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(54) [Title of the Invention] Glass Sheet Manufacturing Method and Manufacturing Device

(57) [Abstract]

[Problem] To provide a glass sheet manufacturing method
and manufacturing device that can reduce widthwise
shrinkage of glass sheets after they are removed from the
forming body and significantly reduce warping of glass
sheets.

[Solution] Provided is a method for manufacturing a glass
sheet by allowing molten glass 3 to flow downward and
form a sheet using a forming body 2, and then pulling the
formed glass sheet 3' downward between pulling rollers
6, wherein cooling rollers 7 are provided below the
forming body 2 to hold the two ends of the glass sheet 3',
and the peripheral speed of the cooling rollers 7 is lower
than the peripheral speed of the pulling rollers 6.
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(2) JP H10-291826 A

[Claims]
[Claim 1]

A method for manufacturing a glass sheet by allowing molten glass to flow downward and form a sheet
shape, the method characterized in that tension is applied in the horizontal and vertical directions to
glass formed into a sheet shape.

[Claim 2]

A method for manufacturing a glass sheet by allowing molten glass to flow downward and form a sheet
shape using a forming body and pulling the formed glass sheet downward between pulling rollers, the
method characterized in that cooling rollers are provided below the forming body to hold both ends of
the glass sheet, and the peripheral speed of the cooling rollers is set to be lower than the peripheral
speed of the pulling rollers.

[Claim 3]

The method for manufacturing a glass sheet according to claim 2, wherein the peripheral speed of the
cooling rollers is set to 30-90% of the peripheral speed of the pulling rollers.

[Claim 4]

The method for manufacturing a glass sheet according to claim 2, wherein the peripheral speed of the
cooling rollers is set to 40-80% of the peripheral speed of the pulling rollers.

[Claim 5]

A method for producing a glass substrate for a display, the method characterized in that the glass
substrate for a display is manufactured using the method for manufacturing a glass sheet according to
claims 1 to 4.

[Claim 6]

A method for producing a glass substrate for an information recording medium, the method
characterized in that the glass substrate for an information recording medium is manufactured using
the method for manufacturing a glass sheet according to claims 1 to 4.

[Claim 7]

A device for producing a glass sheet, comprising a forming body for forming molten glass into a sheet
shape, and pulling rollers arranged downward from the forming body to hold the formed sheet-shaped
glass while pulling downward, the device characterized in that cooling rollers are provided below the
forming body to hold both ends of the glass sheet, and a means is provided for making the peripheral
speed of the cooling rollers lower than the peripheral speed of the pulling rollers.

[Detailed Description of the Invention]
[0001]

[Technical Field of the Invention] The present invention relates to a manufacturing method and
manufacturing device for glass sheets.

[0002]

[Prior Art] Various methods for manufacturing glass sheets are known in the art, but these methods can
be broadly classified from the standpoint of the traveling direction of molten glass, into the pulling-up
method, methods for manufacturing glass in a horizontal state, and methods for manufacturing glass
by allowing glass to flow downward.
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[0003]

Among these, the down-draw method is known in the art as a method for manufacturing glass sheets
by allowing molten glass to flow downward and pulling the glass sheet vertically downward.

[0004]

In the down-draw method, for example, molten glass is allowed to flow down along the front and rear
surfaces of a wedge-shaped forming body, and then the molten glass is brought together at the lower
end of the forming body to form a sheet. This sheet is then pulled downward by a pair of pulling rollers
while being cooled to produce a glass sheet. In order to keep the glass sheet separated from the forming
body from contracting in the width direction (narrowing), a technique has been developed in which rolls
are provided below both ends of the forming body to hold the ends of the glass sheet while rotating in
the direction in which the glass is moving (JP S62-21034 U, etc.).

[0005]

Glass sheets produced using the down-draw method are thinner than those produced by other methods,
and are therefore used as glass substrates for various types of displays and information recording media.
Due to the characteristics of this forming method, however, the flatness of the glass sheet may be
inferior to that of glass sheets made using the float method.

