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(54) Apparatus for Manufacturing Sheet Glass Using the Downdraw Method

Abstract

This utility model provides an apparatus for controlling the flow speed of molten glass by stabilizing thermal (temperature) differences
within the inner surface of molten glass flowing out in the downdraw method, thereby improving the surface quality and dimensional
uniformity of the manufactured sheet glass. The apparatus includes a streamlined draw stabilizing baffle blade (or resistor) that is
detachable, replaceable, and temperature-controllable, installed in the inner surface of the thickness direction of the molten glass flowing
out from a slot-type orifice. The upper part of the baffle is positioned close to or partially enters the inner surface of the slot-type orifice,
causing the molten glass to be separated into both sides during discharge. As the molten glass flows down in contact with the resistor, it
achieves a uniform temperature, and surface contact resistance slows its flow speed. Consequently, the molten glass flowing out to the
surface of the orifice becomes a free surface while maintaining uniform temperature conditions, resolving issues of surface quality and
dimensional uniformity degradation due to conventional orifice and discharge glass temperature non-uniformity.

Representative figure

Figure 1

Keyword

Downdraw, Draw Stabilizing Baffle Blade, Resistor, Sheet, Glass, LCD, PDP, Orifice
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Description

Brief description of the figures

Figure 1 is a conceptual diagram of a downdraw method using a drawing control plate (resistance body) of a sheet glass manufacturing
device using the downdraw method of the present invention.

Figure 2 is a simplified cross-sectional schematic diagram including a chamber for manufacturing sheet glass and a drawing control plate,

Figure 3 is a simplified frontal schematic diagram including a chamber for manufacturing sheet glass and a drawing control plate,
Figure 4 is a conceptual diagram showing shape changes of the drawing control plate at high temperature and room temperature.
Figure 5 is a drawing showing an example of the shape of the cross-sectional grain of sheet glass according to the manufacturing method,
Figure 6 is a block diagram showing a temperature control method of sheet glass and a drawing control plate.
Detailed description of the invention

Purpose of the invention

Technology to which the invention belongs and prior art in the field

The present invention relates to a manufacturing device for a glass sheet, which is a thin glass plate of 3 mm or less used as a glass
substrate for TFT LCDs, and, more specifically, to a manufacturing device for sheet glass using a downdraw method in which a drawing
adjustment plate (resistance body) is inserted into the inner surface of a glass product to make the temperature uniform and control the

flow of viscosity in order to form better smoothness and surface quality in the glass product produced by the downdraw method.

Conventional methods for manufacturing sheet glass include the float method, the downdraw method, the redraw method, and the
overflow downdraw method, also known as the fusion method patented by Corning in the United States.

The float method is a technique developed by Pilkington in 1952 as a US patent. It is a technique in which molten glass is poured into a
chamber lined with a molten tin plate, which is a liquid support with a higher density than glass, and flows out in a state where it floats
on the molten tin in a reducing atmosphere, thereby improving flatness. It is mainly applied to the production of large plates for
construction, etc., and has recently been further improved and applied to the molding of display glass, being applied as a method that can
economically produce large original plates (mother glass).

In the downdraw method, molten liquid glass is poured into an agitator and becomes one, or the glass flows down in the form of a sheet
through a separately configured lower discharge hole (orifice, slot) and is cooled while being pulled downward vertically. The thickness
of the glass substrate is clearly dependent on the accuracy of the discharge hole and is determined by controlling the cooling rate by
controlling the drawing speed of the sheet and the temperature of the air surrounding the glass. This technique is known to be suitable for
producing thin glass substrates.

The redraw process generally involves forming a glass composition into a lump having some shape, reheating the glass, and drawing it
downward to form a thinner sheet product.

The overflow downdraw process is a process patented by Cormning in the United States in 1964. Molten glass is fed into a trough formed
in a wedge-shaped refractory body known as an 'isopipe', and when it reaches a steady state, the molten glass overflows the upper layer
of the trough on both sides. The two sheets meet at the lower part or root of the isopipe and are fused together into a single sheet. The
single sheet is then sent to a drawing device located far from the root, and the thickness of the sheet is controlled at the drawing speed.

However, although these processes have been continuously developed along with the recent development of display technology, their
application as sheet glass for recent TFT LCDs has advantages and disadvantages (limitations) in terms of size and thinness, quality, and
economics of production.
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The Float Method is a technique known for allowing for more economical production of substrates of 2.5 m or larger by drawing
horizontally. However, due to the thinning and enlargement of the substrate, contamination, scratches, or flatness problems may occur
on the lower contact surface, so an additional polishing process may be required.

