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(57) Abréegée/Abstract:

A mold apparatus for bending a glass sheet includes a main frame structure and a first mold arrangement having a first mold and a
guide frame connected to the first mold. A first guide member of the guide frame Is guidable by the frame structure such that it is
Inhibited from moving laterally in any direction, and a second guide member of the guide frame Is guidable by the frame structure
such that it Is movable laterally away from the first guide member due to thermal expansion. The apparatus further includes a
second mold arrangement including a second mold and a frame that supports the second mold such that the second mold is
movable laterally relative to the frame. A sensor Is also included for sensing position of one of the molds to determine whether the
one mold Is In a suitable position for mating with the other mold.

50 rue Victoria

50 Victoria Street e Place du Portage 1l ¢ Gatineau, Quebec

e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca
K1A OC9 e www.cipo.ic.gc.ca

Ll

Canada



w0 2017/079200 A1 HIH) A1 AT O0A ] DRV A 000 AR LA

CA 03003501 2018-05-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(43) International Publication Date

Organization
International Bureau

WIPOIPCT

11 May 2017 (11.05.2017)

(10) International Publication Number

WO 2017/079200 A1l

(51) International Patent Classification: James P., JR.; 1915 Wexiord Hill Lane, Holland, Ohio
CO3B 23/03 (2006.01) CO3B 23/00 (2006.01) 43528 (US).
COB LI/ GO0601) O3B 202 00601 (141 p gy, STUBNKEL, Mark K. ct sl Brooks Kushman,
1000 Town Center, Twenty-Second Floor, Southfield,
(21) International Application Number: Michigan 48075 (US).
PCT/US2016/059952 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available). AE, AG, AL, AM,
2 November 2016 (02.11.2016) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
ye . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
62/249,661 2 November 2015 (02.11.2015) |ON OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(71) Applicant: GLASSTECH, INC. [US/US]; 995 Fourth SC, 5D, SE, 5G, SK, SL, SM, ST, SV, 5Y, TH, 1J, 1M,
Street, Ampoint Industrial Park, Perrysburg, Ohio 43551 IN, IR, 1T, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
("[_J’S). ZW.
(72) Inventors: NITSCHKE, David B.. 9102 Buck Road, (84) Designated States (unless otherwise indicated, for every

(534) Title: GLASS SHEET MOLD APPARATUS AND METHOD

Perrysburg, Ohio 43551 (US). NITSCHKE, Dean M.; 936
River Road, Maumee, Ohio 43537 (US). SCHNABEL,

10

N | J

FIG. 1 5

/
G

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(87) Abstract: A mold apparatus for bending a glass sheet n-
cludes a main frame structure and a first mold arrangement hav-
ing a first mold and a guide frame connected to the first mold. A
first guide member of the guide frame 1s guidable by the frame
structure such that it 1s inhibited from moving laterally mn any
direction, and a second guide member of the guide frame 1s guid-
able by the frame structure such that it 1s movable laterally away
from the first guide member due to thermal expansion. The ap-
paratus further includes a second mold arrangement including a
second mold and a frame that supports the second mold such that
the second mold is movable laterally relative to the frame. A
sensor 1s also included for sensing position of one of the molds
to determine whether the one mold is in a suitable position for
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GLASS SHEET MOLD APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. provisional patent application sernal
number 62/249,661, filed November 2, 2015, which 1s incorporated herein by reference in 1its

entirety.
TECHNICAL FIELD
[0002] The present disclosure relates to apparatuses and methods for molding glass sheets.
BACKGROUND
[0003] Prior apparatuses for molding glass sheets are disclosed in U.S. Patent Nos.
6,032,491 and 6,729,160, for example.
SUMMARY
[0004] A mold apparatus, according to the present disclosure, for bending a glass sheet

includes a main frame structure and a first mold arrangement supported by the main frame structure.
The first mold arrangement includes a first mold and a guide frame connected to the first mold, and
the guide frame includes first and second guide members that are vertically movable with respect to
the main frame structure. The first guide member 1s guidable by the main frame structure such that
the first guide member 1s inhibited from moving laterally 1n any direction when a portion of the first
mold arrangement including the first mold 1s subjected to heat, and the second guide member 1s
guidable by the main frame structure such that the second guide member may move laterally away
from the first guide member due to thermal expansion of the first mold arrangement. The mold
apparatus further includes a second mold arrangement including a second mold and a support frame
that supports the second mold such that the second mold 1s movable laterally with respect to the

support frame. In addition, the mold apparatus includes at least one sensor for sensing position of
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one of the molds 1n order to determine whether the one mold 1s 1n a suitable position for mating with
the other mold. Furthermore, the second mold 1s adjustable laterally to mate with the first mold in

order to account for thermal expansion that may occur during use.

[0005] A method, according to the disclosure, of operating a mold apparatus for bending a
glass sheet 1s also provided. The mold apparatus includes a main frame structure, a first mold
arrangement supported by the main frame structure and including a vertically movable first mold and
a guide frame connected to the first mold, and a second mold arrangement including a second mold
and a support frame that supports the second mold. The method includes sensing position of one of
the molds 1n order to determine whether the one mold 1s 1n a suitable position for sufficiently mating
with the other mold when the molds are subjected to heat. If determined that the molds will not
sufficiently mate based on the sensed position of the one mold, the method further includes adjusting
the second mold laterally with respect to the support frame so that the second mold will sufficiently
mate with the first mold, or providing an indication that the molds will not sufficiently mate.
Furthermore, the guide frame of the first mold arrangement includes first and second guide members
that are vertically movable with respect to the main frame structure, the first guide member 1s
oguidable by the main frame structure such that the first guide member 1s inhibited from moving
laterally 1in any direction when a portion of the first mold arrangement including the first mold 1s
subjected to heat, and the second guide member 1s guidable by the main frame structure such that the
second guide member may move laterally away from the first guide member due to thermal

expansion of the first mold arrangement.

