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FIG. 1

of molten glass at a glass temperature of 1000° C or higher with a pair of hot
forming rolls having a surface temperature of about 500° C or higher located
vertically below the glass feed. The forming rolls thin the supplied stream of
molten glass to produce a formed glass ribbon. A pair of cold sizing and textur-
ing rolls maintained at a surface temperature of about 400° C or lower or 300° C
or lower is located verticaly below the forming rolls. The sizing and texturing
rolls thin and texture the formed glass ribbon to produce a sized glass ribbon
having a desired texture, thickness and thickness uniformity. The sized and tex-
tured glass ribbon may have a thickness of 1mm or less that varies in thickness
by no more than +/- 0.025 mm.
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PRECISION ROLL FORMING OF TEXTURED SHEET GLASS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. 8§ 119 of U.S.
Provisional Application Serial No. 61/565,21 Ifiled on November 30, 201 1; and U.S.
Application Serial No. 13/483,774 filed on May 30, 2012, which claims the benefit of U.S.
Provisional Application Serial No. 61/491,651 filed on May 31, 201 1, the contents of which

are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The disclosure relates to roll forming of sheet glass with atextured surface, and more
particularly to amethod and apparatus for precision roll forming thin glass sheets with a
textured surface and high precision thickness/dimensional uniformity, and more particularly
to such amethod and apparatus in which a stream of molten glass a arelatively high glass
temperature greater than about 1000° C or higher is formed by afirst forming roll pair a a
relatively high/hot surface temperature (500° C or higher) and isthen precisely sized and
textured by aprecision dimensioned and textured sizing or texturing roll pair a arelatively
low/cold surface temperature (400° C or lower) to form precision thickness/dimensional

uniformity textured glass sheet.

BACKGROUND

[0003] A need exists in the manufacture of user interfaces, controls, displays, architectural
devices, appliances, electronic devices, furniture, and other devices for atextured, highly
dimensionally uniform glass surface or glass cover that isnon-glare, low friction to the touch,
and resistant to smudges and fingerprints. Many devices can also benefit from the addition of
specially designed textured surfaces. Historically these kinds of textured surfaces have been
achieved by adding polymer coatings and other coating materials to the surface of smooth
glass sheet. These coatings can often be difficult to apply, costly to apply, and often fail to
supply the hardness, abrasion resistance and durability of the original glass surface. Textured
glass surfaces have aso been proposed to accomplish some or al of the above desired

characteristics.
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SUMMARY

[0004] The apparatus and process of the present disclosure eliminates the need for additional
coatings in the production of textured glass sheets and is adaptable for high volume
manufacturing processes.

[0005] One embodiment hereof includes a process and apparatus for precision glassroll
forming that includes a glass feed device for supplying a stream of molten glass at a
temperature of 1000° C or higher. A pair of hot forming rolls maintained at a surface
temperature of about 500° C or higher or 600° C or higher located vertically below the glass
feed device receives the supplied stream of molten glass and forms the supplied stream of
molten glass into aformed ribbon of glass having athickness near adesired thickness. A pair
of cold sizing and/or texturing rolls maintained at a surface temperature of about 400° C or
lower, 300° C or lower, or 200° C or lower located vertically below the forming rolls receives
the formed ribbon of glass. The sizing/texturing rolls thin the formed ribbon of molten glass
to produce a sized ribbon of glass having a desired thickness and a desired thickness
uniformity. The outer surface of at least one of the sizing rollers istextured to impart a
texture to a least one surface of the glass ribbon. The thickness of the sized ribbon of glass
varies by no more than +/- 0.025 mm. The sized and textured ribbon of glass produced by the
sizing rolls may be arelatively thin glass ribbon or sheet having athickness of 1mm or less,
or 0.8mm or less, or 0.75 mm or less.

[0006] A pair of pulling rolls may be located vertically below the sizing rolls for receiving
the sized and textured ribbon of glass and creating atension on the sized ribbon of glass.
[0007] The glass feed device may feed the stream of molten glass to the forming rolls a a
glass temperature of about 1000°C or higher.

[0008] The sizing/texturing rolls may each have atextured outer surface formed of a heat
insulating material or coated with atextured heat insulating material to provide athermal
barrier. The outer surface may be formed of a ceramic material, or a combination of ceramic
materials.

[0009] The sizing/texturing rolls may each be formed of ahollow cylinder of heat
insulating material. A cooling tube may supply cooling fluid to an interior of each
sizing/texturing roll. The coolant tube may be a spray tube that extends substantially the
entire length of the interior of the hollow cylinder, and aplurality of spray holes are formed

along the spray tube for spraying cooling fluid against an interior surface of the hollow
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cylinder. There may be a higher concentration of spray holes in a central region of the spray
tube than in end regions of the spray tube, whereby a central region of the hollow cylinder
receives a larger volume of cooling fluid than end regions of the hollow cylinder.

[0010] The sizing rolls may each be one of (i) formed of a heat insulating material or (ii)
coated with a heat insulating material. The sizing rolls may each be formed of a hollow inner
metal cylinder and an outer heat insulating ceramic layer.

[0011] In other embodiments hereof, an endless belt having atextured surface may be
mounted on the at least one sizing roll, whereby the endless belt forms the textured surface on
a least one sizing roll and imparts the desired texture on at least one surface of the glass
ribbon.

[0012] An embodiment hereof includes an apparatus for precision roll forming and texturing
glass or glass-ceramic sheets comprising: a glass feed device for supplying a supplied stream
of molten glass or glass-ceramic; apair of forming rolls maintained a a surface temperature
of about 500° C or higher, the forming rolls being spaced closely adjacent each other defining
aglass forming gap between the forming rolls with the glass forming gap located vertically
below the glass feed device for receiving the supplied stream of molten glass and thinning the
supplied stream of molten glass between the forming rolls to form a formed glass ribbon
having aformed thickness; and apair of sizing rolls maintained a a surface temperature of
about 400° C or lower, the sizing rolls being spaced closely adjacent each other defining a
glass sizing gap between the sizing rolls with the glass sizing gap located verticaly below the
forming rolls for receiving the formed glass ribbon and thinning the formed glass ribbon to
produce asized glass ribbon having a desired thickness and a desired thickness uniformity;
and an apparatus for depositing material onto at least one surface of the glass ribbon and
thereby impart a desired texture on the a least one surface of the glass ribbon.

[0013] The device for depositing amaterial may be a spray nozzle that sprays the material
onto the at least one surface of the glass ribbon.

[0014] The device for depositing amaterial may be a spray nozzle that sprays the material
onto one of (a) at least one of sizing ralls, (c) at least one of the forming rolls, (d) an endless
belt looped around at least the one of sizing rolls, and (€) an endless belt looped around a

least the one of forming rolls.
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[0015] A forming process according to an embodiment hereof may include the steps of:
supplying a stream of molten glass; forming the supplied stream of molten glass with apair
of hot forming rolls maintained a a surface temperature of about 500° C or higher to form a
formed ribbon of glass having athickness near a desired thickness; sizing and texturing the
formed ribbon of glass with a pair of cold sizing/texturing rolls maintained at a surface
temperature of about 400° C or lower, 300° C or lower, or 200° C or lower, the outer surface
of at least one of the sizing rollers istextured to produce a sized and textured ribbon of glass
having a desired thickness, a desired thickness uniformity, and a desired texture on &t least
one surface of the glassribbon. The thickness of the sized and textured ribbon of glass may
vary by no more than +/- 0.025 mm. The sized ribbon of glass produced by the sizing rolls
may have athickness of Imm or less, or 0.8mm or less, or 0.75 mm or less. The glass feed
device may feed the stream of molten glass to the forming rolls at a glass temperature of
about 1000°C or higher, for example a a glass temperature in arange of from about 1000°C
to about 1500°C.

[0016] An embodiment of the glass or glass-ceramic roll forming apparatus may include a
glass feed device for supplying a stream of molten glassto apair of hot forming rolls
maintained at a surface temperature of about 500° C or higher. The forming rolls being
spaced closely adjacent to each other defining a glass forming gap between the forming rolls
with the glass forming gap located vertically below the glass feed device for receiving the
supplied stream of molten glass and thinning the supplied stream of molten glass between the
forming rolls to form a formed glass ribbon of glass having a formed thickness near a desired
thickness. A pair of cold sizing and texturing rolls (at least one of which has atexture
surface) maintained at a surface temperature of about 400° C or lower. The sizing/texturing
rolls may be spaced closely adjacent to each other defining a glass sizing gap between the
sizing/texturing rolls with the glass sizing gap located vertically below the forming rolls for
receiving the formed glass ribbon of glass and thinning and texturing the formed glass ribbon
of molten glass to produce atextured and sized ribbon of glass having a desired thickness, a
desired surface texture and adesired thickness uniformity. The molten glass may be fed to
the forming rolls a a surface molten glass temperature of about 1000°C or higher. The
molten glass may be fed to the forming rolls at a glass viscosity in arange of from about 200

poise to about 10,000 poise, or about 30 poise to about 10,000 poise.
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[0017] In some embodiments, the outer cylindrical glass sizing/texturing surfaces of each of
the sizing/texturing rolls are formed with aradius and concentricity with the rotational axis of
the sizing roll that varies by no more than +/- 0.0125 mm, whereby the thickness of the sized
glass ribbon of glass varies by no more than +/- 0.025 mm.

[0018] In some embodiments, the sizing gap has athickness of 1mm or less, whereby the
sized glass ribbon of glass produced by the sizing rolls has athickness Immor less. The
sizing gap may have athickness of 0.8mm or less, whereby the sized glassribbon of glass
produced by the sizing rolls has athickness 0.8mm or less. The forming gap may have a
thickness of about 1.5 mm to about 2 mm.

[0019] Some embodiments include apair of pulling rolls located vertically below the
sizing/texturing rolls for receiving the sized glass and textured glass ribbon and creating a
sufficient tension on the sized glass ribbon of glassto at least one of (i) stabilize and (ii) draw
the sized glass ribbon of glass.

[0020] Theroll forming apparatus may include at least two said sizing roll modules, one
located vertically below the other and aligned on the same vertical plane. Theroll forming
apparatus may include aforming roll module having a similar construction asthe sizing roll
module for moving first and second forming rolls parallel to and in synchronicity with each
other.

