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(57) ABSTRACT

Apparatuses and methods for heating moving continuous
glass ribbons at desired lines of separation and/or for sepa-
rating glass sheets from continuous glass ribbons are dis-
closed. An apparatus includes a translatable support portion
and a heating apparatus coupled to the support portion. The
heating apparatus is configured to contact the continuous
glass ribbon across at least a portion of a width of the
continuous glass ribbon at the desired line of separation as
the support portion moves in a draw direction, thereby
preferentially applying heat to a first side of the continuous
glass ribbon at the desired line of separation as the continu-
ous glass ribbon moves in the draw direction.
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APPARATUSES AND METHODS FOR
HEATING MOVING GLASS RIBBONS AT
SEPARATION LINES AND/OR FOR
SEPARATING GLASS SHEETS FROM GLASS
RIBBONS

[0001] This application claims the benefit of priority to
U.S. Application No. 62/189,412, filed Jul. 7, 2015, the
content of which is incorporated herein by reference in its
entirety.

BACKGROUND

Field

[0002] The present specification generally relates to glass
manufacturing apparatuses and methods and, more specifi-
cally, to apparatuses and methods for heating moving con-
tinuous glass ribbons at desired lines of separation and/or for
separating glass sheets from continuous glass ribbons.

Technical Background

[0003] Continuous glass ribbons may be formed by pro-
cesses such as the fusion draw process, the slot draw
process, or other similar downdraw processes. The fusion
draw process yields continuous glass ribbons which have
surfaces with superior flatness and smoothness when com-
pared to glass ribbons produced by other methods. Indi-
vidual glass sheets sectioned from continuous glass ribbons
formed by the fusion draw process can be used in a variety
of devices including flat panel displays, touch sensors,
photovoltaic devices, and other electronic applications. An
individual glass sheet may be sectioned from a continuous
glass ribbon by mechanically scoring or laser scoring the
continuous glass ribbon along a scoring line and then
bending the continuous glass ribbon at the scoring line to
separate the individual glass sheet from the continuous glass
ribbon. However, simply scoring and then bending to section
individual glass sheets may result in low yields and unde-
sirable warp.

[0004] In some applications, individual glass sheets sec-
tioned from continuous glass ribbons (e.g., cover glasses,
glass backplanes, and the like) formed by downdraw pro-
cesses may be employed in both consumer and commercial
electronic devices such as LCD and LED displays, computer
monitors, automated teller machines (ATMs), and the like.
Some of these glass sheets may include “touch” function-
ality which necessitates that the glass sheet be contacted by
various objects including a user’s fingers and/or stylus
devices and, as such, the glass must be sufficiently robust to
endure regular contact without damage. Moreover, such
glass sheets may also be incorporated in portable electronic
devices, such as mobile telephones, personal media players,
and tablet computers. The glass sheets incorporated in these
devices may be susceptible to damage during transport
and/or use of the associated device. Accordingly, glass
sheets used in electronic devices may require enhanced
strength to be able to withstand not only routine “touch”
contact from actual use, but also incidental contact and
impacts which may occur when the device is being trans-
ported. Some glass sheets requiring such enhanced strength
may be sectioned from continuous glass ribbons comprising
a core layer disposed between a first cladding layer and a
second cladding layer. The difference in the coefficients of
thermal expansion between the core layer and the cladding
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layers, as well as bead size and shape, core to clad ratio, and
position and thickness variations of such continuous glass
ribbons, may make it particularly difficult to separate glass
sheets from such continuous glass ribbon by simple
mechanical or laser scoring and bending at the score line as
a method of separation. Such a method of separating indi-
vidual glass sheets from continuous glass ribbons may result
in particularly low yields and undesirable warp. Further-
more, mechanical scoring of continuous glass ribbons is
undesirably complicated by irregular surfaces and high
stress present in such continuous glass ribbons.

[0005] Accordingly, a need exists for alternative appara-
tuses and methods that facilitate the separation of glass
sheets from continuous glass ribbons.

SUMMARY

[0006] In one embodiment, an apparatus includes a trans-
latable support portion and a heating apparatus coupled to
the support portion. The heating apparatus is configured to
contact a continuous glass ribbon across at least a portion of
a width of the continuous glass ribbon at a desired line of
separation as the support portion moves in a draw direction,
thereby preferentially applying heat to a first side of the
continuous glass ribbon at the desired line of separation as
the continuous glass ribbon moves in the draw direction.
[0007] In another embodiment, a glass manufacturing
apparatus includes a forming body configured to form a
continuous glass ribbon moving in a draw direction, and a
translatable separation initiation unit positioned downstream
of the forming body. The translatable separation initiation
unit includes a support portion, a heating apparatus coupled
to the support portion, an insulator, and a scoring device.
The heating apparatus is configured to contact the continu-
ous glass ribbon across at least a portion of a width of the
continuous glass ribbon at a desired line of separation as the
support portion moves in the draw direction, thereby pref-
erentially applying heat to a first side of the continuous glass
ribbon at the desired line of separation as the continuous
glass ribbon moves in the draw direction. The insulator is
disposed between the support portion and the heating appa-
ratus. The scoring device is configured to initiate a flaw in
the continuous glass ribbon at the desired line of separation.
The heating apparatus and the scoring device are positioned
such that the continuous glass ribbon is disposed between
the heating apparatus and the scoring device when the
heating apparatus contacts the continuous glass ribbon.
[0008] Inyet another embodiment, a method of separating
a glass sheet from a continuous glass ribbon includes
drawing molten glass in a draw direction at a speed S to form
a continuous glass ribbon, and moving a heating apparatus
in the draw direction at the speed S. The method further
includes applying heat preferentially to a first side of the
continuous glass ribbon with the heating apparatus at a
desired line of separation as the continuous glass ribbon
moves in the draw direction at the speed S. The method
further includes separating the glass sheet from the continu-
ous glass ribbon at the desired line of separation.