In contrast, the downdraw method is a method in which molten glass flows vertically through a thin and long discharge hole (Orifice,
Slot) and is cooled only by air, while being drawn by a lower roller, so the drawing speed mainly controls the thickness of the sheet.
However, the thick glass that is discharged from the hole usually has to be maintained at a relatively low temperature or rapidly cooled
compared to other methods, so it is very difficult to maintain the temperature of the glass in the thin and long discharge hole uniformly
throughout. In addition, the effect of self-weight and self-temperature is greater than the effect of the drawing device installed at the
bottom immediately after discharge, so the precise management of the discharge hole, including the temperature of the entire sheet width
for enlargement and the precise control of the surface and inner temperature in the thick glass state immediately after discharge, affects
the quality.

If we look at the method of manufacturing sheet glass through control of the discharge hole in the downdraw method being applied in
the early manufacturing industry, US Patent No. 1,759,229 describes a downdraw method for manufacturing plate glass, which
implements sheet formation by a thombus (thomboid)-shaped spread through a slit nozzle at the bottom of the furnace, but the slit nozzle
and spread have a non-linear structure due to the shape of the molten glass container (working receptacle), so there is a limit to
implementing a perfect plane and uniform thickness, and U.S. Patent No. 1,829,639 allows nozzle control, but since both the upper and
lower parts of the glass are open structures, there is a limit to realizing high quality.

Looking at the method of using a plate-shaped drawing rod (or a slit or nozzle of platinum, etc. or) for high quality realization among the
downdraw methods, Japanese Patent (2-217,327) shows that the glass melt passes through a slit provided in the bottom of a refining
machine and passes through the surface of a drawing rod installed downward to improve the surface quality of the sheet glass. However,
the drawing rod for stabilizing the glass is fixed on both sides inside the glass, and the upper debiteuse needle for blocking the glass is an
open structure, so there are limitations in precise flow control of the glass.

In addition, German Patent (As 15 96 484) has a structure in which a vertical streamlined vane-shaped drawing rod is provided at the
bottom of the slit nozzle, and the drawing rod is exposed at the bottom, so there is a limitation in balanced distribution of the glass on the
left and right sides in long sheet glass.

Another German patent (International Application PCT/EP2001/14654) is a structure in which a slit or drawing rod made of platinum or
the like is implemented, and the pressure due to the difference in elevation between the molten glass and the slit nozzle, which is the
discharge part, is used as a temperature control at the inlet, and the glass melt discharged from the nozzle moves downward along both
sides of the drawing rod and merges at the lower end of the drawing rod to form a glass ribbon. This vertical drawing rod starts from
inside the molten glass and cannot be made thick enough, so the temperature control of the drawing rod is limited. In addition, the time
for the thickness quality or surface quality of the glass that is vertically descending to be sufficiently improved is limited due to the
relationship between surface tension, viscosity, and falling speed.

As aresult, the temperature of the discharged glass and the holding time of the glass in the drawing area and the surrounding temperature
are affected, so precise temperature control is required, and in particular, the drawing rod in the molten glass must have strict standards
for quality maintenance during maintenance and shutdown.

The above downdraw method affects not only the melting molding but also the equipment environment in the drawing area, so careful
decisions must be made.

The Japanese patent (PTC/JP2000/04898) is a method that minimizes distortion through mechanical tension that widely spreads the
width using a triangle principle through three vertical rows of double-ended rollers using a direct method using a slit. This is a
consideration to ensure that the molten glass is sufficiently cooled when it first passes through the slit, and Japanese patent 10-291826
suggests a method of forming a flat sheet glass by mutually limiting the circumferential speeds of the cooling roller and the drawing
roller. It also presents a method of applying tension in the width direction by installing rollers in multiple inclined positions. This shows
that it varies depending on the type and viscosity of the glass and the method of manufacturing the sheet glass.

The overflow downdraw method, also known as the fusion method, is a patented method (developed by Coming, USA) registered as US_
Patent No. 3,338,696 and is still in practice to this day and is widely used in the manufacturing of AMLCDs glass.