[0021] The roll forming apparatus may include a glass take out device located below the one
or more sizing roll modules for receiving the sized and textured glass ribbon, the glass take
out device comprising one of aplurality of (i) vacuum glass forming molds on a conveyor
and (ii) aflat conveyor.

[0022] In some embodiments, aglass or glass-ceramic roll forming process includes the steps
of: supplying avertical stream of molten glass, forming the supplied stream of molten glass
or glass-ceramic with apair of hot forming rolls maintained at a surface temperature of about
500° C or higher or about 600° C or higher to form aformed ribbon of glass having a formed
thickness near a desired thickness; sizing the formed ribbon of glass with apair of cold
sizing/texturing rolls maintained a a surface temperature of about 400° C or lower, about
300° C or lower, or about 200° C or lower to produce a sized glass ribbon of glass having a
desired thickness less than the formed thickness and a desired thickness uniformity. At least
one of the sizing/texturing rolls has atextured surface to impart a desired texture to a least

one surface of the glassribbon. The thickness uniformity of the sized and textured glass
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ribbon may vary by no more than +/- 0.025 mm. The sized and textured glass ribbon
produced by the sizing/texturing rolls may have athickness of 1mm or less, or 0.8mm or less.
The formed glass ribbon may have athickness of about 1.5 mm to about 2 mm. The stream
of molten glass may be fed to the forming rolls a a surface glass temperature of about
1000°C or higher. The molten glass may be supplied a a glass viscosity in arange of from
about 200 poise to about 10,000 poise.
[0023] The molten glass may be supplied to a center nip formed between the pair of forming
rolls such that apuddle of molten glassis formed at the nip of the forming rolls. The puddie
of molten glass may have athickness of about 10 mm to about 20 mm.
[0024] All embodiments hereof may include pulling the sized and textured glass ribbon and
creating a sufficient tension on the sized glass ribbon to at least one of (i) stabilize and (ii)
draw the sized glass ribbon.
[0025] Other embodiments hereof include aprocess for roll forming glass or glass-ceramic
into textured glass sheets comprising the steps of: supplying avertical stream of molten glass
or glass-ceramic; forming the supplied stream of molten glass or glass-ceramic with apair of
forming rolls maintained at a surface temperature of about 500° C or higher or about 600° C
or higher to form a formed glass ribbon having a formed thickness; sizing the formed ribbon
of glass with apair of sizing rolls maintained a a surface temperature of about 400° C or
lower, thereby producing asized and textured glass ribbon having a desired thickness less
than the formed thickness and a desired thickness uniformity; and depositing a material onto
a least one surface of the glass ribbon, thereby forming a desired texture on the & least one
surface of the glass ribbon.
[0026] The step of depositing material may include depositing material onto the at least one
sizing roll; and transferring the material from the a least one sizing roll to the at least one
surface of the glass ribbon.
[0027] The step of depositing material may include providing an endless belt mounted on the
a least one sizing roll; depositing material onto the endless belt; and transferring the material
from the endless belt onto a least one surface of the glass ribbon thereby forming the desired
texture on the at least one surface of the glass ribbon.
[0028] The step of depositing material may include spraying the material onto the a least one
surface of the glass ribbon. The material may be sprayed on to the glassribbon at alocation
between the forming rolls and the sizing rolls.

6
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[0029] The pair of forming rolls and the pair of sizing/texturing rolls may be centered on a
vertical plane defined by the vertical stream of molten glass.

[0030] The glass sizing rolls may be rotationally driven a a higher speed than the glass
forming rolls to a least one (i) create avertical tension in the formed glass ribbon and (ii)
draw the formed glass ribbon.

[0031] In al embodiments hereof, the glass supplying step may supply one of (i) avariable
flow of glass, (ii) adiscontinuous flow of glass, or (ii) acontinuous flow of glass. The pair of
sizing/texturing rolls may berotationally driven with no velocity variations in the rotational
speed of the sizing rolls.

[0032] All embodiments hereof may include the step of controlling the rotational velocity or
torque of each pair of rolls independently and separately from the other pair(s) rolls.

[0033] The pair of glass forming rolls may be spaced to define a glass forming gap between
the glass forming rolls and the pair of glass sizing/texturing rolls are spaced to define a glass
sizing gap between the glass sizing/texturing rolls that is smaller than the glass forming gap.
[0034] Additional features and advantages will be set forth in the detailed description which
follows, and in part will be readily apparent to those skilled in the art upon reviewing the
detailed description, appended drawings and claims contained herein, or by practicing the
embodiments as described herein.

[0035] It isto beunderstood that both the foregoing general description and the following
detailed description are merely exemplary, and are intended to provide an overview or
framework to understanding the nature and character of the claims. The accompanying
drawings are included to provide a further understanding, and are incorporated in and
constitute a part of this specification. The drawings illustrate one or more embodiment(s),
and together with the description serve to explain principles and operation of the various

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Figure 1lisaschematic perspective view of one embodiment of a high precision glass
roll forming and texturing apparatus and process according to one embodiment hereof;
[0037] Figure 2 is a schematic side view of the high precision glass roll forming and

texturing apparatus and process of Figure 1;
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[0038] Figure 3 isaschematic perspective view of an embodiment of the high precision glass
roll forming and texturing apparatus of Figure 1with acrucible or ladle feed;

[0039] Figure 4 is a schematic perspective view of an embodiment of a fusion forming glass
feed that may be used to continuously feed glassto the high precision glassroll forming and
texturing apparatus of Figure 1;

[0040] Figure 5is aschematic side view of the fusion forming glass feed of Figure 4
delivering glass to the forming rolls of the glass forming apparatus of Figure 1and 7;

[0041] Figures 6A and 6B are schematic front and side views, respectively, illustrating the
glass feed from afishtail slot feed embodiment hereof;

[0042] Figure 7 is aperspective view of an embodiment of a high precision glassroll
forming and texturing apparatus hereof;

[0043] Figure 8is aperspective view of an embodiment of the sizing and texturing roll
module of the high precision glass roll forming and texturing apparatus of Figure 7;

[0044] Figures 9, 10 and 11 are partia perspective, plan and partialy broken away side
views, respectively, of an embodiment of the sizing and texturing roll module of Figure 8;
[0045] Figure 12 is apartial cross-sectional side view of the sizing and texturing roll module
of Figure 8;

[0046] Figure 13 is an exploded view of an embodiment of a gear box for driving the rolls of
the sizing and texturing roll module of Figure 8;

[0047] Figures 14 and 15 are an embodiment of aprecision cold sizing and texturing roll;
[0048] Figures 16 and 17 are plan and end views, respectively, of the cold sizing and
texturing roll of Figures 14 and 15 mounted on bearing blocks;

[0049] Figure 18isa schematic illustration of an embodiment of ahigh precision glass roll
forming and texturing apparatus and process hereof with a glass cutting roll pair, material
depositing device, and forming roll radiant heaters,

[0050] Figure 19 isaschematic illustration of an embodiment of ahigh precision glass roll
forming and texturing apparatus hereof with glass take out conveyor with heated vacuum
glass forming molds 260; and

[0051] Figure 20isaschematic illustration of an alternative embodiment of a forming and

texturing apparatus and process hereof.
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DETAILED DESCRIPTION

[0052] Reference will now be made in detail to present preferred embodiments, examples of
which are illustrated in the accompanying drawings. Whenever possible, the same reference
numerals will be used throughout the drawings to refer to the same or like parts. One
embodiment of ahigh precision glassroll forming apparatus and process for producing very
thin, precision thickness textured sheet glassis schematically illustrated in Figure 1, and is
designated generally throughout by the reference numeral 10.

[0053] Asused in this description and the appended claims, the term "thin" or "very thin" as
used in relation to glass sheets means a sheet of glass having athickness of about 1 mm or
less, or about 0.8 mm or less, or 0.75 mm or less.

[0054] Asused in this description and the appended claims, the term "precision thickness' as
used in relation to a glass sheet means a sheet of glass having a substantially uniform
thickness that varies by no more than +/- 0.025 mm.

[0055] Referring now to Figures 1and 2, a stream of molten glass 11 may be delivered, by
way of example only, from afishtail or feed slot 12 to the center of anip between afirst pair
of forming rolls 14 and 16. The dlot orifice may have wide ranges of widths/lengths and
thicknesses. The stream of glass may be delivered to the nip of afirst pair of forming rolls 14
and 16 a aglasstemperature of about 1000° C or higher. The first pair of forming rolls are
conventional hot forming rolls that are temperature controlled at a surface temperature in a
range from about 500° C to about 600° C, or higher, depending on the composition and
viscosity of the glass being formed. Processes and devices for the temperature control of
forming rolls are well understood in the art and are therefore not described in detail herein.
The first/hot forming rolls flatten, thin, and smoothen the stream of molten glass 11into aflat
sheet of glass 21 having athickness of about 1.5 mm to about 2 mm, for example.

