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FIG. 1

(57) Abstract: A glass sheet processing system for processing a glass sheet includes a conveyor for conveying the glass sheet in a
direction of conveyance, and a positioning apparatus for adjusting position of the glass sheet on the conveyor. The positioning ap -
paratus includes a movable carriage having first and second carriage bodies. The first carriage body is translatable in the direction of
conveyance, and the second carriage body is supported by the first carriage body such that the second carriage body is movable in a
direction generally transverse to the direction of conveyance. The positioning apparatus further includes a first drive assembly for
moving the first carriage body in the direction of conveyance, a second drive assembly for moving the second carriage body with re-
spect to the first carriage body, and a positioner member connected to the second carriage body for contacting the glass sheet to ad -
just position of the glass sheet.



GLASS SHEET POSITIONING APPARATUS AND METHOD
TECHNICAL FIELD

[0001] The present disclosure relates to a glass sheet positioning apparatus for a glass
processing system, a glass processing system including such a positioning apparatus, and a method

for adjusting position of a glass sheet on a conveyor of a glass processing system.

BACKGROUND
[0002] A prior apparatus for positioning heated glass sheets is disclosed in U.S. Patent No.
4,976,766, for example.
SUMMARY
[0003] According to a given aspect of the present disclosure, an object is to provide a

positioning apparatus for a glass sheet processing system for adjusting position of a heated glass
sheet on a conveyor of the glass sheet processing system, wherein the conveyor is configured to
convey the glass sheet in a direction of conveyance and the glass sheet processing system further
includes a bending station for molding the glass sheet, the positioning apparatus comprising:

a carriage configured to be attached to the glass sheet processing system and
including first and second carriage bodies, the first carriage body being configured to be attached
to the glass sheet processing system such that the first carriage body is translatable in the direction
of conveyance, and the second carriage body is configured to be supported by the first carriage
body such that the second carriage body is movable in a direction generally transverse to the
direction of conveyance;

a first motor for moving the first carriage body in the direction of conveyance,

a second motor for moving the second carriage body with respect to the first
carriage body; and

a positioner member configured to be connected to the second carriage body and
configured to contact the glass sheet to adjust position of the glass sheet with respect to the
conveyor, wherein the positioner member is movable between a raised position and a lowered use
position when connected to the second carriage body, and wherein the positioner member is

configured to contact the conveyor when the positioner member is in the lowered use position.

la
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[0003a] According to another aspect of the present disclosure, an object is to provide a glass
sheet processing system for processing a heated glass sheet, the glass sheet processing system
including:

a conveyor for conveying the glass sheet in a direction of conveyance;

a forming station for molding the glass sheet; and

a positioning apparatus for adjusting position of the glass sheet on the conveyor
upstream of the forming station, the positioning apparatus including a movable carriage having
first and second carriage bodies, wherein the first carriage body is translatable in the direction of
conveyance, and the second carriage body is supported by the first carriage body such that the
second carriage body is movable in a direction generally transverse to the direction of conveyance,
the positioning apparatus further including a first drive assembly for moving the first carriage body
in the direction of conveyance, a second drive assembly for moving the second carriage body with
respect to the first carriage body, and a positioner member connected to the second carriage body
and configured to contact the glass sheet to adjust position of the glass sheet with respect to the
conveyor, wherein the drive assemblies are configured to be operated independently, and the
positioner member is movable between a raised position and a lowered use position, and wherein
the positioner member is configured to contact the conveyor when the positioner member is in the

lowered use position.

[0003b] According to yet another aspect of the present disclosure, an object is to provide a
method for adjusting position of a heated glass sheet on a conveyor of a glass sheet processing
system that includes a forming station for molding the glass sheet, the method comprising:

moving a carriage including first and second carriage bodies along the glass sheet
processing system, using a first motor associated with the first carriage body, to achieve a desired
speed of the carriage;

moving the second carriage body with respect to the first carriage body using a
second motor associated with the second carriage body;

contacting the glass sheet with a positioner member connected to the second

carriage body to adjust the position of the glass sheet with respect to the conveyor; and
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moving the positioner member between a raised position and a lowered use position, in which the
positioner member contacts the conveyor, before contacting the glass sheet with the positioner

member.

[0003¢] Other possible aspect(s), object(s), embodiment(s), variant(s) and/or advantage(s)

of the present disclosure, all being preferred and/or optional, are briefly summarized hereinbelow.

[0004] For example, a positioning apparatus, according to the present disclosure, is
provided for use with a glass sheet processing system for adjusting position of a glass sheet on a
conveyor of the glass sheet processing system, wherein the conveyor is configured to convey the
glass sheet in a direction of conveyance. The positioning apparatus may include a carriage
configured to be attached to the glass sheet processing system and including first and second
carriage bodies. The first carriage body is configured to be attached to the glass sheet processing
system such that the first carriage body is translatable in the direction of conveyance, and the
second carriage body is configured to be supported by the first carriage body such that the second
carriage body is movable in a direction generally transverse to the direction of conveyance. The
positioning apparatus may further include a first motor for moving the first carriage body in the
direction of conveyance, a second motor for moving the second carriage body with respect to the

first carriage body, and a positioner member

1c

Date Regue/Date Received 2023-04-14



CA 03003875 2018-05-01

WO 2017/079201 PCT/US2016/059994

configured to be connected to the second carriage body and to contact the glass sheet to adjust

position of the glass sheet with respect to the conveyor.

