
and hence it is possible to prevent such a situation that
extreme load acts on the contact portion of the glass film.
[0009] Meanwhile, unlike the pressure measuring
sheet, the glass film is a material that is likely to break.
That is, in a case of the pressure measuring sheet, it is
only necessary to consider preventing breakage of a mi-
cro-capsule for pressure measurement formed on a sur-
face of the sheet. However, in a case of the glass film, it
is necessary to consider preventing breakage of not only
the surface of the film but also an end portion of the film
constituting an edge portion. In particular, each end por-
tion in a width direction of the glass film is sometimes
exposed to an outside in a state of the glass roll, and
hence is likely to serve as an origin of breakage. Thus,
it is necessary to take some kind of measures to prevent
breakage.
[0010] However, the package form disclosed in Patent
Literature 3 is not made in consideration of packaging
the glass film, and hence a configuration for preventing
breakage of the each end portion in the width direction
of the glass film is not described. Further, the package
form disclosed in Patent Literature 3 is originally targeted
for the pressure measuring sheet, and hence there is not
the problem described above in Patent Literature 3. In
other words, in the case of the pressure measuring sheet,
breakage of the micro-capsule is concerned, and hence
breakage of each end portion in the width direction of the
sheet, which has no micro-capsule, is not substantially
concerned.
[0011] Note that, in Patent Literature 3, in order to pre-
vent breakage of the micro-capsule, there is disclosed a
configuration of providing a gap between the flange and
the end portion in the width direction of the pressure
measuring sheet. However, like this configuration, if the
gap is simply provided between the flange and the end
portion in the width direction of the glass film, it is impos-
sible to satisfactorily prevent breakage of the end portion
in the width direction of the glass film. That is, due to
vibration and impact during transportation, the glass film
is misaligned in an axial direction of the roll core in some

1 2 



EP 2 336 049 A1

4

5

10

15

20

25

30

35

40

45

50

55

cases. In this case, the end portion in the width direction
of the glass film may come into direct contact with the
flange, to thereby break.
[0012] In view of the above-mentioned circumstances,
it is a technical object of the present invention to provide
a glass roll utilizing a flanged roll core, and reliably inhib-
iting a glass film from breaking from an end portion in a
width direction thereof as an origin of breakage.

Solution to Problem

[0013] The present invention, which has been made
to solve the above-mentioned problem, provides a glass
roll, which is formed by winding a glass film and a cushion
sheet, under a state of being superposed, around a roll
core including a flange at each end portion of the roll
core, in which an end portion in a width direction of the
glass film is separated from the flange on each side in
the width direction of the glass film, and cushioning
means is arranged between the flange and the end por-
tion in the width direction of the glass film.
[0014] With this configuration, the end portion in the
width direction of the glass film is separated from the
flange, and hence it is possible to reduce a risk in that
the end portion in the width direction of the glass film
comes into contact with the flange. In addition, even if
the glass film wound into a roll is misaligned due to vi-
bration, impact, and the like during transportation, the
cushioning means is arranged between the end portion
in the width direction of the glass film and the flange, and
hence there is no such situation that the end portion in
the width direction of the glass film comes into direct con-
tact with the flange. Therefore, it is possible to reliably
inhibit the glass film from breaking from the end portion
in the width direction thereof as an origin of breakage.
[0015] In the above-mentioned configuration, the
cushion sheet may be extended beyond the end portion
in the width direction of the glass film, and the cushioning
means may include an extension portion of the cushion
sheet.
[0016] With this configuration, the cushion sheet is ca-
pable of protecting not only front and back surfaces of
the glass film but also each end portion in the width di-
rection of the glass film, which is convenient.
[0017] In the above-mentioned configuration, the ex-
tension portion of the cushion sheet may be out of contact
with the flange.
[0018] With this configuration, when winding or taking
out the glass film, such a trouble is less likely to arise that
the extension portion of the cushion sheet is caught on
the flange. Thus, even in a state in which the flange is
attached, it is possible to smoothly proceed a winding
operation and a taking-out operation of the glass film.
[0019] In the above-mentioned configuration, the ex-
tension portion of the cushion sheet may be held in con-
tact with the flange.
[0020] With this configuration, the extension portion of
the cushion sheet reliably fills a gap between the flange