[0009] Additional features and advantages of the embodi-
ments described herein are set forth in the detailed descrip-
tion, the claims, and the appended drawings.

[0010] The foregoing general description and the follow-
ing detailed description provide various embodiments and
provide an overview or framework for understanding the
nature and character of the claimed subject matter. The



US 2018/0194665 Al

accompanying drawings provide a further understanding of
the various embodiments, and are incorporated into and
constitute a part of this specification. The drawings and the
description explain the principles and operations of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 schematically depicts a side view of a glass
manufacturing apparatus from which a continuous glass
ribbon is drawn, according to one or more embodiments
shown and described herein;

[0012] FIG. 2 schematically depicts a front view of the
glass manufacturing apparatus of FIG. 1, according to one or
more embodiments shown and described herein;

[0013] FIG. 3 schematically depicts a heating apparatus
and an insulator coupled to a support portion of a translat-
able separation initiation unit, according to one or more
embodiments shown and described herein;

[0014] FIG. 4 schematically depicts a heating apparatus, a
thermally conductive cover, and an insulator coupled to a
support portion of a translatable separation initiation unit,
according to one or more embodiments shown and described
herein;

[0015] FIG. 5 schematically depicts a heating apparatus
disposed within an insulator that is coupled to a support
portion of a translatable separation initiation unit, according
to one or more embodiments shown and described herein;
[0016] FIG. 5A schematically depicts a heating apparatus
disposed within an insulator that is coupled to a support
portion of a translatable separation initiation unit, according
to one or more embodiments shown and described herein;
[0017] FIG. 6 schematically depicts a portion of a trans-
latable separation initiation unit including a heating appa-
ratus and an opposing counternosing, according to one or
more embodiments shown and described herein;

[0018] FIG. 7 schematically depicts a portion of a trans-
latable separation initiation unit including a heating appa-
ratus and an opposing counternosing, according to one or
more embodiments shown and described herein;

[0019] FIG. 8 schematically depicts a portion of a trans-
latable separation initiation unit including a heating appa-
ratus and a pair of opposing counternosings, according to
one or more embodiments shown and described herein;
[0020] FIG. 9 schematically depicts a side view of a
continuous glass ribbon engaged by a nosing, a pair of
counternosings, a heating apparatus, and a flaw initiation
device, according to one or more embodiments shown and
described herein;

[0021] FIG. 10 schematically depicts a side view of a
continuous glass ribbon disposed between a heating appa-
ratus and a cooling apparatus, according to one or more
embodiments shown and described herein;

[0022] FIG. 11 schematically depicts a side view of a
heating apparatus and cooling apparatus disposed on the
same side of a continuous glass ribbon, according to one or
more embodiments shown and described herein; and
[0023] FIG. 12 schematically depicts a translatable sepa-
ration initiation unit, according to one or more embodiments
shown and described herein.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to various
embodiments of apparatuses and methods for heating mov-
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ing continuous glass ribbons at desired lines of separation
and/or for separating glass sheets from continuous glass
ribbons, examples of which are illustrated in the accompa-
nying drawings. Whenever possible, the same reference
numerals will be used throughout the drawings to refer to the
same or like parts. FIG. 1 schematically depicts one embodi-
ment of an apparatus for heating a continuous glass ribbon
moving in a draw direction. The continuous glass ribbon
comprises a glass material, a ceramic material, a glass-
ceramic material, or a combination thereof. The apparatus
includes a support portion and a heating apparatus coupled
to the support portion. The heating apparatus extends per-
pendicular to the draw direction. The support portion is
configured to move in concert with the continuous glass
ribbon for a period of time such that the heating apparatus
contacts the continuous glass ribbon at a fixed location for
the period of time at a desired line of separation as the
continuous glass ribbon moves in the draw direction,
thereby preferentially applying heat to a first side of the
continuous glass ribbon at the desired line of separation as
the continuous glass ribbon moves in the draw direction.
Such preferential application of heat can establish a thermal
gradient through a thickness or depth of the glass ribbon at
the desired line of separation, which can aid in severing the
glass ribbon at the desired line of separation to separate a
glass sheet therefrom as described herein. Apparatuses and
methods for heating moving continuous glass ribbons at
desired lines of separation and/or for separating glass sheets
from continuous glass ribbons are described in more detail
herein with specific reference to the appended figures.
[0025] Coordinate axes are included in the drawings to
provide a frame of reference for various components of the
continuous glass ribbon fabrication apparatuses and meth-
ods described herein. As used herein, a “lateral” or “across-
the-draw” direction is defined as the positive X or negative
X direction of the coordinate axes shown in the drawings. A
“downstream” or “draw” direction is defined as the negative
Z. direction of the coordinate axes shown in the drawings. An
“upstream” direction is defined as the positive Z direction of
the coordinate axes shown in the drawings. A “depth” is
defined in the positive Y or negative Y direction of the
coordinate axes shown in the drawings.