[0056] The forming rolls 14 and 16 may be formed out of steel. The forming surface of the
hot forming rolls may be contoured slightly to compensate for thermal expansion of the hot
forming rolls caused by the delivery of the hot glass to the nip of the center portion of the
forming rolls. The contour may betapered or variable such that a central portion of the
forming rolls are thinner, e.g. have a smaller outer diameter, than outer or edge portions of
the forming rolls, such that the glass sheet 2 1 exiting the hot forming rolls is dlightly thicker
in the central region of the glass sheet than at the outer or edge portions, in order to avoid the

"dog bone" glass ribbon shape effect where the glass ribbon is formed thicker near the side
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edges of the ribbon than in the middle. If the glass ribbon is formed thicker in the outer or
edge regions of the glass ribbon, then wrinkles or waves may be formed in the glass ribbon
when the glass ribbon is sized by the sizing rolls as described hereinafter. Asisunderstood in
the art, the rotational speed and temperature of the forming rolls and the size of the gap
between the forming rolls are carefully selected and controlled to produce aglassribbon 21
with the desired width and thickness.
[0057] The glass sheet 21 exiting the hot forming rolls 14 and 16 isthen delivered to the
center of anip between a second pair of forming rolls 24 and 26. The second pair of forming
rolls 24 and 26 are precision dimensioned sizing rolls that further form and thin the glass
sheet 21to the desired precision thickness/size, e.g. sizethe glass sheet. The outer surface of
at least one of the sizing rolls 26 (e.g. a sizing and texturing roller, or smply texturing roller
26) is textured to impart atexture to a surface of the glass ribbon. The outer surface of the
other sizing roller 24 may optionally betextured aswell in order to impart atexture to both
surfaces of the glass ribbon, or it may be smooth. The sizing and texturing rolls 24 and 26
are temperature controlled to arelatively cold surface temperature, compared to conventional
forming rolls, of 400° C or lower, or 300° C or lower, or 200° C or lower, or about 100° C to
about 400° C, or about 100° C to about 300° C, or about 100° Cto about 200° C. The
temperature of the surface of the sizing and texturing rolls should be as low asthe glass
composition and process/apparatus configuration allows. The outer glass sizing/texturing
surfaces of the cold sizing and texturing rolls are precision dimensioned cylinders that are
formed with size and runout (e.g. the radius and concentricity of the outer sizing surface
about the rotational axis of the rolls) having tolerances of no more than +/- 0.0125 mm. The
outer glass forming surface of the cold sizing and texturing rolls are formed of or coated with
athermally insulating material. The texture formed in the textured sizing roll(s) and that is
imparted to the surface of the glass ribbon may be formed of extremely fine surface texturing
patterns with features having dimensions as small as 10 pin to 12 puin. The texture features
on the sizing/texturing rolls and on the glass ribbon in Figures 1 and 2 are not drawn to scale,
but are greatly exaggerated in size for illustrative purposes.
[0058] The outer glass forming surface of the cold sizing/texturing rolls may be formed by a
ceramic insulating cylinder, sleeve or coating. The insulating cylinder provides athermal
barrier that minimizes the amount of heat that istransferred from the ribbon of hot molten
glass to the cold sizing/texturing rolls. The thermal barrier provided by the insulating

10
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cylinder allows the sizing and texturing rolls to be run at less than 200° C, or even less than
100° C without cracking or checking the glass sheet or ribbon due to too rapid cooling of the
glass. Operating the sizing and texturing rolls at less than 200° C or lessthan 100° C also
results in negligible changes in the profile of the outer glass forming surface of the sizing and
texturing rolls 24 and 26 due to thermal expansion (during operation the temperature of the
sizing and texturing rolls is not increased as much asthe temperature of the forming rolls),
such that precision thickness control of the formed ribbon can be achieved solely by the cold
roll sizing of the molten glass ribbon by the sizing/texturing rolls with no subsequent
finishing operations on the produced glass sheet.

[0059] Forming the glass into arelatively thick glass ribbon or sheet of about 1.5 mm to
about 2 mm at the forming rolls leaves enough mass of molten glass in the formed glass sheet
having sufficient thermal energy in a center of the sheet to reheat the outer regions of the
glass sheet that have been cooled by contact with the forming rolls. Such reheating of the
outer regions of the glass sheet allows the glass sheet to be optionally drawn and thinned
between the forming rolls and the sizing rolls and to be sized and textured at the sizing and
texturing rolls.

[0060] Precision dimensioned spacer rings 34 and 36 may be mounted near the ends of each
sizing and texturing rolls 24 and 26. The spacer rings are precision machined to have a
cylindrical outer surface within atolerance of no more than +/- 0.0125 mm. Aswill be
described in more detail herein after, the sizing and texturing rolls are pressed together such
that the spacer rings 34 on sizing roll 24 are contacting and pressing against the spacer rings
36 on sizing and texturing roll 26. In this manner, precision gap control between the sizing
and texturing rolls 24 and 26 isreliably achieved, regardless of any thermal expansion of the
bearing blocks or support structure. Spacer rings may be optionally used on the hot forming
rolls 14 and 16 aswell. The formed glass ribbon 21 is further thinned and precision formed
by the sizing and texturing rolls 24 and 26 into very thin (for example about 1 mm thick or
thinner, 0.8 mm thick or thinner, or 0.75mm thick or thinner) sized and textured glass ribbon
31with aprecision thickness within atolerance of no more than +/- 0.025 mm and a desired
texture on at least one surface. Asisunderstood in the art, the rotational speed and surface
temperature of the sizing and texturing rolls, and the size of the gap between the sizing and
texturing rolls are carefully selected and controlled to produce a glass ribbon 31 with the

desired width, texture and precision thickness.
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[0061] Two or more pairs of sizing rolls (only one pair isillustrated) may be employed in
serial fashion, one below the other, if necessary, in order to form avery thin glass sheet with
a high precision thickness, aswell as for thermal control, guidance and flatness
considerations. In this construction, the sizing rolls in the first sizing roll pair may be smooth
and the sizing rolls of the second sizing pair may include at least one textured sizing roll for
texturing a least one surface of the glass ribbon.
[0062] One or more pairs of conventional pulling rolls 44 and 46 may optionally be provided
below the sizing and texturing rolls 34 and 36 in order to pull downward on the glass ribbon
31and generate adlight tension in the glass ribbon 31in order to stabilize the glass ribbon,
stretch the glass ribbon 31, isolate the glass stream 11 and glassribbon 2 1 in the glass
forming region from downstream processes, maintain flatness of the glass ribbon 31, or
further thin the glass ribbon to form glassribbon 41. The surface material and texture of
these pulling rolls must be chosen appropriately to not adversely affect the desired surface
finish of the precision formed/dimensioned glass ribbon/sheet 41. The glassribbon 310r 41
isthen cooled down and delivered to atake-out mechanism, where the glass ribbon is cut into
individual glass sheets of the desired size. The take out mechanism may be atravelling anvil
for scoring and breaking sheets of glass from the bottom of the traveling sheet of glass and a
robotic arm with a Bernoulli chuck for removing the separated glass sheet from the glass
forming apparatus, or the glass take out mechanism may be ahorizontal conveyor that
transports the glass ribbon to downstream glass processing stations, such as glass cutting,
finishing (edge and surface), or shaping stations.
[0063] The molten glass stream 11 may be fed to the center of the nip of the hot forming rolls
14 and 16 using any suitable glass delivery method. For example, the molten glass may be
delivered to the forming rolls in batches from a crucible or apre-shaped ladle; or the molten
glass may be continuously fed to the forming rolls as a stream of glass from a fishtail orifice,
dot orifice, fusion forming isopipe, or an extrusion furnace.
[0064] As schematicaly illustrated in Figure 3, aladle or crucible 70 may be employed to
feed batches of molten glass into the nip of the hot forming rolls 14 and 16. Theladle 70 is
filled with molten glass in aknown manner. The ladle of molten glass isthen moved into
place above the nip of the hot forming rolls 14 and 16, and the ladle istipped and the molten
glass is poured into the nip of the hot forming rolls 14 and 16. The ladle may betipped in a
controlled manner such that the glass pours from the ladle at a desired rate of flow for
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forming a desired width ribbon of glass with the forming rolls 14 and 16. Alternatively,
depending on the volume of the ladle relative to the length of the forming rolls 14 and 16, the
ladle may quickly dump its contents of molten glass onto the nip of the forming rolls 14 and
16, forming a puddle of molten glass on the nip of the forming rolls. Molten glass from the
puddle isthen drawn down by gravity and the rotating glass forming surface of the forming
rolls and formed into aformed glass ribbon 21. However, it may be difficult to control the
width of the glassribbon 21 in such aprocess where the glass is dumped all a once from the
ladle.

[0065] Figures 4 and 5 schematically illustrate an isopipe 80 of a continuous fusion draw
glass forming process. The isopipe 80 comprises an upper trough-shaped part 82 and a lower
wedge-shaped part 83, which, in combination, form aunitary forming body 80. The trough-
shaped part comprises afirst trough side wall having afirst internal trough side surface, a
second trough side wall having a second internal trough side surface, and atrough bottom
surface 88, which together define an open channel (also called a "trough™) 90 into which
glass melt isintroduced, typically through an inlet tube 78 or open end of the trough. The
trough is filled with molten glass and the molten glass is allowed to flow over afirst trough
top surface 94 of the first trough wall and a second trough top surface 96 of the second trough
wall astwo separate glass ribbons, down along afirst external trough side surface 84 and a
second externa trough side surface 86, and further down along a sloping first wedge side
surface 104 connecting with the first external trough side surface 84, and a sloping second
wedge side surface 106 connecting with the second external trough side surface 86. At the
root 108 where the two wedge side surfaces 104 and 106 join, the two glass ribbons fuse to
form aunitary glass ribbon 111, which isfed into the nip of the forming rolls 14 and 16.
[0066] The glass melt should overflow the first and second trough top surfaces 94 and 96 and
cover them continuoudly to form a smooth and continuous glass ribbon. Likewise, the glass
ribbons flowing down the external side surfaces 84, 86, 104, and 106 of the isopipe should
cover the entire side surfaces (subject to physical restrictions by other isopipe accessories,
such as the end-caps and edge directors, and the like) without significant thickness variation
from one end of the isopipe to the other. Desirably, the glass melt flow in the two ribbons is
consistent and stable over an extended period of time so that a glass sheet can bereliably