and the end portion in the width direction of the glass
film, and hence, even if vibration and impact are applied
to the glass roll during transportation, the glass film is
less likely to be misaligned.
[0021] Note that, in this case, it is preferred that an
extension width of the cushion sheet be larger than a
width of the gap between the flange and the end portion
in the width direction of the glass film. With this, the cush-
ion sheet is fills in the gap between the flange and the
end portion in the width direction of the glass film while
being bent, and hence it is possible to obtain a higher
cushioning effect.
[0022] In the above-mentioned configuration, the
cushioning means may include an another cushion mem-
ber provided separately from the cushion sheet.
[0023] With this configuration, in addition to making
the cushion member of the same kind of material as that
of the cushion sheet, the cushion member can be made
of a material different from the material for the cushion
sheet, and hence there is increased a degree of freedom
in selection of usable materials for the cushion member.
In other words, a material that is less likely to be elastically
deformed can be selected for the cushion sheet, and a
material that is likely to be elastically deformed can be
selected for the cushion member. Further, after the glass
film and the cushion sheet are wound around the roll
core, it is also possible to arrange the cushion member
in the gap between the flange and the end portion in the
width direction of the glass film. Consequently, it is pos-
sible to smoothly perform the winding operation and the
taking-out operation of the glass film.
[0024] In this case, the cushion member may be held
in contact with both the flange and the end portion in the
width direction of the glass film.
[0025] With this configuration, the cushion member re-
liably fills the gap between the flange and the end portion
in the width direction of the glass film, and hence, even
if vibration and impact are applied to the glass roll during
transportation, the glass film is less likely to be mis-
aligned.
[0026] Further, the cushion member may be held in
contact with only any one of the flange and the end portion
in the width direction of the glass film.
[0027] With this configuration, a space still remains be-
tween the flange and the end portion in the width direction
of the glass film. Thus, when performing an attaching
operation of the cushion member, the winding operation
of the glass film, and the like, it is possible to ensure
satisfactory workability.
[0028] In the above-mentioned configuration, it is pre-
ferred that the each end portion in the width direction of
the glass film include a cut surface which is cut by laser
splitting.
[0029] With this configuration, a defect, which may
cause breakage such as small flaws (for example, micro
cracks), is less likely to occur on the each end portion in
the width direction of the glass film. In other words, the
cut surface has a smooth cross-section with high strength
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owing to the laser splitting, and hence, in synergy with
the above-mentioned cushioning means (such as cush-
ion sheet), it is possible to more reliably prevent the glass
film from breaking from the end portion in the width di-
rection thereof as an origin of breakage. Further, in a
case of the laser splitting, the glass film is cut utilizing
thermal stress generated by heat of laser irradiation and
through cooling by a refrigerant, and hence it is unnec-
essary to heat the glass film up to high temperature unlike
in a case of fusing. Therefore, when utilizing the laser
splitting, there is no such defect that the cut surface is
fused to be thickened or extreme warpage occurs in the
glass film due to heat at the time of cutting.

Advantageous Effects of Invention

[0030] According to the present invention described
above, in the glass roll utilizing the flanged roll core, the
flange and the end portion in the width direction of the
glass film are separated from each other, and the cush-
ioning means is arranged between the flange and the
end portion in the width direction of the glass film. Thus,
it is possible to satisfactorily protect the end portion in
the width direction of the glass film. Therefore, it is pos-
sible to reliably inhibit the glass film from breaking from
the end portion in the width direction thereof as an origin
of breakage.

Brief Description of Drawings

[0031]

[Fig. 1] A perspective view of a glass roll according
to a first embodiment of the present invention.
[Fig. 2] A perspective view of components of the
glass roll according to the first embodiment in an
exploded arrangement.
[Fig. 3] An enlarged sectional view of a main part
between a glass film and a flange in the glass roll
according to the first embodiment.
[Fig. 4] An enlarged sectional view of a main part
between the glass film and the flange in the glass
roll according to a second embodiment of the present
invention.
[Fig. 5] An enlarged sectional view of a main part
between the glass film and the flange in the glass
roll according to a third embodiment of the present
invention.
[Fig. 6] An enlarged sectional view of a main part
between the glass film and the flange in the glass
roll according to a fourth embodiment of the present
invention.
[Fig. 7] A longitudinal sectional view illustrating an
example of a manufacturing device for a glass roll
according to the present invention.
[Fig. 8] An explanatory diagram illustrating a step of
cutting (Y-cutting) each end portion in a width direc-
tion of the glass film by the manufacturing device

illustrated in Fig. 7.
[Fig. 9(a)] An explanatory diagram illustrating a step
of cutting (X-cutting) the glass film in a width direction
by the manufacturing device illustrated in Fig. 7, and
illustrating a state at an early stage of the cutting step.
[Fig. 9(b)] An explanatory diagram illustrating the
step of cutting (X-cutting) the glass film in the width
direction by the manufacturing device illustrated in
Fig. 7, and illustrating a state at a middle stage of
the cutting step.
[Fig. 9(c)] An explanatory diagram illustrating the
step of cutting (X-cutting) the glass film in the width
direction by the manufacturing device illustrated in
Fig. 7, and illustrating a state at a latter stage of the
cutting step.
[Fig. 10] A view illustrating a modified example of the
glass roll according to the present invention.
[Fig. 11] A view illustrating another modified example
of the glass roll according to the present invention.
[Fig. 12(a)] A view illustrating a modified example of
a roll core for use in the glass roll according to the
present invention.
[Fig. 12(b)] A view illustrating another modified ex-
ample of the roll core for use in the glass roll accord-
ing to the present invention.
[Fig. 13] A view illustrating still another modified ex-
ample of the roll core for use in the glass roll accord-
ing to the present invention.
[Fig. 14] A side view illustrating a processing method
for a glass roll according to the present invention.
[Fig. 15] A side view illustrating another processing
method for a glass roll according to the present in-
vention.
[Fig. 16] A view illustrating a modified example of a
cushion sheet for use in the glass roll according to
the present invention.

