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CORRUGATED SHEET, METHOD OF MANUFACTURE THEREQF, AND MOLD
THEREFOR

[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of U.S.
Provisional Application Serial No. 61/858892, filed on July 26, 2013, the content of which is
relied upon and incorporated herein by reference in its entirety.

Field

[0002] The present specification generally relates to making corrugated sheets, and more
specifically, large amplitude 3D corrugated thin sheets, such as those comprised of glass,

glass ceramic, or polymer.

Technical Background

[0003] Various methods of manufacturing corrugated glass articles are known. In some
known examples, the corrugation peak is quite small or close to a fraction of the sheet
thickness.

SUMMARY

[0004] Disclosed herein are methods of making corrugated sheets, and more specifically,
large amplitude 3D corrugated thin sheets, such as those comprised of glass, glass ceramic, or
polymer. Also disclosed herein are molds utilized in such methods, as well as corrugated
sheets manufactured therefrom.

[0005] Generally, a large amplitude 3D corrugated sheet, that is, a sheet having a corrugation
surface, can be produced by providing a preform sheet and placing the preform sheet between
two opposed reforming structures, comprising molds, which provide local pushing means for
contacting the preform sheet in select localized locations, heating the preform sheet, moving
at least one of the reforming structures toward the opposing reforming structure and the
preform sheet sandwiched between the two opposing reforming structures. In some
embodiments, sheet deformations can thus be imposed on dedicated limited areas or locations
of the preform sheet. The preform sheet can then be cooled. The combined pressing action of
the various local pushing means actions allow the creation of the desired 3D sheet, or the
desired sheet having a 3D corrugated surface. Surface degradation of the sheet can thus be
minimized because the local pushing means can present minimum surface interaction

involving small areas of contact, such as provided by balls or other rounded local pushers.
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[0006] Additional features and advantages of the corrugated sheets and method and apparatus
of making will be set forth in the detailed description which follows, and in part will be
readily apparent to those skilled in the art from that description or recognized by practicing
the embodiments described herein, including the detailed description which follows, the

claims, as well as the appended drawings.

[0007] It is to be understood that both the foregoing general description and the following
detailed description describe various embodiments and are intended to provide an overview
or framework for understanding the nature and character of the claimed subject matter. The
accompanying drawings are included to provide a further understanding of the various
embodiments, and are incorporated into and constitute a part of this specification. The
drawings illustrate the various embodiments described herein, and together with the

description serve to explain the principles and operations of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGS. 1 and 2 schematically illustrate pushing members of a first reforming structure
being spatially offset from pushing members of a second reforming structure.

[0009] FIG. 3 schematically illustrates in 2-D an embodiment of a first reforming structure
having a plurality of pushing member.

[0010] FIG. 4 schematically illustrates in 2-D an embodiment of a second reforming structure
having a plurality of pushing members.

[0011] FIG. 5 schematically illustrates in 2-D the superposition of the reforming structures,
or molds, of FIGS. 3 and 4, for example in position for pressing and reforming of the preform
sheet.

[0012] FIG. 6 schematically illustrates in 2-D one set of embodiments wherein one or more
reforming structure is a mold which can comprise a support sheet provided with locating
holes for local pushing means or local pushing members.

[0013] FIG. 7 shows a picture of an embodiment of a mold comprising 10 mm diameter balls
which pass through a holed metal sheet and which are welded onto the sheet.

[0014] FIG. 8 shows a picture of an embodiment of a mold disclosed herein.

[0015] FIGS. 9 and 10 schematically illustrate in 3-D first and second reforming structures in
opposing arrangement with a preform sheet disposed therebetween. FIG. 10 shows ball

protrusion on one face of the mold metal sheet frame.



WO 2015/013475 PCT/US2014/047933

[0016] FIG. 11 schematically illustrates in 2-D first and second reforming structures, i.e. first
and second molds, in opposing arrangement, shown in horizontal orientation, with a preform
sheet sandwiched, or disposed, therebetween, before reforming.

[0017] FIG. 12 schematically illustrates in 2-D the first and second reforming structures of
FIG. 11 in a compressed mode wherein the preform sheet has been reformed to have
corrugations characterized by peaks and valleys, or ridges and grooves.

[0018] FIG. 13 shows a picture of a glass sheet disposed between top and bottom mold and
glass ceramic masters.