Since the molten glass overflows the upper part of the isopipe, which is a refractory body, and then merges again in the lower part route
and flows down as a single sheet, the outer sides of both sides of the glass surface do not come into contact with any object other than
air, so post-processing is not necessary. Therefore, excellent external quality can be obtained, and economical manufacturing is possible.
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However, since the molten glass gradually hardens as it passes through the outer weir of the isopipe, it must overflow uniformly by its
own weight while maintaining high-temperature glass conditions compared to other methods, so the size of the isopipe containing the
molten glass must be increased, and it must be manufactured as a large facility to cope with sagging and thermal changes due to actual
high temperatures and mechanical loads. At the same time, each structure must inevitably be manufactured through structural analysis,
etc., according to the glass composition and each manufacturing condition of the product. In addition, there is the inconvenience of
taking time for partial replacement, quick repair, or return to normal manufacturing conditions when a part of the device is damaged or
the product model is changed.

In addition, the US patent (10/826,097 or international application PCT/EP2001/14654 Sheet Glass Forming Apparatus) requires that
expensive equipment made of platinum, etc., must be adjusted to meet limited design requirements before forming to create virgin glass.
Therefore, the slopes and weirs in the forming gutter (or isopipe) that are inclined according to the temperature or viscosity of the glass
must have precise dimensions and precise glass temperature control, and, therefore, the structure must be designed in advance through
structural analysis according to the temperature, viscosity, and production conditions (linear throughput), which is inconvenient.

Technical problem to be achieved by the invention

Therefore, the purpose of the present invention to solve the above problems is to provide a manufacturing device for sheet glass using a
downdraw method that forms an onion zone so that the glass material and the resistance material flow down in a wet state in close
contact with each other on the side wall slope by providing a sharp or streamlined tip so that the glass material can easily flow down
from the contact surface with the resistance material due to free fall by gravity, and move at a faster speed from the glass material on the
outer surface.

In addition, another purpose of the present invention is to provide a manufacturing device for sheet glass using a downdraw method that
divides the middle part of the glass material that melts and flows down through the discharge hole (orifice, slot) in the downdraw method
again by a knife-shaped resistance material installed at the lower part so that the glass on the inner part can be controlled at an
appropriate temperature at the same time as the surface contact on the surface of the thermal valve resistance material, so that the speed
of the glass material flowing down is constant, and also enables speed control according to the temperature inside and outside of the
glass material.

Composition and operation of the invention

The purpose described above is achieved by a sheet glass manufacturing device using a downdraw method, characterized in that the
device further includes a resistor having a streamlined shape with an angle of inclination and symmetrical left and right so that the glass
flows down the surface as the molten glass from the melting furnace through the stirrer passes through the orifice, and the temperature of
the glass flows down the surface of the resistor, and then merges again.

In addition, according to the present invention, it is preferable that the resistor has a heating element built into the upper and lower parts
so that the internal temperature of the glass is controlled by the resistor.

In addition, according to the present invention, it is preferable that the discharge hole is expanded so that the glass discharged from the
slot-shaped discharge hole is accurately separated left and right in the thickness direction by the upper end of the resistor, and the resistor
enters the discharge hole.

In addition, according to the present invention, it is preferable that the discharge hole is expanded so that the resistor enters the inside of
the discharge hole, so that the glass discharged from the slot-shaped discharge hole is accurately separated left and right in the thickness
direction by the upper end of the resistor.

In addition, according to the present invention, it is preferable that the resistor further includes a structure that inserts a heating function
through a heater inside and outside and a cooling line that can cool in order to easily control the flow of the glass.

In addition, according to the present invention, it is preferable that the resistor can adjust the inclination in the up/down, left/right, and
length directions so as to control the flow amount of the molten glass.

In addition, according to the present invention, it is preferable that the resistor has a structure that secures a predetermined space and
embeds a tension shaft in order to adjust the tension inside the resistor to correct the linearity.

In addition, according to the present invention, it is preferable that the resistor is a thin plate with a thickness of 1 mm or less for
manufacturing an alkali-free sheet glass used as an LCD substrate.
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In addition, according to the present invention, it is preferable that the resistor is a thin plate with a thickness of 3 mm or less for
manufacturing glass for PDP or sheet glass for automobiles.

Hereinafter, a preferred embodiment of the present invention will be described with reference to the attached drawings.

Figure 1 is a conceptual diagram of a downdraw method using a drawing control plate (resistance body) of a sheet glass manufacturing
device using the downdraw method of the present invention, and Figure 2 is a simplified cross-sectional schematic diagram including a
chamber and a drawing control plate for manufacturing sheet glass.

