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perature suitable for shaping; (ii) depositing the glass sheet on a first bending tool for supporting the glass sheet thereon, the glass
sheet being in a first position relative to the first bending tool; (iii) contacting an edge portion of the glass sheet such that the glass
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tioning devices for moving a hot glass sheet during the method of the invention are described. A glass shaping line for carrying out
the method is also described.
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METHOD AND APPARATUS FOR SHAPING GLASS SHEETS

The present invention relates to shaping glass sheets, especially using
opposing bending tools that are moved toward and away from one another. The
invention also relates to a positioning system used with a press bending station for
the bending of heated glass sheets, with two bending tools that are moved toward
one another.

Various processes are known for shaping or bending a sheet of glass.
Typically a glass sheet is heated to a temperature where the glass sheet is
deformable and the bending process carried out. In certain bending processes, the
heated glass sheet is supported on a ring and allowed to sag under the influence of
gravity, with or without the assistance of an additional pressing force. The ring may
comprise two rings configured to bend the glass sheet in two bending phases, for
example as described US5,660,609

Another known glass sheet bending process is a press bending process
whereby a glass sheet (or a nested pair) is bent between a pair of complementary
shaping members, usually in a spaced vertical relationship. Various configuration of
shaping members are known for the pair of complementary shaping members, for
example it is known to have a lower annular ring and an upper solid male, with
examples provided in US5,279,635 and US5,755,845. US5,735,922 also describes a
method and apparatus for press bending a glass sheet. In other versions of a press
bending process, a split upper mould may be used with a lower annular ring, for
example as described in US5,122,177 and US2015/0007612A1.

In one type of press bending process, a first bending tool may be designed as
a ring-type female mould corresponding to a perimeter of a heated glass sheet to be
bent, whilst an essentially solid male mould, also known as a full-faced mould, forms
a second bending tool. To aid in the bending process a plurality of suction holes are

placed in portions of the full-face mould, the position of which may be determined by



10

15

20

25

WO 2016/189319 PCT/GB2016/051537

a configuration of the annular mould and/or a geometry of the glass sheet to be bent,
when the annular mould comes into contact with the heated glass sheet during the
press bending process. The male mould may have a peripheral annular groove as
described in US7,866,187B2 for applying suction therethrough.

The heated glass sheet to be bent is heated to the bending temperature in an
associated furnace and moved between the full-faced mould and the ring-type mould
while in a formable state. The heated glass sheet is typically transferred between the
moulds using a series of rollers, a portion of which may move vertically to place the
heated glass sheet onto the ring-type mould. At least two stops, which may be
moved vertically to avoid interference with the full-faced mould, facilitate positioning
the heated glass sheet in a direction of travel between the moulds. During or
immediately after placing the heated glass sheet onto the ring-type mould, the full-
faced mould and the ring-type mould are then moved toward one another to perform
the pressing process. During the pressing process, the full-face mould presses the
glass sheet onto the ring-type mould. It is understood however, that either the full-
faced mould or the ring-type mould may be fixed and only the remaining mould will
move. As a result, a shaping of the edges of the heated glass sheet takes place.
Simultaneously, the middle area of the heated glass sheet is held against the
moulding face using a vacuum to perform further shaping. These shaping procedures
take place in a relatively quick manner, since the glass sheet cools down rapidly, and
after a short time the edges of the glass sheet fall below an optimal bending
temperature.

Following opening of, and removal from, the bending tools, the glass sheet
should possess a desired shape, be dimensionally stable, and not be optically
distorted. Otherwise, the bending process results in waste or products that possess
poor quality. One such factor that may result in waste or products that possess poor
quality is a positioning of the heated glass sheet on the ring-type mould during a

press bending process of the type as hereinbefore described.
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As mentioned hereinabove, vertically movable stops facilitate positioning the
heated glass sheet in the direction of travel between the moulds. However,
positioning of the heated glass sheet in other directions, such as substantially
perpendicular to the direction of travel between the moulds, is only performed on the
rollers, prior to entry of the glass sheet into the furnace. Consequently, alignment of
the glass sheet during the bending process on the first bending tool may not be ideal,
resulting in waste or products that possess poor quality.

Examples of glass positioning devices used in glass bending operations are
described in US4,666,492, US4,838,920, US5,017,210 and US5,743,931.

In general, when a glass is supported on a first bending tool for bending
thereon, if the glass sheet is not positioned correctly the glass sheet may not have
the desired properties after bending. This is applicable for shaping a glass sheet by
press bending or gravity sag bending.

It would be advantageous to develop a method for shaping a glass sheet and
a glass shaping line that at least partially overcome the aforementioned problems. It
would also be advantageous to develop a positioning device for hot glass sheets and
a method for aligning hot glass sheets that facilitates accurate positioning of the
sheets during a forming operation.

Accordingly the present invention provides from a first aspect a method for
shaping a glass sheet comprising the steps (i) heating the glass sheet to a
temperature suitable for shaping; (ii) depositing the glass sheet on a first bending tool
for supporting the glass sheet thereon, the glass sheet being in a first position
relative to the first bending tool; (iii) contacting an edge portion of the glass sheet
such that the glass sheet is moved to a second position relative to the first bending
tool; and (iv) shaping the glass sheet on the first bending tool.

In contrast to prior art methods, the position of the glass sheet is adjusted
after being deposited on the first bending tool and before being shaped on the first

bending tool. This has the advantage that the position of the glass sheet is adjusted
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late in the bending process, shortly before being shaped such that the time available
for the glass sheet to deviate away from a target position on the first shaping tool is
minimized.

In carrying out the method according to the first aspect of the present
invention, step (ii) occurs before step (iii).

Preferably the first bending tool comprises at least one shaping rail having an
upper shaping surface for supporting the glass sheet thereon.

Preferably the first bending tool comprises a ring configured to support the
glass sheet in a peripheral region thereof. The ring may have a continuous upper
shaping surface.

Preferably during step (iv), the glass sheet is shaped on the first bending tool
by press bending the glass sheet between the first bending tool and a second
bending tool.

As is known in the art, press bending is a shaping process in which a heat-
softened glass sheet is pressed between complementary opposed shaping surfaces
which are provided on press members such as first and second bending tools.

Embodiments where during step (iv), the glass sheet is shaped on the first
bending tool by press bending the glass sheet between the first bending tool and a
second bending tool have other preferable features.

Preferably during step (iv) the first bending tool does not move relative to a
fixed reference point and the second bending tool moves relative to the fixed
reference point towards the first bending tool to press bend the glass sheet between
the first bending tool and the second bending tool.

Preferably during step (iv) the second bending tool does not move relative to
a fixed reference point and the first bending tool moves relative to the fixed reference
point towards the second bending tool to press bend the glass sheet between the
first bending tool and the second bending tool.

Preferably during step (iv) both the first and second bending tools move
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towards each other to press bend the glass sheet between the first bending tool and
the second bending tool.

Preferably during step (iv) the glass sheet is shaped on the first bending tool
by moving the first bending tool with the glass sheet thereon relative to the second
bending tool to press at least one portion of the glass sheet between at least one
portion of the first bending tool and at least one portion of the second bending tool.

Preferably the second bending tool has a convex shaping surface and the first
bending tool has a complementary concave shaping surface.

Preferably the second bending tool is a full-faced mould.

Preferably the second bending tool comprises at least two portions (a first
portion and a second portion), more preferably wherein the first portion of the second
bending tool is movable with respect to the second portion of the second bending
tool. Preferably one part of the glass sheet is shaped between the first bending tool
and the first portion of the second bending tool, and another part of the glass sheet is
shaped between the first bending tool and the second portion of the second bending
tool.