[0019] FIG. 14 shows a picture of the embodiment of FIG. 23 wherein the glass sheet is
disposed on the bottom mold.

[0020] FIG. 15 schematically illustrates a three-phase thermal cycle suitable for reforming,
particularly for glass.

[0021] FIG. 16 shows a picture of the obtained corrugated 3D (glass) sheet as disclosed
herein.

[0022] FIG. 17 shows a picture of an embodiment comprising a metal sheet with a plurality
of supports with zirconium oxide balls disposed in the supports and protruding at least
partially therefrom.

[0023] FIG. 18 schematically illustrates another embodiment disclosed herein of a reforming
apparatus comprising reforming structures having pushing members, wherein the reforming
is performed vertically, on reheated sheet or sheets or ribbons or ribbon, or in line with the
production of the glass sheet.

DETAILED DESCRIPTION

[0024] FIGS. 1 and 2 schematically illustrate (in 2-D cross-section) the formation of
corrugated sheets as disclosed herein.

[0025] FIG. 1 schematically illustrates first and second reforming structures 10, 20 in
opposing arrangement, shown in horizontal orientation, with a preform sheet 30 sandwiched,
or disposed, therebetween. Alternatively, first and second reforming structures 10, 20 in
opposing arrangement could be implemented in a vertical orientation, or at an angle between
horizontal and vertical. FIG. 1 shows a mass or weight or pressing member 40 for actuating
the first reforming structure toward the second reforming structure, the movement being as
indicated, for example, by the pair of solid arrows in FIG. 1. Such pressing member could
be, for example, a hydraulic or mechanical actuating mechanism. Alternatively, or in

addition, a pressing member for actuating the second first reforming structure toward the first
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reforming structure could be implemented. Each of the reforming structures are depicted as
comprising pushing means, such as each reforming structure having a plurality of pushing
members 50.

[0026] FIG. 2 schematically illustrates the first and second reforming structures of FIG. 1 ina
compressed mode wherein the preform sheet has been formed to have corrugations
characterized by peaks and valleys, or ridges and grooves, or both. Alternatively, first and
second reforming structures in opposing arrangement could be implemented in a vertical
orientation, or at an angle between horizontal and vertical. FIG. 1 shows a weight or pressing
member for actuating the first reforming structure toward the second reforming structure.
Alternatively, or in addition, a pressing member for actuating the second first reforming
structure toward the first reforming structure could be implemented.

[0027] FIGS. 1 and 2 schematically illustrate the pushing members of the first reforming
structure being spatially offset from the pushing members of the second reforming structure.
[0028] FIG. 3 schematically illustrates in 2-D an embodiment of a first reforming structure
having a plurality of pushing members, and FIG. 4 schematically illustrates in 2-D an
embodiment of a second reforming structure having a plurality of pushing members. In these
embodiments, each reforming structure, or mold, is presented with a squared-centered pattern
(square plus a central dot). Other patterns or combinations of patterns are contemplated
herein.

[0029] FIG. 5 schematically illustrates in 2-D the superposition of the reforming structures,
or molds, of FIGS. 3 and 4, for example in position for pressing and reforming of the preform
sheet.

[0030] FIG. 6 schematically illustrates in 2-D one set of embodiments wherein one or more
reforming structure is a mold which can comprise a support sheet provided with locating
holes for local pushing means or local pushing members. Such locating holes can provide a
high geometrical accuracy, light weight, low cost, or a combination of these. Local pushing
members can be made of machined metal pieces, and advantageously in some embodiments
can be made of stainless steel or refractory material, such as stainless steel balls or refractory
balls used as ball bearings; such pushing members can provide very accurate sphericity and
diametral control, and can additionally provide excellent surface roughness. FIG. 6
schematically shows an embodiment wherein each metal or refractory balls sits in a hole 60
made in a support sheet 70 such as a thin metal sheet in order to protrude on one side while
the ball is supported on the other side by a master frame 80 made of a relatively non-

deformable material, such as glass-ceramic. The metal balls can be welded to the metal sheet.
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Advantageously, balls sit in holes made in the thin metal sheet in order to protrude on the
other side, that is, a portion of a ball can sit within a hole in the metal sheet, while another
portion of the ball, opposite the portion sitting in the hole, can protrude out of the metal sheet.
In the case where FIG. 6 represents, for example, a horizontal orientation, the reference in
elevation can then be directly controlled by the diameter of ball, that can be, for example,
better than +/- 10 pm. The ball can be directly in contact with a top and bottom glass ceramic
master.