[0026] As used herein the term “average coefficient of
thermal expansion” means the linear coefficient of thermal
expansion averaged over a temperature range of 20° C.-300°
C

[0027] While the apparatuses and methods described
herein are used to heat and/or separate laminated continuous
glass ribbons formed by the fusion downdraw process,
embodiments are not limited thereto. The apparatuses and
methods described herein may be used to heat and/or
separate non-continuous glass ribbons. The apparatuses and
methods described herein may be used to heat and/or
separate individual glass sheets or individual glass sections.
Furthermore, the apparatuses and methods described herein
may be used to heat and/or separate laminated, non-lami-
nated, continuous, or non-continuous glass ribbons formed
from the slot draw process, another downdraw process, the
float process, or another glass ribbon manufacturing process.
[0028] In some embodiments, the continuous glass ribbon
described herein may be formed by a fusion lamination
process, such as the process described in U.S. Pat. No.
4,214,886, which is incorporated herein by reference. Refer-
ring to FIG. 1 by way of example, a glass manufacturing
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apparatus 100 for forming a continuous glass ribbon 170 and
separating a glass sheet from the continuous glass ribbon
170 includes a forming body 110, a plurality of pulling rolls
140, a translatable separation initiation unit 150, and a glass
engaging unit 160.

[0029] Still referring to FIG. 1, the forming body 110
includes an upper isopipe 120 positioned over a lower
isopipe 130. The upper isopipe 120 includes a trough 124
into which a molten glass cladding composition 122 is fed
from a melter (not shown). Similarly, the lower isopipe 130
includes a trough 134 into which a molten glass core
composition 132 is fed from a melter (not shown). In the
embodiments, described herein, the molten glass core com-
position 132 has an average coefficient of thermal expansion
CTE,,,, which is greater than an average coefficient of
thermal expansion CTE_,,; of the molten glass cladding
composition 122.

[0030] Still referring to FIG. 1, as the molten glass core
composition 132 fills the trough 134, it overflows the trough
134 and flows over the outer forming surfaces 136, 138 of
the lower isopipe 130. The outer forming surfaces 136, 138
of the lower isopipe 130 converge at a root 139. Accord-
ingly, the molten glass core composition 132 flowing over
the outer forming surfaces 136, 138 rejoins at the root 139
of the lower isopipe 130 thereby forming a glass core layer
172 of the continuous glass ribbon 170.

[0031] Simultaneously, the molten glass cladding compo-
sition 122 overflows the trough 124 formed in the upper
isopipe 120 and flows over outer forming surfaces 126, 128
of the upper isopipe 120. The molten glass cladding com-
position 122 is outwardly deflected by the upper isopipe 120
such that the molten glass cladding composition 122 flows
around the lower isopipe 130 and contacts the molten glass
core composition 132 flowing over the outer forming sur-
faces 136, 138 of the lower isopipe 130, fusing to the molten
glass core composition 132 and forming glass cladding
layers 174a, 1745 around the glass core layer 172 of the
continuous glass ribbon 170.

[0032] As noted above, the molten glass core composition
132 generally has an average coefficient of thermal expan-
sion CTE_,,, which is greater than the average coefficient of
thermal expansion CTE_,,; of the molten glass cladding
composition 122. Accordingly, as the glass core layer 172
and the glass cladding layers 174a, 1745 cool, the difference
in the coeflicients of thermal expansion of the glass core
layer 172 and the glass cladding layers 174a, 1745 cause a
compressive stresses to develop in the glass cladding layers
174a, 174b. The compressive stress increases the strength of
the resulting laminated glass article without an ion-exchange
treatment or a thermal tempering treatment. However, such
increased strength can make scoring the laminated glass
article difficult.

[0033] Still referring to FIG. 1, the plurality of pulling
rolls 140 are arranged in opposing pairs and are counter-
rotating. That is, a first pulling roll of the plurality of pulling
rolls 140 is positioned adjacent to a first side of the con-
tinuous glass ribbon 170 (the “A” side of the continuous
glass ribbon 170) and rotates in a direction opposite a second
pulling roll of the plurality of pulling rolls 140 positioned
across from the first pulling roll and adjacent to a second
side of the continuous glass ribbon 170 (the “B” side of the
continuous glass ribbon 170). The continuous glass ribbon
170 is positioned between opposing pairs of pulling rolls so
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that the pulling rolls contact and pinch the continuous glass
ribbon 170 at the edge portions of the glass ribbon, as
depicted in FIGS. 1 and 2.

[0034] Referring once again to FIG. 1, the plurality of
pulling rolls 140 are driven by motors and apply a downward
force to the continuous glass ribbon 170, thereby drawing
the continuous glass ribbon 170 from the forming body 110
in the draw direction. The plurality of pulling rolls 140 also
help support a weight of the continuous glass ribbon 170,
since during at least a portion of the separation cycle the
portion of the continuous glass ribbon 170 below the plu-
rality of pulling rolls 140 may be unsupported. Without a
suitable pinching force, the plurality of pulling rolls 140 may
be unable to apply a sufficient downward pulling force, or
may be unable to support the portion of the continuous glass
ribbon 170 below the plurality of pulling rolls 140 against
the force of gravity.