[0006]

[Problem to Be Solved by the Invention] If the width of the glass sheet shrinks significantly in the width
direction after it is removed from the forming body, the usable width of the glass sheet is smaller, which
is undesirable.

[0007]

Also, large glass substrates used in various displays such as liquid crystal displays require advanced
warping quality (high flatness) with minimal warping, but the method described above does not provide
sufficient warping quality.

[0008]

The warping of glass sheets that occurs during forming can be reduced to a certain extent using
processes such as annealing, but in order to realize a high level of warping quality with minimal warping,
it is necessary to minimize warping as much as possible during forming.

[0009]

In view of these circumstances, it is an object of the present invention to provide a glass sheet
manufacturing method and manufacturing device that can reduce widthwise shrinkage of glass sheets
after they are removed from the forming body and significantly reduce warping of glass sheets.

[0010]

[Means for Solving the Problem]

[0011]

The invention according to claim 1 is a method for manufacturing a glass sheet by allowing molten glass

to flow downward and form a sheet shape, the method characterized in that tension is applied in the
horizontal and vertical directions to glass formed into a sheet shape.
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[0012]

The invention according to claim 2 is a method for manufacturing a glass sheet by allowing molten glass
to flow downward and form a sheet shape using a forming body and pulling the formed glass sheet
downward between pulling rollers, the method characterized in that cooling rollers are provided below
the forming body to hold both ends of the glass sheet, and the peripheral speed of the cooling rollers is
set to be lower than the peripheral speed of the pulling rollers.

[0013]

The invention according to claim 3 is the method for manufacturing a glass sheet according to claim 2,
wherein the peripheral speed of the cooling rollers is set to 30-90% of the peripheral speed of the pulling
rollers.

[0014]

The invention according to claim 4 is the method for manufacturing a glass sheet according to claim 2,
wherein the peripheral speed of the cooling rollers is set to 40-80% of the peripheral speed of the pulling
rollers.

[0015]

The invention according to claim 5 is a method for producing a glass substrate for a display, the method
characterized in that the glass substrate for a display is manufactured using the method for
manufacturing a glass sheet according to claims 1 to 4.

[0016]

The invention according to claim 6 is a method for producing a glass substrate for an information
recording medium, the method characterized in that the glass substrate for an information recording
medium is manufactured using the method for manufacturing a glass sheet according to claims 1 to 4.

[0017]

The invention according to claim 7 is a device for producing a glass sheet, comprising a forming body
for forming molten glass into a sheet shape, and pulling rollers arranged downward from the forming
body to hold the formed sheet-shaped glass while pulling downward, the device characterized in that
cooling rollers are provided below the forming body to hold both ends of the glass sheet, and a means
is provided for making the peripheral speed of the cooling rollers lower than the peripheral speed of the
pulling rollers.

[0018]

[Operation] In the present invention, because the peripheral speed of the cooling rollers is lower than
that of the pulling rollers, the molten glass stopped by the cooling rollers has a longer contact time with
the cooling rollers, resulting in greater cooling of the edges of the glass sheet. This makes it possible to
reduce the widthwise shrinkage of glass sheets.

[0019]

Because the edges of the glass sheet are cooled before the center of the glass sheet, tension acts in the
width direction of the glass sheet. Because a strong pulling force acts between the cooling rollers and
the pulling rollers, tension also acts in the length direction of the glass sheet. Because the glass sheet
solidifies while tension is applied in both the width and length directions, warping of the glass sheet can
be greatly reduced in both the width and length directions.

[0020]

The present invention will now be described in greater detail.
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[0021]

In the glass sheet manufacturing method of the present invention, molten glass is allowed to flow down
and form into a sheet shape.

[0022]

The method used to form molten glass into a sheet by allowing it to flow down is not particularly limited,
and any method known in the art may be used, including detailed manufacturing conditions.

[0023]

For example, the method used to allow molten glass to flow down, the temperature and viscosity of the
molten glass, the use or non-use of a forming body, the shape, structure, material, and temperature of
the forming body, and the temperature conditions can be selected as appropriate.