Preferably during step (iv) a vacuum is applied through one or more opening
in the surface of the second bending tool.

In other embodiments during step (iv) the glass sheet is shaped by sagging
under the influence of gravity whilst being supported on the first bending tool,
optionally with the provision of an additional pressing force to shape selective areas
of the glass sheet.

Other embodiments have other preferable features.

Preferably during step (ii), the glass sheet is deposited on the first bending
tool by moving the first bending tool relative to the glass sheet.

Preferably during step (ii), the glass sheet is deposited on the first bending
tool by dropping the glass sheet onto the first bending tool. The glass sheet may be

being carried by a vacuum platen prior to being dropped onto the first bending tool. A
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suitable vacuum platen is described in U6,422,040B1. The glass sheet may be
supported on a heated gas cushion prior to being dropped onto the first bending tool,
for example as described in US4,432,782, US5,078,776 and US6,505,483B1.

Preferably prior to step (ii) there is a target position for the glass sheet relative
to the first bending tool for optimum shaping, and the first position is deliberately
offset from the target position such that after step (iii) the second position of the glass
sheet relative to the first bending tool is closer to the target position than the first
position of the glass sheet relative to the first bending tool.

Preferably there is a target position for the glass sheet relative to the first
bending tool for optimum shaping, and the second position of the glass sheet is
closer to the target position than the first position of the glass sheet.

Preferably during step (iii) a positioning device comprising a movable portion
positioned adjacent the first bending tool, a fixed portion positioned adjacent the
movable portion, and an actuator disposed between the fixed portion and the
movable portion is provided such that upon engaging the actuator the movable
portion is caused to move with respect to the fixed portion to contact the edge portion
of the glass sheet and move the glass sheet from the first position to the second
position.

At step (ii) when the glass sheet is deposited on the first bending tool, the
glass sheet may bounce thereon such that the first position of the glass sheet with
respect to the first bending tool is transient until the glass sheet stops bouncing on
the first bending tool. Preferably during step (iii) there is no relative vertical
movement between the glass sheet and the first bending tool. However the glass
sheet may be moved to the second position during step (iii) whilst the glass sheet is
bouncing on the first bending tool after having been deposited thereon.

Preferably the glass sheet is a single glass sheet or one sheet in a stack of
glass sheets comprising at least two glass sheets.

Preferably the glass sheet is a glass sheet in a nested pair of glass sheets.
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Suitably the nested pair consists of an upper glass sheet and a lower glass sheet,
preferably separated by a suitable parting agent such as calcium carbonate.

The method according to the first aspect of the present invention provides
greater reproducibility of the position of the glass sheet on the first bending tool
because any deviation of the position of the glass sheet on the first bending tool
away from a target position thereon can be rectified accordingly. It will be readily
apparent that if during step (ii) the glass sheet is deposited on the first bending tool
such that adjustment of the position is not required, then the edge of the glass sheet
may not be contacted. In this situation there may be contact with the edge of the
glass sheet provided the second position of the glass sheet relative to the first
bending tool is the same, or substantially the same, as the first position of the glass
sheet relative to the first bending tool.

From a second aspect the present invention provides a positioning device for
a hot glass sheet comprising a movable portion positioned adjacent a bending tool of
a glass sheet bending operation; a fixed portion positioned adjacent the movable
portion; and an actuator disposed between the fixed portion and the movable portion,
wherein in response to engagement of the actuator, the movable portion contacts an
edge of the glass sheet to adjust a position thereof.

Preferably the movable portion comprises a pusher portion.

Preferably the pusher portion is formed from a sheet metal.

Preferably the pusher portion is formed from a spring steel.

Preferably the pusher portion includes a contact material coupled thereto.
Preferably the contact material is disposed on a pushing edge of the pusher portion.

Preferably a cross-sectional shape of the pusher portion is flat.

Preferably a cross-sectional shape of the pusher portion includes an
undulation.

Preferably a cross-sectional shape of the pusher portion includes two

undulations.
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Preferably the undulations of the cross-sectional shape are laterally
positioned.

In some embodiments the movable portion is movably coupled to the fixed
portion.

In some embodiments the movable portion comprises a pusher mount portion
and a pusher portion, the pusher portion coupled to the pusher mount portion.

From a third aspect the present invention provides a method for aligning hot
glass sheets, comprising the steps of providing a glass bending operation, the glass
bending operation including a first bending tool; providing a positioning device
comprising a movable portion positioned adjacent the first bending tool, a fixed
portion positioned adjacent the movable portion, and an actuator disposed between
the fixed portion and the movable portion; disposing the hot glass sheet on the first
bending tool; engaging the actuator to cause the movable portion to move with
respect to the fixed portion; and contacting an edge of the glass sheet with the
movable portion to adjust a position of the hot glass sheet with respect to the first
bending tool.

Preferably the movable portion comprises a pusher portion.

Preferably the movable portion comprises a pusher portion formed from a
spring steel.

Preferably the pusher portion and/or the movable portion includes a contact
material coupled thereto. Preferably the contact material is disposed on a pushing
edge of the pusher portion.

Preferably a cross-sectional shape of the pusher portion and/or the movable
portion includes an undulation.

Preferably the cross-sectional shape of the pusher portion and/or the movable
portion includes two undulations.

Preferably the step of providing the glass bending operation includes

providing the first bending tool and a second bending tool.
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Embodiments of the third aspect of the present invention where the glass
bending operation includes providing the first bending tool and a second bending tool
have other preferable features.

Preferably the movable portion comprises a pusher portion and a thickness of
the pusher portion is less than a minimum distance between the first bending tool
and the second bending tool.

Preferably the method of the third aspect of the present invention further
comprises after the step of disposing the hot glass sheet on the first bending tool, the
step of moving one of the first bending tool and the second bending tool towards a
remaining one of the first bending tool and the second bending tool after the step of
disposing the hot glass sheet on the first bending tool.

Preferably the movable portion comprises a pusher portion having a cross-
sectional shape including an undulation, and the step of moving one of the first
bending tool and the second bending tool towards a remaining one of the first
bending tool and the second bending tool compresses the pusher portion
therebetween.

Preferably the method of the third aspect of the present invention further
comprises after the step of disposing the hot glass sheet on the first bending tool, the
step of moving the first bending tool towards the second bending tool whilst the
second bending tool is moving towards the first bending tool.

Preferably the movable portion comprises a pusher portion having a cross-
sectional shape including an undulation, and the step of moving the first bending tool
towards the second bending tool whilst the second bending tool is moving towards
the first bending tool compresses the pusher portion therebetween.

The present invention also provides from a fourth aspect a positioning device
for a hot glass sheet comprising a movable portion positioned adjacent a bending
tool of a glass sheet bending operation; a tilting post mount having a tilt point, the

tilting post mount positioned adjacent the movable portion; a first actuator disposed
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between the fixed portion and the movable portion; and a second actuator disposed
between portions of the tilting post mount, wherein in response to engagement of the
first actuator the movable portion contacts an edge of the glass sheet to adjust a
position thereof and in response to engagement of the second actuator the movable
portion and a portion of the tilting post mount are moved about the tilt point.

The present invention also provides from a fifth aspect a glass shaping line
for shaping a glass sheet comprising a furnace for heating the glass sheet to a
temperature suitable for shaping; conveyor means for conveying the glass sheet
through the furnace; and a glass sheet shaping section comprising a first bending
tool for supporting the glass sheet thereon during a glass bending operation and at
least one (a first) positioning device arranged relative to the first bending tool,
characterised in that when a glass sheet is supported on the first bending tool the
first positioning device is movable from a first configuration to a second configuration
to contact an edge of the glass sheet on the first bending to adjust the position of the
glass sheet on the first bending tool.