[0031] FIG. 7 shows a picture of an embodiment of a mold comprising 10 mm diameter balls
which pass through a holed metal sheet and which are welded onto the sheet. Other
embodiments disclosed herein are also similarly not limited, even if depicted in other
drawings herein with solid lines.

[0032] FIG. 8 shows a picture of an embodiment of a mold comprising 10 mm diameter
stainless steel balls arranged in a periodic squared centered pattern presenting a 52 mm pitch.
[0033] FIGS. 9 and 10 schematically illustrate in 3-D first and second reforming structures in
opposing arrangement with a preform sheet disposed therebetween.

[0034] FIG. 10 shows ball protrusion on one face of the mold metal sheet frame. In one set
of embodiments, balls are located on, or sit on, 8 mm diameter holes which were laser cut on
a 1 mm thick stainless steel metal sheet, and the balls intentionally protrude out one side of
the metal sheet in order to precisely contact a reference master, and the reference master is
comprised of a 4 mm thick glass ceramic plate which is relatively undeformable during the
reforming thermal cycle. The balls can be welded to the metal sheet by two tungsten inert gas
points or argon laser welding techniques.

[0035] FIG. 11 schematically illustrates in 2-D first and second reforming structures, i.e. first
and second molds, in opposing arrangement, shown in horizontal orientation, with a preform
sheet sandwiched, or disposed, therebetween. Each of the reforming structures are depicted
as comprising pushing means, e.g. each reforming structure has a plurality of pushing
members, here, balls.

[0036] FIG. 12 schematically illustrates in 2-D the first and second reforming structures of
FIG. 11 in a compressed mode wherein the preform sheet has been reformed to have
corrugations characterized by peaks and valleys, or ridges and grooves. The preform sheet
shown in FIG. 11 is before the reforming, and FIG. 12 during or after reforming. The first
and second, or top and bottom molds, in between glass ceramic masters, provide part of the

pressing load.
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[0037] Preferably, the diameter of balls is small compared to the mean local radius of
curvature of the corrugated glass sheet, in order to minimize local surface degradation.

[0038] FIG. 13 shows a picture of an embodiment wherein a glass sheet is disposed between
top and bottom mold and glass ceramic masters. In some embodiments, as shown in FIG. 13,
the preform sheet is flat prior to reforming. FIG. 14 shows a picture of the embodiment of
FIG. 13 wherein the glass sheet is disposed on the bottom mold after at least some reforming
has taken place.

[0039] In one set of embodiments, a glass preform sheet is placed in between two molds, a
mass is put on the upper mold, and the assembly goes through a thermal cycle presenting
three phases: (1) a heating ramp from 20°C to a reforming temperature that causes the glass
to have a viscosity suitable for reforming, such as in a viscosity range of 10E 8 (10*) to 10E 9
(10”) or 10E9.5 (10°) poises (for example: 5° per minute, up to 720°C); (2) a plateau at the
reforming temperature, wherein at least part of the glass has a viscosity suitable for
reforming, such as in a viscosity range of 10E 8 to 10E 9 poises (for example: 20 minutes
dwell at 720°C or 2 minutes at 745°C); and (3) a cooling ramp from the reforming
temperature to room temperature (for example: 720°C to room temperature at 5°/minute).
[0040] FIG. 15 schematically illustrates one such three-phase thermal cycle. After cooling,
the reformed (glass) sheet is removed from molds. Cooling, or further cooling, or part of the
cooling, may occur after removal from the molds.

[0041] Advantageously, the reforming temperature is selected to obtain a balance between
the duration of the cycle and the desired or preferred glass viscosity at which the reforming
occurs. In one set of embodiments, the preform sheet is made of glass, and the glass viscosity
domain is between 10° and 10°~ poise during reforming. In one set of embodiments, the e.g.
preform sheet is made of Corning code 2317 glass available from Corning Incorporated, and
the corresponding reforming temperature range is 720° to 740°C.

[0042] The reforming cycle can be performed in a static oven or in a dynamic lehr, such as
where a plurality of such assemblies can undergo successive thermal environments following
this cycle.