In addition, Figure 3 is a simplified frontal schematic diagram including a chamber and a drawing control plate for manufacturing sheet
glass, and Figure 4 is a conceptual diagram showing the shape change of the drawing control plate at high temperature and room
temperature.

In addition, Figure 5 is a drawing showing an example of the shape of the cross-sectional resolution of sheet glass according to the
manufacturing method, and Figure 6 is a block diagram showing the temperature control method of sheet glass and the drawing control
plate.

Figure 1 is a cross-sectional diagram illustrating the basic function of the process of ejecting molten glass and the part where the
resistance body acts as an example of the present invention.

The molten glass (1) that has passed through the stirrer in the melting furnace is maintained at a constant temperature and flows
downward through the narrow discharge passage (2a) of the refractory (2) that has a structure for discharge, and through the discharge
hole, the orifice (3; Orifice or Slot).

The lower part of the orifice (3) is provided with a position of a knife-shaped draw stabilizing baffle blade (4; hereinafter referred to as a
resistor) that continuously maintains a high temperature similar to that of the molten glass (1), and the position of this resistor (4) can be
finely controlled up and down (Z-axis in Figure 1), left and right (thickness direction; X-axis in Figure 1), and inclination (Z-axis height
at both ends of the Y-axis in Figure 1) by an electric and mechanical device.

The tip (41) of the resistor (4) is close to the discharge orifice (3) or a part of it enters deep into the discharge orifice (3), so that the
inside of the glass (10) discharged through the orifice (3) is separated into two sides by the tip (41) of the resistor and slides toward the
lower part (42) in a wet state rather than free falling.

The resistor (4) has an isotropic thombus or other streamlined structure, and the upper and lower parts have built-in heating mechanisms
(45), control mechanisms (43), and cooling control mechanisms (47), and a plurality of temperature sensor parts (46) for temperature
control are provided inside. The outside of the resistor (4) is installed in the middle of the upper heating chamber (6) having several
external heating elements (5) on each side of the resistor (4) so that the discharged glass material flows down stably without overlapping,
and the lower temperature chamber (7) having a cooling function so that the glass material can be drawn out flatly and stably.

In the present invention, the resistor (4) is maintained at a high temperature (typically around 1,100°C) by the heating element to form a
temperature close to the temperature of the actual discharged glass material, and it is preferable that this be determined as the
temperature (1,150°C to 1,250°C in the case of LCD glass) of the optimal condition for the glass material to flow down through
experiments in the manufacturing process, considering heat absorption and heat release due to contact with the glass material, etc., ata
level where a uniform temperature can be maintained above all else.

That is, the resistor further includes a structure for inserting a cooling line capable of heating and cooling through a heater inside and
outside to easily control the flow of the glass, so that, for the glass material, which is an alkali-free glass used as an LCD substrate and
has a density of 2.45 g/cm? or less, a distortion point of 650°C or higher, and a liquefaction temperature of about 1,100°C or higher, it is
preferable that the temperature of the surface glass flowing from the resistor is approximately 1,150°C to 1,250°C.

This is a conventional downdraw method that forms a sheet-shaped glass through a discharge hole and immediately cools and draws it,
and it is said that the viscosity of the molten glass is appropriate at the level of 10>* dPa.s. However, in the present invention, a resistance
body (4) whose position can be controlled is installed at the bottom of the discharge hole (3) so that the amount of the discharged glass
(10) can be controlled by the insertion depth (10b) of the resistance body (4) when the width (10a) of the orifice is determined, and also,
the descending speed becomes slower due to contact with the resistance body (4), so that uniform and gentle control is possible.
Therefore, even if the viscosity is lowered to the level of 10*? dPa.s or higher than 10** dPa.s, a uniform portion-wise discharge is
possible, and also, the flowing speed depends on the temperature of the glass by the temperature of the resistance body (4), the external
heating element (5), and the upper heating chamber (6).
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The glass is already determined by the straight section (2a) of the discharge passage and the tip orifice (3), so that the inner part of the
glass comes into contact with the resistor (4) and flows down very slowly, separated into two sheets of glass. At this time, the amount
(thickness) of the glass is usually formed somewhat more (thicker) than the amount (thickness) of the glass in the downdraw method or
the overflow downdraw method, and starts to contact and flow at the side wall of the resistor (4).