[0006] While exemplary embodiments are illustrated and disclosed, such disclosure should
not be construed to limit the claims. It 1s anticipated that various modifications and alternative

designs may be made without departing from the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGURE 1 1s a schematic top view of a glass processing system including a mold

apparatus according to the present disclosure;
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[0008] FIGURE 2 1s a schematic cross-sectional view of the system of Figure 1 taken along
line 2-2 1n Figure 1 and showing the mold apparatus, which includes a press mold portion partially

surrounded by a housing;

[0009] FIGURE 3 1s a perspective view of the press mold portion with the housing removed,

wherein the press mold portion includes an upper mold arrangement and a lower mold arrangement;
[0010] FIGURE 4 1s an upstream end view of the press mold portion;

[0011] FIGURE 35 1s a bottom view of the press mold portion taken along line 5-5 of Figure
4, and rotated 90 degrees;

[0012] FIGURE 6 1s a cross-sectional view of the press mold portion showing a top view of

the upper mold arrangement;

[0013] FIGURE 7 1s a side view of the press mold portion, viewed from left to right in

Figure 4, showing the upper mold arrangement 1n a raised position; and

[0014] FIGURE 8 1s a side view of the press mold portion similar to Figure 7, but showing

the mold arrangements mated together for performing a press forming operation.

DETAILED DESCRIPTION

[0015] As required, detailed embodiments are disclosed herein. It 1s to be understood,
however, that the disclosed embodiments are merely exemplary and that various and alternative
forms are possible. Furthermore, the figures are not necessarily to scale; some features may be
exaggerated or minimized to show details of particular components. Therefore, specific structural
and functional details disclosed herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to variously employ the present disclosure.
Furthermore, as those of ordinary skill in the art will understand, various features of the
embodiments 1llustrated and described with reference to any one of the Figures may be combined

with features illustrated 1n one or more other Figures to produce embodiments that are not explicitly

3
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1llustrated or described. In addition, other embodiments may be practiced without one or more of the

specific features explained 1n the following description.

[0016] During manufacture of a glass sheet product, such as a glass mirror panel for a solar
power collection application, a vehicle windshield, rear window, or any other suitable product, 1t
may be desirable to form or bend a sheet of glass in a mold apparatus at a bending station. Due to
temperature changes at the bending station, however, movement of associated mold tools may occur
such that the mold tools are not able to properly mate. In the present disclosure, apparatuses and

methods that address mold tool movement are provided to improve glass processing.

[0017] Referring to Figures 1 and 2, a glass processing system 10 1s shown for processing
olass sheets G. The system 10 includes a heating apparatus or station, such as a furnace 12, for
heating the glass sheets G; a forming or bending station 14 for forming or bending each glass sheet
G 1nto a desired shape; and a cooling station 16, such as an annealing station or a quench station,
configured to cool each glass sheet G. In the embodiment shown 1n Figures 1 and 2, the bending
station 14 1ncludes a glass sheet bending apparatus or mold apparatus 18, according to the present
disclosure, for molding or bending glass sheets G and that 1s configured to accommodate or

otherwise address mold tool movement due to thermal factors, as explained below 1n detail.

[0018] The furnace 12 may have any suitable configuration for heating the glass sheets G.
For example, the furnace 12 may include any suitable heating elements (not shown) positioned
above and/or below a conveyor or conveyor system 20, which may be used to convey the glass
sheets G 1n a generally horizontally extending orientation along a plane of conveyance, in a direction
of conveyance DC, through the furnace 12. As a more detailed example, the heating elements may
include radiant heating elements, such as electric heaters, and/or convective heating elements, such
as hot gas or hot air distributors. The conveyor system 20 may be a roller conveyor type including
rollers 22 and a drive system for rotating the rollers 22. Examples of such a conveyor system are

disclosed by United States Patent Nos.: 3,806,312 McMaster; 3,934,970 McMaster et al., 3,947,242
McMaster et al.; and 3,994,711 McMaster et al., which are hereby incorporated by reference.
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[0019] The bending station 14 may have a conveyor or conveyor system 24, which may be a
separate conveyor system or part of the conveyor system 20, for receiving a heated glass sheet G;
and an 1nsulated housing 26 defining a heated chamber 28 (e.g., heated to a temperature 1n the range
of 610 to 725 degrees centigrade ("C), or at least 600°C) in which a portion of the mold apparatus 18
1s located. Furthermore, the rollers 22 of the conveyor system 24 may be contained within the
housing 26, or one or both ends of each roller 22 may extend laterally beyond side walls of the

housing 26.