[0035] Still referring to FIG. 1, the translatable separation
initiation unit 150 includes a support portion 152, a heating
apparatus 154, and a flaw initiation device 156. The heating
apparatus 154 is coupled to the support portion 152. The
heating apparatus 154 includes a heating element, such as a
cartridge heater, a heating rod, a heating filament, a heating
wire, heat tape, or the like. In some embodiments, the
heating apparatus 154 is the heating apparatus 300 depicted
in FIG. 3 and described below. In some embodiments, the
heating apparatus 154 is the heating apparatus 400 depicted
in FIG. 4 and described below. In some embodiments, the
heating apparatus 154 is the heating apparatus 500 depicted
in FIG. 5 and described below. The heating apparatus 154
extends perpendicular to the draw direction (See FIG. 2).
While the heating apparatus 154 extends perpendicular to
the draw direction in the embodiment depicted in FIG. 2, it
should be understood that in other embodiments, the heating
apparatus 154 may not extend perpendicular to the draw
direction. For example, in some embodiments, the heating
apparatus 154 extends parallel to the draw direction. In some
embodiments, the heating apparatus 154 extends at an angle
between 0° and 90° relative to the draw direction.

[0036] Insome embodiments, the heating apparatus 154 is
configured to contact the continuous glass ribbon 170 across
at least a portion of a width of the continuous glass ribbon
170 (or across an entire width of the continuous glass ribbon
170) at a desired line of separation (“DLS”), thereby pref-
erentially heating the continuous glass ribbon 170 at the
desired line of separation to facilitate the separation of a
glass sheet from the continuous glass ribbon 170 at the
desired line of separation. In some embodiments, the con-
tinuous glass ribbon 170 has cooled significantly from its
temperature at the root 139 (which may be in the range of
about 1000° C. to about 1200° C. in some embodiments) to
its temperature immediately prior to being contacted by the
heating apparatus 154 (which may be in the range of about
300° C. to about 400° C. in some embodiments). It should
be noted that heating the continuous glass ribbon at the
desired line of separation can include increasing the tem-
perature of the continuous glass ribbon at the desired line of
separation or reducing the rate of cooling of the glass ribbon
at the desired line of separation. Following such heating, the
temperature of the continuous glass ribbon at the desired line
of separation is greater than the temperature of the continu-
ous glass ribbon in a region thereof adjacent to and/or
downstream of the desired line of separation.
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[0037] In some embodiments, such as embodiments in
which the heating apparatus 154 extends perpendicular to
the draw direction, the desired line of separation extends
perpendicular to the draw direction across at least a portion
of the width of the continuous glass ribbon 170. In some
embodiments, such as embodiments in which the heating
apparatus 154 extends parallel to the draw direction, the
desired line of separation extends parallel to the draw
direction (e.g., to separate one or more edge portions or
beads from the continuous glass ribbon 170). In some
embodiments, such as embodiments in which the heating
apparatus 154 extends at an angle between 0° and 90°
relative to the draw direction, the desired line of separation
extends at the same angle (e.g., to separate angled glass
sheets from the continuous glass ribbon 170). In some
embodiments, the heating apparatus 154 may not contact the
continuous glass ribbon 170, such as when the heating
apparatus 154 heats the continuous glass ribbon 170 at the
desired line of separation by a non-contact modality. For
example, the heating apparatus 154 can be positioned in
close proximity to, but not in contact with, the continuous
glass ribbon 170, thereby applying heat preferentially to a
first side of the continuous glass ribbon 170 at the desired
line of separation.

[0038] In some embodiments, the heating apparatus 154
contacts the continuous glass ribbon 170 across the entire
width of the desired line of separation. In other embodi-
ments, the heating apparatus 154 contacts the continuous
glass ribbon 170 across only a portion of the desired line of
separation. For example, in some embodiments, the heating
apparatus 154 contacts one or more bead regions of the
continuous glass ribbon 170 (i.e. a relatively thick region of
the glass ribbon 170 near an edge thereof) without contact-
ing a central region of the glass ribbon (e.g., disposed
between bead regions at opposing edges of the glass ribbon).
Such contact between the heating apparatus 154 and the
glass ribbon 170 at the bead regions can help to apply
relatively more heat to the bead regions compared to the
non-bead regions (e.g., the central region of the glass sheet).
Because the bead regions are thicker than the non-bead
regions of the glass ribbon, applying relatively more heat to
the bead regions can help to form a temperature gradient
through the thickness of the glass ribbon that is more
uniform across the width of the glass ribbon.

[0039] Referring now to FIG. 3, a heating apparatus 300
includes a heating element 151. The heating element 151 is
coupled to the support portion 152. The heating element 151
may be a cartridge heater, a heating rod, a heating filament,
a heating wire, heat tape, or the like. The heating element
151 may be formed from a ceramic material, a metal
material, and/or a composite material. In some embodi-
ments, the heating element 151 is a conformal heating
element, which may enhance the degree of contact between
the heating element 151 and the continuous glass ribbon 170
at the desired line of separation, thereby facilitating efficient
thermal transfer of thermal energy from the heating element
151 to the continuous glass ribbon 170 at the desired line of
separation.

[0040] Still referring to FIG. 3, the heating element 151 is
coupled, directly or indirectly, to the support portion 152 by
at least one wire 155. While the heating element 151 is
coupled to the support portion 152 by the at least one wire
155 in FIG. 3, in other embodiments the heating element 151
may be coupled to the support portion 152 in another
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manner. For example, in some embodiments, the heating
element 151 is coupled to the support portion 152 by at least
one fastener other than a wire, such as a clip, a screw, a bolt,
a clamp, or the like. In some embodiments, the heating
element 151 is adhesively affixed to the support portion 152.
In some embodiments, the heating element 151 is retained
within a properly sized channel of the support portion 152.
In some embodiments, the heating element 151 is coupled to
the insulator 153 (e.g. by a fastener such as a wire, a clip, a
screw, a bolt, a clamp, adhesive, or the like), which in turn
is coupled to the support portion 152 (e.g. by the same or a
different fastener).