[0024]

Methods that can be used to allow molten glass to flow down include, for example, a method of allowing
molten glass to overflow from a slit formed at the top of a forming body, flow down along the surface of
the forming body, and flow out from the lower end of the forming body, and a method of allowing molten
glass to flow down from a slit provided at the bottom of a glass melting tank.

[0025]

The forming body may be any structure used to control the thickness, width, uniformity, etc. of molten
glass flowing in a sheet-like manner, including slits and control plates for controlling thickness, width,
etc. The present invention also includes embodiments that do not use a forming body.

[0026]

A method used to form molten glass into sheet shape using a forming body includes, for example, the
down-draw method. The down-draw method generally involves allowing molten glass to flow downward,
forming it using a forming body, and then pulling it vertically downward to produce a glass sheet. An
example of the down-draw method is a method used to manufacture glass sheets by, for example,
causing molten glass to flow down along the front and rear surfaces of a wedge-shaped forming body,
merging the molten glass at the lower end of the forming body to form a sheet, and then pulling the
sheet downward using pulling rollers while cooling it.

[0027]

In the present invention, the material, size, thickness, etc. of the glass are not particularly limited.
Examples of glass materials include aluminosilicate glass, soda-aluminosilicate glass, soda-lime glass,
lead-alkali glass, and borosilicate glass.

[0028]

In the present invention, the sheet-shaped glass formed as described above is pulled out while being
held between pulling rollers. Cooling rollers are provided to hold the ends of the glass sheet below the
forming body, and the peripheral speed of these cooling rollers is set to be lower than the peripheral
speed of the pulling rollers. By setting the peripheral speed of the cooling rollers to be lower than the
peripheral speed of the pulling rollers (glass pulling speed), the molten glass stopped by the cooling
rollers has a longer contact time with the cooling rollers, resulting in greater cooling of the edges of the
glass sheet. This makes it possible to reduce the widthwise shrinkage of glass sheets. Because the edges
of the glass sheet are cooled before the center of the glass sheet, tension acts in the widthwise direction
of the glass sheet. Because a pulling force acts between the cooling rollers and the pulling rollers, tension
also acts in the lengthwise direction of the glass sheet. Because since the glass sheet solidifies while
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tension is applied in both the width and length directions, warping of the glass sheet can be greatly
reduced in both the width and length directions.

[0029]

The material, shape, and structure of the cooling rollers and pulling rollers are not particularly limited.
The cooling rollers can be made of stainless steel, heat-resistant steel, ceramics, etc. In addition, a
refrigerant can be passed through the cooling rollers in gas or liquid form. The cooling rollers may be
configured to hold only the ends of normally formed glass sheets, but they may also be configured to
hold glass sheets in the same manner as the pulling rollers. Cooling rollers may be provided in pairs,
one above and one below, or may be provided at an angle to the glass sheet.

[0030]

The spacing and installation positions of the cooling rollers and pulling rollers can be adjusted as
appropriate to take into consideration the actions described above and product quality. For example, the
cooling rollers are preferably installed close to the bottom of the forming body to take into consideration
the actions described above and the cooling effect.

[0031]

Glass sheets formed into a sheet by allowing molten glass to flow down and be formed are cooled
immediately after being removed from the forming body and gradually solidify. Cooling using cooling
rollers immediately after the sheet is removed from the forming body can be combined with other cooling
methods, such as natural cooling by heat dissipation at any position, cooling by air blowing, and cooling
by cooling rollers and coolers. Cooling conditions such as the cooling speed and a gradual cooling
schedule can be controlled as appropriate.

[0032]

In particular, in the present invention, it is desirable to control the temperature of the glass between the
cooling roller and the pulling roller and the cooling speed, etc., so that the glass is cooled while tension
is applied in the length direction of the glass sheet between the cooling rollers and the pulling rollers.