[0005] A glass sheet processing system, according to the present disclosure, for processing a
glass sheet may include a conveyor for conveying the glass sheet in a direction of conveyance, and a
positioning apparatus for adjusting position of the glass sheet on the conveyor. The positioning
apparatus includes a movable carriage having first and second carriage bodies, wherein the first
carriage body is translatable in the direction of conveyance, and the second carriage body is
supported by the first carriage body such that the second carriage body is movable in a direction
generally transverse to the direction of conveyance. The positioning apparatus may further include a
first drive assembly for moving the first carriage body in the direction of conveyance, a second drive
assembly for moving the second carriage body with respect to the first carriage body, and a
positioner member connected to the second carriage body and configured to contact the glass sheet
to adjust position of the glass sheet with respect to the conveyor. Furthermore, the drive assemblies

are configured to be operated independently.

[0006] A method according to the present disclosure for adjusting position of a glass sheet on
a conveyor of a glass sheet processing system may include moving a carriage including first and
second carriage bodies along the glass sheet processing system, using a first motor associated with
the first carriage body, to achieve a desired speed of the carriage. The method may further include
moving the second carriage body with respect to the first carriage body using a second motor
associated with the second carriage body, and contacting the glass sheet with a positioner member
connected to the second carriage body to adjust the position of the glass sheet with respect to the

conveyor.

[0007] While exemplary embodiments are illustrated and disclosed, such disclosure should
not be construed to limit the claims. It is anticipated that various modifications and alternative

designs may be made without departing from the scope of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGURE 1 is a fragmentary plan view of a glass processing system including a glass
sheet positioning apparatus according to the present disclosure for adjusting position of glass sheets
on a conveyor, wherein the glass processing system further includes a heating station for heating the
glass sheets and a downstream forming or bending station for molding the glass sheets, and wherein
a housing of the heating station is broken away to show details of the conveyor and positioning

apparatus;

[0009] FIGURE 2 is a perspective view of the positioning apparatus, which includes a
movable carriage supported on a support structure of the glass processing system, a drive
arrangement for moving the carriage with respect to the glass processing system, and a positioning

arrangement connected to the carriage for positioning a glass sheet with respect to the conveyor.

[0010] FIGURE 3 is an exploded perspective view of the positioning apparatus showing first
and second carriage bodies of the carriage spaced away from each other, and spaced away from

support rails on which the first carriage body is translatable;

[0011] FIGURE 4 is a front view of the positioning apparatus shown mounted on a support
frame or structure of the glass processing system, which support structure may be supported on a

factory floor for example;

[0012] FIGURE 5 is a side view of the positioning apparatus showing a glass sheet
positioner or positioning member in a raised position, wherein the positioning member is also shown

in a laterally retracted position,;

[0013] FIGURE 6 is a side view of the positioning apparatus similar to Figure 5, and
showing the positioning member in a lowered position in contact with the conveyor of the glass

processing system, wherein the positioning member is also shown in a laterally extended position,;

[0014] FIGURE 7A is a schematic top view of the positioning arrangement and second
carriage body showing a first position of the positioning arrangement lowered into contact with the

conveyor; and
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[0015] FIGURE 7B is a schematic top view of the positioning arrangement and second
carriage body showing a second position of the positioning arrangement, in which the positioning
member is translated longitudinally with respect to the second carriage body and moved laterally
inward with the second carriage body (the amount of longitudinal translation of the positioning

member is shown in exaggerated fashion).

DETAILED DESCRIPTION

[0016] As required, detailed embodiments are disclosed herein. It is 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.

[0017] 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, it
may be desirable to reposition a sheet of glass with respect to a conveyor in connection with a
forming or bending operation, or in connection with any other glass processing operation, to ensure
that the glass sheet is in a proper position for processing of the glass sheet. In the present disclosure,
methods and apparatuses are provided for positioning glass sheets in connection with such

operations to improve glass processing.

[0018] Figure 1 shows a positioning apparatus 10, according to the present disclosure, for
use with a glass sheet processing system 11 having a conveyor 12 for conveying glass sheets G, e.g.,
heated glass sheets, and one or more processing or treatment stations, such as a heating station or
furnace 13 for heating the glass sheets, a forming or bending station 14 including a mold apparatus
15 (e.g., upper and lower molds, shown schematically in Figure 1) for bending or molding each glass
sheet, a cooling station (e.g., quenching or annealing station, not shown) for cooling the glass sheets,
etc. In the embodiment shown in Figure 1, the bending station 14 also includes a pickup area where

each glass sheet G may be lifted off of the conveyor 12 and transported laterally, e.g., by a laterally
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movable shuttle or mold, so that a molding operation may be performed at a location laterally
offset from the conveyor 12. Example embodiments of a glass processing system may be found
in U.S. Patent No. 9,452,948, which is hereby incorporated by reference in its entirety.
Furthermore, while the conveyer 12 may be any suitable system for conveying the glass sheets
G, in the embodiment shown in Figure 1, the conveyer 12 is aroll conveyor including multiple
rotatable rolls or rollers 16 and a drive system for rotating the rollers 16 to convey each glass
sheet G along the plane of conveyance and in a direction of conveyance C. Examples of such
a conveyor 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 may be

consulted, if need may be.