Upon adjusting the position of the glass sheet on the first bending tool, the
position of the glass sheet on the first bending tool is moved from a first position
relative to the first bending tool to a second position relative to the first bending tool.

Preferably the glass shaping line further comprises transfer means for
transferring the glass sheet from the conveyor means onto the first bending tool. The
transfer means is used to deposit the glass sheet on the first bending tool.

Preferably the transfer means comprise one or more roller and/or a vacuum
platen and/or flotation on a heated gas cushion.

Preferably the first bending tool is configured as a ring to support the glass
sheet in a peripheral region thereof.

Preferably the glass sheet shaping section comprises a second bending tool
configured to co-operate with the first bending tool to shape the glass sheet

therebetween.
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Suitably the glass sheet shaping section is a press bending section
comprising a pair of complementary shaping members.

In embodiments where the shaping section comprises a second bending tool,
preferably the second bending tool comprises at least two portions (a first portion and
a second portion). Preferably the first portion of the second bending tool is movable
with respect to the second portion of the second bending tool.

In some embodiments the first positioning device is a positioning device
according to the second aspect of the present invention or the fourth aspect of the
present invention.

In some embodiments the glass shaping line comprises a plurality of
positioning devices.

The present invention also provides from another aspect a method for
aligning hot glass sheets, comprising the steps of providing a glass bending
operation, the glass bending operation including a first bending tool; disposing the
hot glass sheet on the first bending tool; engaging an actuator to cause a positioning
device to move with respect to the first bending tool; and contacting an edge of the
glass sheet with the positioning device to adjust a position of the hot glass sheet on
the first bending tool.

The present invention also provides from another aspect an apparatus for
press bending hot glass sheets comprising a first bending tool; a second bending tool
shaped to co-operate with the first bending tool; a positioning device disposed
adjacent at least one of the first bending tool and the second bending tool, wherein in
response to engagement of the positioning device, the positioning device contacts an
edge of a hot glass sheet disposed on one of the first bending tool and the second
bending tool to adjust a position of the hot glass sheet.

The present will now be described with reference to the following figures (not
to scale) in which:

Figure 1 is a schematic representation of a glass shaping line (a press bending

11
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operation) including a positioning device according to an embodiment of the
invention;

Figure 2 shows a portion of a first bending tool having a positioning device adjacent
thereto;

Figure 3 shows a plan view of a first bending tool supporting a glass sheet thereon,
with a plurality of positioning devices;

Figure 4A shows a plan view of a pusher portion of a positioning device according to
an embodiment of the present invention;

Figure 4B shows a cross sectional view of the pusher portion of Figure 4A in the
direction towards the pushing edge;

Figure 4C shows a plan view of a pusher portion of a positioning device according to
another embodiment of the present invention;

Figure 4B shows a cross sectional view of the pusher portion of Figure 4C in the
direction towards the pushing edge;

Figure 5 shows a schematic isometric representation of a positioning device
according to an embodiment of the invention;

Figure 6 shows a schematic plan view of a glass sheet supported on a first bending
tool with a positioning device in a first configuration and the glass sheet in a first
position relative to the first bending tool;

Figure 7 shows a schematic side view of figure 6;

Figure 8 shows the view of figure 6 with the positioning device in a second
configuration and the glass sheet in a first position relative to the first bending tool,
Figure 9 shows a schematic side view of figure 8;

Figure 10 shows the view of figure 6 with the positioning device in a third
configuration and the glass sheet in a second position relative to the first bending
tool; and

Figure 11 shows a schematic side view of figure 10.

12
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It is to be understood that the invention may assume various alternative
orientations and step sequences, except where expressly specified to the contrary. It
is also to be understood that the specific devices and processes illustrated in the
attached drawings, and described in the following specification are simply exemplary
embodiments of the inventive concepts of the present invention. Hence, specific
dimensions, directions, orientations or other physical characteristics relating to the
embodiments disclosed are not to be considered as limiting, unless expressly stated
otherwise.

FIG. 1 illustrates a press bending operation 100 including a positioning device
102 according to an embodiment of the invention. The press bending operation
100 includes a preheating furnace 104, which serves to preheat glass sheets 106.
The glass sheets 106 are transported through the furnace 104 on rollers 108, a
spacing of which is reduced in the area of the exit of the preheating furnace 104,
since the glass sheets 106 in the heated state are deformable and therefore require
greater support.

The preheating furnace 104 is followed by a bending station 110, which is
provided with a first bending tool 112 and a second bending tool 114. As shown in
FIGS. 1 and 2, the first bending tool 112 is a ring-type mould and the second bending
tool 114 is a full-face mould. The bending station 110 includes a plurality of moveable
rollers 116. The glass sheets 106 are transported onto the moveable rollers 116 from
the rollers 108 as soon as the glass sheets 106 exit from the preheating furnace 104.
At least two stops 118, which may be moved vertically to avoid interference with the
second bending tool 114, facilitate positioning the glass sheets 106 in a direction of
travel between the first bending tool 112 and the second bending tool 114. At least
two positioning devices 102, the structure and operation of which are described
hereinbelow, may be used to facilitate positioning a glass sheet 106 on the first
bending tool 112 when the glass sheet is between the first bending tool 112 and the

second bending tool 114.
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After being transported onto the plurality of moveable rollers 116, the plurality
of moveable rollers 116 are moved in a downward direction to facilitate positioning
the glass sheet 106 on the first bending tool 112 i.e. the glass sheet 106 is deposited
on the first bending tool 112. A timing of the movement of the plurality of moveable
rollers 116 is performed to carefully position the glass sheet 106 against the stops
118. Alternately, it is understood that the first bending tool 112 may be moved in an
upward direction, lifting the glass sheet 106 from a set of rollers configured to remain
in a stationary position, thereby depositing the glass sheet 106 on the first bending
tool 112.

Once the glass sheet 106 is positioned on the first bending tool 112, the first
bending tool 112 and the second bending tool 114 begin moving towards one
another to perform a press bending of the glass sheet 106. During movement of the
first bending tool 112 and the second bending tool 114 towards one another, the
positioning devices 102 are used to position the glass sheet 106 on the first bending
tool 112; however, it is understood that the positioning devices 102 may be used to
position the glass sheet 102 in any direction with respect to the first bending tool 112,
such as positioning the glass sheets against the vertically movable stops (not
shown). Following adjusting a position of the glass sheet 106 using the positioning
devices 102, the glass sheet 106 is press bent between the first bending tool 112 and
the second bending tool 114.

It will be immediately evident that the positioning devices may be used to
position the glass sheet 106 on the first bending tool 112 whilst the first bending tool
112 and/or the second bending tool 114 are not moving and before the glass sheet
has been press bent.

Also, for the avoidance of doubt, the first bending tool 112 may move towards
the second bending tool 114, with the second bending tool not moving. Alternatively
the second bending tool 114 may move towards the first bending tool 112, with the

first bending tool 112 not moving. Alternatively the first bending tool 112 and the
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second bending tool 114 both are moving towards each other. In any of these
alternatives the objective is to effect relative movement between the first bending tool
112 and the second bending tool 114 to press bend the glass sheet 106 between the
first bending tool 112 and the second bending tool 114.

During pressing, a vacuum may be drawn on passages 120 formed in the
second bending tool 114 to facilitate forming the glass sheet 106 into a desired
shape. Upon completion of shaping the glass sheet 106, the glass sheet 106 may be
released from the second bending tool 114 by way of positive pressure being applied
through the passages 120 of the second bending tool 114.