[0020] Referring to Figure 2, the mold apparatus 18 may include a shuttle device 30 for
transporting glass sheets G from the conveyor system 24 to a press mold portion 32 of the mold
apparatus 18 where press forming of glass sheets G 1s performed. The shuttle device 30 may be an
upper mold, for example, that 1s configured to receive a glass sheet G that 1s lifted off of the
conveyor system 24 by a gas jet lift device 34 having a plurality of gas jet outlets 36 that supply
upwardly directed gas streams 38 (e.g., heated air jet streams). The shuttle device 30 may also have
multiple vacuum holes 39 that are connected to a source of vacuum to facilitate lifting of a glass
sheet G and holding of the glass sheet G against the shuttle device 30. Furthermore, the shuttle
device 30 may be configured to move laterally 1n a shuttle direction SD (i1.e., 1n a direction transverse
to the direction of conveyance DC) in order to move a particular glass sheet G from the conveyor
system 24 to the press mold portion 32. In the embodiment shown in Figure 2, for example, the
shuttle device 30 has a frame 40 that 1s supported by elongated beams 42 (only one shown) that are
movable by an actuator 43 through a connection 44. These beams 42 are supported by associated
rollers 46 that are mounted by actuators 48 to provide vertical movement of the beams and hence
vertical movement of the shuttle device 30 during i1ts operation. More specifically, the shuttle device
30 can be moved downwardly to about one half inch (12 to 15 mm) from the conveyor system 24 for
initial pickup of a glass sheet G, and can then be moved upwardly so as to move above drive
mechanism covers 50 located at the ends of conveyor rollers 22. Lateral rollers 52 may also contact
the beams 42 to provide lateral positioning (e.g., in directions parallel to the direction of conveyance
DC) during movement of the shuttle device 30 between 1ts pickup position and a delivery position at

the press mold portion 32.
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[0021] Referring to Figures 2 and 3, the press mold portion 32 includes a main frame
structure 54, a first mold arrangement, such as an upper mold arrangement 56, supported by the main
frame structure 54, and a drive arrangement 57 for moving the upper mold arrangement 56 relative
to the main frame structure 54. The press mold portion 32 further includes a second mold
arrangement, such as a lower mold arrangement 58, supported independently of the main frame

structure 34.

[0022] Referring to Figures 3-6, the upper mold arrangement 56 includes a vertically
movable upper mold 60, and a guide frame 62 connected to the upper mold 60. The guide frame 62
includes first and second laterally spaced apart guide members, such as elongated first and second
guide posts 64 and 66, respectively, that are vertically movable with the upper mold 60 and with
respect to the main frame structure 54. Furthermore, the guide posts 64 and 66 may be at least
partially located inside of the heated chamber 28 of the bending station 14. For example, a portion of
each guide post 64 and 66 may be partially enclosed within an insulated case or box 67 (shown 1n
phantom lines 1n Figures 5, 7 and 8) that 1s attached to the housing 26 of the bending station 14 and
that 1s open to an interior of the housing 26, such that each insulated box 67 defines an extension of
the heated chamber 28. Furthermore, each guide post 64 and 66 may movably protrude through
sealed top and bottom portions of the respective insulated box 67. In addition, each guide post 64
and 66 may be cooled (e.g., cooled by a fluid, such as water, that 1s routed through an interior and/or
along an exterior of each guide post 64 and 66) to control bending or distortion of the guide posts 64

and 66 during use.

[0023] The first guide post 64 1s vertically guidable by the main frame structure 54 such that
the first guide post 64 1s inhibited or prevented from moving laterally (i.e., horizontally) in any
direction when a portion of the upper mold arrangement 56 including the upper mold 60 1s subjected
to heat (e.g., in the heated chamber 28), such as heated air having a temperature 1n the range of 610
to 725°C, or at least 600°C. For example, the main frame structure 54 may include one or more first
bearing assemblies 68 mounted on a first vertical support leg 70a, which 1s located outside of the
heated chamber 28, and each first bearing assembly 68 may be configured to allow the first guide

post 64 to move vertically while preventing lateral movement (i.e., horizontal movement) of the first

6
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oguide post 64 1n any direction. As a more detailed example, and referring to Figures 4-6, each first
bearing assembly 68 may include four rollers 72 rotatably secured to the first vertical support leg 70a
of the main frame structure 54, and each roller 72 may be arranged to engage a respective side of the

first guide post 64 such that the rollers 72 engage two pairs of opposite sides of the first guide post.

[0024] Referring to Figures 3, 5 and 6, the second guide post 66 1s vertically guidable by
the main frame structure 54 such that the second guide post 66 1s movable laterally away from the
first guide post 64 when the portion of the upper mold arrangement 56 1s subjected to heat (i.e., due
to thermal expansion of the upper mold arrangement 56). For example, the second guide post 66
may be vertically guidable by the main frame structure 54 such that the second guide post 66 1s
inhibited or prevented from moving laterally in two opposite first directions 73a and 73b (shown 1n
Figure 5) when the portion of the upper mold arrangement 56 1s subjected to heat, but allowed to
move laterally in two other directions that are transverse to the two first directions 73a and 73b. In
that regard, the main frame structure 54 may include one or more second bearing assemblies 74
mounted on a second vertical support leg 70b, which 1s located outside of the heated chamber 28,
and each second bearing assembly 74 may be configured to allow the second guide post 66 to move
vertically while preventing lateral movement (1.e., horizontal movement) of the second guide post 66
1n the two first directions 73a and 73b. As a more detailed example, and referring to Figures 5 and 6,
each second bearing assembly 74 may include two rollers 76 rotatably secured to the second vertical
support leg 70b of the main frame structure 54, and the rollers 76 may be arranged to engage
opposite sides of the second guide post 66 such that the second guide post 1s prevented from moving
1n the two first directions 73a and 73b, but allowed to move laterally toward or away from first guide
post 64 and the first vertical support leg 70a (e.g., in directions parallel to the direction of

conveyance DC of glass sheets G along the conveyor systems 20 and 24).