produced a the root of the isopipe. At the beginning of a forming campaign, it may take
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some time for the glass flowsto establish full, stable and consistent ribbons with desirable
thickness and flow rate.
[0067] Variations in the flow rate and distribution of the glass melt along the full length of
the first and second trough top surfaces affects the thickness and thickness variation of the
final glass sheet to be produced a the bottom of the draw. Therefore, in order to increase the
overall yield of the glass during afull campaign, the initial start-up period required to
establish a stable glass ribbon should be as short as possible in order to minimize the amount
of scrap or waste glass created during start-up. Use of the forming rolls and glass sizing and
texturing rolls of the glass forming apparatus hereof can compensate for variations on the
flow rate and thickness of the glass ribbon/stream 111 (or glass stream 11 as previously
described). The control scheme for the feed of glass to the isopipe can therefore be
simplified and less stringently controlled. Also, the start-up period may be shortened without
affecting the stability and quality of the precision thickness glass ribbon 111 (or glass stream
11 as previously described) and creating less scrap glass during start-up. Yields can therefore
be increased and operating costs reduced with the glass forming apparatus and process
described herein compared to conventional precision thickness glass forming apparatus and
processes.
[0068] Use of an isopipe or overflow pipe to fusion form and feed a glass ribbon 111 into the
nip of the forming rolls enables the precision thickness forming of larger width glass sheets
than is possible with a slot feed arrangement. For example glass ribbons having awidth of
about up to 10 feet wide have been produced by Corning Incorporated using isopipe or
overflow pipe fusion draw glass forming processes. Slot feed arrangements are typically
limited to the formation of glass ribbons having awidth of 600 mm to 900 mm or less.
[0069] By placing the glass feed ot 12 or root 108 of the isopipe as close to the nip of the
forming rolls 14 and 16 as possible, thin glass having arelatively low viscosity at the delivery
temperature of about 1000° C or higher (for example, from about 1000°C to about 1500°C) at
the nip of the forming rolls 14, 16 may be employed to form glass sheets with the roll
forming apparatus described herein. For example, glass and glass-ceramic compositions
having aviscosity of about 200 poise, aswell as glass and glass-ceramic compositions having
aviscosity as high asabout 10,000 poise or higher at the delivery temperature may be
precision thickness formed with the precision glass roll forming apparatus as described and
illustrated herein. Such low viscosity glass compositions cannot be formed using
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conventional slot draw and fusion draw processes, because the molten glass stream/ribbon 11,
21, 31, 111 becomes unstable under its own weight and/or the tension applied to the molten
glass ribbon in such processes and loses its shape. Also, as schematically illustrated on
Figure 6A, the width of the glass sheet produced may be maximized by placing the glass feed
slot 12 or root 108 of the isopipe as close to the nip of the forming rolls 14 and 16 as possible,
in order to minimize the time that the glass stream 11or ribbon 111 has to attenuate before
being formed by the forming rolls. For example, by placing the nip of the forming rolls 14,
16 a line A, the glass stream 11 or ribbon 111iswider when it is delivered to the forming
rolls than when the nip of the forming rolls isplaced at line B in Figure 6A. Once the glass
has been formed by the forming rolls 14, 16, the width of the glassribbon 21, 31is
substantially constant during the remainder of the glass forming and sizing process and tends
not to further attenuate.
[0070] Asillustrated in Figure 6B it is advantageous to feed the stream of molten glass 11to
the center of the nip between forming rolls 14, 16, asillustrated by dashed line 98. By
centering the stream of glass 11 between the forming rolls 14, 16, both sides of the stream of
glass 11 are in contact with the corresponding forming roll for the same amount of time and
distance (as schematically illustrated by arcs Ti in Figure 6B) and are therefore cooled to the
same extent during glass forming. If the stream of molten glass 11is fed to the forming roll
off to one side of the nip as illustrated by the dashed line 101 in Figure 6B, asis common in
horizontal glassroll forming processes, then one side of the stream of glass will contact one
of the forming rolls 14 higher up/sooner than the other side of the stream of glass contacts the
other forming roll. Asaresult, one side of the stream of glass 11will be in contact with the
corresponding forming roll 14 for alonger time and distance T, than the other side of the
stream of glass is in contact with the other forming roll 16 (T;). One side of the stream of
glass 11 will therefore be cooled by contact with the corresponding forming roll to alower
temperature during forming by the forming rolls than the other side of the glassribbon. This
unbalanced cooling creates thermal stresses in the glass ribbon 2 1 that can cause the glass
ribbon to warp or skew, possibly forming ripples in the resulting glassribbon 21.
[0071] It may be advantageous to form a small puddle of molten glass 99 at the nip of the
forming rolls 14 and 16 as illustrated in Figure 6B. By providing abuffer quantity of glass at
the nip of the forming rolls, the puddie may help ensure that a glass ribbon 21 having a
substantially constant thickness is formed by the forming rolls. This buffer quantity of glass
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provides a small reservoir of glassthat is available at the nip to compensate for variations in
the flow rate or thickness of the stream of molten glass 11 being fed to the nip of the forming
rolls 14 and 16. Without such apuddle or reservoir of glass, should the flow rate of the glass
stream 11temporarily drop, then there may not be enough glass at the nip of the forming rolls
to produce auniformly thick glass ribbon 21. The ribbon 2 1 may then be formed with thin
sections that are thinner than desired and thinner than the rest of the glass ribbon 21. With
precise glass feed control, it is possible to feed a stream of glass 11 having a substantially
constant flow rate and form a substantially constant width glass ribbon 2 1 with the forming
rolls without forming apuddie 99 at the forming roll nip, such asisillustrated in Figure 5.
The puddle of glass can provide areservoir of glass between batches of glass or a low glass
feed rates. In this way, the present glassroll forming system can effectively uncouple the
glass feed rate from the glass forming process speed or rate. In this way, variable flow rate
and even discontinuous or batch glass feed systems with a dwell time between feed batches
may be employed to supply/feed selectable quantities of glass on demand to the glass rall
forming system hereof. The puddle may also optionally be completely depleted between
batch feeds of glass. Asisunderstood in the art, the rotational speed and surface temperature
of the forming rolls, the size of the gap between the forming rolls, and the glass feed
temperature/viscosity and flow rate are carefully selected and controlled to produce aglass
ribbon 21 with the desired width and thickness.
[0072] As described above, forming apuddlie of glass at the nip of the forming rolls has
benefits, but the larger the puddle then the longer the molten glass is in contact with the
forming rolls and the more the outer regions of the sheet of glass is cooled by contact with
relatively cooler forming rolls. The viscosity of the glass increases asit cools, thereby
making it harder to draw and thin the sheet of glass between the forming and sizing rolls and
to thin and size the stream of glass at the sizing rolls. As such, the size of the puddlie should
be kept relatively small, for example, apuddle having athickness of about 12mm to about
18mm may be formed, so that the glass sheet can be effectively redrawn and sized. In fact, in
some instances, it may be advantageous to not form a puddle at the nip of the forming rolls.
[0073] An embodiment of aprecision glass forming apparatus 10 will now be described with
reference to Figures 7 - 14. Asillustrated in Figure 7, the precision glass forming apparatus
10 may include a glass forming module 110, aglass sizing and texturing module 120, and an
optional glass pulling module 130. The forming rolls 14, 16 are part of the forming module
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110, the sizing and texturing rolls 24, 26 are part of the sizing and texturing module 120, and
optional pull rolls 44, 46 are part of the pulling module 130. The forming module, the sizing
and texturing module and the optional pulling modules may be arranged one below the other
with the nips of each pair of rolls centered on and aligned with the same vertical plane (e.g.
the vertical plane defined by the stream of glass being fed to the forming rolls or by the nip of
the forming rolls), such that the glass stream/ribbon is fed precisely to the center of the nip
defined by each pair of rolls.
[0074] With the exception of the forming rolls, sizing and texturing rolls and pulling rollers,
the glass forming, sizing and texturing and pulling modules 110, 120 and 130 may be
substantially identical. Assuch, only the locating and driving module 120 for the sizing and
texturing rolls 24 and 26 are illustrated in the appended drawings and described herein in
detail with reference to Figures 8- 14. It will be appreciated that the references to the sizing
and texturing rolls 24 and 26 in relation to Figures 8-14 in the following description of the
sizing and texturing roll module should also be interpreted asreferences to the forming rolls
14, 16 and the pulling rolls 44, 46 in the roll forming module and the optiona pulling roll
module, respectively. The modules 110, 120, and 130 described are simple, low-cost, low-
profile, stackable modules that in combination, as described by way of example herein, form
aversatile roll forming apparatus or system. The entire thickness or height of each of the
individual modules may only be about 114 mm. Each module may include optional radiant
roll heaters 114 and 116 to facilitate the temperature control of the rolls. It will be
appreciated that the modules described in detail herein arejust one representative
arrangement that may be used to mount, align, move and control the forming, sizing/texturing
and pulling rolls of the present disclosure. One of skill in the art may design and build other
arrangements or systems for mounting, aligning, moving and controlling the forming and
sizing/texturing rolls without departing from the scope to the present description and
appended claims.
[0075] Asshown in Figures 8-1 1, the sizing and texturing module 120 includes pneumatic
cylinders 128, aframe 131, atrandational drive motor 132, an upper shaft 158, alower shaft
159, and amiddle shaft 161. The pneumatic cylinders 128, or other suitable trandational
drive devices such as hydraulic cylinders, electric stepper or servo motors, or any other
trandational drive devices capable of creating a satisfactory trandlational drive force, move
the sizing and texturing rolls toward one another. Asthe sizing and texturing rolls 24, 26
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move toward one another, spacer rings 34, 36 on the sizing and texturing rolls 24, 26 come
into contact against each other and precisely form/define the gap between the forming
surfaces of the sizing and texturing rolls 24, 26. The pneumatic air cylinders are mounted to
the back side of the module, e.g. the side away from the heat from the molten glass ribbon.
[0076] An electric motor 132, such as a servo or stepper motor, or other suitable rotational
drive mechanism such as a pneumatic or hydraulic motor, rotationally drive the sizing and
texturing rolls viaright angle gear box 134, rotation gear box 136 for counter-rotating the
inner and outer sizing and texturing rolls 24 and 26, and Schmidt couplings 144, 146, such
that the sizing and texturing rolls are rotationally driven in opposite directions at aprecision
controlled speed. The gear box 134 may also be geared to serve as a gear reduction, for
example, a30-1, 50-1, or 20-1, for driving the sizing and texturing rolls with arelatively high
torque. It will be appreciated that the right angle gear box may be eliminated by arranging
the motor 132 with its output shafts parallel to the sizing and texturing rolls. The sizing and
texturing rolls arerotationally driven with precise speed accuracy by the servo motor, which
can be synchronized with the servo motor that rotationally drives the other roll modules 110
and 130. Asillustrated in Figure 13, the gearbox 136 includes a set of gears 138 for rotating
the inner sizing roll 24 and the outer sizing and texturing roll 26 in opposite directions. The
Schmidt couplings alow for relative trandational movement of the shafts 202, 204 of the
sizing and texturing rolls (which move relative to the frame 131) relative to the output shafts
of the gear box 136 (which are fixed relative to the frame 131), while retaining the rotational
drive connection there between and driving of the rolls a aprecision controlled rotational
speed with no velocity variations or ripple in the rotational speed of the rolls as is common
with other types of trandational/adjustable rotational drive couplings. The Schmidt couplings
thereby reduce the creation of undesirable low frequency ripples in the glass that would
otherwise be created by velocity ripple in the rotational speed of the rolls. Asdescribed in
more detail hereinafter with reference to Figures 15-17, cooling fluid, for example, air, water
or amixture of air/water (mist, or other suitable coolant), is fed via flexible tubing into the
sizing and texturing rolls through rotary fluid unions 154, 156 and into the precision bearing
blocks through junctions 157.
[0077] Asbest seen in Figure 8, the shafts of each of the sizing and texturing rolls 24, 26 are
mounted in liquid cooled precision bearing blocks 124 and 126, respectively. The bearing
blocks 124 and 126 may incorporate quick change attachment features in order to facilitate
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the installation and removal of the sizing and texturing rolls for maintenance and other
purposes. The bearing blocks 124 of afirst or inner one 24 of the sizing and texturing rolls
24, 26 are mounted on outer ends of the middle shafts 161. The inner ends of the middle
shafts are attached to output shafts 162 of the pneumatic cylinders 128. Asbest seen in
Figure 9 and 10, central portions of the middle shafts are didingly journaled in bushings in
holes through an inner plate 163 and outer plate 164 of the frame 131. The output shafts 162
of the cylinder extend from pistons in the pneumatic cylinder for driving the middle shaft
back and forth asillustrated by arrow 167. The bearing blocks 126 of a second or outer
sizing and texturing roll 26 are mounted on outer ends of the upper and lower shafts 158 and
159. The inner ends of the upper and lower shafts are attached to the housing or mounting
plate of the pneumatic cylinders 128, such that the piston moves the middle shaft relative to
the upper and lower shafts 158 and 159. Central portions of the upper and lower shafts 158,
159 are dlidingly journaled in bushings in holes through the inner plate 163 and outer plate
164 of the frame 131 and through the bearing blocks 124 of the inner sizing and texturing roll
24.