[0033]

In the present invention, the peripheral speed of the cooling rollers is preferably set to be 30 to 90% of
the peripheral speed of the pulling rollers. The reason for this is that when the percentage is greater
than 90%, the effect described above becomes less significant, and conversely, when the percentage is
less than 30%, slippage occurs between the glass sheet and the cooling rollers, making it difficult to
maintain a constant glass flow rate, and the cooling rollers also tend to wear out more quickly.

[0034]

From the same standpoint, the peripheral speed of the cooling rollers is more preferably set to be 40 to
80% of the peripheral speed of the pulling rollers.

[0035]

In the present invention, a plurality of pairs of pulling rollers can be used. This reduces the weight of
glass on each pulling roller and lowers the clamping pressure, making the glass less likely to break and
slip.

[0036]

In the present invention, a glass sheet can be further flattened by sandwiching a glass sheet

manufactured using the method described above between flat compression plates, applying pressure
while heating, and then slowly cooling.
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[0037]

Note that a flat glass substrate manufactured using the method of the present invention described above
is usually processed to a specified size and then polished, etc., if necessary, to be used as a glass
substrate in various applications.

[0038]

Glass sheets manufactured using the method of the present invention are not particularly limited in
terms of their applications, and are suitable for use as glass substrates that require flatness and thinness,
such as glass substrates for displays such as liquid crystal displays and plasma displays, and glass
substrates for information recording media such as magnetic disks, magneto-optical disks, and optical
disks. They are also suitable for use as electro-optical glass substrates and glass substrates for electrical
and electronic components.

[0039]
The glass sheet manufacturing device of the present invention will now be described.
[0040]

The present invention is a device for producing a glass sheet, comprising a forming body for forming
molten glass into a sheet shape, and pulling rollers arranged downward from the forming body to hold
the formed sheet-shaped glass while pulling downward, the device characterized in that cooling rollers
are provided below the forming body to hold both ends of the glass sheet, and a means is provided for
making the peripheral speed of the cooling rollers lower than the peripheral speed of the pulling rollers.
The method of the present invention described above can be easily realized using this device.

[0041]

In the device of the present invention, means for controlling the peripheral speed of the cooling rollers
include methods such as providing a drive means for the cooling rollers and a means for controlling the
rotational speed. Means for controlling the rotational speed of the pulling roller are not particularly
limited. Preferably, the rotational speed is controlled with great precision.

[0042]

No particular restrictions are placed on other portions of the device in the present invention. For example,
the melted glass supplying means, the melted glass downflowing means, the temperature control means
(heating, cooling means, etc.), the shape, structure, and materials of the rollers, and the shape,
structure, and material of the forming body may be selected as appropriate.

[0043]

The present invention enables the easy and inexpensive manufacture of thin glass sheets with a low
degree of warping and a high degree of flatness. The amount of polishing required to improve flatness
can also be reduced. Even large substrates can be easily and inexpensively produced using thin glass
with minimal warping, making this method ideal for manufacturing glass substrates for various types of
displays.

[0044]
[Examples] The present invention will now be explained in greater detail using the following examples.

[0045] Example 1

FIG. 1 is a vertical cross-sectional view of a glass sheet manufacturing device using the down-draw
method, and FIG. 2 is a front view of the device interior as seen from line I-I line in FIG. 1.
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[0046]

In these drawings, 1 is a furnace wall made of fire-resistant bricks, and 2 is a forming body with a cross
section that is nearly wedge-shaped. The forming body 2 shown in the drawings is known as a feeding
cell and has a recessed portion 2a for holding molten glass 3. However, other types may also be used.
The recessed portion 2a of the forming body 2 is connected to a molten glass supply pipe 4 as shown in
FIG. 2. Molten glass is supplied from the molten glass supply pipe 4 to the recessed portion 2a, and the
molten glass overflows from the slit-shaped opening on the upper side of the recessed portion 2a, flows
down along both sides of the forming body 2, and converges at the lower end of the forming body 2.
The converged molten glass 3 is immediately cooled in the furnace chamber 5 to form glass sheet 3/,
which is then pulled downward by a pair of pulling rollers 6 located below the forming body 2. In addition,
stainless steel cooling rollers 7 are provided immediately below the forming body 2 to cool both ends of
the glass sheet 3'.