[0025] The rollers 72, 76 of each bearing assembly 68, 74 may be made of any suitable
material, such as a suitable metal (e.g., stainless steel, brass alloy, etc.). Furthermore, the bearing
assemblies 68 and 74 may all be located outside of the heated chamber 28. Referring to Figures 7
and 8, for example, each bearing assembly 68, 74 may be located above or below a respective

insulated box 67 that receives a respective guide post 64, 66.

7
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[0026] The guide frame 62 of the upper mold arrangement 56 may also include a laterally
extending portion 77 that extends between the guide posts 64 and 66 and that 1s connected to the
upper mold 60. Furthermore, the portion 77 may be fixedly or movably connected to the guide posts
64 and 66. In addition, the portion 77 may be a central portion of the guide frame 62, and the first
and second guide posts 64 and 66 may respectively form first and second end portions of the guide

frame 62.

[0027] Referring to Figure 3 and 4, the drive arrangement 57 for moving the upper mold
arrangement 56 may be any suitable drive arrangement. For example, the drive arrangement 57 may
include a mold lift actuator 78, such as an electric motor, connected to the upper mold 60 and/or the
oguide frame 62 with any suitable connections 80. The drive arrangement 57 may be configured to
move the upper mold 60 and guide frame 62 vertically with respect to the main frame structure 54,
such that the upper mold arrangement 56 1s movable between a raised position, shown 1n Figure 7,
and a lowered position, shown 1n Figure 8, in which the upper mold 60 mates with the lower mold

arrangement 58.

[0028] Referring to Figure 4, the lower mold arrangement 58 includes a lower mold 82, such
as a press ring, a frame 84 connected to the lower mold 82, and a support frame 86 that supports the
frame 84 such that the lower mold 82 and frame 84 are movable laterally with respect to the support
frame 86. For example, one or more bearings may be positioned between the frame 84 and the
support frame 86. As a more specific example, the frame 84 may include one or more bearings, such
as bearing pads 88 shown in Figure 5, that are slidably engageable with the support frame 86. As
shown 1n Figure 5, the bearing pads 88 are located outside of the heated chamber 28, while the lower

mold 82 1s located in the heated chamber 28.

[0029] Returning to Figure 4, the support frame 86 may be supported by one or more
actuators 90, such as screw jacks, that are configured to enable vertical movement of the support
frame 86, frame 84 and lower mold 82. This vertical movement can be downward to allow the
shuttle device 30 to move over the lower mold 82 and then upward to facilitate release of the glass

sheet from the shuttle device 30 to the lower mold 82. In addition, the vertical movement of the
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lower mold 82 can also be used 1n cooperation with downward vertical movement of the upper mold

60 to perform press bending of the glass sheet G between the molds 60 and 82.

[0030] Referring to Figures 4 and 7, one or both mold arrangements 56 and 58 may include
one or more alignment features to ensure proper alignment of the upper and lower molds 60 and 82,
respectively, when the molds are 60 and 82 are mated together to perform a press forming operation
on a glass sheet G. For example, one of the mold arrangements 56 or 58 may include one or more
alignment pins 92 that are each engageable with an alignment receptacle 94 of the other mold
arrangement 56 or 58. In the embodiment shown 1n Figures 4, 7 and 8, for example, the upper mold
arrangement 56 includes multiple alignment pins 92 mounted on a lower portion of the guide frame
62, and each alignment pin 92 1s insertable into an alignment receptacle 94 formed on or mounted to
an upper portion of the frame 84 of the lower mold arrangement 58 when the molds are mated
together for press forming a glass sheet G. Furthermore, each alignment pin 92 may have a tapered
insertion end, and each receptacle 94 may have a rounded insertion edge (e.g., formed by one or
more rollers) to facilitate engagement of the alignment features. In addition, because the lower mold
82 1s laterally movable with respect to the support frame 86, the above alignment features may cause
the lower mold 82 to move into alignment with the upper mold 60 if the lower mold 82 1s misaligned
a relatively minor amount (e.g., 0.375 inches or less) with respect to the upper mold 60 due to

thermal expansion, for example.

[0031] Referring to Figures 4 and 5, the press mold portion 32 further includes a sensing
system 96 for sensing position of one of the molds 60 or 82 relative to another component or ground,
1in order to determine 1f the one mold 1s 1n a suitable position for sufficiently mating with the other
mold. The sensing system 96 may include one or more sensors 98 mounted to one of the mold
arrangements 56 or 58 for determining horizontal position of one of the molds 60 or 82. For
example, the sensing system 96 may include four lateral or horizontal position sensors 98a mounted
on the support frame 86, and configured to sense lateral position of the frame 84 and lower mold 82.
While the sensors 98a may be any suitable sensors, such as potentiometers, optical sensors, inductive

proximity sensors and/or radar sensors, each sensor 98a 1s a linear variable differential transformer
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in the embodiment shown 1n Figure 4 and 5. Furthermore, each sensor 98a has a sensing end

engaged with the frame 84.

[0032] The sensing system 96 may further include one or more vertical position sensors 98b
for sensing vertical position of one of the molds 60 or 82. Referring to Figure 4, for example, the
sensing system 96 may include four vertical position sensors 98b that are each mounted to a
respective actuator 90 and configured to sense vertical position of at least a portion of the support
frame 86, frame 84 and lower mold 82. While the sensors 98b may be any suitable sensors, such as
potentiometers, optical sensors, inductive proximity sensors and/or radar sensors, each sensor 98b 1s
a linear variable differential transformer in the embodiment shown 1n Figure 4. Furthermore, each

sensor 98b has a sensing end engaged with the support frame 86.