[0019] The positioning apparatus 10 is disposed on a side of the glass processing system
11 and is configured to adjust position of a glass sheet G on the conveyor 12 as the glass sheet
G moves along the conveyor 12 in the direction of conveyance C. Referring to Figures 1-4, the
positioning apparatus 10 includes a movable carriage 18 supported on a support structure 20 of
the glass processing system 11, a drive arrangement 22 for moving the carriage 18 with respect
to the glass processing system 11, and a positioning arrangement 24 connected to the carriage

18 for positioning the glass sheet G with respect to the conveyor 12.

[0020] The carriage 18 includes a first carriage body 26 (e.g., first carriage frame) that
is translatable along the support structure 20 in directions parallel to the direction of
conveyance C, and a second carriage body 28 (e.g., second carriage frame) that is supported
by the first carriage body 26 such that the second carriage body 28 is movable with respect to
the first carriage body 26 in directions generally transverse to the direction of conveyance C.
Referring to Figures 2-5, the first carriage body 26 may be supported by one or more
longitudinally extending support members or guides, such as vertically spaced apart first and
second longitudinal linear bearing rails 30 and 32, respectively, mounted on the support
structure 20 (the bearing rails 30 and 32 may instead be considered part of the support structure
20). For example, the first carriage body 26 may include, or be connected to, one or more
bearing blocks 33a that are slidably mounted on the first rail 30, and one or more rollers 33b
that are engageable with the second rail 32. Likewise, the second carriage body 28 may be
supported by one or more laterally extending support members, such as lateral linear bearing
rails 34 connected to the first carriage body 26. While the carriage bodies 26 and 28
5
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may have any suitable configuration, the first carriage body 26 in the illustrated embodiment
includes vertically oriented, generally planar end portions that are oriented parallel to a vertically

oriented, generally planar main body portion of the second carriage body 28.

[0021] The drive arrangement 22 may include any suitable drive mechanisms or drive
devices for moving the carriage bodies 26 and 28. In the embodiment shown in Figures 2 and 4, the
drive arrangement 22 includes a first drive assembly 36 for moving the first carriage body 26
longitudinally along the glass processing system 11, and a second drive assembly 38 for moving the

second carriage body 28 laterally with respect to the first carriage body 26.

[0022] The first drive assembly 36 includes a first motor 40 (e.g., an electric motor,
pneumatic motor, hydraulic motor, etc.) connected to and supported by the support structure 20, and
related first drive components associated with the first motor 40 for moving the first carriage body
26 with respect to the bearing rails 30 and 32, along with the second carriage body 28. The related
first drive components may include, for example, a first gearbox 41 connected to the first motor 40,
and a first drive member 42, such as a drive rod, chain, or belt connected to the first motor 40 via the
first gearbox 41. As a more specific example, the first drive member 42 may be a timing belt that is
connected to a first drive sprocket or pulley 44, which may be rotatably mounted on the gearbox 41
as shown in Figure 2 (or otherwise rotatably mounted on the support structure 20) and driven by the
first motor 40, and a first idler bearing or pulley 46 that is mounted on the support structure 20 at a
location spaced longitudinally away from the first drive pulley 44. The first drive member 42 may
further be connected to the first carriage body 26 at a first connection location 48 (shown best in
Figure 5), which may be located between the first drive pulley 44 and the first idler pulley 46 at all
positions of the first carriage body 26.

[0023] With the above configuration, the first motor 40 is operable to rotate the first drive
pulley 44 in a first direction, such that the first drive pulley 44 may move the first drive member 42
in a first direction in order to move the first carriage body 26 in the direction of conveyance C from
an initial position, shown in solid lines in Figure 1, to a translated position, shown in phantom lines
in Figure 1. The first motor 40 is also operable to rotate the first drive pulley 44 in a second direction

opposite the first direction, such that the first drive pulley 44 may move the first drive member 42 in

6



an opposite direction in order to move the first carriage body 26 in a direction opposite the direction
of conveyance C from the translated position back to the initial position. The positioning apparatus
10 may also include a sea member 49, connected to the first carriage body 26 for sealing an opening
in the glass processing system 11, such as a longitudinal slot in the heating station 13, as the first

carriage body 26 translates with respect to the glass processing system 11.