Description of Embodiments

[0032] In the following, embodiments of the present
invention are described with reference to the attached
drawings.
[0033] Fig. 1 is a perspective view illustrating an entire
configuration of a glass roll according to a first embodi-
ment of the present invention. A glass roll 1 is formed by
winding a glass film 4 and a cushion sheet 5, under a
state of being superposed, around a roll core 3 including
a flange 2 at each end portion thereof.
[0034] The glass film 4 is glass formed by an overflow
downdraw method to have a thickness of from 1 Pm to
200 Pm (preferably from 10 Pm to 100 Pm). With the
thickness within the above-mentioned numerical range,
it is possible to impart, to the glass film 4, appropriate
flexibility involving no trouble at the time of winding. Note
that, when the thickness of the glass film 4 is less than
1 Pm, handling of the glass film is troublesome because
of lack of strength. When the thickness of the glass film
4 exceeds 200 Pm, satisfactory flexibility is not obtained,
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which leads to a problem in that a winding radius is in-
evitably increased.
[0035] As a glass composition of the glass film 4, there
can be used various glass compositions of silicate glass
and the like, such as silica glass and borosilicate glass.
However, it is preferred to use non-alkali glass. The rea-
son is as follows. When the glass film 4 contains an alkali
component, a phenomenon, so-called white weathering,
occurs so that the glass film is structurally rough. Further,
when the glass film 4 is curved, there is a risk in that the
glass film is prone to break from a portion that is weath-
ered over time. Note that, herein, the non-alkali glass
includes glass that does not substantially contain an al-
kali component, specifically, glass containing an alkali
metal oxide of 1000 ppm or less (preferably, of 500 ppm
or less, and more preferably, of 300 ppm or less).
[0036] In order to prevent the glass film 4 from being
flawed, the cushion sheet 5 is wound while being super-
posed on the glass film 4, and is interposed between
plies of the glass film 4, which are opposed to each other
in a radial direction. Specifically, the cushion sheet 5 is
arranged so as to cover entire front and back surfaces
of the glass film 4, and protects the entire front and back
surfaces of the glass film 4. Thus, it is possible to reliably
prevent such a situation that a glass ply of the glass film
4 formed by winding the glass film 4 is held in direct con-
tact with another glass ply, to thereby be flawed. Further,
even if any one of the glass plies of the glass film 4 breaks,
the glass film 4 is interposed between plies of the cushion
sheet 5, and hence it is possible to reduce a risk in that
glass powder generated due to breakage is scattered to
another place.
[0037] In view of obtaining a satisfactory cushioning
effect, it is preferred that the thickness of the cushion
sheet 5 be 10 Pm or more. In view of preventing an ex-
treme increase in roll outer diameter of the glass roll 1,
it is preferred that the thickness of the cushion sheet 5
be 2000 Pm or less.
[0038] As the cushion sheet 5, other than an inserting
paper and a nonwoven fabric, there can be also used,
for example, an ionomer film, a polyethylene film, a poly-
propylene film, a polyvinyl chloride film, a polyvinylidene
chloride film, a polyvinyl alcohol film, a polypropylene
film, a polyester film, a polycarbonate film, a polystyrene
film, a polyacrylonitrile film, an ethylene vinyl acetate co-
polymer film, an ethylene-vinyl alcohol copolymer film,
an ethylene-methacrylate copolymer film, a nylon film
(polyamide film), a polyimide film, or a resin sheet such
as cellophane. Note that, in view of ensuring both cush-
ioning performance and strength, it is preferred that, as
the cushion sheet 5, a foamed resin sheet such as a
polyethylene foam sheet be used. Further, by dispersing
silica or the like in those resin sheets, a degree of slip on
the glass film 4 may be increased. In this case, owing to
the degree of slip, it is possible to absorb misalignment
occurring between the glass film 4 and the cushion sheet
5.
[0039] It is preferred that conductivity be imparted to