[0078] Asbest seen in Figures 11 and 12, gear teeth 166, 168 are formed in a central portion
of the top surface of the middle shafts 161 and in the lower surface of the upper shaft 158,
respectively. Asseen in Figures 10 - 12, pinion gears 172 are provided on opposite ends of a
torsion rod 174. The ends of the torsion rod are received in bushings or holes in the frame
131in order to fix the location of the torsion rod in the frame 131. The pinion gears 172
engage the "rack" gears in the middle shafts 161 and upper shafts 158. Being mounted on the
same torsion rod 174, both pinion gears 172 rotate at the same speed and thereby ensure that
both ends of the inner and outer sizing and texturing rolls move synchronously toward and
away from each other a the same speed and the sizing and texturing rolls 24 and 26 remain
paralel to each other asthey are moved toward and away from each other by the pneumatic
cylinders 128. It was found that the upper shaft 158 and middle shaft 161 tend to warp or
bend when they are formed with gear teeth 166, 168 in one side thereof, which can cause the
shafts to bind in the frame or destroy the desired precise positioning of the sizing rolls and
precise formation of the glass sizing gap between the sizing rolls. In order to prevent this
warping of the toothed shafts, slots may be formed in the sides of the upper shafts and middle
shafts opposite to the gear teeth 166, 168 as can be seen in Figure 12.
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[0079] It will be appreciated that the pinion gears 172 may engage gear teeth formed in the
lower shaft 159, rather than gear teeth formed in the upper shaft 158 asillustrated in Figures
8- 12. It will also be appreciated that the torsion rod 174 and pinion gears make it possible
to optionaly eliminate one of the pneumatic cylinders 128 and drive/move the sizing and
texturing rolls synchronously toward and way from each other with just one pneumatic
cylinder 128 that drivesjust one of the middle shafts 161.
[0080] Asbest seen in Figure 12, the output shaft 162 of the pneumatic cylinder 128 may be
connected to the middle shaft via an adapter 182, an alignment coupling 184 and an optional
threaded locking collar 186. The adapter 182 mates the output shaft 162 with alignment
coupler 184. The alignment coupler 184 isreceived in the end of the middle shaft 161 and
aligns the middle shaft with the output shaft of the pneumatic cylinder. The threaded locking
collar 186 adjusts the stroke of the middle shaft to adjust the gap between the inner and outer
sizing and texturing rolls 24, 26 by contacting the plate 163 of the frame 131 (also see
Figures 9 and 10).
[0081] The frame 131 may be mounted on vertical posts or columns (not shown) with
mounting clamps or mounting blocks 188, such that the sizing and texturing rolls 24 and 26
are located directly below the glass feed dot 12 (or root 108 of the isopipe) with the glass
ribbon centered between the inner sizing roll 24 and outer texturing roller 26. In this way,
when the sizing and texturing rolls 24 and 26 are pressed together by the cylinders, the glass
ribbon will be received in the center of the nip of the sizing and texturing rolls. The posts or
columns on which the frame 13 1is mounted may be stationary columns or may be on a cart
or other moveable platform aong with the other modules 110, 130 for selectively locating the
precision glass roll forming apparatus 10 under the glass feed dot or isopipe. The mounting
clamps 188 provide infinite vertical adjustability of each module 110, 120, 130 along the
vertical columns with respect to the glass feed dot or isopipe and with respect to the other
modules.
[0082] The previously described embodiment of the sizing and texturing roll module 120
may incorporate three aternative methods for achieving precise gap control between the
sizing and texturing rolls 24 and 26 when they are moved together by the cylinders 128. The
first and most precise method is provided by the use of the previously described precision
dimensioned spacer rings 34, 36 asillustrated in Figures 1-3, 7 and 8. Precise roll gap control
ismaintained using spacer rings regardless of slight eccentricities between the roll shafts and
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rolls or bearing blocks, bearing fit clearance/tolerance, or variable swelling of the shafts,
bearings, bearing blocks or support structure at operating temperature.
[0083] A second somewhat less accurate method of controlling the gap between the sizing
and texturing rolls 24 and 26 may be provided using spacer shims 191 asillustrated in Figure
8. Precision formed spacer shims 191 may be mounted between the bearing blocks 124 and
126 on each side of the module to provide precise gap control. The shims 191 may be
formed to dip fit over the upper and lower shafts 158 and 159, such that shims of different
thicknesses (or multiple shimsto form different thicknesses) may be quickly and easily
interchanged to change the size of the gap between the sizing and texturing rolls. With this
method, eccentricities between the roll shafts and rolls or bearing blocks, bearing fit
clearance/tolerance, or variable swelling of the shafts or rolls a operating temperature may
cause dight variations in the size and uniformity of the gap between the sizing and texturing
rolls with corresponding variations in the thickness control and uniformity of the resulting
glass sheet 31. Shims enable quick and easy changes in roll gap, making this method ideal
for research and development or prototyping environments.
[0084] A third and less accurate method of controlling the gap between the sizing and
texturing rolls may be provided by the optional threaded locking collar 186 on the middle
support shaft 161, asillustrated in Figure 12. When the inner shafts are moved outward by
the cylinders 128, the loeking coliar 186 contacts the frame 131 (or the bushing in the frame)
to stop the motion of the middle shaft, and therefore the motion of the inner and outer sizing
and texturing rolls with the desired gap defined between sizing and texturing rolls. The
threaded locking collar isthreaded on the end of the inner shaft 161, so that the locking
collarl 86 may be moved in and out along the inner shaft to vary the position at which the
middle shaft is stopped and thereby vary the size of the gap between the sizing and texturing
rollers. Inyet another embodiment hereof, a collar drive device (not shown) may be
incorporated into the module for turning the locking collar 186 and adjusting the gap between
the sizing and texturing rolls during glass fabrication. Sensors (not shown), as are well
understood in the art, may also be added to the sizing and texturing module or downstream of
the module to monitor the process and monitor the sized glass ribbon 31, 131 being produced.
In this way, when undesirable variations in the thickness or other parameters of the sized
glass ribbon are detected by the sensors, then the gap between the sizing and texturing rolls
may be adjusted in real time by driving the locking collar until the thickness of the glass
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ribbon or other parameter being sensed is again within acceptable limits. This adjustment
may be manually controlled or automated.

[0085] The more readily adjustable nature of the second method of controlling the gap
between the sizing and texturing rolls by using spacer shims 191 (see Figure 8) may be
advantageous in an experimental or developmental environment where it is necessary to
make frequent changes in the gap to determine the optimal gap for anew glass composition,
new operating temperature, new operating throughput, new glass ribbon thickness or new
glass ribbon width, etc. Whereas the spacer rings 34, 36 may be more advantageous in a
production environment where the gap between the sizing and texturing roll is fixed and a
more precise glass ribbon thickness control is desired.

[0086] Turning now to Figures 14 through 17, an embodiment of the sizing and texturing roll
26 will now be described with reference to the outer sizing and texturing roll 26. It will be
appreciated that the inner sizing roll 24is identical to the outer sizing and texturing roll 26,
except that the outer sizing and texturing roll 26 has a pattern of textured features 198 formed
in or on the glass contacting surface whereas the inner sizing roll 24 is smooth. However, it
will be appreciated that the inner sizing roll 24 may optionally include a pattern of textured
features such that the inner roll isasizing and texturing roll in addition to or instead of the
outer sizing roll 26.

[0087] Aspreviously described the outer sizing and texturing roll 26 and the inner sizing roll
24 each include an insulating cylinder or coating 192. The insulating cylinder 192 is
mounted between end caps 194 and 196. Shafts 202 and 204 may be integrally formed with
the end caps for rotationally mounting the sizing and/or texturing roll in water cooled
precision bearing blocks 124. The precision formed spacer rings 34 may be mounted in
grooves formed between the ends of the insulating cylinder 192 and the end caps 194 and 196
(see Figures 14 and 15). Outer cylindrical bearing surfaces of the spacer rings 34 extend
beyond outer glass sizing surface 236 of the insulating cylinder 192 by a distance equal to
one half of the desired final thickness of the glassribbon 31. The outer cylindrical surface of
the insulating cylinder 192 may include athermal barrier layer (not shown) formed of an
insulating material such as another ceramic material or combinations of ceramic materials in
order to inhibit heat loss/transfer from the molten glass to the cylinder 192.