[0047]

In the present example, the peripheral speed of the pulling rollers is set to 62 cm/min, and the peripheral
speed of the cooling rollers 7 is set to 31 cm/min.

[0048]

The glass sheet obtained using this device had a total width of 520 mm, a thickness of 1.1 mm at the
center widthwise, and an effective width of approximately 330 mm, which falls within a thickness range
of 1.1 mm £ 0.1 mm. In addition, the warping of the resulting glass sheet is approximately 0.05% in
both the vertical and horizontal directions. The warping was calculated as warping = (t/I) x 100%, as
shown in FIG. 4.

[0049] Comparative Example 1

For comparative purposes, a glass sheet was manufactured in the same manner as in Example 1 above,
except that the peripheral speed of the pulling rollers and the peripheral speed of cooling rollers 7 were
both set to 62 cmm/min. As a result, the sheet had a total width of 490 mm, a thickness at the center
widthwise of 1.1 mm, and an effective width of approximately 250 mm, which falls within a thickness
range of 1.1 mm £ 0.1 mm. In addition, the warping of the resulting glass sheet approximately 0.2%
in both the vertical and horizontal directions.

[0050] Evaluation

It is clear from Example 1 and Comparative Example 1 that, in the present invention, the glass sheet
has a large utilizable width as the widthwise shrinkage of the glass sheet after separation from the
forming body is small, and that the warping of the glass sheet can be greatly improved. Thus, the

effectiveness of the present example, particularly the effectiveness of the cooling rollers, has been
confirmed.

[0051] Example 2

The glass plate obtained in Example 1 was cut to a predetermined size, and the end faces were
chamfered to produce a glass substrate for a liquid crystal display. The glass substrate for the liquid
crystal display obtained was flat and smooth, so polishing of the substrate surface was not necessary.
[0052]

The present invention was described above with reference to preferred examples, but the present
invention is not limited to these examples.

[0053]

For example, the peripheral speed of the cooling rollers and the peripheral speed of the pulling rollers
can be adjusted as appropriate depending on the type of glass used and its viscosity.
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[0054]

Also, as shown in FIG. 3, a plurality of cooling rollers may be provided in the vertical direction, or may
be provided in a diagonal direction with respect to the glass sheet. This allows for further adjustment of
horizontal and vertical tension.

[0055]

The present invention is characterized by the application of tension in the horizontal and vertical
directions to glass formed into the form of a sheet, and the means for doing so are not limited to cooling
rollers.

[0056]
[Effects of the Invention]

As explained above, the present invention can provide a glass sheet manufacturing method and
manufacturing device in which the resulting glass sheets have a large utilizable width as the widthwise
shrinkage of the glass sheets after separation from the forming body is small, and the warping of the
glass sheets can be greatly improved.

[0057]

The present invention enables the easy and inexpensive manufacture of a thin glass sheet with a low
degree of warping and a high degree of flatness. In addition, warping can be reduced. Furthermore,
even when polishing is necessary to improve flatness, the amount of grinding can be reduced.

[0058]

In addition, even large substrates can be easily and inexpensively produced using thin glass with minimal
warping, making this method superior for manufacturing various types of display glass substrates. Even
large substrates can be easily and inexpensively produced using thin glass with minimal warping, making
this method ideal for manufacturing glass substrates for various types of displays.

[Brief Description of the Drawings]

[FIG. 1] FIG. 1 is a vertical cross-sectional view of a glass sheet manufacturing device using the down-
draw method.

[FIG. 2] FIG. 2 is a front view of the device interior as seen from line I-I line in FIG. 1.
[FIG. 3] FIG. 3 is a front view used to explain the configuration of the cooling rollers.
[FIG. 4] FIG. 4 is a front view used to explain how warping is measured.

[Reference Numbers]

1: Furnace wall

2: Forming body

2a: Recessed portion

: Molten glass

: Molten glass supply pipe
: Furnace chamber

: Pulling rollers

: Cooling rollers
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