It can be appreciated that the bending station 110 may comprise more than
the bending tools 112, 114, may be oriented in a position other than the positions
shown in FIGS. 1 and 2, have bending tools that are stationary, and still be within the
scope and spirit of the invention. Upon completion of the bending process, a
conveying device (not shown) serves to transport the shaped glass sheets 106 into a
lehr 124. In the lehr 124, the shaped glass sheet 106 may be tempered or annealed
as known in the art and cooled to a temperature at which handling can occur. The
shaped glass sheet 106 may be used in the construction of a window for a vehicle,
such as a windscreen, side window, sunroof or a rear window. Such a window may
be monolithic or laminated.

The positioning devices 102 are most clearly illustrated in FIGS. 2 and 3.
Each of the positioning devices 102 is an assembly mounted on a platform 126. The
platform 126 is a rigid plate onto which the first bending tool 112 is adjustably
mounted; however, it is understood that the positioning devices 102 may be mounted
in another manner, as long as such a manner ensures a predetermined spatial
relationship between each of the positioning devices 102 and the first bending tool
112. Each of the positioning devices 102 includes a fixed portion 128, a moveable
portion 130, and an actuator 132. As shown in FIG. 3, a plurality of positioning

devices 102 may be disposed about a peripheral edge of the first bending tool 112 to

15



10

15

20

25

WO 2016/189319 PCT/GB2016/051537

facilitate positioning the glass sheet 106 with respect to the first bending tool 112
after the heat softened glass sheet has been deposited on the first bending tool 112
and before the glass sheet has been press bent.

The fixed portion 128 is a rigid member coupled to the platform 126. The fixed
portion 128 is formed from a plurality of metal components welded together, but it is
understood that the fixed portion 128 may comprise components coupled to one
another using a plurality of fasteners or that the fixed portion 128 may be unitary in
shape. The fixed portion 128 comprises a first end 134 and a second end 136. The
first end 134 includes a flanged portion 138 which is removably coupled to the
platform 126 using a plurality of fasteners; however, it is understood that the first end
134 may have other shapes and may be coupled to the platform 126 in any
conventional manner. The second end 136 includes a pivot portion 140 and a mount
portion 141. The pivot portion 140 comprises a pair of orthogonally arranged knuckle
joints 142 which the mount portion 141 is coupled to; however, it is understood that
the pivot portion 140 may comprise another structure which facilitates the mount
portion 141 being pivotally coupled thereto. The mount portion141 is a rigid member
coupled to the pivot portion 140. As shown in FIG. 2, the mount portion 141 is a rigid
L-shaped member extending away from the pivot portion 140; however, it is
understood that the mount portion 141 may have other shapes that allow a mounting
of the actuator 132 in a manner where the actuator 132 can effect movement on the
moveable portion 130.

The moveable portion 130 is an assembly movably coupled to the mount
portion 141. The moveable portion 130 is formed from a plurality of components
coupled together using a plurality of fasteners, but it is understood that the moveable
portion 130 may comprise components welded to one another. The moveable portion
130 comprises a slide portion 143 and a pusher assembly 144.

The slide portion 143 is a linear slide comprising a guide rail 145 and a

bearing block 146 engaged with the guide rail 145. The guide rail 145 is coupled to
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the mount portion 140 and the bearing block 146 is coupled to the pusher assembly
144. The bearing block 146 facilitates linear movement of the pusher assembly 144
along the guide rail 145. Alternately, it is understood that moveable portion 130 may
be movably coupled to the mount portion 141 in another manner.

The pusher assembly 144 includes a pusher member 147 and a pusher
portion 148. The pusher portion 148 is removably coupled to the pusher member 147
to facilitate replacement of the pusher portion 148 if needed.

The pusher member 147 is a substantially S-shaped member having a mount
portion 149, an intermediate portion 150, and a pusher mount portion 151. The
pusher member 147 comprises a pair of rigid metal members coupled to one
another; however, it is understood that the pusher member may be unitarily formed
and formed from other materials. The mount portion 149 is coupled to the bearing
block 146. A portion of the actuator 132 is coupled to the intermediate portion 150 to
effect movement to the pusher member 147, and thus the pusher assembly 144. The
pusher mount portion 151 is positioned adjacent the first bending tool 112 and
provides a location for mounting the pusher portion 148. The pusher mount portion
151 may include at least one threaded aperture formed therein for receiving
fasteners which removably couple the pusher portion 148 to the pusher mount
portion 151; however, it is understood that the pusher mount portion 151 may be
configured in any manner that allows the pusher portion 148 to be removably coupled
to the pusher mount portion 151.

The pusher portion 148 is a semi-rigid member formed from a sheet metal,
such as a spring steel; however, it is understood that other materials having similar
properties may also be used. As shown in plan view in FIG. 4A and 4C, the pusher
portion 148 is substantially rectangular in shape and includes a mounting tab 156, a
pushing edge 158, and a contact material 160. The mounting tab 156 extends from a
remaining portion of the pusher portion 148 and may be offset to the remaining

portion; however it is understood that the mounting tab 156 may have other shapes
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or that the pusher portion 148 may not include the mounting tab 156. The mounting
tab 156 is unitarily formed with the pusher portion 148 and may include perforations
formed therethrough for coupling the pusher portion 148 to the pusher mount portion
151. The pushing edge 158 is an edge of the pusher portion 148 that is positioned
adjacent the first bending tool 112. As shown in FIG. 4A and 4C, the pushing edge
158 is straight, however, it is understood that the pushing edge 158 may have an
arcuate shape or another shape corresponding to a shape of an edge of the glass
sheet 106.

The contact material 160 is piece of wire woven cloth coupled to a portion of
an upward facing side 162 and the pushing edge 158 of the pusher portion 148. It is
understood that the contact material 160 may be placed on any portion of the pusher
portion 148 as long as placement of the contact material 160 does not interfere with
either of the bending tools 112, 114 during use of the positioning device 102. In a
preferred embodiment, the contact material 160 is formed from stainless steel wire
cloth and is welded to the pusher portion 148; however, it is understood that the
contact material 160 may be formed from other cloth-like materials, such as felt, that
are softer than glass and suitable for use at high temperature. Further, it is
understood that the contact material 160 may be coupled to the pusher portion 148 in
any conventional manner, such as through the use of an adhesive or through the use
of at least one fastener. A thickness of the semi-rigid member and the contact
material 160 that form the pusher portion 148 is about equal to or thinner than a
thickness of the glass sheet 106. Further, it is understood that the pusher portion 148
may not include the contact material 160 or that the contact material 160 may only be
placed on the pushing edge 158.

It is also within the scope of the present invention that the pusher portion,
including any contact material thereon, be thicker than the thickness of the glass

sheet 106 providing the second bending tool 114 has suitable recessed portions
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therein to accommodate the thickness of the pusher portions when the first bending
tool 112 and the second bending tool 114 are press bending the glass sheet 106.

FIGS. 4B and 4D illustrate two cross-sectional shapes of the pusher portion
148 according to another embodiment of the invention.

The embodiment shown in FIG. 4A and 4B has a flat cross-sectional shape.
During the press bending process, a minimum distance between the first bending tool
112 and the second bending tool 114 may be about equal to or slightly greater than a
thickness of the glass sheet 106. Because a thickness of the semi-rigid member and
the contact material 160 that form the pusher portion 148 is about equal to or thinner
than a thickness of the glass sheet 106, a presence of the pusher portion 148
adjacent the glass sheet 106 during the press bending process does not affect the
press bending process.