[0033] In addition, the system 10 includes a control system 100, shown in Figures 1 and 4,
including one or more controllers or control units 101 for determining position of one or both molds
60 and 82, and for controlling operation of the various above-described components. For example,
the control system 100 may receive data or information from the sensors 98 and determine position
of the lower mold 82 based on that information. As a more specific example, the control system 100
may use information from the horizontal position sensors 98a to determine horizontal position (e.g.,
1in X and y directions) of the lower mold 82 relative to the support frame 86, which has outer support
legs or portions 102 located outside of the heated chamber 28 and for which initial positions (e.g., at
ambient temperature) may be input into the control system 100. The control system 100 may also
determine position of the upper mold 60 1n a stmilar manner, or by estimating position of the upper
mold 60 based on such factors as a known initial position (e.g., at ambient temperature) of the upper
mold 60 relative to the main frame structure 54, a known 1nitial position of the main frame structure
54, temperature information associated with the heated chamber 28, time since 1nitial startup of the
system 10 for a particular production cycle, known or predicted expansion characteristics, and/or
prior determined location information. For example, the control system 100 may estimate horizontal
position of the upper mold 60 by estimating thermal expansion of the upper mold arrangement 56

due to elevated temperatures experienced in the heated chamber 28.

10
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[0034] In one embodiment of the upper mold arrangement 56, and referring to Figure 3, the
upper mold 60 and guide frame 62 may be configured such that a center line of the upper mold 60
extending 1n the y direction (i.e., 1n a direction perpendicular to the direction of conveyance DC)
may move about 0.75 inches 1n the direction of conveyance DC from a cold condition (e.g., ambient
temperature) to a heated use condition (e.g., heated to a temperature 1n the range of 610 to 725°C).
Likewise, a center line of the upper mold 60 extending in the x direction (i.e, 1n a direction parallel
to the direction of conveyance DC) may move about 0.375 inches 1n the direction SD perpendicular
to the direction of conveyance DC from the cold condition to the heated use condition. Furthermore,
with the configuration of the upper mold arrangement 56 described above, the angular orientation of

the above centerlines may remain constant as the centerlines translate due to thermal expansion.

[0035] Based on the sensed position of the lower mold 82 and the estimated position of the
upper mold 60, the control system 100 may then determine whether the lower mold 82 1s 1n a
suitable position for sufficiently mating with the upper mold 60. For example, the control system
100 may determine whether the alignment features 92 and 94 will engage when the molds 60 and 82
are brought together and/or whether a determined horizontal center of the lower mold 82 1s within a
suitable distance (e.g., at or below 0.375 1nches) of an estimated center of the upper mold 60. If the
control system 100 determines that the lower mold 82 1s not 1n a suitable position for sufficiently
mating with the upper mold 60, the control system 100 may be configured to provide a warning
indication, such as a visual and/or audible alarm indicator (e.g., flashing light, alarm sound, warning
message on a display screen, etc.). The lower mold 82 and frame 84 may then be laterally adjusted,
manually or automatically, relative to the support frame 86 1in order to put the lower mold 82 in a
suitable position to sufficiently mate with the upper mold 60 when the molds are brought together.
For example, the position of the lower mold 82 may be adjusted using a manual lever device or with
one or more automatic horizontal actuators 103. As another example, operation of the system 10
may be halted until the control system 100 determines that the lower mold 82 1s in a suitable position

for sutficiently mating with the upper mold 60.

[0036] The control system 100 may also be configured to determine position of the upper

mold 60 after the upper mold 60 has mated with the lower mold 82. For example, after any lateral
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adjustment of the lower mold 82 that may occur due to the alignment features 92 and 94 during
mating of the molds 60 and 82, sensed position information for the lower mold 82 may be used to
determine actual horizontal position of the upper mold 60. Operation of the shuttle device 30 and/or
l1ft device 34 may then be adjusted to ensure that a glass sheet G to be brought over by the shuttle
device 30 to the press mold portion 32 will be 1n a proper position for press forming. For example,
activation of the lift device 34 may be accelerated or delayed (e.g., by 0.1 to 0.5 seconds) so that the
glass sheet G 1s picked up by the shuttle device 30 at an earlier time or later time, as explained below

in further detail.

[0037] The control system 100 may include a bundle of connections 104 for connecting with
the various components of the system 10, such as the furnace 12, the conveyor system 20, the
conveyor system 24, the mold apparatus 18 (e.g., the shuttle device 30 and the associated actuators,
and the press mold portion 32 and the associated actuators and sensors), the cooling station 16, etc.
Furthermore, the control system 100 may include any suitable hardware and/or software for
controlling operation of the above components in order to perform the press forming of the glass
sheet G, as well as 1ts delivery and cooling (e.g., for performing the particular algorithms represented
by the functions described herein). For example, the control system 100 may include one or more
processors 1n communication with one or more storage devices or memory units, which include
computer readable program instructions that are executable by the one or more processors so that the
control system 100 may control operation of the conveyor system 20, the conveyor system 24, the
mold apparatus 18, the cooling station 16, etc. The control system 100 may also, or instead, include
one or more application specific integrated circuits, programmable gate arrays, programmable logic
devices, and/or digital signal processors. In lieu of the connections 104, the control system 100 may

instead be connected wirelessly to one or more of the above components.