[0041] In the embodiment depicted in FIG. 3, an insulator
153 is disposed between the heating element 151 and the
support portion 152. The insulator 153 may thermally and/or
electrically isolate the support portion 152 from the heating
element 151. In some embodiments, the insulator 153 is an
insulating tube made of alumina, though other embodiments
include an insulator 153 having a different shape and/or
made of a different material. Some embodiments do not
include the insulator 153 disposed between the heating
element 151 and the support portion 152, such as embodi-
ments in which the heating element 151 directly engages the
support portion 152. In some embodiments, a narrow strip of
highly conductive material may be attached to (e.g., welded
to) the heating element 151. In such embodiments, the
highly conductive material is configured to contact the
continuous glass ribbon 170 at the desired line of separation.

[0042] Referring now to FIG. 4, a heating apparatus 400
includes a heating element 151 and a thermally conductive
cover 157. The heating element 151 and the thermally
conductive cover 157 are coupled to the support portion 152.
In the embodiment depicted in FIG. 4, the heating element
151 is disposed between the thermally conductive cover 157
and the support portion 152. The heating element 151 may
be a cartridge heater, a heating rod, a heating filament, a
heating wire, heat tape, or the like. The heating element 151
may be formed from a ceramic material, a metal material,
and/or a composite material. In some embodiments, the
thermally conductive cover 157 is formed from metal,
though in other embodiments, the thermally conductive
cover 157 is formed from a composite material, or any other
conductive material. The thermally conductive cover 157 is
configured to contact the continuous glass ribbon 170 across
at least a portion of a width of the continuous glass ribbon
170 at the desired line of separation. For example, the
thermally conductive cover 157 includes a point or apex
having a narrower cross section (e.g., a narrower height in
the draw direction) than the heating element 151. The
thermally conductive cover 157 may provide a straight
and/or narrow line of contact with the continuous glass
ribbon 170, thereby facilitating efficient thermal transfer of
thermal energy from the heating element 151 to a narrow
line of separation on the continuous glass ribbon 170.
Additionally, or alternatively, such a straight and/or narrow
line of contact provided by the thermally conductive cover
157 may produce a line of concentrated mechanical stress at
the desired line of separation (e.g., when the thermally
conductive cover serves as a fulcrum about which the
continuous glass ribbon 170 is bent). Furthermore, the
thermally conductive cover 157 may also provide structural
rigidity to the heating element 151.

[0043] Still referring to FIG. 4, the heating element 151
and the thermally conductive cover 157 are coupled to the
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support portion 152 by the at least one wire 155. The at least
one wire 155 passes through the thermally conductive cover
157 and secures the assembly of the thermally conductive
cover 157, the heating element 151, and the insulator 153 to
the support portion 152. While the heating element 151 and
the thermally conductive cover 157 are coupled to the
support portion 152 by the at least one wire 155 in FIG. 4,
in other embodiments the heating element 151 and the
thermally conductive cover 157 may be coupled to the
support portion 152 in another manner. For example, in
some embodiments, the heating element 151 and the ther-
mally conductive cover 157 are coupled to the support
portion 152 with at least one fastener other than a wire, such
as a clip, a screw, a bolt, a clamp, or the like. In some
embodiments, the heating element 151 and the thermally
conductive cover 157 are adhesively affixed to the support
portion 152. In some embodiments, the heating element 151
is retained within a properly sized channel of the support
portion 152. In some embodiments, the heating element 151
and the thermally conductive cover 157 are coupled to the
insulator 153, which in turn is coupled to the support portion
152.

[0044] In the embodiment depicted in FIG. 4, an insulator
153 is disposed between the heating element 151 and the
support portion 152. The insulator 153 may thermally and/or
electrically isolate the support portion 152 from the heating
element 151. In some embodiments, the insulator 153 is an
insulating tube made of alumina, though other embodiments
include an insulator 153 having a different shape and/or
made of a different material. Some embodiments do not
include the insulator 153 disposed between the heating
element 151 and the support portion 152, such as embodi-
ments in which the heating element 151 directly engages the
support portion 152.

[0045] Referring now to FIG. 5, a heating apparatus 500
includes a heating element 151. The heating element 151 is
disposed within an insulator 153, which in turn is coupled to
the support portion 152. The heating element 151 may be a
cartridge heater, a heating rod, a heating filament, a heating
wire, heat tape, or the like. The heating element 151 may be
formed from a ceramic material, a metal material, and/or a
composite material. In some embodiments, the heating ele-
ment 151 is a conformal heating element, which may
enhance the degree of contact between the heating element
151 and the continuous glass ribbon 170 at the desired line
of separation, thereby facilitating efficient thermal transfer
of thermal energy from the heating element 151 to the
continuous glass ribbon 170 at the desired line of separation.