[0088] In order to maintain the insulating cylinder 192 of the sizing and texturing roll 26 (or

inner sizing roll 24) at the desired relatively cold operating surface temperature of
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approximately 100° C, acoolant distributor or spray tube 242 with aplurality of distribution
holes 244 is centrally located inside the insulating cylinder 192. Cooling fluid (or coolant)
246, such as water, air and water mist, or other suitable cooling fluid, is fed (246a) under
pressure to the coolant distributor 242 viarotary fluid union 154 (see Figure 15). The cooling
fluid 246a sprays from the distribution holes 244 onto the inner cylindrical surface of the
insulating cylinder and cools the insulating cylinder 192. The heated cooling fluid 246b is
removed from the interior of the insulating cylinder by way of an annular gap 248 between
the spray tube 242 and the shaft 202 and rotary fluid union 154. The distribution holes 244
may be arranged in any desired pattern to achieve the desired cooling effect. For example,
there may be more, e.g. ahigher concentration of, cooling holes in the central portion of the
sizing and/or texturing roll where more cooling isneeded than in the end portions of the
sizing and/or texturing roll.

[0089] The outer surface of the sizing and texturing roller 26 has a pattern of textured
features 198 (or texture 198) formed thereon. The textured features 198 may be formed
utilizing alaser, byway of example only, to engrave the surface of texturing roller 26 using
manufacturing techniques widely used in the printing industry to form Anilox rollers. The
laser may be employed to engrave aregular, repeatable geometric pattern of textured features
198 on the surface of the rollers, or it may form arandom pattern of textured features 198 on
the surface of the texturing roller. The textured features may be all of the same size and
geometric shape, or two or more, or even random sized and geometric shapes. The textured
features may be arrayed on the surface of the texturing roller in aregular, repeatable pattern
or in avarying or even arandom pattern. Recessed textured features are primarily illustrated
in the drawings asrecesses, such aspits or crevices, in the surface of the texturing roller 26
that form correspondingly shaped raised features, such asbumps or ridges, on the surface of
the glass ribbon. The texturing features 198 may alternatively beraised features, such as
bumps or ridges, that form correspondingly shaped recesses, such aspits or crevices, on the
surface of the glass ribbon. The textured features 198 may be formed by direct laser
engraving, applying arc plasma sprayed ceramic surface coatings, or any other suitable
engraving or material removal process such as etching, sand blasting, aswell as other surface
replication methods. Raised features may be formed on the surface of the texturing roller

with any suitable material deposition process. Thetextured features formed in the texturing
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roller and that are imparted to the surface of the glass ribbon may be formed of extremely
fine surface texturing patterns with features with dimensions as small as 10 pin to 12 pun.
[0090] The textured features 198 may take many geometric forms or shapes. For example,
textured features may be hexagonal, diamond, or other geometric or even random shapes. In
one example, the features may be a 60° hexagonal pattern of cells with a concentration of
1200 cells per inch, a cell opening of 18 win and awall thickness between cells of 3 wn. In
another example, the features may be spaced recesses with differing feature or cell counts
that form a surface coverage of from 20% to100% of the total surface area of the texturing
roller surface. In other examples, the textured features may be arrayed in groups of 3 or more
closely spaced features or cells, with the groups arrayed in arepeating or random pattern on
the surface of the texturing roller. An almost unlimited number of cell patterns can be
generated with direct laser engraving technology. A series of focusing lenses may also be
employed to impart the glass surface with textured features or cells of the desired shape,
spacing and size.

[0091] During normal operation of the glass forming apparatus 10 the glass forming rolls 14,
16 are set with aglass forming gap formed between the forming rolls that is larger than the
glass sizing gap formed between the sizing and texturing rolls 24, 26. The glass forming rolls
14, 16 may also berun at a slower speed/RPM than the sizing and texturing rolls 24, 26.
Operating the sizing and texturing rolls & ahigher RPM than the glass forming rolls creates a
tension in and stretching of the sheet 2 1 between the glass forming rolls and the glass sizing
rolls. Maintaining atension in the glass sheet 2 1 helps to maintain the stability of the formed
sheet 21 and may also be used to stretch and thin the formed glass sheet 21 before it enters
the nip of the sizing and texturing rolls. For example, the glass sheet 21 may be formed by
the forming rolls to athickness of 2 mm and stretched and thinned between the forming rolls
and the sizing ralls, prior to entering the sizing and texturing roll nip, where it may be sized
to athickness of 1mm. Similarly, the pulling rolls 44, 46 may be driven a a higher speed
than the sizing rolls 24, 26 in order to create tension in and stabilize, stretch and/or thin the
glass ribbon 31 between the sizing rolls and the pulling rolls. Note also that the roll gaps and
roll speeds of the glass forming rolls, sizing and texturing rolls and optional pulling rolls may

be appropriately selected such that the volume flow rate of glass through eachroll set is
equal.
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[0092] The modular/stackable configuration of the glass roll forming apparatus described
herein can be easily configured in many ways to enable avery large number of glass forming
configurations and operations for awide variety of glass compositions, glass sheet widths,
glass sheet thicknesses, glass sheet surface/thickness dimension control, and even glass sheet
surface patterning by simply adding, subtracting and substituting different glass roller
modules in the system. The modular/stackable configuration of the glassroll forming
apparatus and process described herein also enables the incorporation of special surface
features or textures by the ssmple addition of a glass finishing roller module having the
desired surface feature or texture inrelief in the glass forming surface of one or both of the
glass sizing rollers.
[0093] The €electric motor 132, such asaservo or stepper motor, or other suitable rotational
drive mechanism for rotationally driving the rolls in each of the modules may be
independently and separately controlled, so that the rolls in each module may be rotationally
driven independently of and at different speeds or torques than the rolls in the other modules,
or a the same speed or torques asthe rolls in one or more of the other modules. To
accomplish this, sensors are employed in each module to sense the rotational speed and/or
torque of each roll. A signal is sent from each sensor to a controller that then sends a signa
to the rotational drive mechanism driving each roll to thereby control the rotational speed or
torque of each roll to be within a desired operational range. Inthisway aroller pair may be
driven at arotational speed or torque that is somewhat higher than that of the roller pair just
above it, in order to pull the glass ribbon between these two roller pairs'modules. For
example, the upper pair of rollers may be driven a alower speed that is at a specific ratio
relative to or a percentage of the speed of the lower pair of rollers, such asaratio in arange
from about 9:10 to about 1:2 or apercentage, e.g. the upper rolls may be driven at a speed
that is about 50% of the speed of the lower rolls to about 90% of the speed of the lower rolls.
[0094] The system can accommodate awide variety of roll types formed of awide variety of
materials, such as, by way of example, forming rolls 14, 16 made of stainless steel or Inconel,
or ceramic coated stainless steel, and other suitable materials; sizing and texturing rolls 24, 26
made out of stainless steel with thermal insulating surfaces, such as ceramic coatings or
sleeves, or other ceramic base materials, such aszirconia; and pulling rolls 44, 46 made out
of stainless steel with ceramic coatings or sleeves or high temperature silicone coatings or
sleeves, or other suitable materials. Rolls that may be used with the system hereof include,
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but are not limited to, the previously described forming, sizing/texturing, and pulling rolls, as
well as additional optional rolls such asrolls with edge trimmers or cutting rolls 254, 256
with glass cutters 264, 266 asillustrated in Figure 18. The cutting rolls 254, 256 may be
made out of steel or aluminum with hardened steel cutters.

[0095] The rotational speed of the cutter rolls may be synchronized with either the sizing
roller speed or the glassribbon speed. The rotational speed of the cutting rolls may be
adjusted in order to cut a sheet of glass having a desired length from the glassribbon. For
example, if arelatively short glass sheet is desired, then the cutting rolls may be rotationally
driven at arelatively high rotational speed (for example, 150% of the speed of the rotational
speed of the sizing rolls) while the cutters are not in contact with the glass, so that the cutters
quickly travel around the axis of the cutting rolls a a speed that may be faster than the
velocity of the glassribbon. The rotational speed of the cutting rolls is then decreased asthe
cutters 264, 266 approach the glass ribbon, so that the rotational speed of the cutting rolls is
synchronized with the speed of the glass ribbon when the cutters come into contact with and
cut the glassribbon. The rotational speed of the cutting rolls isthen increased asthe cutters
disengage from the glass ribbon and the process is repeated to cut another glass sheet from
the glassribbon. If arelatively long glass sheet is desired, then the cutting rolls may be
rotationally driven at arelatively low rotational speed (for example, 50% of the speed of the
rotational speed of the sizing rolls) while the cutters are not in contact with the glass, so that
the cutterstravel slowly around the axis of the cutting rolls a a speed that may be slower than
the velocity of the glassribbon. The rotational speed of the cutting rolls isthen increased as
the cutters 264, 266 approach the glass ribbon, so that the speed of the cutters is synchronized
with the speed of the glass ribbon when the cutters come into contact with and cut the glass
ribbon. Inthisway, any desired sheet length may be "dialed in" to the system controller for
cutting out any desired length of glass sheet by adjusting the speed of the cutting rolls when
the cutters are disengaged from the glass ribbon. Should a defect be detected in the glass
ribbon, the controller may control the cutting rolls to cut the glass ribbon on either side of the
defect and thereby cut the portion of the glass ribbon containing the defect from the glass
ribbon. This defective piece of glass may then be discarded or recycled.

[0096] Radiant roll heaters 114, 116, schematically illustrated in Figure 18, may optionally
be mounted to the bearing blocks of the forming roll module 110 in order to move with the

forming rolls 14, 16 (or alternatively to the frame 131) and facilitate the temperature control
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of the glass forming rolls 14, 16 (asillustrated in Figure 18). Asillustrated in Figure 7,
radiant heaters may also be mounted to one or more of the bearing blocks of the sizing and
texturing roll module 120 to control the surface temperature of the glass sizing and texturing
rolls 24, 26, and the bearing blocks of the pulling roll module 130 to control the surface
temperature of the pulling rolls 44, 46, or any other roll modules incorporated into the glass
forming apparatus hereof. The radiant heaters may include temperature sensors 124, 126 and
radiant heating elements 125, 127.

[0097] The temperature sensors 124, 126 may be infrared sensors or optical pyrometers
mounted with a line of sight to the forming surface of the glass forming rolls 14, 16 and the
glass sizing rolls 24, 26, in order to sense the surface temperature of the surface of the rolls.
A controller controls the current to the radiant heat elements in response to the temperature
sensed by the temperature sensors in order to maintain the temperature of the surface of the
glass forming rolls substantially constant at the desired operating surface temperature, e.g. a
the operating temperature of about 500° Cto about 600 ° C. Infrared sensors and heaters
may also be provided on the sizing and texturing roll module in order to control the
temperature of the surface of the sizing and texturing rolls at the sizing and texturing roll
module.