In addition, the glass (12) separated by the side wall of the resistor becomes a free surface on the outer surface, and receives a downward
force due to its own weight, and receives more radiant heat from the heating element (5) in the heating chamber (6) so that the viscosity
of the glass decreases from the surface and flows down from the surface at a faster speed, and the inner part comes into contact with the
resistor and flows down at a slower speed so that it has an onion zone in which the glass is gradually peeled off.

Therefore, the glass (11) on the surface discharged by contacting the orifice (3) contains defects such as minute bends at the time of
initial discharge, but as it passes through the long inclined section of the resistor (4), the surface is exposed as a free area and is flattened
due to the surface tension of the glass itself, and the surface quality is smoothly restored by the flow of the onion area so that a glass
surface without defects is formed and moves to the lower part of the resistor (4).

The lower part of the resistor (4) is placed in a constant temperature chamber (7) so that a more uniform temperature is maintained, and a
cooling control mechanism (47) capable of a heating means and a cooling means is provided inside, so that the molten glass (13) that has
come down along the both sides of the resistor (4) is combined in the area (14) so that a sheet glass with a flat surface is formed again.

In the present invention, the resistor (4) is in direct contact with high-temperature molten glass during actual manufacturing, so it may be
easily worn or eroded, or the precision of the dimensions may change after installation due to thermal expansion. Therefore, it is
desirable to select a material that takes this into account.

As for the material of the above resistor (4), it is considered desirable to manufacture it as an isostatically pressed refractory block
(henceforth called 'iso-pipe") that is a refractory material that is hardly wom when in contact with glass and also has creep resistance, and
then to perform a precise surface treatment. The iso-pipe is mainly manufactured from a zircon refractory material that is preferably
isostatically pressed, that is, a refractory material that mainly includes ZrO, and SiO,. For example, it means a zircon refractory material
that includes at least 95 wt% of ZrO and SiO, together with a theoretical composition of a material of ZrO, -Si0; or an equivalent
amount of ZrSiOj.

In addition, some of the body of the resistor (4) can be manufactured with molybdenum or other metals having excellent heat resistance,
and in some cases, the tip (41) or the upper part, which is the part that comes into direct contact with the glass, can be manufactured with
a structure that covers the surface with platinum or platinum + alloy, which has the least effect on the quality of the molten glass.

The resistor (4) manufactured with a refractory or metal should have a smooth and good surface structure and should be structurally
designed to have minimal deformation due to thermal changes caused by heating and cooling, and the assembled part should be
manufactured so that no shape abnormalities that form bubbles or defects occur due to thermal changes and contact with the glass.

Figure 2 to 4 illustrate the features of the present invention and a specific second embodiment in accordance with the invention, showing
a cross-sectional view and a side view of an apparatus for manufacturing sheet glass.

In Figure 2, the process in which molten glass is formed into sheet glass through four elaborate process steps is clearly illustrated. In the
molten glass supply section (A), glass of uniform conditions is discharged, and in the first forming section (B) with the heating chamber
(6), the glass (12) that is uniformly distributed by the resistor (4) is formed thinly while flowing downward by its own weight accelerated
by the heating element (5), and in the second forming section (C), the glass (13) that has a uniform temperature distribution is formed by
the lower part of the resistor (4) and the constant temperature chamber (7) and is gradually cooled through the external cooling device
(9), and finally, at the lower part (42) of the resistor (4), the glass that was separated into both sides is reunited to form a thin sheet glass
(14) for drawing.

The reunited sheet glass (14) is pulled downward while being pulled taut to a more accurate size in the diffusion section (D), and the
final forming is completed while undergoing cooling and heat treatment. The diffusion section (D) follows the same principles as other
general sheet glass manufacturing methods.
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In the embodiment described below, only the elements that play an important role in the present invention are described. The reason is
that it is judged that those skilled in the art of sheet glass manufacturing can sufficiently apply it and, unlike the embodiment, more
effective methods and conditions can be selected through experiments.