The embodiment shown in FIG. 4C and 4D has a cross-sectional shape that
includes two laterally positioned undulations 164. During operation of the positioning
device 102 including the pusher portion 148 having the laterally positioned
undulations 164, it is understood that the undulations 164 facilitate pushing of the
glass sheet 106 when dynamic conditions of the press bending process result in
positional variances between successive glass sheets 106. Further, it is understood
that the undulations 164 facilitate pushing of the glass sheet 106 when dynamic
conditions of the press bending process result in a bouncing of a glass sheet 106
against the first bending tool 112. Further, dimensional variances between
successive glass sheets 106 can also be accommodated for through use of the
pusher portion 148 having the laterally positioned undulations 164. Lastly, during the
press bending process, a minimum distance between the first bending tool 112 and
the second bending tool 114 may be less than a height of the undulations 164,
resulting in the pusher portion 148 being temporarily compressed.

The actuator 132 is a linear actuator that effects motion to the pusher

assembly 144 with respect to the fixed portion 128 along the guide rail 145 in a path
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substantially parallel to an axis of the actuator 132. In response to movement of
pusher assembly 144, the pusher portion 148 contacts and positions the glass sheet
106 on the first bending tool 112. In response to a signal from a controller or a control
system (not shown), the actuator 132 increases in length, applying a force to the
pusher assembly 144 and thus the pusher portion 148. The actuator 132 may be a
pneumatic actuator, an electrical actuator, or any other type of linear actuator. The
actuator 132 may be configured to be a double acting actuator to facilitate returning
the pusher assembly 144 to a starting position. Alternately, it is understood that the
actuator 132 or the positioning device 102 may be configured with a biasing member
(not shown), such as a coil spring, for example, that returns the pusher assembly 144
to the starting position.

In use, the positioning devices 102 are used to position the glass sheet 106
between the first bending tool 112 and the second bending tool 114 when the glass
sheet is on the first bending tool and before or during the press bending process. As
mentioned hereinabove, the press bending operation 100 may be configured with
moveable rollers 116 which are moved in a downward direction to facilitate
positioning the glass sheet 106 on the first bending tool 112 or the platform 126
including the first bending tool 112 and the positioning devices 102 may be moved in
an upward direction, lifting the glass sheet 106 from a set of rollers (not shown),
wherein the set of rollers are configured to remain in a stationary position.

The platform 126 may be configured with a plurality of the positioning devices
102, based on a shape and alignment needs of the glass sheet 106. A process used
to adjust a position of the glass sheet 106 using the positioning devices 102 happens
in a very brief amount of time. As a non-limiting example, an amount of time used to
adjust a position of the glass sheet 106 using the positioning devices 102 may be
less than 0.3 seconds, that is about 0.28 seconds; however, it is understood that the
amount of time may be adjusted to be smaller or greater based on a number of

variables that are a part of the press bending process.
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During movement of the first bending tool 112 and the second bending tool
114 towards one another, the positioning devices 102 are used to position the glass
sheet 106 on the first bending tool 112. It is understood that the positioning devices
102 may be used to position the glass sheet 102 in any direction with respect to the
first bending tool 112. In response to a signal from the controller or the control
system (not shown), the actuator 132 increases in length, applying a force to the
pusher assembly 144 and thus the pusher portion 148, causing the pushing edge
158 to contact the edge of the glass sheet 106. The force applied to the edge of the
glass sheet 106 causes the glass sheet 106 to move on the first bending tool 112 to
a location which minimizes positional variances between successive glass sheets
106 formed using the press bending operation 100. Following adjusting a position of
the glass sheet 106 using the positioning devices 102, the pusher assembly 144 of
the positioning device 102 returns to the starting position and the glass sheet 106 is
press bent between the first bending tool 112 and the second bending tool 114.
Alternatively for a suitably arranged positioning device and/or second bending tool,
during the press bending operation the pusher assembly may remain in the
configuration that caused the glass sheet to move on the first bending tool i.e. after
the pusher portion 148 contacts and positions the glass sheet 106 on the first
bending tool 112, the pusher portion 148 may remain in between the first bending
tool 112 and the second bending tool 114. If the pusher portion 148 remains in
between the first bending tool 112 and the second bending tool 114 during the press
bending operation, as the curvature of the glass sheet is developed the pusher
portion 148 may not be in contact with the glass sheet for the entire duration of the
press bending operation.

FIG. 5 illustrates a positioning device 168 according to another embodiment
of the invention. The embodiment shown in FIG. 5 includes similar components to the
positioning device 102 illustrated in FIGS. 1-3. Similar structural features of the

positioning device 168 include the same reference numeral, with the exception of the
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features described below. The positioning device 168 includes a tilting post mount
170, the moveable portion 130, and the actuator 132.

The tilting post mount 170 is an elongate assembly coupled to the platform
126. The tilting post mount 170 is formed from a plurality of components coupled
together, but it is understood that the tilting post mount 170 may comprise
components coupled to one another in any conventional manner. The tilting post
mount 170 comprises a first end 172 and a second end 174. The first end 172 may
include a flanged portion (not shown) which is removably coupled to the platform 126
using a plurality of fasteners; however, it is understood that the first end 172 may
have other shapes and may be coupled to the platform 126 in any conventional
manner. The second end 174 includes a pivot portion 176, a tilt mount portion 178,
and a mount portion 180. An actuator 182 coupled to the tilt mount portion 178
facilitates movement of the mount portion 180 with respect to the tilt mount portion
178.

The pivot portion 176 comprises a pair of orthogonally arranged knuckle joints
184 which tilt mount portion 178 is coupled to; however, it is understood that the pivot
portion 176 may comprise another structure which facilitates the tilt mount portion
178 being pivotally coupled thereto.

The tilt mount portion 178 is a rigid assembly pivotally coupled to the pivot
portion 176 and the mount portion 180. The tilt mount portion 178 comprises a pair of
metal members coupled to one another using a plurality of fasteners; however, it is
understood that the members may be coupled to one another in any conventional
manner, the tilt mount portion 178 may be unitarily formed, or the tilt mount portion
178 may be formed from other materials. As shown in FIG. 5, the tilt mount portion
178 is arigid S-shaped assembly extending away from a pivot point 186 which
adjustably joins the tilt mount portion 178 and the pivot portion 176; however, it is
understood that the tilt mount portion 178 may have other shapes that allow a

mounting of the actuator 182 and the mount portion 180 in a manner where the
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actuator 182 can effect movement on the mount portion 180. The tilt mount portion
178 includes a first tilt point 188 formed therein which pivotally joins the tilt mount
portion 178 and the mount portion 180. The tilt mount portion 178 also includes a
lower actuator mount 189 at a distal end thereof.

The mount portion 180 is a rigid member pivotally coupled to the tilt mount
portion 178 at a second tilt point 190. A pin 192 disposed in both the first tilt point 188
and the second tilt point 190 allows pivotal movement therebetween. As shown in
FIG. 5, the mount portion 180 is a rigid L-shaped member extending away from the
tilt mount portion 178; however, it is understood that the mount portion 180 may have
other shapes that allow a mounting of the actuator 132 in a manner where the
actuator 132 can effect movement on the moveable portion 130. The mount portion
180 further includes an upper actuator mount 194 on a portion extending away from
the tilt mount portion 178. The moveable portion 130 is configured with respect to the
mount portion 180 in a similar manner as the moveable portion 130 is configured with
respect to the mount portion 141 shown in FIG. 2.