[0024] Referring to Figures 2-4 and 5, the second drive assembly 38 includes a second
motor 50 (e.g., an electric motor, pneumatic motor, hydraulic motor, etc.) connected to the first
carriage body 26, and related second drive components associated with the second motor 50 for
moving the second carriage body 28 laterally with respect to the first carriage body 26. The related
second drive components may include, for example, a second gearbox 51 connected to the second
motor 50, and one or more second drive members 52, such as drive rods, chains, or belts, connected
to the second motor 50 via the second gearbox 51. In the illustrated embodiment, the second drive
components include two second drive members 52, and each second drive member 52 is a timing
belt that is connected to a second drive sprocket or pulley 54, which is driven by the second motor
50, and one or more second idler bearings or pulleys 56 that are connected to the first carriage
body 26 at locations spaced away from the second drive pulley 54. The second drive components
may also include a synchronization shaft 57 connected to the second motor 50 (e.g., by the second
gearbox 51 as shown in Figure 3) and each of the second drive pulleys 54 (e.g., the shaft 57 may
extend between the second drive pulleys 54) so that the second motor 50 may simultaneously rotate
both second drive pulleys 54. Each second drive member 52 may further be connected to the
second carriage body 28 at one or more second connection locations 58 (shown best in Figure 5)
so that movement of the second drive members 52 causes movement of the second carriage body
28 along the lateral bearing rails 34. In the embodiment shown in Figures 2, 4 and 5, the second
drive members 52 are disposed at opposite ends of the first carriage body 26, and each second
drive member 52 is connected to the second carriage body 28 at upper and lower connection
locations 58 (e.g., 4 total connection locations) to facilitate movement of the second carriage body
28 (e.g., reduce tilting of the second carriage body 28 and/or insure that the second carriage body
28 remains parallel to the first carriage body 26) as the second carriage body 28 moves laterally

with respect to the first carriage body 26.

Date Regue/Date Received 2023-04-14
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[0025] With the above configuration, the second motor 50 is operable to rotate each second
drive pulley 54 in a first direction, such that the second drive pulleys 54 may each move the
corresponding second drive member 52 in a first direction in order to move the second carriage body
28 toward the conveyor 12 and transverse to the direction of conveyance C from a first position
shown in Figure 5 to a second position shown in Figure 6. The second motor 50 is also operable to
rotate each second drive pulley 54 in a second direction opposite the first direction, such that the
second drive pulleys 54 may each move the corresponding second drive member 52 in an opposite
direction in order to move the second carriage body 28 away from the conveyor 12 and transverse to

the direction of conveyance C from the second position to the first position.

[0026] Returning to Figures 1 and 2, the positioning arrangement 24 is connected to the
second carriage body 28 and is movable with the second carriage body 28. The positioning
arrangement 24 includes first and second support members 60, such as elongated arms, pivotally
connected to the second carriage body 28, and a positioner or positioning member 62, such as a
positioning bar or rod, pivotally connected to end portions of the support members 60. The support
members 60 are pivotable between a raised position, shown in Figure 5, and a lowered position,
shown in Figure 6, in order to move the positioning member 62 between a raised position and a
lowered use position. The support members 60 may also be configured to pivot side-to-side to move
the positioning member 62 longitudinally (i.e., in a direction generally parallel to the direction of
conveyance C) with respect to the second carriage body 28, or in response to longitudinal movement

of the positioning member 62, as explained below in detail.

[0027] While the support members 60 may be pivotally connected to the second carriage
body 28 in any suitable manner, in the illustrated embodiment, each support member 60 is pivotally
connected to a compliant joint 64, such as with a pivot pin, so that each support member 60 is
pivotable about a horizontal axis 68 shown in Figure 2, and the compliant joint 64 is connected to a
vertically extending support 66, which is supported by the second carriage body 28. Each vertically
extending support 66 is also rotatably connected to the second carriage body 28 such that each
vertically extending support 66 is rotatable about a vertical axis 70. As a result, each support
member 60 and corresponding joint 64 may likewise pivot about a respective vertical axis 70 to
move the positioning member 62 longitudinally (i.e., in a direction generally parallel to the direction

8
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of conveyance C) with respect to the second carriage body 28, or in response to longitudinal

movement of the positioning member 62.

[0028] To raise or lower the positioning member 62, the positioning apparatus 10 may
include a suitable lift drive assembly 72 connected to or otherwise associated with the support
members 60. Referring to Figures 4 and 5, the lift drive assembly 72 may include an automatic
actuator 74, such as a piston/cylinder device (e.g., hydraulic or pneumatic cylinder) or motor (e.g.,
an electric motor, pneumatic motor, hydraulic motor, etc.), connected to a link arrangement 76,
which may include one or more links pivotally connected to the second carriage body 28. In the
embodiment shown in Figures 4 and 5, for example, the link arrangement 76 includes a lower link
78 fixedly connected to two upper links 80 that are pivotally connected to an upper portion of the
second carriage body 28, such as via a horizontal member 82 (e.g., a bar or tube) that is fixedly
connected to the lower link 78 and the upper links 80 and that is rotatably received in receptacles 84
formed on or connected to the second carriage body 28. Furthermore, the lift drive assembly 72
includes an engagement member 86 (e.g., engagement bar) connected to the link arrangement 76
(e.g, the upper links 80) and connected to or otherwise engageable with the support members 60.
With the above configuration, and referring to Figures 5 and 6, the actuator 74 is operable to pivot
the link arrangement 76 counterclockwise in order to raise the support members 60 and positioning
member 62 from the lowered position shown in Figure 6 to the raised position shown in Figure 5.
The actuator 74 is also operable to pivot the link arrangement 76 clockwise to lower the support
members 60 and positioning member 62 from the raised position shown in Figure 5 to the lowered
position shown in Figure 6. Furthermore, the support members 60 and positioning member 62 may
be configured to move due to their own weight when the link arrangement 76 is pivoted clockwise.
As shown in Figure 6, the link arrangement 76 may also be rotated clockwise to such an extent that

the engagement member 86 disengages the support members 60.