[0043] FIG. 16 shows a picture of the obtained corrugated 3D (glass) sheet as disclosed
herein. The 3D sheet generally can lie in a flat plane (planar sheet), or can lie in a curvilinear
plane, and the sheet has a plurality of peaks and valleys, wherein a cross-sectional profile in
one direction along the sheet contains a first plurality of peaks, and a cross-sectional profile
along the sheet in a perpendicular direction to that direction contains a second plurality of

peaks. Optionally, the first plurality of peaks and the second plurality of peaks can include a
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peak or valley in common. Thus in FIG. 16, the 3D sheet comprises a first plurality of peaks
in an x-direction and a second plurality of peaks in a y-direction which is perpendicular to the
x-direction, wherein the first plurality of peaks is different from the second plurality of peaks.
[0044] In some embodiments of the 3-D corrugated sheet, the pitch between corrugation
peaks (corresponding to the spacing between balls of the mold) is 30 to 70 mm; in some of
these embodiments, the pitch (or spacing) is 40 to 60 mm; in some of these embodiments, the
pitch (or spacing) is 45 to 55 mm; in some of these embodiments, the pitch (or spacing) is 50
to 55 mm; in some of these embodiments, the pitch (or spacing) is about 52 mm; in some of
these embodiments, the peak to valley depth (or height of the 3-D structure, in the z-
direction) is 5 to 30 mm; in some of these embodiments, the peak to valley depth (or height
of the 3-D structure) is 10 to 25 mm; in some of these embodiments, the peak to valley depth
(or height of the 3-D structure) is 10 to 20 mm; in some of these embodiments, the peak to
valley depth (or height of the 3-D structure) is 12 to 17 mm; in some of these embodiments,
the peak to valley depth (or height of the 3-D structure) is about 14 mm; in some of these
embodiments, the thickness of the glass sheet is 0.5 mm to 3.0 mm; in some of these
embodiments, the thickness of the glass sheet is 0.7 mm to 2.0 mm; in some of these
embodiments, the height/thickness ratio (i.e. the ratio of the peak to valley depth divided by
the glass thickness, or thickness of the glass) is greater than 1.5, in some embodiments greater
than 2.0, in some embodiments greater than 5.0, in some embodiments greater than 10, in
some embodiments greater than 15, in some embodiments greater than 20, in some
embodiments greater than 25, in some embodiments greater than 30, in some embodiments
greater than 35, in some embodiments greater than 40, in some embodiments greater than 45,
in some embodiments greater than 50, in some embodiments greater than 55, and in some
embodiments greater than 60; in some of these embodiments, a cross-sectional profile taken
along a vertical plane (i.e. x-z or y-z plane perpendicular to an x-y plane, wherein the
corrugated sheet can generally lie parallel to, or be coincident with, a horizontal x-y plane)
that intersects two or more adjacent peaks (or valleys) (in a z-direction which is perpendicular
to an x-y plane) has a sinusoidal, or generally sinusoidal, shape; in some embodiments, the
corrugated sheet generally lies parallel to a horizontal x-y plane, and in both an x-z plane and
in a y-z plane in which the x-z plane is perpendicular to the y-z plane, and in which both the
x-z plane and the y-z plane are perpendicular to the x-y plane, the x-z plane intersects two or
more adjacent peaks (or valleys) and the y-z plane intersects two or more adjacent peaks (or
valleys), the sheet has respective sinusoidal, or generally sinusoidal, shapes n both the y-z

and x-z planes; in some of these embodiments, any cross-sectional profiles of the corrugated
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sheet has a non-zero slope everywhere except at the maximum of respective peaks and the
minimum of respective valleys.

[0045] In some embodiments, a non-stick agent compatible with the high temperature
thermal cycle is utilized between the mold and the preform sheet, such as boron nitride,
carbon soot and calcium hydroxide, which can improve the surface quality at contact points
of the pressing members.

[0046] In some embodiments, pressing members comprising zirconium-containing balls can
provide little to no surface degradation during the thermal cycle and provide excellent
slipping behaviors with glass. FIG. 17 shows a picture of an embodiment comprising a metal
sheet with a plurality of supports with zirconium oxide balls disposed in the supports and
protruding at least partially therefrom. The supports can be made of metal.

[0047] In some embodiments, the use of local air bearing nozzles can prevent all contact with
the preform, or glass sheet. The air bearing can be operated through porous materials such as
graphite, mullite or silicon carbide.