the cushion sheet 5. With this, when the glass film 4 is
taken out of the glass roll 1, the glass film 4 and the
cushion sheet 5 are less likely to be held in close contact
with each other due to static electricity, and hence there
is an advantage that the glass film 4 and the cushion
sheet 5 are easily peeled off. As a method of imparting
conductivity to the cushion sheet 5, for example, in a case
where the cushion sheet 5 is made of a resin, there can
be given a method of adding a component for imparting
the conductivity, such as polyethylene glycol, into the
cushion sheet 5. Further, in a case where the cushion
sheet 5 is made of an inserting paper, there can be also
given a method of adding conductive fiber into the insert-
ing paper. Further, it is possible to impart the conductivity
to the cushion sheet 5 also by laminating a conductive
layer, such as an indium-tin-oxide (ITO) film, on a surface
of the cushion sheet 5.
[0040] Note that, in a case of, after forming the glass
film 4 from molten glass, winding continuously the glass
film 4 thus formed, to thereby manufacture the glass roll
1 (see Fig. 7 described below), it is preferred that the
cushion sheet 5 have heat resistance high enough to
withstand transformation, for example, softening at a
temperature of about 100°C.
[0041] Although the roll core 3 has a hollow cylindrical
shape in this embodiment, the roll core may have a solid
columnar shape. [0042] The material for the roll core 3
is not particularly limited and, for example, there can be
used metals such as an aluminum alloy, a stainless steel,
a manganese steel, and a carbon steel, thermosetting
resins such as a phenolic resin, a urea resin, a melamine
resin, an unsaturated polyester resin, an epoxy resin,
polyurethane, and a diallyl terephthalate resin, thermo-
plastic resins such as polyethylene, polypropylene, pol-
ystyrene, an AS resin, an ABS resin, a methacrylate res-
in, and vinyl chloride, reinforced plastics obtained by mix-
ing those thermosetting resins or thermoplastic resins
with reinforcement fibers such as a glass fiber or a carbon
fiber, and paper. Of the above-mentioned materials, the
aluminum alloy and the reinforced plastics are preferred
in view of ensuring strength, and the paper is preferred
in view of a reduction in weight. Note that, in view of
preventing occurrence of flaws on a surface of the glass
film 4, it is preferred that the cushion sheet 5 be wound
one or more turns around the roll core 3 in advance.
[0042] An outer diameter of the flange 2 is larger than
an outer diameter of the glass film 4 wound around the
roll core 3. When the glass roll 1 is placed in a laid posture
on a placed surface such as a pallet, load of the glass
roll is supported by the flanges 2, and the glass film 4 is
positioned away from the placed surface.
[0043] As illustrated in Fig. 2, each of the flanges 2
includes a shaft portion 2a removably inserted to each
end portion of the roll core 3, and is removably attached
to the roll core 3. Therefore, when winding or taking out
the glass film 4, the flanges 2 can be removed so as not
to hinder the operation. Note that, in a case where the
flanges 2 do not hinder the operation, the flanges 2 may
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be integrated with the roll core 3.
[0044] Note that, though the flanges 2 have circular
shapes in Fig. 1 and Fig. 2, the flanges 2 may have po-
lygonal shapes. If the flanges 2 have polygonal shapes,
it is possible to prevent the glass roll 1 from rolling, which
is advantageous in facilitating handling. Further, as a ma-
terial for the flanges 2, the same kind of material for the
roll core 3 can be used. However, the flanges 2 need to
support the load of the glass roll, and hence it is preferred
that the flanges be made of a highly rigid material such
as metal.
[0045] As a specific configuration of the glass roll 1,
the following points are given. Specifically, as illustrated
in Fig. 3, firstly, an end portion in the width direction of
the glass film 4 is separated from the flange 2, and sec-
ondly, cushioning means is arranged in a gap between
the end portion in the width direction of the glass film 4
and the flange 2.
[0046] First, the first feature is realized in such a man-
ner that an axial dimension of the roll core 3 is made
longer than a widthwise dimension of the glass film 4. In
this manner, each end portion in the width direction of
the glass film 4 is separated from the flange 2 opposed
to the each end portion. Thus, it is possible to suppress
such a situation that the end portion in the width direction
of the glass film 4 is abraded due to contact with the
flange 2, or impact and vibration acting on the flange 2
are directly applied to the end portion in the width direc-
tion of the glass film 4.
[0047] The second feature is to ensure an effect of
preventing breakage of the end portion in the width di-
rection of the glass film 4 in synergy with the first feature.
That is, in a case where the end portion in the width di-
rection of the glass film 4 and the flange 2 are simply
separated from each other, when the glass film 4 is mis-
aligned due to vibration and impact during transportation,
the end portion in the width direction of the glass film 4
may come into direct contact with the flange 2, to thereby
break. In this context, as the second feature, the cush-
ioning means is arranged in a gap between the end por-
tion in the width direction of the glass film 4 and the flange
2. If the glass film 4 is misaligned, the end portion in the
width direction of the glass film 4 is prevented from com-
ing into direct contact with the flange 2. Note that, mis-
alignment of the glass film 4 described herein means
misalignment of the glass film 4 along an axial direction
of the roll core 3, and includes, for example, a case where
the entire glass film 4 is moved along the axial direction
of the roll core 3 and a case where an outer diameter
side of the glass film 4 is largely moved relative to an
inner diameter side thereof so that plies of the end portion
in the width direction of the glass film 4 are laminated in
a stepped manner.
[0048] Specifically, in this embodiment, the cushioning
means is constituted by an extension portion 5a of the
cushion sheet 5 extended beyond the each end portion
in the width direction of the glass film 4 to the flange 2
side. The extension portion 5a of the cushion sheet 5 is