[0098] Figure 18 also illustrates an alternative embodiment hereof where raised texture
features 201 are formed on the surface of the glass ribbon 31. According to one embodiment
hereof. A powdered material 203 is fed from a hopper 205 onto the texturing roller 26. A
metering blade 207 scrapes the excess material 203 off the surface of the texturing roller 26,
leaving the recessed features 198 in the surface of texturing roll full of the powdered material.
The powdered material isthen deposited into/onto the surface of the glass ribbon 31. Heat
from the glass ribbon sinters or otherwise fuses or sets the powdered material to form hard
raised features 201 on the surface of the glass ribbon.

[0099] In another embodiment hereof, a powdered or particulate material may be sprayed
or otherwise deposited onto one of the glass streams 11 or 21 with a spray nozzle 215c as
illustrated in Figure 20. In afurther embodiment, apowdered or particulate material may be
sprayed or otherwise deposited into the puddlie of glass 99 a the nip of the forming rollers 14,
16. In these embodiments, the powdered or particulate materia is partially embedded, melted

or impressed into the surface of the glass ribbon 31to form raised textured features on the
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glassribbon. The method may also embed material that is dlightly different from the glass
into/onto the surface of the sheet to create aunique dual composition surface.

[00100] This system hereof may be mated with awide variety of glass take out and glass
forming or finishing devices, including but not limited to, heated flat plate takeouts, vacuum
glass forming molds 260 with female mold cavities, vacuum glass forming molds with
support rings and female mold cavities, vacuum glass forming molds with support rings and
male mold cavities, thin shelled vacuum glass forming molds mounted on a horizontal
conveyor, flat belt conveyor glass sheet take out, horizontal vacuum glass forming machine
systems, and hub machine vacuum glass forming machine systems. As illustrated in Figure
19, aglass take out may include vacuum glass forming molds 260 on a conveyor 262. The
vacuum molded textured glass panes would then be cut from the hardened glass ribbon and
finished using conventional finishing processes

[00101] Figure 20 illustrates an aternative embodiment hereof where the textured features
198 are provided in the surface of an endless belt 211 mounted on an idler pulley 213 and the
texturing roller 26. Therelatively cool temperature of the sizing/texturing roller 26 keeps the
belt relatively cool, suchthat large variety of material may be employed to form the endless
belt 211. The belt may have recessed textured features or raised textured features as
previously described herein relative to the texturing roller 26. Powder may be fed to the belt
with ahopper and metering blade (as illustrated feeding powder to the texturing roll 26 in
Fig. 18) for transfer to the glassribbon 31. In one embodiment, the belt may be athin belt
with holes formed all the way or partially through the belt to form recessed textured features
inthe belt. Alternatively, the belt may be a fine mesh screen made of metal or Kevlar. Ina
further embodiment, powder or particles may be sprayed from spray nozzle 215a onto the
belt 211 for transfer, and the powder on the belt may be metered by a metering blade (not
shown in Fig. 20). Alternatively, a spray nozzle 215b may spray powder or particles onto the
forming roll 16 or onto the glass ribbon 2 1 between the forming rolls 14, 16 and the sizing
and texturing rolls 24, 26.

[00102] The glassroll forming apparatus described herein isrelatively low cost and directly
scalable from prototype, to pilot, to commercial production, and is easily scalable to larger or
smaller widths due to its compatibility with a multitude of glass delivery methods. The
modular/stackable configuration of the glass forming system described herein enables the

system to be easily customized and used as aresearch tool, a process or product development
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tool, a prototyping tool, or acommercial glass production system. When used as aresearch,
prototyping or development tool, it may be advantageous to employ the bearing block 124,
126 and shim method of defining the gap between the sizing and texturing 24, 26 and/or
forming rolls 14, 16 aspreviously described herein, so that the width of the gap may be
quickly and reliably changed. Whereas the more precise spacer rings 36 method of defining
the gap between the sizing and texturing 24, 26 and/or forming rolls 14, 16 may be
advantageously employed for commercial production of glass sheets.

[00103] The precision glass roll forming apparatus and process described herein separates
the function of sheet formation from the function of dimensional control and texturing during
sizing. The initial glass sheet formation requires glass rolling to be performed at relatively
high glass temperatures of about 1000° C and higher,(for example from about 1000° Cto
about 1500° C), which is historically incapable of precision thickness control when forming
thin sheets having athickness of lessthan 2 mm. By the addition of a second pair (and
potentially athird pair or more) of glass sizing rolls that are maintained a a much lower,
relatively cold surface temperatures of 400° C or lower, 300° C or lower, or 200° C or lower,
the glassroll forming apparatus described herein may enable the precision formation of a
very thin (e.g. 1mm or thinner, 0.8 mm or thinner, or 0.75 mm or thinner) glass sheet having
aprecision thickness (e.g. within +/- 0.025 mm or less) with very little sheet width
attenuation between the first or top forming rolls and the final or bottom ceramic coated
sizing rolls a high production rates/glass throughput/process speeds of 20 m/min or more.
The precision glass roll forming apparatus hereof may also be used to form glass sheets up to
4 mm or more in thickness with precision thickness control and a desired surface texture.
The rolls may be up to 1200 mm or more in length and produce glass sheets up to 900 mm or
more in width. The vertical configuration of the forming and sizing and texturing rolls
eliminates the waviness created in the glass by horizontal or inclined roll forming
configurations. The glass roll forming apparatus hereof may also be used to form thin,
textured glass at higher speeds than conventional roll forming devices. For example, the
present apparatus hereof may form glass-ceramic sheet with athickness of about 0.8-1.2 mm
a arate of about 500 mm of glass per second, whereas conventional roll forming devices
may only be able to produce relatively thick sheets (6 mm to 12 mm) of glass at arate of
about 300-600 mm per minute.
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[00104] The glassroll forming apparatus and process described herein also enables the
precision thickness forming and texturing of avariety of glass and glass-ceramic
compositions having relatively low viscosities of about 200 poise a the delivery temperature
of the stream of glass at the glass forming rolls aswell as glasses with arelatively high
viscosity of about 10,000 poise a the glass forming rolls. The glass apparatus hereof is also
capable of forming precision thickness glass sheets a relatively high production rates, such as

20 m/min to 36 m/min.

Examples
[00105] Various embodiments will be further clarified by the following examples.

EXAMPLE 1

[00106] A continuous supply of molten glass-ceramic was supplied from afishtail sot feed
to aglassroll forming apparatus asillustrated in Figures 7 - 14 for an extended period of time
(Figure 7). The glass was delivered a a delivery temperature of approximately 1200° C, a
viscosity at delivery was approximately 300 poise, and the delivery flow rate was
approximately 300 pounds per hour. The apparatus included atop set of forming rolls made
of stainless steel and alower set of ceramic coated sizing rolls with athermal barrier coating.
The forming rolls were run a a"hot" surface temperature that was varied from atemperature
of approximately 550° to approximately 580° C. The sizing and texturing rolls were run at a
"cold" surface temperature of approximately 100° C. The glasswas roll formed and sized a
alinear speed of approximately 254 mm/sec. The samples were approximately 88 mm wide
and cut to about 305 mm in length. The glass was marked with lines down the length of the
sample a the center line and approximately one quarter inch in from each edge. Thickness
measurements were made every inch along the sheet along each of those three lines. The
thicknesses measured were within approximately +/- 0.0125 mm of each other.
[00107] Observations from various experiments have included the following.

* Glass sheets asthin as 0.7 mm can be produced using this type of glass forming
system.

* Roll surface temperature control was found to be a critical parameter that needs to

be controlled in order to produce an acceptable product.
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* Best results were achieved with stainless steel glass roll forming surfaces on the
glass forming rolls 14, 16 temperature controlled to a surface temperature of 580° C to 600°
C measured with an optical pyrometer.

» Forming roll surface temperatures below 580° C resulted in surface haze or
periodic thermal checks running sideto side across the sheet.

* Glass wrapping around the glass forming rolls was a distinct possibility if the roll
surface temperatures were above 620° C.

* The lower the roll surface temperatures, the faster the rolls needed to berun to
prevent thermal checks or thermal crizzle-like haze. It isbelieved that thisis due to increased
thermal transfer of heat from the hot glassto the colder glass forming rolls or sizing and
texturing rolls when the differences in temperature are larger.

[00108] A maor commercial advantage of this technology described herein is that the
process is scalable to large sizes, three dimensional shapes and high-volume production rates.
Extremely fine surface texture patterns with feature sizes as low as 10 - 12 uin are possible
with the device and process described herein. Surfaces should be able to be produced that
combine all of the desired features/characteristics including non-glare, low friction of touch,
smudge proof, and resistance to marking by fingerprints. Specially designed surface textures
with very special geometric patterns are possible by utilizing the highly advanced design
software that controls the laser engraving tool. Textured rollers operating at low surface
temperatures should exhibit very long life without significant degradation. Glass surface
replication of the desired surface texture geometry will be greatly enhanced by utilizing the
versatile glassroll forming and texturing machine and process of the present disclosure where
the sizing and texturing rollers contact the hot sheet glass after the sheet has been formed by
the top forming roll set described herein. Positive (convex or protruding), negative (concave
or recessed) or the combination of positive and negative surface features can be applied to the
glass surface using this technology.
[00109] Textured glass sheets formed by the process and apparatus hereof may be used as
cover glass for user interfaces, controls, displays, architectural devices, appliances, electronic
devices, furniture, hand-held electronic devices, computer screens, micro-lens arrays,
photovoltaics, biomedical devices, and other devices.
[00110] This process and apparatus described herein combines the versatile roll forming
apparatus and process described herein with specially designed and manufactured textured
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rollers that imprint atextured pattern on the surface of glass sheet asit issized. This process
and apparatus also alows for vacuum formed three dimensional products to be manufactured
from the hot glass exiting the textured sizing and texturing rolls. This process and apparatus
is fully scalable to large sizes and production volume quantities. One of the major
advantages of this double roll set forming process and apparatus described herein isthat the
glass can be textured a an optimum process temperature, e.g. with arelatively cold or low
texturing roll surface temperature from about 100 °C to about 200 °C, such that the texture
imprinted into the glass remains crisply defined and does not lose definition.