[0029] To cause or enable longitudinal movement of the positioning member 62 with respect
to the second carriage body 28, the positioning apparatus 10 may likewise include a suitable sway
drive assembly 88 connected to or otherwise associated with one or both of the vertical supports 66.
Referring to Figures 2 and 4, for example, the sway drive assembly 88 may include two automatic
actuators 90, such as piston/cylinder devices (e.g., hydraulic or pneumatic cylinders) or motors (e.g.,

9
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electric motors, pneumatic motors, hydraulic motors, etc.) that face each other and are configured to
engage a portion of one of the vertical supports 66 (e.g., a tab or projection 92 formed on or
otherwise connected to a main body of the vertical support 66). The actuators 90 may be activated to
engage the projection 92 to thereby rotate the vertical support 66 about its vertical axis 70 to a home
position, which causes the support members 60, the positioning member 62 and the other vertical
support 66 to return to home positions in which the positioning member 62 forms a predetermined

angle, such as a right angle, with each of the support members 60.

[0030] The actuators 90 may also be deactivated or otherwise operated so that ends of the
actuators 90 disengage the projection 92 and move away from each other and the projection 92, such
that the vertical support 66 is free to rotate about its vertical axis 70, and so that both support
members 60 are likewise free to rotate about their respective vertical axes 70. As a result, the
positioning member 62 is able to move longitudinally with respect to the second carriage body 28
and in a direction generally parallel to the direction of conveyance C if, for example, the speed of the
second carriage body 28 in the direction of conveyance C is not the same as the speed of the
conveyor 12 when the positioning member 62 contacts the conveyor 12. More generally, the
positioning member 62 may be enabled or allowed to move with respect to the second carriage body
28 and in a direction parallel to the plane of conveyance of the glass sheet G when the positioning
member 62 is in the lowered use position. The positioning apparatus 10 therefore provides a speed
compensation or compliance feature for the positioning member 62 relative to the conveyor 12.
Furthermore, the support members 60 and positioning member 62 cooperate to form a movable

parallelogram configuration along with the second carriage body 28.

[0031] The support members 60 may also be manually adjusted with respect to the joints 64
to achieve a desired spacing between the positioning member 62 and the joints 64. For example,
each joint 64 may include a clamp device that may be loosened in order to slide a respective support
member 60 with respect to the joint 64, and then tightened when the desired position of the support
member 60 is achieved. This feature may be useful if, for example, the positioning apparatus 10 will
be used with a particular application in which glass sheets will be spaced relatively far away or

relatively close to the carriage 18 as the glass sheets move along the conveyor 12.
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[0032] The components of the positioning apparatus 10 may be made of any suitable
material and in any suitable manner. For example, the carriage bodies 26, 28, support members 60

and positioning member 62 may be made of any suitable metal, such as stainless steel.

[0033] Returning to Figure 1, the positioning apparatus 10 may further include a sensing
system 94 including one or more sensors 96 for sensing or detecting position of the glass sheet G on
the conveyor 12. The sensors 96 may be any suitable sensors, such as optical sensors, radar sensors,
photodetectors (electric eyes), etc. Furthermore, the position information may be used in connection
with controlling operation of the the positioning apparatus 10. For example, activation and/or
deactivation of the various drive assemblies 36, 38, 72 and 88 may be based on the position

information.

[0034] In addition, the positioning apparatus 10 includes a controller or control unit 98 for
communicating with and/or controlling operation of the above components. The control unit 98 may
have a bundle of connections 100 for connecting with the various components of the positioning
apparatus 10, such as the drive assemblies 36, 38, 72 and 88 and sensors 96. Furthermore, the control
unit 98 may include any suitable hardware and/or software for controlling operation of the
positioning apparatus 10 (e.g., for performing the particular algorithms represented by the functions
described herein). For example, the control unit 98 may include one or more processors in
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 unit 98
may control operation of and/or communicate with the drive assemblies 36, 38, 72 and 88, sensors
96, etc. The control unit 98 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 100, the control unit 98 may instead be configured to connect wirelessly to
one or more of the above components. Furthermore, the control unit 98 may also control the rest of
the glass processing system 11, such as the conveyor 12, heating station 13, bending station 14, etc.,
or be configured to communicate with another control unit that controls operation of the rest of the