formed by winding the cushion sheet 5 while being su-
perposed on the glass film 4, the cushion sheet 5 having
the widthwise dimension larger than that of the glass film
4. When the extension portion 5a of the cushion sheet 5
is formed in this way, the end portion in the width direction
of the glass film 4 is covered with the extension portion
5a of the cushion sheet 5. Therefore, even if the glass
film 4 is misaligned due to vibration and impact during
transportation, it is possible to prevent such a situation
that the end portion in the width direction of the glass film
4 comes into direct contact with the flange 2. In addition,
if the end portion in the width direction of the glass film
4 comes into contact with the flange 2 through the exten-
sion portion 5a, the impact and vibration occurring at this
time are absorbed by the extension portion 5a having a
cushioning property. Therefore, the extension portion 5
a of the cushion sheet 5 can reduce breakage of the end
portion in the width direction of the glass film 4 as much
as possible.
[0049] Moreover, in this embodiment, the extension
portion 5a of the cushion sheet 5 is out of contact with
the flange 2. That is, an extension width D2 of the exten-
sion portion 5a of the cushion sheet 5 is smaller than a
separation distance D1 between the flange 2 and the end
portion in the width direction of the glass film 4. In other
words, the axial dimension of the roll core 3 (separation
distance between inner walls of the flanges 2) is larger
than the widthwise dimension of the cushion sheet 5.
With this configuration, the extension portion 5a of the
cushion sheet 5 is out of contact with the flange 2, and
hence the extension portion 5a of the cushion sheet 5 is
less likely to be caught on the flange 2 even in a state in
which the flange 2 is attached. Thus, even under the state
in which the flange 2 is attached, it is possible to smoothly
perform a winding operation and a taking-out operation
of the glass film 4, which is convenient.
[0050] Fig. 4 is an enlarged sectional view of a main
part between the glass film and the flange in the glass
roll according to a second embodiment of the present
invention. The glass roll 1 according to the second em-
bodiment is different from the glass roll 1 according to
the first embodiment in that the extension portion 5a of
the cushion sheet 5 is held in contact with the flange 2.
With this configuration, the extension portion 5a of the
cushion sheet 5 reliably fills a gap between the flange 2
and the end portion in the width direction of the glass film
4, and hence, even if vibration and impact are applied to
the glass roll 1 during transportation, the glass film 4 is
less likely to be misaligned. In this case, as illustrated in
the drawing, it is preferred that the extension width of the
cushion sheet 5 be larger than the separation distance
D1 between the flange 2 and the end portion in the width
direction of the glass film 4. With this configuration, plies
of the cushion sheet 5 are laminated on one another while
being bent, and hence are fills in the gap between the
flange 2 and the end portion in the width direction of the
glass film 4. Consequently, it is possible to obtain a higher
cushioning effect.
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[0051] Fig. 5 is an enlarged sectional view of a main
part between the glass film and the flange in the glass
roll according to a third embodiment of the present in-
vention. The glass roll 1 according to the third embodi-
ment is different from the glass roll 1 according to the
first and second embodiments in that the cushioning
means is constituted by an another cushion member 6
provided separately from the cushion sheet 5. That is, in
this embodiment, there is adopted a configuration in
which, by pushing the cushion member 6 into the gap
between the flange 2 and the end portion in the width
direction of the glass film 4, the cushion member 6 is held
in the gap. Note that, in this case, the end portion in the
width direction of the glass roll 1 is protected with the
cushion member 6, and hence, as illustrated in the draw-
ing, the cushion sheet 5 may not be extended beyond
the glass film 4.
[0052] As the cushion member 6, the same kind of ma-
terial as that of the cushion sheet 5 exemplified above
can be used. In addition, for example, an air bag or a
foamed resin block can be used. Further, a sheet-like
member, such as a film or a fabric, may be, for example,
folded to be put into the gap between the flange 2 and
the end portion in the width direction of the glass film 4.
[0053] Note that, under a state in which the cushion
sheet 5 is extended beyond the glass film 4, the cushion
member 6 may be pushed into the gap between the
flange 2 and the end portion in the width direction of the
glass film 4. In this way, when pushing in the cushion
member 6, it is possible to protect the end portion in the
width direction of the glass film 4 with the cushion sheet
5. Thus, when pushing in the cushion member 6, it is
possible to prevent such a trouble that the cushion mem-
ber 6 is caught on the end portion in the width direction
of the glass film 4.
[0054] Fig. 6 is an enlarged sectional view of a main
part between the glass film and the flange in the glass
roll according to a fourth embodiment of the present in-
vention. The glass roll 1 according to the fourth embod-
iment is different from the glass roll 1 according to the
third embodiment in that the cushion member 6 provided
separately from the cushion sheet 5 is held in contact
with only the flange 2. That is, the cushion member 6 is
fixed on the inner wall of the flange 2. Note that, in the
illustrated example, the cushion sheet 5 is not extended
beyond the glass film 4. However, in view of more reliably
preventing breakage of the end portion in the width di-
rection of the glass film 4, it is preferred that, even in this
case, the cushion sheet 5 be extended to form the ex-
tension portion. Further, the cushion member 6 may be
held in contact with only the end portion side in the width
direction of the glass film 4.
[0055] Next, a manufacturing device for the glass roll
1 and a method of manufacturing the glass roll using the
device according to the above-mentioned embodiments
are briefly described.
[0056] As illustrated in Fig. 7, a manufacturing device
11 for a glass roll forms the glass film 4 by the overflow