In Figure 2, when looking at the cross section of the molten glass (1), the more accurately the tip of the resistance body is centered on the
middle part of the flowing glass (10), the smaller the change in the flow of the left and right glass, and, therefore, the temperature
difference between the left and right sides is also smaller, so that a stable product can be made. To this end, along with precise
temperature control of the molten glass (1), the dimensions of the straight discharge groove (2a) and the orifice (3) at the end for the
maximum laminar flow of the molten glass (1) must be primarily controlled so that it flows down evenly, and also, considering that the
characteristics of the manufacturing plant can always change and especially considering deterioration due to long-term use, etc., a
discharge cooling device (33) capable of finely controlling the discharge temperature of the local glass and a supply pipe (34) for the
cooling material are provided.

In general, glass does not have a vortex flow, but it is extremely difficult to control the temperature evenly inside the molten glass, so in
order to achieve a uniform flow, the length (10c) of the straight discharge port at the end of the orifice is considered to be at least twice
the width of the orifice (10a in Figure 1; X-axis direction). If the insertion depth (10b in Figure 1) of the resistor tip (41) of the present
invention is additionally considered and determined through testing, it is considered desirable for the purpose of the present invention.

In Figure 2, the heating chamber and the constant temperature chamber equipped with the resistor (4) are equipped with several heating
elements (51, 52) for temperature control of each chamber and auxiliary heating devices (60w, 70w, and 80w) installed inside the
refractory wall to maintain a uniform temperature, and the constant temperature chamber is equipped with a cooling device (72) and a
pipe (73) for supplying a cooling substance at the same time.

Each chamber is composed of a refractory wall (8) to maintain a temperature difference, a barrier wall (61) is provided between the
chambers, and an air inlet (67) is attached to each chamber unit to form a pressure (positive or negative pressure) room so that air flow
(65) does not flow into the open space (65) of the gap through which the glass material flows.

In addition, it is desirable to supply filtered air to the air inlet (67) to prevent oxidation or foreign matter attachment to high-temperature
glass or, in particular, to the resistor, or, in some cases, to inject nitrogen (N2) gas.

The heating device (50, 51) is designed so that there is no temperature gradient in the width direction (Y) of the sheet glass, just like the
resistor, and, in particular, the heating device of the control unit (B) is manufactured with a structure that has sufficient heat for the glass
to flow down and allows for fine temperature control.

The external heating device (51) at the bottom of the resistor (4) is capable of precise temperature control together with the cooling
device (72), and this plays a major role in the glass flowing while being stretched. Therefore, this area is an onion zone, and the
temperature of the glass, the resistor, and the surrounding atmosphere (including the heating element and cooling device) play a major
role in the linear processing rate or production speed, which are the drawing performances of the sheet glass.

Figure 3 shows the side structure of Figure 2 and is an example of a structure that includes a drawing device. In order to prevent the
integrated sheet glass (15) that has passed through the resistor (4) from having a bead phenomenon in which the edges become thick and
round due to the convergence phenomenon caused by surface tension at both ends (15e), a diffusion roller (84) is installed. The diffusion
roller (84) is configured to be moved up and down in height so that it can be pressed as close as possible to the bottom of the resistor (4)
by forming the edges thinly. In addition, in order to compensate for the sheet expanding thinly during diffusion, it is installed with an
angle (84a) tilted outward, and the sheet glass in this area is not used as a product as surface-blemished glass (16e).

In addition, the diffusion roller (84) has a tapered structure and is equipped with a heating and cooling structure at the same time so that
the drawing speed, the surface temperature of the roller, and the tilted angle are comprehensively controlled.

In addition, the two ends of the resistor (4) are equipped with a shaft axis (48) that can control the micro-position of the resistor (4).
The lower tension rollers (86 and 88) of Figure 3 are examples of rollers applied to the downdraw method.

In the present invention, the two ends (16e) of the sheet glass have a point where an excessive space in the width direction (Y) is
generated between the orifice and the resistor when the resistor tip (41) flows into the orifice (3). This is because the two ends of the
orifice should have a streamlined structure, and it is preferable that they have a concave end structure at the same time.
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Figure 4 shows the thermal deformation of the resistor (4). Under normal high-temperature conditions, it has a normal shape (401), but at
room temperature before use, it has a room-temperature shape (403) in which the inner part has shrunk, and the length section also has a
shrinkage amount (404). Since the upper part (U) of the center of the axis (402) is high temperature and the lower part (L) is relatively
low temperature at high temperature, the difference in the shrinkage value (405) between the upper and lower parts is compensated in
advance at the design stage and manufactured. In addition, the tip (41 in Figure 1) and the inclination angles of the left and right side
walls (40a and 40b in Figure 1) can reflect the optimal value through several modeling and production test processes so that the optimal
flatness and uniform thickness are compensated at the point where the sheet glass is formed (see 14 in Figure 1).