[0046] Inthe embodiment depicted in FIG. 5, the insulator
153 is disposed between the heating element 151 and the
support portion 152. The insulator 153 may thermally and/or
electrically isolate the support portion 152 from the heating
element 151. In some embodiments, the insulator 153 is an
insulating tube made of alumina, though other embodiments
include an insulator 153 having a different shape and/or
made of a different material. The heating element 151 is at
least partially enclosed within a body of the insulator 153. In
the embodiment depicted in FIG. 5, the heating element 151
protrudes through an elongate aperture in the insulator 153
and beyond the body of the insulator 153 such that the
heating element 151 may contact the continuous glass
ribbon 170 at the desired line of separation while avoiding
contact between the insulator 153 and the continuous glass
ribbon 170, even if the continuous glass ribbon 170 bends
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slightly at the point of contact with the heating element 151
(e.g., to partially wrap around the heating element). In some
embodiments, a narrow strip of highly conductive material
may be attached to (e.g., welded to) the heating element 151.
In such embodiments, the highly conductive material is
configured to contact the continuous glass ribbon 170 at the
desired line of separation.

[0047] Still referring to FIG. 5, the insulator 153 is
coupled to the support portion 152 by at least one wire 155
that traverses the body of the insulator 153. The wire can
help to maintain the position of the heating element 151
within the insulator 153. For example, the wire can engage
the heating element 151 to push the heating element into an
aperture in the insulator 153 such that the heating element is
secured between the wire and the insulator and protrudes
beyond the insulator as shown in FIG. 5. In some embodi-
ments, the insulator 153 may be coupled to the support
portion 152 in another manner, such as in embodiments in
which the insulator 153 is adhesively affixed to the support
portion 152 or in embodiments in which the insulator 153 is
retained within a properly sized channel of the support
portion 152. In some embodiments, the insulator 153 is
coupled to the support portion 152 with at least one fastener
other than a wire, such as a clip, a screw, a bolt, a clamp, or
the like.

[0048] In various embodiments, the heating element 151
can protrude beyond the insulator 153 by a suitable distance.
For example, in the embodiment shown in FIG. 5, the
aperture in the insulator 153 has a width that is slightly less
than a diameter of the heating element 151 such that the
heating element 151 protrudes beyond the insulator 153 by
a distance approximately equal to one-half of the diameter of
the heating element 151. In other words, the aperture in the
insulator 153 is sized such that the insulator engages the
heating element 151 approximately at a midpoint of the
heating element 151 such that approximately one-half of the
heating element 151 is disposed within the insulator 153 and
approximately one-half of the heating element protrudes
beyond the insulator 153. FIG. 5A is depicts another
embodiment in which the width of the aperture in the
insulator 153 is smaller than in FIG. 5. Thus, in the embodi-
ment shown in FIG. 5A, the heating element 151 protrudes
beyond the insulator 153 by a shorter distance compared to
the embodiment shown in FIG. 5. In other words, in the
embodiment shown in FIG. 5A, a greater proportion of the
heating element 151 is disposed within the insulator 153,
and a smaller proportion of the heating element 151 pro-
trudes beyond the insulator 153 compared to the embodi-
ment shown in FIG. 5. In various embodiments, the insulator
151 protrudes beyond the insulator 153 by a distance, for
example, of at least about 1 mm, at least about 1.5 mm, at
least about 2 mm, or at least about 2.5 mm. Additionally, or
alternatively, the insulator 151 protrudes beyond the insu-
lator 153 by a distance, for example, of at most about 50
mm, at most about 40 mm, at most about 30 mm, at most
about 20 mm, at most about 10 mm, at most about 5 mm, at
most about 4.5 mm, at most about 4 mm, or at most about
3.5 mm.

[0049] Referring once again to FIG. 1, the flaw initiation
device 156 is configured to initiate a flaw at the desired line
of separation of the continuous glass ribbon 170. The flaw
initiation device 156 may initiate a flaw at the desired line
of separation before, during, or after the continuous glass
ribbon 170 is heated at the desired line of separation as
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described herein. In some embodiments, the flaw initiation
device 156 includes a scoring device. In embodiments that
include the scoring device, the scoring device is configured
to score the continuous glass ribbon 170 across at least a
portion of the desired line of separation. In some embodi-
ments, the scoring device scores the continuous glass ribbon
170 across the entire width of the desired line of separation.
In other embodiments, the scoring device scores the con-
tinuous glass ribbon 170 across only a portion of the desired
line of separation. For example, some embodiments may
only score a bead region of the continuous glass ribbon 170
(i.e. a widthwise portion of the continuous glass ribbon 170
that extends across the draw to a distance from an edge of
the continuous glass ribbon 170), a knurl region of the
continuous glass ribbon 170 (i.e. a widthwise portion of the
continuous glass ribbon 170 that extends across the draw
and includes a knurled pattern as a result of contacting one
or more pulling rollers), between a bead region and knurl
region, a central region disposed between knurled and/or
bead regions on opposing edges of the continuous glass
ribbon, etc. In some embodiments, a widthwise central
portion of the continuous glass ribbon may include the glass
core layer 172 disposed between the glass cladding layers
174a, 174b, while bead regions at the edges of the continu-
ous glass ribbon may only include the glass core layer 172
and no glass cladding layers 174a, 174b. Thus, the glass core
layer 172 protrudes out from between the glass cladding
layers 174a, 174b at the edges of the glass ribbon 170. In
some such embodiments, the flaw initiation device 156 may
introduce a flaw in the glass core layer 172 of one more of
the beads (which only include the glass core layer 172) at the
desired line of separation, without introducing the flaw into
the glass cladding layers 174a, 17454. Introducing the flaw
into the protruding edges of the glass core layer 172 can be
relatively easier than introducing a flaw into one or both of
the glass cladding layers 174a, 1745 because the protruding
edges of the glass core layer are not under compressive
stress that resists flaw generation. In some embodiments, the
heat applied to the desired line of separation may direct the
flaw across the desired line of separation.