downdraw method, and includes a forming zone 12, an
annealing zone (annealer) 13, a cooling zone 14, and a
processing zone 15 in the stated order from an upstream
side.
[0057] In the forming zone 12, a forming trough 16 with
a wedge-shaped cross-section is arranged. Molten glass
supplied to the forming trough 16 is overflowed from a
top of the forming trough 16, and fused at a lower end
portion thereof. In this way, the glass film 4 is formed
from the molten glass.
[0058] In the annealing zone 13, while annealing the
glass film 4, the residual strain is removed (annealing
process). In the cooling zone 14, the annealed glass film
4 is cooled sufficiently. In the annealing zone 13 and the
cooling zone 14, a plurality of rollers 17 for guiding the
glass film 4 downward are arranged. Note that, the up-
permost rollers 17 function as cooling rollers for cooling
each end portion in the width direction of the glass film 4.
[0059] In the processing zone 15, there is arranged
cutting means 18 for cutting (Y-cutting) the each end por-
tion in the width direction of the glass film 4 (disused
portion thickened relative to a center portion in the width
direction thereof due to contact with the cooling rollers)
along a conveying direction. The cutting means 18 may
form the scribe line with a diamond cutter, and may cut
the each end portion in the width direction along the
scribe line by pulling the each end portion (disused por-
tion) in the width direction of the glass film 4 outward in
the width direction. However, in view of increasing
strength of the cut end surface, it is preferred to cut the
each end portion in the width direction of the glass film
4 by the laser splitting. When utilizing the laser cutting
as described above, a defect, which may cause breakage
such as small flaws (for example, micro cracks), is less
likely to occur on the each end portion in the width direc-
tion of the glass film 4. Consequently, it is possible to
increase failure strength of the each end portion in the
width direction of the glass film 4. Specifically, when uti-
lizing the laser splitting, without being subjected to pol-
ishing or the like after the cutting, each end surface in
the width direction of the glass film 4 is allowed to have
an arithmetic average roughness Ra (compliant to JIS
B0601:2001) of 0.1 Pm or less (preferably, 0.05 Pm or
less).
[0060] The laser splitting is a method of cutting the
glass film 4 using thermal stress generated by heat of
laser irradiation and generated through cooling by a re-
frigerant. Specifically, cutting is performed in the follow-
ing procedure. That is, as illustrated in Fig. 8, a crack W
is formed in an end portion on a downstream side of the
glass film 4, and, after scanning the glass film along a
longitudinal direction of the glass film 4 with a heating
point X of laser irradiation, the heated portion is cooled
while scanning the glass film with a cooling point Y of a
refrigerant, to thereby form a split line Z1 while causing
the crack W to develop due to the thermal stress gener-
ated by heating and cooling. Here, the split line Z1 is
formed continuously from a front surface up to a back
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surface of the glass film 4. Therefore, without performing
expost bending and breaking, etc., the each end portion
in the width direction (disused portion) is cut off at the
point in time when the split line Z1 is formed. Note that,
under a state in which the heating point X of the laser
and the cooling point Y of the refrigerant are fixed, scan-
ning with the heating point X of the laser and the cooling
point Y of the refrigerant is performed by sequentially
conveying the glass film 4 to a downstream side in a
conveying direction (left direction in Fig. 7).
[0061] As illustrated in Fig. 7, in this embodiment, cut-
ting of the each end portion in the width direction of the
glass film 4 by the cutting means 18 is performed under
a state in which the glass film 4 is curved and changed
from an upright posture into a laid posture. At this time,
the curved portion of the glass film 4 is supported by
support rollers 19 from below. Then, the glass film 4, from
which the each end portion in the width direction (disused
portion) is eliminated, is wound around the roll core 3
arranged at a position shifted laterally from a position
directly below a cooling zone 14.
[0062] At this time, the cushion sheet 5 is pulled out of
a cushion sheet roll 20 arranged below the roll core 3,
and, under a state in which the pulled-out cushion sheet
5 is superposed on an outer circumferential side of the
glass film 4, the glass film 4 and the cushion sheet 5 are
wound around the roll core 3. In this way, after the glass
film 4 is wound so as to have a predetermined roll outer
diameter, bending and breaking are performed by form-
ing a scribe line in the width direction of the glass film 4
with use of the cutting means (not shown) (for example,
see Figs. 9 described below). In this way, only the glass
film 4 is cut (X-cut). After a trailing end of the cut glass
film 4 is wound, the cushion sheet 5 is further wound one
or more turns continuously, and the cushion sheet 5 is
cut. Thus, manufacturing of the glass roll 1 is completed.
[0063] In this case, an outermost layer of the glass roll
1 is constituted by the cushion sheet 5. However, in view
of protection of the glass film 4, it is preferred that the
cushion sheet 5 be wound around the roll core 3 in ad-
vance and an innermost layer of the glass roll 1 be also
constituted by the cushion sheet 5.
[0064] Note that, in a case where the cushion sheet is
superposed on the outer circumferential side of the glass
film 4, and then the glass film 4 and the cushion sheet 5
are wound, the glass film 4 and the cushion sheet 5 may
be simultaneously cut at a stage of having the predeter-
mined roll outer diameter. In other words, winding is per-
formed so that the cushion sheet 5 is always situated on
the outer circumferential side of the glass film 4, and
hence the outermost layer of the glass roll 1 can be con-
stituted by the cushion sheet 5 without winding only the
cushion sheet 5 additionally.
[0065] Further, under a state in which the cushion
sheet 5 is superposed on an inner circumferential side
of the glass film 4, the glass film 4 and the cushion sheet
5 may be wound. In this case, it is preferred that, at the
stage of having the predetermined roll outer diameter,