At the same time, it is desirable to manufacture the resistor (4) itself with a structure in which slight bending from side to side occurs in
order to prepare for thermal deformation of the orifice (3) and bending deformation in the longitudinal direction (Y-axis) due to long-
term use. For example, left-right bending refers to a structure that controls deformation of 0.1 to 0.3 mm for 2,000 mm in the
longitudinal direction (Y axis), and in the plan view shown in the upper part of Figure 6, the normal shape (401') and the bent shape
(403") are structures that provide deformation (406) for the normal central axis (402), which can be provided with a device that applies a
constant tensile/compressive stress to the left and right ends in the longitudinal direction of the resistor (4).

In the present invention, the cross-sectional grain pattern of sheet glass according to the flow of glass is illustrated in Figure 5.

The shape of the cross-sectional grain (150a) generated by the flow of general float glass in the sheet glass cross-section (150) of Figure
5 is that it is difficult for the glass material to maintain the same temperature on the air contact surface opposite to the tin melt contact
surface (for example, if the contact surface is 151, the opposite side is 152), and, therefore, the shape of the grain (153) is tilted to one
side from the center (154).

150b of Figure 5 is the shape of the grain (155) generated by the glass flow of the conventional downdraw technique without a drawing
rod.

The vertically descending downdraw method cools the surface first, so the drawing amount increases from the inside. Therefore, the
grain (155) in the form of a wood grain is implemented.

150c in Figure 5 is a form manufactured by the present invention, in which the internal flow is delayed by the resistor (4), and dense
formation of knots (156) is generated on both sides based on the center (157), which is more than the other two methods mentioned
above. The uniform and dense grain shape on both sides based on the center (156) also contributes to improving the bending strength of
the glass material.

The control device of the resistance body (4) of the sheet glass manufacturing device of the present invention is as shown in Figure 6.

The glass material flowing out of the orifice (3) of the melting furnace (1) has its temperature measured by a plurality of non-contact
sensors (T1, T2 - - - Tn) and a temperature measuring device (501) and flows down while passing through the resistance body (4) of the
baffle, and its temperature is measured by another non-contact sensor (T1, T2, - - - Tn) at the lower part by the lower temperature
measuring device (502), and at the same time, the temperature of the resistance body itself (504) is also measured. Thus, the central
control device (500) controls the air heater in the pipe of the heater (45) that heats the resistance body again and the cooler (119) that
locally cools it through an operation and precise control program.

In addition, the air cooling is fed back through the outlet through precise measurement (503).

Tt is preferable that the air-cooling rod (44) for precise temperature control inside the resistor be supplied with high-temperature air or
nitrogen gas of 500°C or higher rather than cooling water or cooling oil so that the temperature control of the flow of the glass material
does not change drastically.

In addition, since the position of the pipe may change inside the resistor, the insertion depth or the size of the hole for controlling the
degree of air discharge is determined through experimentation at the beginning of operation, and manual control is preferable.

The central control unit (500) simultaneously controls the position coordinates of the resistor control unit (506) by referring to the
temperature of the resistor and the flow speed sensor (505) of the glass material. In addition to the resistor control unit (Figure 6) of this
sheet glass, another sheet glass drawing control unit (omitted from the figure) is secured, which is similar to the drawing control unit of
the conventional downdraw method.

The present invention aims to produce sheet glass of superior quality compared to the conventional downdraw method, and thus the
control device requires precise measurement of more positions, and the method can be sufficiently designed together with designers and
manufacturing process engineers.
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In addition, the technology of the present invention is useful not only for manufacturing low-alkali glass sheets used as glass substrates
such as TFT LCDs in the downdraw method, but also for manufacturing PDP glass or automobile glass and other glass having strength
and smoothness in a downward drawing process, and in particular, in the future, the technology will be further developed, and a method
will be formed that can infiltrate a specific metal ion into a molten glass base material by thermal or electrical means from a resistor in
the middle of the sheet glass so that the sheet glass is reduced (precipitated) into a metal after cooling, and this can contribute to
manufacturing functional glass such as heat-reflecting glass (or low-E glass, etc.).