glass processing system 11, and that may have a similar configuration as the control unit 98.
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[0035] Referring to Figures 1-7, operation of the positioning apparatus 10 will now be
described in more detail. As the glass sheet G is being conveyed by the conveyor 12 in the direction
of conveyance C along a portion of the glass processing system 11(e.g., such as along the heating
station 13 in which the glass sheet G is heated to a temperature in the range of 575°C to 675°C, or to
a temperature of at least 575°C, for example), the positioning apparatus 10 may be operated to adjust
position of the glass sheet G to ensure that the glass sheet G is in the proper orientation for receipt in
a downstream treatment station (e.g., bending station 14). For example, when the one or more
sensors 96 detect that the glass sheet G has reached a predetermined position on the conveyor 12, the
control unit 98 may activate the first drive assembly 36 to accelerate the carriage 18 including the
carriage bodies 26 and 28 from the initial position, shown in solid lines in Figure 1, so that the
carriage 18 reaches a speed that approximates the speed of the conveyor 12 (i.e., the speed at which
the glass sheet G is moving relative to the support structure 20). During at least a portion of the
acceleration period, the position member 62 may be held in its raised position and home position
(e.g, such that the position member 62 forms a right angle with each of the support members 60).
When a desired speed of the carriage 18 in the direction of conveyance C is achieved, the lift drive
assembly 72 may be operated to lower the positioning member 62 toward the conveyor 12 until the

positioning member 62 contacts rollers 16 of the conveyor 12.

[0036] Before, during, or after lowering of the positioning member 62, the sway drive
assembly 88 may be deactivated or operated to enable the positioning member 62 to move
longitudinally with respect to the second carriage body 28. As a result, and as mentioned above, the
positioning member 62 may move longitudinally with respect to the second carriage body 28 if, for
example, the speed of the second carriage body 28 in the direction of conveyance C is not the same
as the speed of the conveyor 12 when the positioning member 62 contacts the conveyor 12.
Referring to Figures 7A and 7B, for example, the support members 60 may pivot counterclockwise
to allow the positioning member 62 to move longitudinally in the direction of conveyance C, and
parallel to the plane of conveyance, if the speed of the second carriage body 28 is less than the speed
of the conveyor 12 when the positioning member 62 contacts the conveyor 12. As another example,
the support members 60 may pivot clockwise to allow the positioning member 62 to move

longitudinally in a direction opposite the direction of conveyance C if the speed of the second
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carriage body 28 is greater than the speed of the conveyor 12 when the positioning member 62

contacts the conveyor 12.

[0037] When the positioning member 62 is in contact with conveyor 12, for example the
second drive assembly 38 may be operated independently of the first drive assembly 36 to move the
second carriage body 28 and the positioning member 62 laterally with respect to the first carriage
body 26, in order for the positioning member 62 to contact the glass sheet G and adjust the position
of the glass sheet G relative to the conveyor 12, if necessary. Advantageously, the positioning
apparatus 10 may be operated so that the positioning member 62 is moving at the same speed as the
glass sheet G in the direction of conveyance C when the positioning member 62 contacts the glass
sheet G so that scuff marks on the glass sheet G may be minimized or eliminated. Furthermore,
referring to Figure 1, the positioning member 62 may adjust lateral position and/or angular
orientation of the glass sheet G with respect to the conveyor 12 as the glass sheet G moves along the
conveyor 12. Furthermore, the positioning member 62 may have a main body and one or more
projections 102 (shown schematically in Figures 7A and 7B) that extend from the main body for
contacting the glass sheet G.

[0038] When the carriage 18 reaches the downstream translated position shown in phantom
lines in Figure 1, or at any suitable time beforehand, the second drive assembly 38 may be operated
to pull the positioning member 62 out of contact with the glass sheet G, the sway drive assembly 88
may be operated to return the positioning member 62 to its home position, if needed, and the lift
drive assembly 72 may be operated to raise the positioning member 62 from the lowered use position
shown in Figure 6 to the raised position shown in Figure 5. Furthermore, the lift drive assembly 72
may be operated to raise the positioning member 62 from the lowered use position before the sway
drive assembly 88 is operated to return the positioning member 62 to its home position thereby
inhibiting scuffing of the positioning member 62 on the rollers 16 of the conveyor 12. Both drive
assemblies 36 and 38 may also continue to operate to return the carriage bodies 26 and 28 to their

initial starting or home positions in preparation for the next glass sheet.

[0039] Generally then, a method according to the present disclosure for adjusting position of

a glass sheet on a conveyor of a glass sheet processing system may include moving a carriage
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including first and second carriage bodies along the glass sheet processing system, using a first drive
assembly (e.g., first motor) associated with the first carriage body, to achieve a desired speed of the
carriage. The method may further include moving the second carriage body with respect to the first
carriage body using a second drive assembly (e.g, second motor) associated with the second carriage
body, and contacting the glass sheet with a positioning member connected to the second carriage
body to adjust the position of the glass sheet with respect to the conveyor. Furthermore, the method
may involve moving the positioning member between a raised position and a lowered use position,
in which the positioning member contacts the conveyor, before contacting the glass sheet with the
positioning member, and allowing the positioning member to move with respect to the second
carriage body and in a direction parallel to a plane of conveyance of the glass sheet when the

positioning member is in the lowered use position.