The actuator 182 is a linear actuator that effects motion to the mount portion
180 with respect to the tilt mount portion 178 about the tilt points 188, 190 to move
the pusher assembly 144 including the pusher portion 148 away from the first
bending tool 112. The actuator 182 is coupled to the lower actuator mount 189 and
the upper actuator mount 194. In response to a signal from a controller or a control
system (not shown), the actuator 182 decreases in length, applying a force to the
mount portion 180 to move the mount portion 180 about the tilt points 188, 190. The
actuator 182 may be a pneumatic actuator, an electrical actuator, or any other type of
linear actuator. The actuator 182 may be configured to be a double acting actuator to
facilitate returning the mount portion 180 and the pusher assembly 144 to a starting
position. Alternately, it is understood that the mount portion 180 or the pusher

assembly 144 may be configured with a biasing member (not shown), such as a
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torsion spring, for example, that returns the mount portion 180 and the pusher
assembly 144 to the starting position.

Alternatively for a suitably configured positioning device and/or second
bending tool, the pusher assembly may remain in place during the press bending
operation as hereinbefore described.

In use, the positioning device 168 is used to move the mount portion 180
including the pusher assembly 144 about the tilt points 188, 190 to move the pusher
assembly 144 including the pusher portion 148 away from the first bending tool 112
during a portion of the press bending process. As mentioned hereinabove, the press
bending operation 100 may be configured with moveable rollers 116 which are
moved in a downward direction to facilitate positioning the glass sheet 106 on the
first bending tool 112 or the platform 126 including the first bending tool 112 and the
positioning devices 168 may be moved in an upward direction, lifting the glass sheet
106 from a set of rollers (not shown), wherein the set of rollers are configured to
remain in a stationary position.

During movement of the first bending tool 112 and the second bending tool
114 towards one another, the positioning devices 168 are used to position the glass
sheet 106 on the first bending tool 112 as described hereinabove with respect to the
position device 102. Following adjusting a position of the glass sheet 106 using the
positioning devices 168, the actuator 182 may be decreased in length in response to
a signal from the control system, applying a force to the mount portion 180 to move
the mount portion 180 about the tilt points 188, 190. Accordingly, the pusher
assembly 144 including the pusher portion 148 is moved away from the first bending
tool 112 during a portion of the press bending process. It is understood that a timing
and an engagement of the actuator 182 may be performed to position the mount
portion 180 as desired by an operator of the press bending operation 100 so that use

of the positioning device 168 does not interfere with the press bending process.
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Figures 6-11 illustrate steps involved in a method of shaping a glass sheet
according to the present invention.

Figure 6 shows a schematic plan view of a first bending tool 212 supporting a
glass sheet 206. Figure 7 shows a schematic side view of figure 6 through a cross-
section along the line M-M’.

The first bending tool 212 is a ring mould having an upper shaping surface for
supporting the glass sheet 206 thereon. The ring mould may also support a stack of
glass sheets thereon, in particular a nested pair separated by a suitable parting agent
such as calcium carbonate.

The first bending tool 212 in plan view has a rectangular outline or periphery
configured to support a glass sheet 206 also having a rectangular outline. The first
bending tool has a first side 212’ and an opposite second side 212”. Connecting
sides 212" and 212” at one end thereof is a third side 212" and at the other end
thereof a fourth side 212”” connects sides 212’ and 212" thereby forming the
rectangular outline as shown in figure 6. The first bending tool 212 may have other
configurations in plan view outline. For example the first side 212’ may not be parallel
to the second side 212”. Additionally, or instead of, the third side 212’ may not be
parallel to the fourth side 212””. The outline of the first bending tool may be
trapezoidal, or have other forms suitably configured to support the particular glass
sheet to be shaped. Any or all of the sides 212, 212”, 212’ and 212 may be
curved, for example as shown in figure 3.

The upper shaping surface of the first bending tool 212 is shown as flat in
figure 7, but is typically configured to have at least a portion thereof having a
complementary shape to a shaping surface of a second bending tool, where the
glass sheet is press bent between the first bending tool and the second bending tool.
Such a configuration is well known in the art.

The first bending tool 212 is mounted on a platform 226 (which is a rigid plate)

by means of suitably configured struts 211 and 213, shown having equal length, but
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they may have different lengths. There may be more than two struts. Typically the
struts 211, 213 are made from a rigid material such as steel and are able to
withstand the hot environment.

At one end the strut 211 is mounted to the underside of the first shaping tool
212 (in the region of the first side 212’) and at the other end the strut 211 is mounted
to the platform 226. Likewise, at one end the strut 213 is mounted to the underside of
the first shaping tool 212 (in the region of the second side 212”) and at the other end
the strut 213 is mounted to the platform 226.

The struts 211 are of equal length such that the upper shaping surface of the
first bending tool 212 can be considered to be horizontally orientated.

Also mounted on the platform 226 is a positioning device 202 in a
predetermined spatial relationship with the first bending tool 212. The positioning
device 202 is mounted adjacent the first side 212’ of the first bending tool 212.

The positioning device 202 includes a fixed portion 228 and a movable
portion 230.

The fixed portion 228 includes a rigid strut 234 (i.e. of steel) mounted at one
end to the platform 226 and at the other end to a mount portion 241. With reference
to figure 2, the fixed portion 228 may be configured in the same way as the fixed
portion 128.

The moveable portion 230 is an assembly coupled to the mount portion 241.
An actuator 232, for example a linear actuator, has an end portion fixed to the mount
portion 241 and an opposite end portion movable in a linear manner with respect to
the mount portion towards (or away from) the first side 212’.

The movable portion of the actuator comprises a pusher portion 248
removably coupled thereto. Example pusher portions are of the type as described
with reference to figures 4A, 4B, 4C and 4D. Although not shown in the figures 6-11,
the movable portion of the actuator may comprise a pusher assembly including a

pusher member, as described in relation to figure 2.
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The pusher portion 248 in this example is a rectangular member of sheet
metal having a first major surface and a second opposing major surface that faces
the platform 226. Between the first and second major surfaces of the pusher portion
248 is a pushing edge 258 for contacting the edge 208 of the glass sheet 206. The
thickness of the pusher portion (i.e. the separation of the first and second major
surfaces of the pusher portion 248) is chosen to suitably contact the edge 208 of the
glass sheet such that the glass sheet 206 is movable on the first bending tool 212.

The second major surface of the pusher portion 248 (and consequently the
opposing first major surface of the pusher portion 248) is arranged such that the
pusher member is able to pass over the upper surface of the first bending tool 212,
as will be described in more detail hereinafter. It is preferred for there to be a space
between the upper shaping surface of the first bending tool 212 and the second
maijor surface of the pusher member 248 when the pusher member is above the
upper shaping surface of the first bending tool 212.

In figures 6 and 7, the glass sheet 206 has been heated (for example in a pre-
heating furnace 104 as shown in figure 1) to a temperature suitable for shaping (for
example between 590 °C and 670 °C) and is shown after having been deposited on
the first bending tool 212. Accordingly the glass sheet 206 on the first shaping tool
212 may also be referred to as a heated glass sheet on the first shaping tool 212.

Although in figure 7 the glass sheet is shown as being flat, given that the
glass sheet has been heated to a temperature suitable for shaping, the glass sheet
when supported on the first bending tool 212 after being deposited thereon may sag
under the influence of gravity such that the glass sheet 206 has slight curvature in
directions parallel to and/or perpendicular to the line M-M’.

In this example the glass sheet 206 has a soda-lime-silicate composition. A
typical soda-lime-silicate glass composition is (by weight), SiO, 69 — 74 %; Al,0;0 -

3 %; Na,O 10 — 16 %; K;O 0 -5 %; MgO 0 -6 %; CaO 5—-14 %; SO3 0 -2 % and
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Fe,O; 0.005 - 2 %. The glass composition may also contain other additives, for
example, refining aids, which would normally be present in an amount of up to 2 %.

The glass sheet 206 may have a thickness between 0.5mm and 25mm,
typically a thickness between 0.5mm and 8mm.