after cutting only the glass film 4 in the width direction
and winding the trailing end of the cut glass film, the cush-
ion sheet 5 be further wound one or more turns continu-
ously and then the cushion sheet 5 be cut. In this way,
the innermost layer and the outermost layer of the glass
roll 1 can be constituted by the cushion sheet 5.
[0066] The glass film 4 is rich in flexibility due to its
thinness. Thus, it is difficult to bend and break the glass
film in the width direction by an ordinary method, and
hence it is preferred to bend and break the glass film in
the width direction by a method illustrated in Figs. 9(a)
to 9(c). That is, as illustrated in Fig. 9(a), after a scribe
line Z2 is formed in the width direction by cutting means
21 (for X-cutting), the glass film 4 is conveyed as it is,
and the scribe line Z2 passes pre-cutting rollers 22. Then,
as illustrated in Fig. 9(b), rotation speed of post-cutting
rollers 23 and winding speed of the glass roll 1 are slowed
relative to rotation speed of the pre-cutting rollers 22, and
a cutting roller 24 is lifted up from a conveyance line by
drive means (not shown). As a result, the portion with the
scribe line Z2 of the glass film 4 subjected to bending is
raised upward and bent, and the bending and breaking
are performed through concentration of stress generated
at this time. Then, the cutting roller 24 is lowered, and
the winding speed of the glass roll 1 is increased after
the post-cutting end portion passes the post-cutting roll-
ers 23 as illustrated in Fig. 9(c). Thus, the glass roll 1 and
the roll core 3 are replaced simultaneously with comple-
tion of the winding, and then the processing is sequen-
tially performed. Note that, cutting of the glass film 4 in
the width direction may be also performed utilizing the
above-mentioned laser splitting.
[0067] Note that, the present invention is not limited to
the above-mentioned embodiments, and various embod-
iments can be implemented. For example, an end surface
of the glass film 4 may be protected with a resin film or
the like. In this case, the glass roll 1 is produced by su-
perposing the resin film on each end surface of the glass
film 4 in a region within 1 to 2 cm from the each end
surface and winding the resin film and the glass film. Fur-
ther, in a case of using an adhesive resin film, even when
a crack occurs in the end surface of the glass film 4, it is
possible to prevent development of the crack. Further,
instead of protecting the end surface of the glass film 4
with the resin film, the region within 1 to 2 cm from the
end surface may be coated with a protective layer. As
the protective layer, there can be used, for example, pol-
yester, polycarbonate, polyvinyl, polyethylene, polyeth-
erimide, polyamide, polyacrylate, polymethacrylate,
polysiloxane, polyvinyl alcohol, polyvinyl acetate, a cel-
lulose-based polymer, an epoxy resin, polyurethane, a
phenolic resin, a melamine resin, and a urea resin. It is
possible to provide those protective layers through ap-
plication with spray, application with a roller, sticking of
the above-mentioned resin film, or the like.
[0068] Further, the resin film may be attached at the
time of start of winding of the glass film 4 (leading end)
and at the time of end of winding (trailing end). In this
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way, each of the leading end and the trailing end of the
glass film is protected with the resin film. Thus, even when
supplying the glass roll 1 to various steps under a state
in which the leading end or the trailing end of the glass
film 4 is directly held, the glass film 4 is less likely to break.
The resin film is superposed and attached, for example,
onto each of the leading end portion and the trailing end
portion of the glass film 4 in the region within approxi-
mately 1 to 2 cm from each of the leading end portion
and the trailing end portion. A length of the resin film is
not particularly limited. For example, the length of the
resin film may be set to correspond to a length of a contour
of the glass roll 1. Further, it is preferred that the resin
film have adhesiveness and an elastic modulus smaller
than that of the glass film 4.
[0069] Further, as a glass substrate for a display such
as a liquid crystal display or an OLED display, there is
required clean glass free from adhesion of dust, dirt, and
the like for its use. Therefore, it is preferred to maintain
a clean state in such a manner that the glass roll 1 is
contained in a sealed container and internal gas is re-
placed with clean gas. Note that, when the glass roll 1 is
contained in the sealed container in a clean room, it is
unnecessary to replace the internal gas. Further, even
when the sealed container is not used, it is possible to
maintain a clean state in such a manner that the glass
roll 1 is packaged with a shrink film in the clean room.
[0070] Further, as illustrated in Fig. 10, a shaft portion
31 protruding from both ends of the flanges 2 may be
provided, and the shaft portion 31 may be supported by
bearings 33 provided on a pedestal 32. With this config-
uration, the glass roll 1 is reliably fixed to the pedestal
32. Thus, irrespective of shapes of the flanges 2, it is
possible to prevent the glass roll 1 from rolling, and to
realize stable transportation. In this case, the flanges 2
and the pedestal 32 may be held in contact with each
other, or the flanges 2 may be separated from the ped-
estal 32. Further, it is preferred that, after the glass roll
1 is arranged on the pedestal 32, the entire glass roll be
covered with a packaging box (not shown). This is be-
cause a clean state can be maintained by replacing the
air inside the packaging box with clean air. In this case,
every single glass roll 1 may be packaged in the pack-
aging box, or a plurality of glass rolls 1 may be packaged
in one packaging box together. In addition, by adopting
a mode of taking the glass roll in and out of the packaging
box in such a manner that the pedestal 32 is fixed in the
packaging box and the shaft portion 33 of the glass roll
1 is hung by a crane or the like, the pedestal 32 is firmly
fixed in the packaging box during transportation, and
hence excellent safety is provided.
[0071] Further, in the above-mentioned embodiments,
description is made of the case where the glass roll 1 is
held in the laid posture. However, the glass roll 1 may be
held in an upright posture. In this case, as illustrated in
Fig. 11, columnar portions 42 are provided upright on an
upper surface of a pedestal 41. The glass roll 1 can be
placed in the upright posture on the pedestal 41 by in-