[0048] In another set of embodiments disclosed herein, the reforming is performed vertically,
on reheated sheets or ribbons, or in line with the production of the glass sheet as depicted in
FIG. 18.

[0049] FIG. 18 schematically illustrates first and second reforming structures in opposing
arrangement, shown in vertical orientation, with a preform sheet sandwiched, or disposed,
therebetween, wherein the first and second reforming structures are two opposing rollers, or
roller pressing members, wherein each of the reforming structures are depicted as comprising
pushing means, such as each reforming structure having a plurality of pushing members. The
pushing members of the of the first reforming structure (or first roller) are spatially offset
from the pushing members of the second reforming structure (or second roller).

[0050] The large amplitude 3D corrugated thin sheets disclosed herein can comprise glass,
glass ceramic, polymer, or combinations thereof.

[0051] Other 3D shapes can be obtained by changing the pushing means arrangement. A
different mold pattern will deliver another embodiment of a reformed sheet with hills and
valleys. For example, the corrugated sheet (or panel) can comprise a periodic pattern, a semi-
periodic pattern, a non-periodic sinusoidal pattern, two imbricated periods pattern, or a
combination thereof. One or both surfaces of the panel can be produced to be pristine, or
substantially pristine (e.g. except for contact areas with pushing members). In some
embodiments, one or both surfaces of the sheet are polished, or di-polished, e.g. by sand

blasting, prior to or after reforming. In some embodiments, one or both surfaces (or sides) of
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the sheet are painted; in some of these embodiments, only one side of the sheet is painted
(e.g. black, white, grey, or multilayers of dichroic colors are applied, e.g. after reforming; in
such embodiments, one side of the sheet can be colored while the other is uncolored, which in
some cases is easier to clean. In some embodiments, a mirror treatment, ¢.g. a deposition of
silver, copper, gold, or electroless metal can be applied to a surface of the sheet, e.g. after
reforming,

[0052] Further, while specific reference has been made herein to the use of flat preform
sheets, the reformed sheet can be further shaped to have a generally non-flat overall
curvature. The reformed sheet, or panel, can be post-shaped into having a cylindrical, conical,
locally bent, or any combination thereof, shape, either locally or over the entire sheet (panel),
i.e. the general envelope shape; such shaping can be carried out by heating the sheet to a
second, higher viscosity ( i.e. a lower post forming temperature that is lower than the
reforming temperature) that would not affect, or not substantially affect, the corrugations that
were produced by the reforming process.

[0053] Also, non-uniform pushing means can be used to achieve non-uniform elevation
patterns.

[0054] Disclosed herein are non-planar, large amplitude 3D corrugated sheets, wherein the
amplitude of the 3D shape is large in comparison with the sheet thickness, for example
ranging from 5 to 20, or greater. The overall profile can be a 3D non-developable shape. Such
non-planar, large amplitude 3D corrugated sheets can be manufactured by reforming via local
pushing means that affect the surface quality only on a very limited part of the surface,
leaving the remaining large portion of the sheet in untouched, or pristine, condition. The
apparatus and method disclosed herein provide a way to create geometrically controlled
repeatable 3D large amplitude sheets with corrugations (corrugated sheets), and in some
embodiments while maintaining optical properties such as transparency. Such apparatus and
method can thus avoid the extensive mold or roller contact of known methods of producing
smaller amplitude corrugations, and can thus avoid material (such as glass) sticking to the
mold by virtue of the relatively small contact areas of the pressing members of the present
disclosure. With the present disclosure, the sheet is not limited to corrugation peaks or
valleys, or peak to valley heights, which are smaller or close to a fraction of the sheet
thickness. Also, the methods and apparatus disclosed herein can avoid the surface quality
being largely affected or degraded by a reforming tool action on the material.