The glass sheet 206 has a rectangular outline in plan view and has a first
maijor surface and a second opposing major surface. The second major surface of
the glass sheet faces the platform 226. As mentioned above, the glass sheet may
have a different outline in plan view, with a suitable modified first bending tool 212.

Portions of the second major surface of the glass sheet 206 contact at least a
portion of the upper shaping surface of the first bending tool 212 such that the glass
sheet 206 is supported on the first bending tool 212.

Figure 6 and 7 show the glass sheet 206 in a first position relative to the first
bending tool 212. After being deposited on the first shaping tool 212, the glass sheet
may bounce thereon.

Figures 6 and 7 also show the positioning device in a first configuration,
where the pusher member 248 is not in contact with the glass sheet 206 and is
outboard of the periphery of the first bending tool 212 i.e. there is a space between
the first side 212" and the pushing edge 258.

In figures 8 and 9, the actuator 232 has been engaged (by suitable control
means, not shown) such that the pusher portion 248 moves away from the mount
portion 241 towards the first side 212’ i.e. in the direction of arrow 233. Due to the
configuration of the positioning device, the pusher portion 248 is able to pass over
the upper surface of the first side 212’. A part of the second major surface of the
pusher portion 248 faces the platform 226 and another part of the second major
surface of the pusher portion 248 faces the upper surface of the first side 212’. The
positioning device 202 is shown in a second configuration. The position of the pusher
portion 248 when the positioning device 202 is in the first configuration is shown in

phantom as element 248’
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In figures 8 and 9, the pushing edge 258 of the pusher portion 248 has just
made contact with the edge 208 of the glass sheet 206 such that the glass sheet is
still in the first position relative to the first bending tool.

As shown in figures 10 and 11, continued engagement of the actuator causes
the pusher portion 248 to continue to move away from the mount portion 241 in the
direction of arrow 233 to move the glass sheet 206 on the first bending tool 212. The
glass sheet 206 is shown in a second position relative to the first bending tool 212.
The positioning device 202 is shown in a third configuration. The position of the
pusher portion 248 when the positioning device is in the first configuration is shown in
phantom as element 248’. The position of the glass edge 208 has moved to a second
position and the position of the glass edge 208 when the glass sheet is in the first
position relative to the first bending tool is shown in phantom as 208’.

The actuator is disengaged at a suitable time when the glass sheet 206 has
been moved to the second position relative to the first bending tool.

The glass sheet 206 in the second position relative to the first bending tool is
then bent to the desired shape. In this example a second bending tool 214 is
provided that has a convex shaping surface 214’ to press bend the glass sheet 206
supported on the first bending tool 212. In this example the second bending tool 214
is a full-faced mould.

In figures 10 and 11, the first bending tool 212 is static on platform 226 and
the second bending tool 214 moves towards the first bending tool 212 in the direction
of arrow 215 to press bend the glass sheet 206 between the first bending tool 212
and the second bending tool 214. For a fixed reference point, for example a point on
the platform 226, the first bending tool 212 does not move relative thereto, but the
second bending tool moves relative to the fixed reference point towards the first
bending tool 212 to press bend the glass sheet 206.

However in an alternative embodiment to that shown, the second bending tool

214 is static and the first bending tool 212 is suitably mounted on the platform 226 to
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allow movement relative thereto such that the first bending tool 212 with the glass
sheet 206 supported thereon may be moved in a direction counter to arrow 215
towards the static second bending tool 214, to press bend the glass sheet 206
between the first bending tool 212 and the second bending tool 214.

In another alternative, both the first bending tool 212 and the second bending
tool 214 are movable towards each other to press bend the glass sheet 206
therebetween.

After the glass sheet 206 has been press bent between the first bending tool
212 and the second bending tool 214, a conveying device (not shown) serves to
transport the shaped glass sheet into a lehr (for example lehr 124 as shown in figure
1) and may be tempered or annealed as known in the art and cooled to a
temperature at which handling can occur. The shaped glass sheet 206 may be used
in the construction of a window for a vehicle, such as a windscreen, side window,
sunroof or a rear window. Such a window may be monolithic or laminated.

Although in figures 6-11 only one positioning device 202 is shown adjacent
the first side 212’ of the first bending tool 212, there may be two or more positioning
devices adjacent the first side 212’ of the first bending tool 212.

Furthermore, there may be one or more positioning devices adjacent any or
all of the other sides 2127, 212" and 212”” for adjusting the position of the glass
sheet on the first shaping tool 212.

In accordance with the provisions of the patent statutes, the present invention
has been described in what is considered to represent its preferred embodiments,
however, it should be noted that the invention can be practiced otherwise than as

specifically illustrated and described without departing from its scope or spirit.
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CLAIMS:
1. A method for shaping a glass sheet comprising the steps:

i. heating the glass sheet to a temperature suitable for shaping;

ii. depositing the glass sheet on a first bending tool for supporting the glass sheet
thereon, the glass sheet being in a first position relative to the first bending tool;

iii. contacting an edge portion of the glass sheet such that the glass sheet is
moved to a second position relative to the first bending tool; and

iv. shaping the glass sheet on the first bending tool.

2. A method according to claim 1, wherein the first bending tool comprises at least one

shaping rail having an upper shaping surface for supporting the glass sheet thereon.

3. A method according to claim 1 or claim 2, wherein the first bending tool comprises a

ring configured to support the glass sheet in a peripheral region thereof.

4. A method according to any of the preceding claims, wherein during step (iv), the glass
sheet is shaped on the first bending tool by press bending the glass sheet between the

first bending tool and a second bending tool.

5. A method according to claim 4, wherein during step (iv), the glass sheet is shaped on
the first bending tool by moving the first bending tool with the glass sheet thereon
relative to the second bending tool to press bend at least one portion of the glass sheet
between at least one portion of the first bending tool and at least one portion of the

second bending tool.

6. A method according to claim 4 or claim 5, wherein the second bending tool has a
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convex shaping surface and the first bending tool has a complementary concave

shaping surface.

7. A method according to any of the claims 4 to 6, wherein the second bending tool is a

full-faced mould.

8. A method according to any of the claims 4 to 6, wherein the second bending tool
comprises at least two portions (a first portion and a second portion), preferably wherein
the first portion of the second bending tool is movable with respect to the second portion

of the second bending tool.

9. A method according to claim 8, wherein one part of the glass sheet is shaped
between the first bending tool and the first portion of the second bending tool, and
another part of the glass sheet is shaped between the first bending tool and the second

portion of the second bending tool.

10. A method according to any of the claims 4 to 9, wherein during step (iv) a vacuum is

applied through one or more opening in the surface of the second bending tool.

11. A method according to any of the claims 1 to 3, wherein during step (iv) the glass
sheet is shaped by sagging under the influence of gravity whilst being supported on the
first bending tool, optionally with the provision of an additional pressing force to shape

selective areas of the glass sheet.

12. A method according to any of the preceding claims, wherein during step (ii), the

glass sheet is deposited on the first bending tool by moving the first bending tool relative
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to the glass sheet.

13. A method according to any of the preceding claims, wherein during step (ii), the
glass sheet is deposited on the first bending tool by dropping the glass sheet onto the

first bending tool.

14. A method according to any of the preceding claims, wherein prior to step (ii) there is
a target position for the glass sheet relative to the first bending tool for optimum shaping,
and the first position is deliberately offset from the target position such that after step (iii)
the second position of the glass sheet relative to the first bending tool is closer to the

target position than the first position of the glass sheet relative to the first bending tool.

15. A method according to any of the claims 1 to 13, wherein there is a target position for
the glass sheet relative to the first bending tool for optimum shaping, and the second
position of the glass sheet is closer to the target position than the first position of the

glass sheet.