[0038] Referring to Figures 1-8, a method of operating the system 10 will now be described
1in more detail. The method begins by heating a glass sheet G 1n the furnace 12 as the glass sheet G 1s
conveyed 1n the furnace 12 along the plane of conveyance and 1n the direction of conveyance DC.
Next, referring to Figure 2, the glass sheet G may be transferred to the shuttle device 30 by lifting
the glass sheet G off of the conveyor system 24 using the lift device 34 1n conjunction with applying
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a vacuum at a surface of the shuttle device 30. As mentioned above, the shuttle device 30 may
include an upper mold, such that bending of the glass sheet G may occur as the glass sheet G 1s
urged against a mold surface of the shuttle device 30. The method continues by moving the shuttle
device 30 laterally 1in the direction SD transverse to the direction of conveyance DC 1n order to
transfer the glass sheet G to the press mold portion 32, and more particularly to a position between
the upper and lower molds 60 and 82, respectively. The glass sheet G 1s then released from the
shuttle device 30 and onto the lower mold 82, where gravity sagging of the glass sheet G may occur.
Next, the molds 60 and 82 are brought together, such as by moving the upper mold 60 downward

and/or moving the lower mold 82 upward, to press form the glass sheet G therebetween.

[0039] After the press forming, the upper mold 60 moves upwardly with the glass sheet G
supported against 1ts downwardly facing surface by a drawn vacuum (e.g., provided by a vacuum
source), and the glass sheet G may then be cooled 1n a quenching or annealing operation at the
cooling station 16. For example, referring to Figure 2, a delivery mold 106 may be moved by an
actuator 108 from the cooling station 16 to a position beneath the upper mold 60, the glass sheet G
may then be released onto the delivery mold 106 by releasing the vacuum at the upper mold 60, and
the delivery mold 106 may be moved back out to the cooling station 16 between upper and lower

cooling heads 110 and 112, respectively, for quenching or annealing.

[0040] With the configuration of the press mold portion 32 described above, the bending
station 14 may readily address thermal expansion that may occur at the press mold portion 32, such
as during startup of the system 10 (e.g., during the first 30 to 45 minutes of operation) or at any time
thereafter. For example, because the guideposts 64 and 66 cooperate with the main frame structure
54 to allow controlled thermal expansion of the upper mold arrangement 56, and because horizontal
position of the lower mold 82 may be accurately sensed, the system 10 may accurately determine
mold positions and mate-ability of the molds. Furthermore, as mentioned above, the system 10 1s
configured to provide a warning indication when the molds 60 and 82 are not 1n proper positions to
sufficiently mate, and allow at least one of the molds to be repositioned, 1f desired. Therefore, if the
control system 100 determines that the molds 60 and 82 will not sufficiently mate, operation of the

system 10 may further include adjusting one of the molds (e.g., the lower mold) laterally so that the
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one mold will sufficiently mate with the other mold, and/or providing an indication that the molds

will not sufficiently mate.

[0041] The mold arrangements 56 and 58 may be made of any suitable material, such as a
material that provides consistent thermal expansion. For example, the molds 60 and 82 and the
associated frames may each be made of a suitable metal such as stainless steel, e.g., austenitic

stainless steel .

[0042] With the system configuration described above, and referring to Figures 1, 3 and 3,
the first guide post 64 of the upper mold arrangement 56 1s positioned at an upstream side of the
molds 60 and 82 with respect to the direction of conveyance DC along the conveyor systems 20 and
24, and the second guide post 66 1s positioned at a downstream side of the molds 60 and 82.
Furthermore, because the first guide post 64 1s inhibited or prevented from moving laterally in any
direction by the main frame structure 54 (e.g., the first guide post 64 1s laterally fixed), and the
second guide post 66 1s allowed to move only in directions parallel to the direction of conveyance
DC, movement of the upper mold 60 due to thermal expansion will occur in directions away from
the first guide post 64. Therefore, 1f the shuttle device 30 1s not configured to be moved 1n the
direction of conveyance DC, or 1t 1s not desired to do so, it may be desirable to adjust the
longitudinal pickup position (1.e., the pickup position in the direction of conveyance DC) of a
particular glass sheet G on the shuttle device 30 so that the glass sheet G will be 1n the proper
position for press forming when the glass sheet G 1s moved laterally by the shuttle device 30, in the
direction SD transverse to the direction of conveyance DC, to a position between the molds 60 and
82. For example, if the control system 100 determines that the upper mold 60 has moved beyond a
predetermined distance (e.g., 0.75 inches) in the direction of conveyance DC, activation of the lift
device 34 and/or the vacuum at the surface of the shuttle device 30 may be delayed (e.g., by 0.1 to
0.5 seconds) so that the glass sheet G will move slightly more in the direction of conveyance DC
(e.g., 0.25 inches or less) before being picked up by the shuttle device 30, as compared to a typical
design pickup location for the glass sheet G.

[0043] As another example, 1f the control system 100 determines that the upper mold 60 has

moved less than a predetermined distance (e.g., 0.75 inches) in the direction of conveyance DC,
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activation of the lift device 34 and/or the vacuum at the surface of the shuttle device 30 may be
accelerated (e.g., activation may occur sooner than usual or design intended) so that the glass sheet
G will move slightly less (e.g., 0.25 inches or less) 1n the direction of conveyance DC before being

picked up by the shuttle device 30, as compared to the typical design pickup location for the glass
sheet G.

[0044] In another embodiment according to the present disclosure, the first guide post 64
may be positioned at the downstream side of the molds 60 and 82 with respect to the direction of
conveyance DC, and the second guide post 66 may be positioned at the upstream side of the molds
60 and 82. With such a configuration, movement of the upper mold 60 due to thermal expansion

may occur 1n a direction opposite the direction of conveyance DC.