It will be apparent to those skilled in the art that various modifications and

variations can be made without departing from the spirit or scope of the invention.

32



WO 2013/082212 PCT/US2012/066943

What is claimed is:

1 An apparatus for precision roll forming and texturing glass or glass-ceramic
sheets including a glass feed device for supplying a supplied stream of molten glass or glass-
ceramic, and apair of forming rolls maintained at a surface temperature of about 500° C or
higher, the forming rolls being spaced closely adjacent each other defining a glass forming
gap between the forming rolls with the glass forming gap located vertically below the glass
feed device for receiving the supplied stream of molten glass and thinning the supplied
stream of molten glass between the forming rolls to form a formed glass ribbon having a
formed thickness; characterized by:

apair of sizing rolls maintained a a surface temperature of about 400° C or lower, a
least one of the sizing rolls having atextured surface, the sizing rolls being spaced closely
adjacent each other defining a glass sizing gap between the sizing rolls with the glass sizing
gap located vertically below the forming rolls for receiving the formed glass ribbon and
thinning and imparting texture to the formed glass ribbon to produce a sized glass ribbon
having a desired thickness, a desired thickness uniformity, and a desired texture on a least

one surface of the glass ribbon.

2. The apparatus of claim 1, wherein outer cylindrical glass sizing surfaces of
each of the sizing rolls are formed with aradius and concentricity with the rotational axis of
the sizing roll that varies by no more than +/- 0.0125 mm, whereby the thickness of the sized

glass ribbon varies by no more than +/- 0.025 mm.

3. The apparatus of one of the preceding claims, wherein the sizing gap has a

thickness of 1 mm or less, whereby the sized glass ribbon has athickness 1mm or less.

4. The apparatus of one of the preceding claims, wherein the forming gap has a

thickness of about 1.5 mm to about 2 mm.

5. The apparatus of one of the preceding claims, wherein the glass feed device

feeds the stream of molten glass to the forming rolls at amolten glass temperature of about
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1000°C or higher and a glass viscosity in arange of from about 200 poise to about 10,000

poise.

6. The apparatus of one of the preceding claims, wherein the sizing rolls are
each one of (i) formed of aheat insulating material or (ii) coated with a heat insulating
material.

7. The apparatus of one of the preceding claims, wherein the sizing rolls are each

formed of a hollow inner metal cylinder and an outer heat insulating ceramic layer.

8. The apparatus of one of the preceding claims, further comprising an endless
belt having atextured surface mounted on the & least one sizing roll, whereby the endless

belt forms the textured surface on the at least one sizing roll.

9. A process for precision roll forming glass or glass-ceramic into textured glass
sheets including the steps of:

supplying avertical stream of molten glass or glass-ceramic;

forming the supplied stream of molten glasswith apair of forming rolls maintained at
a surface temperature of about 500° C or higher or about 600° C or higher to form a formed
glass ribbon having aformed thickness; characterized by:

sizing the formed ribbon of glass with apair of sizing rolls maintained a a surface
temperature of about 400° C or lower, a least one of the sizing rolls has atextured surface
that imparts atexture to at least one surface of the glass ribbon, thereby producing a sized and
textured glass ribbon having a desired thickness less than the formed thickness, a desired

texture on at least one surface of the glass ribbon, and a desired thickness uniformity.

10. The process of claim 9, wherein the sizing step comprises maintaining the pair

of sizing rolls a a surface temperature of about 300° C or lower.

11.  The process of claim 10, wherein the sizing step comprises maintaining the

pair of sizing rolls at a surface temperature of about 200° C or lower.
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12. The process of one of claims 9 - 11, wherein the thickness uniformity of the

sized glass ribbon varies by no more than +/- 0.025 mm.

13. The process of one of claims 9 - 12, wherein the sized glass ribbon has a

thickness of 1mm or less.

14. The process of claim 13, wherein the formed glass ribbon has athickness of

about 1.5 mm to about 2 mm.

15. The process of one of claims 9 - 14, wherein the glass feed device feeds the

stream of molten glass to the forming rolls at a glass temperature of about 1000°C or higher.

16. The process of one of claims 9 - 15, wherein the molten glass is supplied a a

glass viscosity in arange of from about 200 poise to about 10,000 poise.

17. The process of one of claims 9 - 16, wherein the molten glass is supplied at

glass viscosity of about 10,000 poise or higher.

35



WO 2013/082212 PCT/US2012/066943

119

FIG. 1

10




WO 2013/082212

PCT/US2012/066943
2/19

FIG. 2

10

i 0
|l 1
/ 16
14
)
34 36
2
%
3
=
a4




WO 2013/082212 PCT/US2012/066943

3/19




WO 2013/082212 PCT/US2012/066943

4/19

FIG. 4




WO 2013/082212 PCT/US2012/066943

5/19

88 80

= ‘\— 86

80— — 83
— 106

— 108
111

14 16

198

24

198



WO 2013/082212 PCT/US2012/066943

6/19

FIG. 6A

12




WO 2013/082212

7119

FIG. 6B

T
11
101 99
14 R
AT R
21

_._._/,___{_
O
o]

PCT/US2012/066943

16



PCT/US2012/066943

WO 2013/082212

8/19

FIG. 7

AV

//

ﬂ\.xb
3 )
: 7, .’l.wﬂ%\‘,‘-

7!
J 184

/4%

Q oV
L/
4
Al
S !
=
4 57
)
&
3 A

QQQQQQ



WO 2013/082212 PCT/US2012/066943

9/19




WO 2013/082212 PCT/US2012/066943

10/19

FIG. 9




WO 2013/082212 PCT/US2012/066943

11/19
FIG. 10
_ o Q 158
, B *I—-:uFLEIE 1= j ) I
T
a A ||
188 174 /_/131
11y 11
| 164 :
I 1 A D I AN
188
{28 ol 158
g ale T O ) |
— | bl = | | Y | I
B O
FIG. 11
128 172 168//131 158
12_ RN ,, F5 / 5]
E E_] 5 ;\@::{I =/ g::::j:::g:__rjﬁr _
i
) \ A

162 166 161 167 159



WO 2013/082212 PCT/US2012/066943

1219

Nk 131
Y
|

¥

—

i

/Y
133

FIG. 12




PCT/US2012/066943

WO 2013/082212

13/19

¢l "DIA



WO 2013/082212

FIG. 14

194

198 / ’
AN

196

[

204
|

14/19

202
[

OO?OQ\

=
O O 0O On
O OO0 O

000 O
00O

QOOC{

> 00 0
3

oo)oo

%

198

198

PCT/US2012/066943



PCT/US2012/066943

WO 2013/082212

15/19

vvT 861

== Zz 2 |
\Aa_ ‘ RN RN
WOb7 ﬁ \;Nﬁ\v\\\ \> >A\A\\

T w //AQN%

144




PCT/US2012/066943

16/19

WO 2013/082212

3
]

LST

91—

LST 9¢C L1 9
{—aovz | L 361 361 / ¢

. )
wwm\/* @ oo&vooo&&%ooooo @
Q 000000 ®BO0OO®OOOOO
O0OO0ODO0OO0OO00OO0O0O0O0O0O0O0O0
\ .©\ ooooooooooNooooo @
vel
omu 0¢ om\ 61 9¢

91 ‘DIA



WO 2013/082212 PCT/US2012/066943

17/19

FIG. 18

254 256

264

201



WO 2013/082212 PCT/US2012/066943

18/19

FIG. 19

1 12
14 nd 16

]
26
) 198
D
24 b
P — 31
D

T o NN

S s

260 260

~



WO 2013/082212 PCT/US2012/066943

19/19

FIG. 20

10

215b

211




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/066943

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO03B13/08 C03B17/06
ADD.

According to International Patent Classification

(IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched

co3B

(classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included

in the fields searched

EPO-Internal , wprl Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 2 258 664 Al (CORNING INC [US]) 1-17
8 December 2010 (2010-12-08)
Fig. 6a, 6b; [0003] , [0020] , [0022] ,
[0027] , [0031] - [0034]
A us 2007/116913 Al (KIMURA YUKIYASU [JP] ET 1-17
AL) 24 May 2007 (2007-05-24)
paragraphs [0001] , [0022] - [0023] ,
[0034] , [0067] - paragraph [0071] ;
figures 3-5
A EP 2 301 898 Al (CORNING INC [US]) 1,9
30 March 2011 (2011-03-30)
paragraph [0003] - paragraph [0004]
-/-

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents o

"A" document defining the general state of the art which is not considered

to be of particular relevance

earlier application or patent but published on or after the international
filing date

documentwhich  may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure,

means

document published prior to the international filing date but later than
the priority date claimed

"E" e

e
iy

use, exhibition or other

upr
g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

document member of the same patent family

Date of the actual completion of the international search

7 March 2013

Date of mailing of the international search report

18/04/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Deckwerth , Marti n

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/066943

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

5 August 1930 (1930-08-05)
page 1, line 86 - page 2, line 99; figures
1,3

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A YAMAUCHI H ET AL: "RIBBON FORMING OF 1-17
EASI LY DEVITRI FIABLE GLASS",
INTERNATIONAL CONGRESS oN GLASS, KYOTO,
8-12 , 1974<PUBATTR/>, ,
1 August 1974 (1974-08-01) , pages 4-28,
XP001270733
the whol e document
A Us 1 829 409 A (KINGSLEY CHARLES B) 1-17
27 October 1931 (1931-10-27)
page p.l, line 93 - page 4, line 42;
figures 1,3
A us 1 772 072 A (DRAKE JOHN L) 1-17

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/066943
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2258664 Al 08-12- 2010 EP 2258664 Al 08-12-2010
™ 201114700 A 01- 05- 2011
Wo 2010141846 Al 09-12- 2010

US 2007116913 Al 24-05- 2007 CN 1966436 A 23-05- 2007
JP 4752725 B2 17-08- 2011
JP 2007161568 A 28- 06- 2007
KR 20070052681 A 22-05- 2007
us 2007116913 Al 24-05- 2007
us 2009305020 Al 10- 12- 2009

EP 2301898 Al 30-03- 2011 EP 2301898 Al 30-03-2011
us 2011236631 Al 29-09-2011

US 1829409 A 27-10- 1931 NONE

UsS 1772072 A 05-08- 1930 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	description
	claims
	drawings
	wo-search-report