16. A method according to any of the preceding claims, wherein during step (iii) a
positioning device comprising a movable portion positioned adjacent the first bending
tool, a fixed portion positioned adjacent the movable portion, and an actuator disposed
between the fixed portion and the movable portion is provided such that upon engaging
the actuator the movable portion is caused to move with respect to the fixed portion to
contact the edge portion of the glass sheet and move the glass sheet from the first

position to the second position.
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17. A method according to any of the preceding claims, wherein during step (iii) there is

no relative vertical movement between the glass sheet and the first bending tool.

18. A method according to any of the preceding claims, wherein the glass sheetis a
single glass sheet or one sheet in a stack of glass sheets comprising at least two glass

sheets.

19. A positioning device for a hot glass sheet comprising:

a movable portion positioned adjacent a bending tool of a glass sheet bending
operation;

a fixed portion positioned adjacent the movable portion; and

an actuator disposed between the fixed portion and the movable portion, wherein
in response to engagement of the actuator, the movable portion contacts an edge of the

glass sheet to adjust a position thereof.

20. The positioning device for a hot glass sheet according to claim 19, wherein the

movable portion comprises a pusher portion.

21. The positioning device for a hot glass sheet according to claim 20, wherein the

pusher portion is formed from a sheet metal.

22. The positioning device for a hot glass sheet according to claim 20, wherein the

pusher portion is formed from a spring steel.

23. The positioning device for a hot glass sheet according to any of the claims 20 to 22,

wherein the pusher portion includes a contact material coupled thereto.
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24. The positioning device for a hot glass sheet according to claim 23, wherein the

contact material is disposed on a pushing edge of the pusher portion.

25. The positioning device for a hot glass sheet according to claim 20, wherein a cross-

sectional shape of the pusher portion is flat.

26. The positioning device for a hot glass sheet according to claim 20, wherein a cross-

sectional shape of the pusher portion includes an undulation.

27. The positioning device for a hot glass sheet according to claim 20, wherein a cross-

sectional shape of the pusher portion includes two undulations.

28. The positioning device for a hot glass sheet according to claim 27, wherein the

undulations of the cross-sectional shape are laterally positioned.

29. The positioning device for a hot glass sheet according to claim 19, wherein the

movable portion is movably coupled to the fixed portion.

30. The positioning device for a hot glass sheet according to claim 19, wherein the
movable portion comprises a pusher mount portion and a pusher portion, the pusher

portion coupled to the pusher mount portion.

31. A method for aligning hot glass sheets, comprising the steps of:

providing a glass bending operation, the glass bending operation including a first

bending tool;
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providing a positioning device comprising:
a movable portion positioned adjacent the first bending tool,
a fixed portion positioned adjacent the movable portion, and
an actuator disposed between the fixed portion and the movable portion;
disposing the hot glass sheet on the first bending tool;
engaging the actuator to cause the movable portion to move with respect to the
fixed portion; and
contacting an edge of the glass sheet with the movable portion to adjust a

position of the hot glass sheet with respect to the first bending tool.

32. The method for aligning hot glass sheets according to claim 31, wherein the movable

portion comprises a pusher portion.

33. The method for aligning hot glass sheets according to claim 32, wherein the pusher

portion is formed from a spring steel.

34. The method for aligning hot glass sheets according to claim 32 or claim 33, wherein

the pusher portion includes a contact material coupled thereto.

35. The method for aligning hot glass sheets according to claim 34, wherein the contact

material is disposed on a pushing edge of the pusher portion.

36. The method for aligning hot glass sheets according to any of the claims 32 to 35,

wherein a cross-sectional shape of the pusher portion includes an undulation.

37. The method for aligning hot glass sheets according to any of the claims 32 to 36,
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wherein the cross-sectional shape of the pusher portion includes two undulations.

38. The method for aligning hot glass sheets according to any of the claims 31 to 37,
wherein the step of providing the glass bending operation includes providing the first

bending tool and a second bending tool.

39. The method for aligning hot glass sheets according to claim 38, wherein the
movable portion comprises a pusher portion and a thickness of the pusher portion is less

than a minimum distance between the first bending tool and a second bending tool.

40. The method for aligning hot glass sheets according to claim 38 or claim 39, further
comprising after the step of disposing the hot glass sheet on the first bending tool, the
step of moving one of the first bending tool and the second bending tool towards a
remaining one of the first bending tool and the second bending tool, or moving the first
bending tool towards the second bending tool whilst the second bending tool is moving

towards the first bending tool.

41. The method for aligning hot glass sheets according to claim 40, wherein the
movable portion comprises a pusher portion having a cross-sectional shape including an
undulation, and the step of moving one of the first bending tool and the second bending
tool towards a remaining one of the first bending tool and the second bending tool

compresses the pusher portion therebetween.

42. A positioning device for a hot glass sheet comprising:

a movable portion positioned adjacent a bending tool of a glass sheet bending

operation;
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a tilting post mount having a tilt point, the tilting post mount positioned adjacent
the movable portion;

a first actuator disposed between the fixed portion and the movable portion; and

a second actuator disposed between portions of the tilting post mount, wherein in
response to engagement of the first actuator the movable portion contacts an edge of
the glass sheet to adjust a position thereof and in response to engagement of the
second actuator the movable portion and a portion of the tilting post mount are moved

about the tilt point.

43. A glass shaping line for shaping a glass sheet comprising:
a furnace for heating the glass sheet to a temperature suitable for shaping;
conveyor means for conveying the glass sheet through the furnace; and
a glass sheet shaping section comprising a first bending tool for supporting the
glass sheet thereon during a glass bending operation and at least one (a first)
positioning device arranged relative to the first bending tool;
characterised in that when a glass sheet is supported on the first bending tool the first
positioning device is movable from a first configuration to a second configuration to
contact an edge of the glass sheet on the first bending tool to adjust the position of the

glass sheet on the first bending tool.

44 A glass shaping line according to claim 43, further comprising transfer means for

transferring the glass sheet from the conveyor means onto the first bending tool.

45, A glass shaping line according to claim 43 or claim 44, wherein the first bending tool

is configured as a ring to support the glass sheet in a peripheral region thereof.
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46. A glass shaping line according any of the claims 43 to 45, wherein the glass sheet
shaping section comprises a second bending tool configured to co-operate with the first

bending tool to shape the glass sheet therebetween.

47. A glass shaping line according to any of the claims 43 to 46, wherein the glass sheet
shaping section is a press bending section comprising a pair of complementary shaping

members.

48. A glass shaping line according to claim 46 or claim 47 wherein the second bending
tool comprises at least two portions (a first portion and a second portion), preferably
wherein the first portion of the second bending tool is movable with respect to the

second portion of the second bending tool.

49. A glass shaping line according to any of the claims 43 to 48, wherein the first

positioning device is a positioning device according to any of the claims 19-30 or claim

42.

50. A method for aligning hot glass sheets, comprising the steps of:

providing a glass bending operation, the glass bending operation including a first
bending tool;

disposing the hot glass sheet on the first bending tool;

engaging an actuator to cause a positioning device to move with respect to the
first bending tool; and

contacting an edge of the glass sheet with the positioning device to adjust a

position of the hot glass sheet on the first bending tool.
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51. An apparatus for press bending hot glass sheets comprising:

a first bending tool;

a second bending tool shaped to co-operate with the first bending tool;

a positioning device disposed adjacent at least one of the first bending tool and
the second bending tool, wherein in response to engagement of the positioning device,
the positioning device contacts an edge of a hot glass sheet disposed on one of the first

bending tool and the second bending tool to adjust a position of the hot glass sheet.
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