[0040] The positioning apparatus 10 according to the present disclosure may provide various
benefits. For example, because the first and second drive assemblies 36 and 38, respectively, may be
operated independently, operation of each drive assembly may be specifically tailored to meet the
demands of a particular application. Furthermore, because the positioning apparatus 10 includes the
speed compensation feature discussed above, the speed of the positioning member 62 may be
accurately matched to the speed of the glass sheet G thereby minimizing scratches to the glass sheet
G. In addition, because the first carriage body 26 may be configured to ride along vertically spaced
apart support members, angular movement of the first carriage body 26 may be inhibited or

prevented.

[0041] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms of the disclosure. The words used in the specification are
words of description rather than limitation, and it is 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.

14



CLAIMS:

1. A positioning apparatus for a glass sheet processing system for adjusting
position of a heated glass sheet on a conveyor of the glass sheet processing system, wherein the
conveyor is configured to convey the glass sheet in a direction of conveyance and the glass sheet
processing system further includes a bending station for molding the glass sheet, the positioning
apparatus comprising:

a carriage configured to be attached to the glass sheet processing system and
including first and second carriage bodies, the first carriage body being configured to be attached
to the glass sheet processing system such that the first carriage body is translatable in the direction
of conveyance, and the second carriage body is configured to be supported by the first carriage
body such that the second carriage body is movable in a direction generally transverse to the
direction of conveyance;

a first motor for moving the first carriage body in the direction of conveyance;

a second motor for moving the second carriage body with respect to the first
carriage body; and

a positioner member configured to be connected to the second carriage body and
configured to contact the glass sheet to adjust position of the glass sheet with respect to the
conveyor, wherein the positioner member is movable between a raised position and a lowered use
position when connected to the second carriage body, and wherein the positioner member is

configured to contact the conveyor when the positioner member is in the lowered use position.

2. The positioning apparatus of claim 1, wherein the positioner member is movable
with respect to the second carriage body to compensate for a speed difference between the
conveyor and the first carriage body when the first carriage body is being translated in the direction

of conveyance and the positioner member is in contact with the conveyor.

3. The positioning apparatus of claim 1 or 2, further comprising an arm configured
to be connected to the positioner member and pivotally associated with the second carriage body
such that the arm is pivotable about a vertical axis when the positioner member is in the lowered

use position.
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4. The positioning apparatus of any one of claims 1 to 3, wherein the positioner
member has a main body and multiple projections extending from the main body, wherein the

projections are configured to contact the glass sheet.

5. The positioning apparatus of any one of claims 1 to 4, further comprising a drive
belt that is connectable to the first motor and the first carriage body for translating the first carriage
body.

6. The positioning apparatus of any one of claims 1 to 5, further comprising two
drive members that are configured to be connected to the second motor and the second carriage
body such that the drive members are spaced apart from each other in the direction of conveyance,
wherein the drive members are configured for moving the second carriage body with respect to the

first carriage body.

7. A glass sheet processing system for processing a heated glass sheet, the glass
sheet processing system including:

a conveyor for conveying the glass sheet in a direction of conveyance;

a forming station for molding the glass sheet; and

a positioning apparatus for adjusting position of the glass sheet on the conveyor
upstream of the forming station, the positioning apparatus including a movable carriage having
first and second carriage bodies, wherein the first carriage body is translatable in the direction of
conveyance, and the second carriage body is supported by the first carriage body such that the
second carriage body is movable in a direction generally transverse to the direction of conveyance,
the positioning apparatus further including a first drive assembly for moving the first carriage body
in the direction of conveyance, a second drive assembly for moving the second carriage body with
respect to the first carriage body, and a positioner member connected to the second carriage body
and configured to contact the glass sheet to adjust position of the glass sheet with respect to the
conveyor, wherein the drive assemblies are configured to be operated independently, and the
positioner member is movable between a raised position and a lowered use position, and wherein
the positioner member is configured to contact the conveyor when the positioner member is in the

lowered use position.

16

Date Regue/Date Received 2023-04-14



8. The glass processing system of claim 7, wherein the positioner member is
movable with respect to the second carriage body to compensate for a speed difference between
the conveyor and the first carriage body when the first carriage body is being translated in the

direction of conveyance and the positioner member is in contact with the conveyor.

9. The glass processing system of claim 7 or 8, wherein the positioning apparatus
further comprises a support member connected to the positioner member and pivotally associated
with the second carriage body such that the support member is pivotable about a vertical axis when

the positioner member is in the lowered use position.

10. The glass processing system of claim 9, wherein the support member is further
pivotable about a horizontal axis to move the positioner member between the raised position and

the lowered use position.

11. The glass processing system of claim 9 or 10, wherein the positioning apparatus
further comprises a pivotable joint connected to the support member, a vertically extending support
connected to the pivotable joint, and first and second actuators that are engageable with the support

to rotate the support and the pivotable joint.

12. The glass processing system of claim 11, wherein the actuators are
disengageable from the support to allow pivoting motion of the pivotable joint and the support

member when the positioner member is in contact with the conveyor.