serting each of the columnar portions 42 into the roll core
3 of the glass roll 1. In this way, even if the glass roll 1 is
shaken during transportation, the glass roll 1 is fixed by
each of the columnar portions 42, and hence it is possible
to prevent breakage of the glass film 4, which results from
impact of the glass roll 1 on another glass roll. Note that,
in view of facilitating loading and unloading of the glass
roll 1, it is preferred that the columnar portions 42 be
removably attached to the pedestal 41. The columnar
portions 42 are provided upright with intervals large
enough to prevent the impact of the glass roll 1 on another
glass roll when the glass roll 1 is placed. In order to pre-
vent shaking during transportation, a cushioning member
may be filled between the glass rolls 1. It is preferred that
the pedestal 41 be provided with a hole for a forklift. Fur-
ther, with provision of a box body (not shown), tight pack-
age is possible.
[0072] Further, as illustrated in Figs. 12(a) and 12(b),
a holding groove 51 for holding an end portion of the
glass film 4 may be provided in the roll core 3. At the time
of start of winding the glass film 4 around the roll core 3,
it is difficult to wind the end portion of the glass film 4
along the roll core 3. If winding forcibly, overstress is ap-
plied to the end portion to be wound first of the glass film
4 so that the glass film may break. However, when the
holding groove 51 is provided, it is possible to eliminate
such a situation. Specifically, in a case where winding of
the glass film 4 is started after inserting the glass film and
the cushion sheet in the holding groove 51 simultane-
ously while the end portion of the glass film 4 is covered
with the folded cushion sheet 5 as illustrated in Fig. 12
(a), or in a case where the holding groove 51 is made of
a cushioning material 52 as illustrated in Fig. 12(b), wind-
ing of the glass film 4 can be smoothly started by starting
the winding after inserting only the glass film 4.
[0073] Further, as illustrated in Fig. 13, the roll core 3
may include an inner cylinder 61 and an outer cylinder
62, which form coaxial sleeves having a double-circle
shape, and may include elastic members 63 interposed
between the inner cylinder 61 and the outer cylinder 62.
With this configuration, when pressing the outer cylinder
62 in a center direction, the elastic members 63 contract
so that the outer cylinder 62 is reduced in diameter. Con-
sequently, it is possible to easily remove the roll core 3
from the glass roll 1. Note that, instead of interposing the
elastic members 63 between the inner cylinder 61 and
the outer cylinder 62, when adopting a configuration in
which a space within the inner cylinder 61 and the outer
cylinder 62 is sealed and the outer cylinder 62 is caused
to expand and contract in a radial direction by changing
fluid pressure in the internal space, it is possible to obtain
the same effect.
[0074] Further, Fig. 7 illustrates a mode in which the
cushion sheet roll 20 is arranged below the glass film 4,
and the cushion sheet 5 is pulled out upward. However,
there may be adopted a mode in which the cushion sheet
roll 20 is arranged above the glass film 4, and the cushion
sheet 5 is pulled out downward. Further, Fig. 7 illustrates
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a mode of winding the glass film 4 that is being conveyed
in a substantially horizontal direction. However, there
may be adopted a mode of winding the glass film 4 that
is being conveyed in a vertical direction.
[0075] Further, Fig. 7 illustrates a mode of winding a
long product, in which forming and winding are performed
sequentially. In a case of winding a short product, after
the glass film 4 is cut into a plurality of pieces by a pre-
determined length in advance, the plurality of cut glass
films 4 may be wound by batch processing. Further, a
plurality of short products may be wound into one glass
roll 1.
[0076] Further, when performing processing, such as
cleaning and drying, on a glass substrate, only one-by-
one conveyance is possible for a conventional rectangu-
lar glass substrate. However, in a state of the glass roll
1 formed by winding the glass film 4 into a roll, the glass
roll can be subjected to sequential processing using the
roll-to-roll method. Specifically, for example, by a method
illustrated in Fig. 14, it is possible to perform sequential
processing, i.e., a cleaning step S1, a drying step S2,
and an antistatic step S3, using the roll-to-roll method.
The glass film 4 has flexibility, and hence it is possible
to soak the glass roll in a cleaning tank in the cleaning
step S 1.
[0077] When the glass roll 1 is subjected to sequential
processing using the roll-to-roll method, as illustrated in
Fig. 15, the sequential processing may be performed un-
der a state in which the glass roll 1 is placed upright. The
glass film 4 has rigidity higher than that of the resin film,
and hence the roll-to-roll method can be implemented
under a state in which the film is placed upright. When
the roll-to-roll method is implemented under the upright
state, satisfactory drainage is achieved after the comple-
tion of the cleaning step, and conveying rollers 71 and a
surface of the glass film 4 are not held in contact with
each other. Thus, it is possible to more reliably prevent
occurrence of flaws. Note that, in the processing method
illustrated in Fig. 15, when the glass film 4 flutters, an
upper portion of the glass film 4 may be supported by a
conveying roller (not shown).
[0078] At this time, when using the glass roll 1, which
is not dried sufficiently after the cleaning, in a step in
which moisture is to be excluded strictly, it is necessary
to exclude moisture adhering to a surface of glass before
using the glass roll, and hence it is necessary to dry the
glass roll 1 in a roll state sufficiently before the glass roll
1 is introduced into the step. In this case, as illustrated
in Fig. 16, it is preferred to use the cushion sheet 5 having
a surface with asperities, which is subjected to emboss-
ing or the like. The reason is as follows. A surface of the
cushion sheet 5 is not entirely held in contact with the
glass film 4, and hence the cushion sheet is excellent in
breathability and allows fast drying of the glass film 4.
Further, it is preferred that the roll core 3 have a structure
excellent in breathability with provision of a hole, a slit,
or a mesh. In addition, it is preferred that a heater be
arranged on a hollow portion of the roll core 3 and drying

be performed by heating from an inside of the roll core
3. After the drying, the glass roll 1 is contained in a sealed
container, and a desiccant or the like is put inside the
container. In this way, the dried state can be maintained.
Further, an end surface of the glass roll 1 can be provided
with a sheet-like desiccant (for example, sheet containing
silica gel), and be covered with a moisture-proof film
(such as metal layer deposited film).
[0079] Further, in the above description, description is
made of the case where the glass film 4 is formed by the
overflow downdraw method. However, the glass film may
be formed by a slot downdraw method or a redraw meth-
od.

Industrial Applicability

[0080] The present invention can be preferably used
to a glass substrate used for a flat panel display, such
as a liquid crystal display or an OLED display, and for a
device such as a solar cell, and used to cover glass for
an OLED lighting.

Reference Signs List

[0081]

1 glass roll
2 flange
3 roll core
4 glass film
5 cushion sheet
5a extension portion
6 cushion member

Claims

1. A glass roll, which is formed by winding a glass film
and a cushion sheet, under a state of being super-
posed, around a roll core including a flange at each
end portion of the roll core,
wherein an end portion in a width direction of the
glass film is separated from the flange on each side
in the width direction of the glass film, and cushioning
means is arranged between the flange and the end
portion in the width direction of the glass film.

2. The glass roll according to claim 1,
wherein the cushion sheet is extended beyond the
end portion in the width direction of the glass film, and
wherein the cushioning means includes an exten-
sion portion of the cushion sheet.

3. The glass roll according to claim 2, wherein the ex-
tension portion of the cushion sheet is out of contact
with the flange.

4. The glass roll according to claim 2, wherein the ex-
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tension portion of the cushion sheet is held in contact
with the flange.

5. The glass roll according to claim 1, wherein the cush-
ioning means includes an another cushion member
provided separately from the cushion sheet.

6. The glass roll according to claim 5, wherein the cush-
ion member is held in contact with both the flange
and the end portion in the width direction of the glass
film.

7. The glass roll according to claim 5, wherein the cush-
ion member is held in contact with only any one of
the flange and the end portion in the width direction
of the glass film.

8. The glass roll according to any one of claims 1 to 7,
wherein each end portion in the width direction of
the glass film includes a cut surface which is cut by
laser splitting.
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