[0050] In some embodiments in which the flaw initiation
device 156 includes a scoring device, the scoring device
scores a small width of the continuous glass ribbon 170 at
the desired line of separation, such as in embodiments in
which the scoring device scores a 100 mm or smaller width
of the continuous glass ribbon 170 at an edge of the
continuous glass ribbon 170. In some embodiments, the flaw
initiation device 156 is configured to initiate a flaw at an
edge of the continuous glass ribbon 170. In embodiments
that mechanically score the continuous glass ribbon 170
across only a portion of the desired line of separation, a
scoring wheel and/or other components of the scoring device
may last longer, leading to cost savings realized from less
frequent replacement of such components. Furthermore, in
embodiments that mechanically score the continuous glass
ribbon 170 across only a portion of the desired line of
separation, the scoring device may be less likely to strike a
pre-existing crack in the ribbon, leading to a reduced like-
lihood of the negative consequences of the scoring device
striking a pre-existing crack while scoring. In embodiments
that heat the continuous glass ribbon 170 across the desired
line of separation as described herein, edge flaws typical of
mechanical scoring may be reduced.
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[0051] In some embodiments, the flaw initiation device
156 includes at least one device other than a scoring device.
For example, in some embodiments, the flaw initiation
device 156 includes a laser, an ultrasonic transducer, a
carbide tip, a diamond tip or stylus, a hot filament, a cooling
apparatus, a heater (e.g., a silicon nitride heater), a drop or
stream of fluid (e.g., water, air, etc.) or the like. In some
embodiments, the flaw may be initiated by a drop of water
applied by a damp object. In some embodiments, fluid (e.g.,
water, air, etc.) may be applied before, during, or after the
flaw initiation device 156 initiates a flaw in the continuous
glass ribbon 170 at the desired line of separation, in order to
enhance the initiated flaw. In some embodiments, the flaw
initiation device 156 may include a mechanical flaw initia-
tion device (e.g., a scoring device, a tip or stylus, or the like)
as well as an auxiliary heater, which may function to
enhance separation as described herein.

[0052] Still referring to FIG. 1, the flaw initiation device
156 is positioned on the translatable separation initiation
unit 150 relative to the heating apparatus 154 such that the
continuous glass ribbon 170 is disposed between the heating
apparatus 154 and the flaw initiation device 156 when the
heating apparatus 154 contacts the continuous glass ribbon
170. In other embodiments, the flaw initiation device 156 is
positioned on the same side of the translatable separation
initiation unit 150 as the heating apparatus 154 such that the
heating apparatus 154 contacts a first side of the continuous
glass ribbon 170 along the desired line of separation and the
flaw initiation device 156 initiates a flaw in the first side of
the continuous glass ribbon 170 at the desired line of
separation. In some embodiments, the flaw initiation device
156 is included in the heating apparatus 154. In some
embodiments in which the heating apparatus 154 includes
the flaw initiation device 156, the flaw initiation device 156
is positioned at an end of the heating apparatus 154 such that
the flaw initiation device 156 is configured to introduce a
flaw in an edge of the continuous glass ribbon 170 when the
heating apparatus 154 contacts the continuous glass ribbon
170.

[0053] Some embodiments do not include a flaw initiation
device 156, such as embodiments in which a glass sheet
separates from the continuous glass ribbon 170 at the desired
line of separation as a direct result of heating the continuous
glass ribbon 170 at the desired line of separation, or as a
result of heating the continuous glass ribbon 170 at the
desired line of separation and imparting a bending moment
to the continuous glass ribbon 170 about the desired line of
separation. In embodiments that do not include the flaw
initiation device 156, cost savings can be realized in equip-
ment and service as a result of not requiring the flaw
initiation device 156 to initiate separation of a glass sheet
from the continuous glass ribbon 170.

[0054] In some embodiments, the translatable separation
initiation unit 150 may also include a counternosing, which
may stabilize the continuous glass ribbon 170 as the con-
tinuous glass ribbon 170 is heated by the heating apparatus
154, maintain flush contact between the continuous glass
ribbon 170 and the heating apparatus 154, and/or reduce
vibration up the draw during separation. In embodiments
that include the counternosing, the heating apparatus 154
may contact a first side of the continuous glass ribbon 170
at the desired line of separation and the counternosing may
contact a second side of the continuous glass ribbon 170 at
the desired line of separation when the heating apparatus
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contacts the first side of the continuous glass ribbon 170 at
the desired line of separation. In some embodiments, the
counternosing may include the flaw initiation device 156. In
some embodiments that include the counternosing, the flaw
initiation device 156 may be coupled to the counternosing.
[0055] Embodiments may include one or more counter-
nosings in a variety of configurations. For example, FIG. 6
depicts a portion of a translatable separation initiation unit
that includes the heating apparatus 154 and a nosing 159
configured to contact a first side of the continuous glass
ribbon 170 at the desired line of separation, and a counter-
nosing 180 configured to contact a second side of the
continuous glass ribbon 170 at the desired line of separation
when the heating apparatus 154 contacts the first side of the
continuous glass ribbon 170. The counternosing 180
depicted in FIG. 6 has a width greater than or equal to a
width of the continuous glass ribbon 170 such that the
counternosing 180 is in contact with the second side of the
continuous glass ribbon 170 at the desired line of separation
across the entire width of the continuous glass ribbon 170.
In some embodiments, the counternosing 180 may have a
width slightly less than the width of the continuous glass
ribbon 170, such that the width of the counternosing 180 is
less than the width of the continuous glass ribbon 170, but
greater than 75% of the width of the continuous glass ribbon
170.