(Reference) Example of implementation conditions:

The following example is the range of optimal conditions for high viscosity glass with a density of 2.45 g/cm? or less, a distortion point
of 650°C or higher, and a liquefaction temperature of about 1,100°C or higher, which is an alkali-free glass used as an LCD substrate.
This can be sufficiently adjusted at the manufacturing site according to the properties of the glass and the conditions of the
manufacturing equipment or productivity (drawing speed per hour).

* Glass discharge temperature: 1,100°C to 1,200°C
* Temperature of the upper part of the resistor: 1,200°C to 1,250°C
* Temperature of the lower part of the resistor: 1,150°C to 1,200°C
(or glass temperature of the lower part of the resistor: )
* Ambient temperature of the control chamber: 800°C to 1,000 °C (External heating element not operating)
* Glass discharge speed: (Reference value: approximately 50 ~ 100 mm/min.)
* Sheet glass drawing speed: (Reference value: approximately 1,500 ~ 3,000 mm/min.)
Effect of the Invention

As described above, the present invention enables the manufacture of large-sized sheet glass by separating the discharged glass material
as a resistive body and lowering the flow rate of the inner surface, thereby forming a relatively smooth surface quality on the outer
surface, thereby enabling the manufacture of large-sized sheet glass. At the same time, the temperature and flow rate for forming the
sheet glass outside the melting furnace can be controlled more uniformly, thereby facilitating the management of the manufacturing
process.

In addition, the sheet glass manufacturing device using the downdraw method of the present invention can easily replace or repair the
forming device and quickly and easily improve the process conditions so as to have the least effect on the operation of the melting
furnace, thereby relatively reducing problems, defects, or accidental failures that may occur during the operation, stop, and restart of
conventional agitators, isopipes, and orifices, and significantly reducing the phenomenon of taking several hours or days to stabilize after
replacement.

In addition, the manufacturing device of sheet glass using the downdraw method of the present invention exposes the outer surface as a
free surface for a relatively long time while the glass flows down the outside of the resistor, thereby compensating for surface defects of
the glass that has become more viscous by being cooled in the downdraw method, and also forms a better surface quality than the surface
that is flattened by flowing down for a short time by a vertical drawing bar, which is one of the downdraw methods.

(57) Scope of claims

Claim 1.

A sheet glass manufacturing device

using a downdraw method, characterized in that the device further includes a resistor (4) having a streamlined shape with an inclined
angle and symmetrical left and right at the upper end so that the molten glass (1) coming out of a melting furnace through a stirrer passes

through an orifice (3) and the glass (1) flows down the surface, so that the temperature of the glass (1) is controlled while the glass (1)
flows down the surface of the resistor (4) and is then combined again.
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Claim 2.

A sheet glass manufacturing device using a downdraw method characterized in that in claim 1,

the resistor (4) has a heating element (5) built into the upper and lower ends so that the internal temperature of the glass (1) is controlled
by the resistor (4).

Claim 3.
In claim 2,

a device for manufacturing sheet glass using a downdraw method, characterized in that the orifice (3) is expanded so that the glass (1)
discharged from the slot-shaped orifice (3) is accurately separated left and right in the thickness direction by the upper end of the resistor
(4), and the device has a structure in which the resistor (4) enters the orifice (3).

Claim 4.
Inclaim 1 or 3,

a device for manufacturing sheet glass using a downdraw method characterized in that the resistor (4) is made of a refractory or heat-
resistant metal, and has platinum or a platinum alloy attached to the surface.

Claim 5.
In claim 1,

a device for manufacturing sheet glass using a downdraw method characterized in that the resistor (4) further includes a structure for
inserting a cooling line that can perform a heating function and cooling through a heater from the inside and outside to easily control the
flow of the glass.

Claim 6.
In claim 5,

a device for manufacturing sheet glass using a downdraw method, characterized in that the resistor (4) can adjust the inclination in the
up/down, left/right, and length directions so as to control the flow amount of molten glass (1).

Claim 7.
In claim 6,

the resistance body (4) is characterized in that it has a structure in which a predetermined space is secured and a tension shaft is built in
so as to adjust the tension inside it to correct the linearity.

Claim 8.

In claim 1,
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the resistance body (4) is characterized in that a thin plate having a thickness of 1 mm or less is used to manufacture an alkali-free sheet
glass used as an LCD substrate.

Claim 9.
In claim 1,

the resistance body (4) is characterized in that a thin plate having a thickness of 3 mm or less is used to manufacture glass for PDP or
sheet glass for automobiles.

Figures
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