[0045] In any case, the control system 100 may continuously or periodically determine
position of the upper mold 60 as explained above, and adjust operation of the shuttle device 30
and/or lift device 34 as needed to ensure that each glass sheet G 1s provided to the press mold portion

32 1n the proper position for press forming. As a result, system yield can be maximized.

[0046] Additional details of a shuttle device and other components that may be used with the
mold apparatus 18 are disclosed 1n U.S. Patent No. 9,452,948, which 1s hereby incorporated by
reference 1n 1ts entirety. Furthermore, the mold apparatus according to the present disclosure may be

used 1n any suitable glass processing system.

[0047] While exemplary embodiments are described above, 1t 1s not intended that these
embodiments describe all possible forms of the disclosure. The words used 1n the specification are
words of description rather than limitation, and 1t 1s understood that various changes may be made
without departing from the spirit and scope of the disclosure. Additionally, the features of various
implementing embodiments may be combined to form further embodiments according to the

disclosure.
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WHAT IS CLAIMED I8:

1. A mold apparatus for bending a glass sheet, the mold apparatus comprising:

a main frame structure;

a first mold arrangement supported by the main frame structure, the first mold
arrangement including a first mold and a guide frame connected to the first mold, the guide frame
including first and second guide members that are vertically movable with respect to the main frame
structure, the first guide member being guidable by the main frame structure such that the first guide
member 1s inhibited from moving laterally in any direction when a portion of the first mold
arrangement 1ncluding the first mold 1s subjected to heat, and the second guide member being
guidable by the main frame structure such that the second guide member may move laterally away
from the first guide member due to thermal expansion of the first mold arrangement;

a second mold arrangement including a second mold and a support frame that
supports the second mold such that the second mold 1s movable laterally with respect to the support
frame; and

at least one sensor for sensing position of one of the molds in order to determine
whether the one mold 1s 1n a suitable position for mating with the other mold;

wherein the second mold 1s adjustable laterally to mate with the first mold in order to

account for thermal expansion that may occur during use.

2. The mold apparatus of claam 1 wherein the second guide member 1s guidable
by the main frame structure such that the second guide member 1s 1nhibited from moving laterally 1n

two opposite directions when the portion of the first mold arrangement 1s subjected to heat.

3. The mold apparatus of claim 1 wherein the at least one sensor comprises a

linear variable differential transtormer.

4. The mold apparatus of claim 1 wherein the second mold arrangement
comprises a movable frame fixedly connected to the second mold and movably supported on the

support frame at four locations, and the at least one sensor comprises four sensors, and wherein two
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of the sensors are associated with one of the locations, and the other two sensors are associated with

another one of the locations.

5. The mold apparatus of claim 4 wherein each sensor comprises a linear

variable diftterential transtormer.

6. The mold apparatus of claim 1 wherein the first mold 1s an upper mold and the
second mold 1s a lower mold, and wherein the upper mold 1s movable vertically to mate with the

lower mold.

7. The mold apparatus of claim 6 wherein the lower mold 1s a press ring.

8. The mold apparatus of claim 1 wherein the first guide member 1s connected to
the main frame structure at one or more first connection locations, and each first connection location

comprises four rotatable members for inhibiting lateral movement of the first guide member.

9. The mold apparatus of claim 8 wherein the second guide member 1s connected
to the main frame structure at one or more second connection locations, and each second connection
location comprises two rotatable members for inhibiting lateral movement of the second guide

member 1n two opposite directions.

10. The mold apparatus of claim 1 wherein the first guide member forms a first

end portion of the first mold arrangement.

11. The mold apparatus of claim 1 further comprising a laterally movable shuttle
device for picking up the glass sheet from a conveyor and transporting the glass sheet to a location
between the first and second molds, and wherein a pick-up position of the glass sheet from the

conveyor onto the shuttle device 1s adjustable based on position of at least one of the molds.
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12. The mold apparatus of claim 11 wherein the shuttle device comprises an upper

mold.

13. A mold apparatus for molding a glass sheet, the mold apparatus comprising:

a main frame structure;

an upper mold arrangement supported by the main frame structure, the upper mold
arrangement including a vertically movable upper mold and a guide frame connected to the upper
mold, the guide frame including first and second elongated guide posts that are vertically movable
with respect to the main frame structure, the first guide post being guidable by the main frame
structure such that the first guide post 1s inhibited from moving laterally in any direction when a
portion of the upper mold arrangement including the upper mold 1s subjected to heat, and the second
guide post being guidable by the main frame structure such that the second guide post 1s inhibited
from moving laterally 1n two opposite directions when the portion of the upper mold arrangement 1s
subjected to heat and such that the second guide post may move laterally away from the first guide
post due to thermal expansion of the upper mold arrangement;

a lower mold arrangement including a lower mold and a support frame that supports
the lower mold such that the lower mold 1s movable laterally with respect to the support frame; and

at least one sensor for sensing position of the lower mold 1n order to determine
whether the lower mold 1s 1n a suitable position for sufficiently mating with the upper mold;

wherein, 1f determined that the molds will not sufficiently mate based on the sensed
position of the lower mold, the lower mold 1s adjustable laterally with respect to the support frame to
sufficiently mate with the upper mold 1n order to account for thermal expansion that may occur

during use.