13. The glass processing system of any one of claims 7 to 12, wherein the first

drive assembly includes a first motor, and the second drive assembly includes a second motor.

14. The glass processing system of claim 13, wherein the first drive assembly
further comprises a first drive belt connected to the first motor and the first carriage body for
translating the first carriage body, and the second drive assembly further comprises a second drive
belt connected to the second motor and the second carriage body for moving the second carriage

body with respect to the first carriage body.

15. The glass processing system of any one of claims 7 to 14, further comprising a

support structure including first and second longitudinally extending guides that are vertically
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spaced apart from each other, and wherein the first carriage body is engageable with the first and

second guides as the first carriage body translates.

16. A method for adjusting position of a heated glass sheet on a conveyor of a glass
sheet processing system that includes a forming station for molding the glass sheet, the method
comprising;

moving a carriage including first and second carriage bodies along the glass sheet
processing system, using a first motor associated with the first carriage body, to achieve a desired
speed of the carriage;

moving the second carriage body with respect to the first carriage body using a
second motor associated with the second carriage body;

contacting the glass sheet with a positioner member connected to the second
carriage body to adjust the position of the glass sheet with respect to the conveyor; and

moving the positioner member between a raised position and a lowered use
position, in which the positioner member contacts the conveyor, before contacting the glass sheet

with the positioner member.

17. The method of claim 16, further comprising allowing the positioner member to
move with respect to the second carriage body and in a direction parallel to a plane of conveyance

of the glass sheet when the positioner member is in the lowered use position.

18. The method of claim 16 or 17, wherein the conveyor is configured to convey
the glass sheet in a direction of conveyance, and wherein moving the second carriage body with
respect to the first carriage body is performed using two drive members that are associated with

the second motor and that are spaced apart from each other in the direction of conveyance.

19. The method of any one of claims 16 to 18, wherein moving the carriage is
performed so that the carriage reaches a speed that approximates a speed of the glass sheet in a
direction of conveyance on the conveyor, and moving the positioner member between the raised
position and the lowered use position is performed after a desired speed of the carriage in the

direction of conveyance is achieved.
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20. The positioning apparatus of any one of claims 1 to 6, wherein the positioning
apparatus is configured to enable or allow the positioner member to move with respect to the
second carriage body and in a direction parallel to a plane of conveyance of the glass sheet when
the positioner member is in the lowered use position to compensate for a speed difference between
the conveyor and the first carriage body when the first carriage body is being translated in the

direction of conveyance and the positioner member is in contact with the conveyor.

21. The positioning apparatus of claim 20, further comprising a support configured
to be rotatably connected to the second carriage body and associated with the positioner member,
and a sway drive assembly that is engageable with the support to cause the positioner member to
return to a home position, wherein the sway drive assembly is disengageable from the support to
allow the positioner member to move away from the home position and with respect to the second
carriage body to compensate for the speed difference between the conveyor and the first carriage
body when the first carriage body is being translated in the direction of conveyance and the

positioner member is in contact with the conveyor.

22. The positioning apparatus of claim 21, wherein the support comprises a main
body and a projection on the main body, and the sway drive assembly includes an actuator that is
engageable with the projection when the support is connected to the second carriage body to rotate

the support and return the positioner member to the home position.

23. The glass processing system of any one of claims 7 to 15, wherein the
positioning apparatus is configured to enable or allow the positioner member to move with respect
to the second carriage body and in a direction parallel to a plane of conveyance of the glass sheet
when the positioner member is in the lowered use position to compensate for a speed difference
between the conveyor and the first carriage body when the first carriage body is being translated

in the direction of conveyance and the positioner member is in contact with the conveyor.

24. The glass processing system of claim 23, wherein the positioning apparatus
further comprises a support rotatably connected to the second carriage body and also connected to
the positioner member, and a sway drive assembly that is engageable with the support to cause the
positioner member to return to a home position, wherein the sway drive assembly is disengageable

from the support to allow the positioner member to move away from the home position and with
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respect to the second carriage body to compensate for the speed difference between the conveyor
and the first carriage body when the first carriage body is being translated in the direction of

conveyance and the positioner member is in contact with the conveyor.

25. The glass processing system of claim 24, wherein the support comprises a main
body and a projection on the main body, and the sway drive assembly includes an actuator that is
engageable with the projection to rotate the support and return the positioner member to the home

position.

26. The method of claim 17, wherein the allowing step is performed to compensate
for a speed difference between the conveyor and the first carriage body as the carriage is moved
along the glass sheet processing system in a direction of conveyance of the glass sheet on the

conveyor.

27. The method of claim 26, wherein a support is rotatably connected to the second
carriage body and also connected to the positioner member, and the method further comprises
engaging a sway drive assembly with the support to cause the positioner member to move to a
home position, and disengaging the sway drive assembly from the support to allow the positioner
member to move away from the home position and with respect to the second carriage body to
compensate for the speed difference between the conveyor and the first carriage body as the

carriage is moved along the glass sheet processing system.
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