[0055] In a set of embodiments, a 3-D corrugated sheet is disclosed herein having a

thickness, a plurality of peaks and valleys, and a peak to valley depth, wherein a
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height/thickness ratio, which is a peak to valley depth divided by the thickness, is greater than
1.5, in some embodiments greater than 2.0, in some embodiments greater than 5.0, in some
embodiments greater than 10, in some embodiments greater than 15, in some embodiments
greater than 20, in some embodiments greater than 25, in some embodiments greater than 30,
in some embodiments greater than 35, in some embodiments greater than 40, in some
embodiments greater than 45, in some embodiments greater than 50, in some embodiments
greater than 55, in some embodiments greater than 60; in some of these embodiments, a pitch
between corrugation peaks is 30 to 70 mm, in some embodiments 40 to 60 mm, in some
embodiments 45 to 55 mm, in some embodiments 50 to 55 mm; in some of these
embodiments, the peak to valley depth is 5 to 30 mm, in some embodiments 10 to 25 mm, in
some embodiments 10 to 20 mm, in some embodiments 12 to 17 mm; in some of these
embodiments, the thickness of the sheet is 0.5 mm to 3.0 mm, in some embodiments 0.7 mm
to 2.0 mm; in some of these embodiments, the sheet has a sinusoidal or generally sinusoidal
shape; in some of these embodiments the sheet is comprised of glass, glass ceramic, polymer,
or a combination thereof.

[0056] It will be apparent to those skilled in the art that various modifications and variations
can be made to the embodiments described herein without departing from the spirit and scope
of the claimed subject matter. Thus it is intended that the specification cover the
modifications and variations of the various embodiments described herein provided such
modification and variations come within the scope of the appended claims and their

equivalents.
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What is claimed is:

1. A method of manufacturing a corrugated sheet having a corrugation surface, the method
comprising:

placing a preform sheet between two opposed reforming structures, the reforming
structures comprising molds having local pushing members for contacting the preform sheet
in select localized locations,

heating the preform sheet,

moving at least one of the reforming structures toward the opposing reforming
structure, thereby sandwiching the preform sheet between the two opposing reforming

structures.

2. The method as in claim 1 wherein the preform sheet is heated prior to placing the preform

sheet between two opposed reforming structures.

3. The method as in claims 1-2 wherein the preform sheet is heated while the preform sheet is

disposed between two opposed reforming structures.

4. The method as in claims 1-3 wherein the local pushing members are of the same size.

5. The method as in claims 1-4 wherein the local pushing members are of the same shape.

6. The method as in claims 1-5 wherein the local pushing members are of the same height.

7. The method as in claims 1-6 wherein the preform sheet is placed between two opposed

reforming structures via air bearings.

8. The method as in any of the preceding claims further comprising cooling the preform
sheet after the preform sheet has been sandwiched between the two opposing reforming

structures.

9. The method as in any of the preceding claims further comprising applying a non-stick
agent to at least one of the pushing members prior to the moving at least one of the reforming

structures toward the opposing reforming structure.

11



WO 2015/013475 PCT/US2014/047933

10. The method as in any of the preceding claims wherein the non-stick agent is selected

from boron nitride, carbon soot, calcium hydroxide, and combinations thercof.

11. The method as in any of the preceding claims wherein the preform sheet is flat prior to

placing the preform sheet between two opposed reforming structures.

12. The method as in any of the preceding claims further comprising cooling the sheet and

removing the sheet from between the reforming structures.

13. The method as in any of the preceding claims wherein the sheet is comprised of glass,

glass ceramic, polymer, or a combination thereof.

14. The method as in any of the preceding claims wherein the sheet is glass.

15. The method as in claim 14 wherein the heating comprises exposing the preform sheet to a
thermal cycle having three phases: (1) a heating ramp from room temperature to a reforming
temperature (2) a plateau at the reforming temperature; and (3) a cooling ramp from the

reforming temperature to room temperature.

16. The method as in claim 15 wherein the reforming temperature causes the glass to have a

viscosity suitable for reforming.

17. The method as in claim 15 wherein the reforming temperature causes the glass to have a

viscosity in the range of 10® to 10”° poises.
18. The method as in claim 15 wherein room temperature is 20°C.

19. The method as in claims 15-18 wherein the reforming temperature is between 700 and

750°C.

20. The method as in claims 15-19 wherein the preform sheet is exposed in the heating ramp

to an increase in temperature of 5° per minute.

12
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21. The method as in claims 15-20 wherein the reforming temperature is up to 720°C.

22. The method as in claims 15-21 wherein the plateau comprises exposing the preform sheet

to 720°C for 20 minutes.

23. The method as in claims 15-22 wherein the plateau comprises exposing the preform sheet

to 745°C for 2 minutes.

24. The method as in claims 15-23 wherein the cooling ramp comprises exposing the preform

sheet to a decrease in temperature of 5°C per minute.
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