14, The mold apparatus of claim 13 further comprising a laterally movable shuttle
device for picking up the glass sheet from a conveyor and transporting the glass sheet to a location
between the upper and lower molds, and wherein a pick-up position of the glass sheet from the

conveyor onto the shuttle device 1s adjustable based on position of at least one of the molds.
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15. The mold apparatus of claim 14 further comprising a controller configured to
determine position of the upper mold after the upper mold has mated with the lower mold, and to
adjust the pick-up position of the glass sheet from the conveyor onto the shuttle device based on the

position of the upper mold.

16. The mold apparatus of claam 13 further comprising a housing and first and
second 1nsulated cases attached to the housing, wherein the housing and the insulated cases define a
heated chamber 1in which the portion of the upper mold arrangement 1s positioned, and wherein the
first and second guide posts are partially enclosed within the first and second insulated cases,
respectively, such that the first guide post movably protrudes through top and bottom portions of the
first insulated case and the second guide post movably protrudes through top and bottom portions of

the second insulated case.

17. The mold apparatus of claim 13 further comprising a heated chamber 1n which
the portion of the upper mold arrangement and the lower mold are positioned, wherein the lower
mold arrangement further includes a frame connected to the lower mold and one or more bearings
positioned between the frame and the support frame for enabling the frame and the lower mold to
move laterally with respect to the support frame, and wherein the one or more bearings are

positioned outside of the heated chamber.

18. A method of operating a mold apparatus for bending a glass sheet, wherein the
mold apparatus includes a main frame structure, a first mold arrangement supported by the main
frame structure and including a vertically movable first mold and a guide frame connected to the first
mold, and a second mold arrangement including a second mold and a support frame that supports the
second mold, the method comprising:

sensing position of one of the molds 1n order to determine whether the one mold 1s 1n
a suitable position for sufficiently mating with the other mold when the molds are subjected to heat;

and
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1f determined that the molds will not sufficiently mate based on the sensed position of
the one mold, adjusting the second mold laterally with respect to the support frame so that the
second mold will sufficiently mate with the first mold, or providing an indication that the molds will
not sufficiently mate;

wherein the guide frame of the first mold arrangement includes first and second guide
members that are vertically movable with respect to the main frame structure, the first guide member
1s guidable by the main frame structure such that the first guide member 1s 1inhibited from moving
laterally 1in any direction when a portion of the first mold arrangement including the first mold 1s
subjected to heat, and the second guide member 1s guidable by the main frame structure such that the
second guide member may move laterally away from the first guide member due to thermal

expansion of the first mold arrangement.

19. The method of claim 18 wherein the second guide member 1s guidable by the
main frame structure such that the second guide member 1s 1inhibited from moving laterally in two

opposite directions when the portion of the first mold arrangement 1s subjected to heat.

20. The method of claim 18 wherein the mold apparatus further comprises a
laterally movable shuttle device for picking up the glass sheet from a conveyor and transporting the
glass sheet to a location between the first and second molds, and wherein the method further
comprises adjusting a pick-up position of the glass sheet from the conveyor onto the shuttle device

based on position of at least one of the molds.

21. The method of claim 20 wherein the shuttle device comprises an upper mold.

22. The method of claim 20 wherein the first mold 1s an upper mold and the
second mold 1s a lower mold, and sensing position of one of the molds comprises sensing position of
the lower mold, wherein the method further comprises determining position of the upper mold after
the upper mold has mated with the lower mold, and wherein adjusting the pick-up position of the

glass sheet 1s based on the determined position of the upper mold.
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23. A method of operating a mold apparatus for bending a glass sheet, wherein the
mold apparatus includes a main frame structure, a first mold arrangement supported by the main
frame structure and including a vertically movable first mold and a guide frame connected to the first
mold, and a second mold arrangement including a second mold and a support frame that supports the
second mold, the method comprising:

allowing lateral movement of the first mold due to thermal expansion of the first mold
arrangement when a portion of the first mold arrangement 1s subjected to heat; and

adjusting position of second mold with respect to the support frame, prior to bringing
the first and second molds together, so that the second mold will sufficiently mate with the first
mold:;

wherein the guide frame of the first mold arrangement includes first and second guide
members that are vertically movable with respect to the main frame structure, the first guide member
1s guidable by the main frame structure such that the first guide member 1s 1nhibited from moving
laterally 1in any direction when a portion of the first mold arrangement including the first mold 1s
subjected to heat, and the second guide member 1s guidable by the main frame structure such that the
second guide member may move laterally away from the first guide member due to thermal

expansion of the first mold arrangement.

24 The method of claiam 23 wherein the mold apparatus further comprises a
housing and first and second insulated cases attached to the housing, wherein the housing and the
insulated cases define a heated chamber in which the portion of the first mold arrangement 1s
positioned, and wherein the first and second guide members are partially enclosed within the first
and second insulated cases, respectively, such that the first guide member movably protrudes
through top and bottom portions of the first insulated case and the second guide member movably

protrudes through top and bottom portions of the second insulated case.

25, The method of claiam 23 wherein the mold apparatus further comprises a
heated chamber 1in which the portion of the first mold arrangement and the second mold of the

second mold arrangement are positioned, wherein the second mold arrangement further includes a
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frame connected to the second mold and one or more bearings positioned between the frame and the
support frame for enabling the frame and the second mold to move laterally with respect to the

support frame, and wherein the one or more bearings are positioned outside of the heated chamber.

26. The method of claim 23 further comprising halting operation of the mold

apparatus until a control system determines that the second mold 1s in a suitable position for

sufficiently mating with the first mold.
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