[0056] FIG. 7 depicts a portion of a translatable separation
initiation unit that includes the heating apparatus 154 and a
nosing 159 configured to contact a first side of the continu-
ous glass ribbon 170 at the desired line of separation, and a
counternosing 182 configured to contact a second side of the
continuous glass ribbon 170 at the desired line of separation
when the heating apparatus 154 contacts the first side of the
continuous glass ribbon 170. The counternosing 182
depicted in FIG. 7 has a width smaller than the width of the
continuous glass ribbon 170 and is configured to contact a
central portion of the continuous glass ribbon 170 when the
heating apparatus is in contact with the continuous glass
ribbon 170 at the desired line of separation.

[0057] FIG. 8 depicts a portion of a translatable separation
initiation unit that includes the heating apparatus 154 and a
nosing 159 configured to contact a first side of the continu-
ous glass ribbon 170 at the desired line of separation, and a
first counternosing 184a and a second counternosing 1845
configured to contact a second side of the continuous glass
ribbon 170 at the desired line of separation when the heating
apparatus 154 contacts the first side of the continuous glass
ribbon 170. The first counternosing 184a and the second
counternosing 1844 are spaced apart widthwise and config-
ured to contact bead portions of the continuous glass ribbon
170 when the heating apparatus is in contact with the
continuous glass ribbon 170 at the desired line of separation.
In some embodiments, the counternosing is restricted to the
region of the clad bead and knurl at each edge of the
continuous glass ribbon 170. The configuration shown in
FIG. 8 can help to ensure contact between the heating
apparatus 154 and the bead and/or knurl regions of the glass
ribbon 170 at the desired line of separation.

[0058] The nosings and/or counternosing described herein
may be formed from a variety of materials, including
aluminum, stainless steel, alumino-silicate fibers, silicone
rubber, plastic, or the like. Furthermore, some embodiments
may utilize a backing or support fixture instead of a nosing
or counternosing. Some embodiments may include a heating
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apparatus in the counternosing or may include a heating
apparatus that contacts a second side of the continuous glass
ribbon 170 instead of the counternosing. While the embodi-
ments of FIGS. 6-8 include the nosing 159 configured to
contact the first side of the continuous glass ribbon 170,
some embodiments do not include the nosing 159, such as
embodiments in which only the heating apparatus 154
contacts the first side of the continuous glass ribbon. In some
embodiments that include one or more counternosings, the
one or more counternosings may be configured to contact
the continuous glass ribbon above or below the desired line
of separation.

[0059] Referring now to FIG. 9, a side view of the
continuous glass ribbon 170 in engagement with a nosing
159, a first counternosing 186, the heating apparatus 154, the
flaw initiation device 156, and a second counternosing 188
is schematically depicted. The continuous glass ribbon 170
may be pressed between the nosing 159 and the first coun-
ternosing 186, such that the nosing 159 and the first coun-
ternosing 186 engage the continuous glass ribbon 170 ther-
ebetwen. The continuous glass ribbon 170 may be heated
along a desired line of separation by the heating apparatus
154. The flaw initiation device 156 may initiate a flaw in the
second side of the continuous glass ribbon 170 (either
before, during, or after the continuous glass ribbon 170 is
heated along the desired line of separation by the heating
apparatus 154). A sheet of glass may be separated from the
continuous glass ribbon at the desired line of separation by
the second counternosing 188, which moves in the -Y
direction to separate the glass sheet from the continuous
glass ribbon 170. In some embodiments, each of the nosing
159, the first counternosing 186, the second counternosing
188, the heating apparatus 154, and the flaw initiation device
156 may be components of the translatable separation ini-
tiation unit 150 described herein, though in other embodi-
ments, one or more of the nosing 159, the first counternosing
186, the second counternosing 188, the heating apparatus
154, and the flaw initiation device 156 may be separate from
the translatable separation initiation unit 150. In some
embodiments, one or more of the nosing 159, the first
counternosing 186, and the second counternosing 188 may
instead be a heat sink or cooling apparatus.

[0060] In some embodiments, the glass manufacturing
apparatus may include a cooling apparatus configured to
contact the continuous glass ribbon 170 at the desired line of
separation. In some embodiments, the cooling apparatus
extends perpendicular to the draw direction and is config-
ured to contact the continuous glass ribbon 170 across at
least a portion of the width of the continuous glass ribbon
170 at the desired line of separation as the continuous glass
ribbon 170 moves in the draw direction. For example,
referring now to FIG. 10, the continuous glass ribbon 170 is
disposed between the heating apparatus 154 and a cooling
apparatus 190, such that the heating apparatus 154 contacts
a first side of the continuous glass ribbon 170 at the desired
line of separation and the cooling apparatus 190 contacts a
second side of the continuous glass ribbon 170 at the desired
line of separation. In some embodiments, the cooling appa-
ratus 190 extends parallel to the draw direction or extends at
an angle between 0° and 90° relative to the draw direction.
[0061] In embodiments that include the cooling apparatus
190, the cooling apparatus 190 may include a cold wire, a
cold rod, a cold tube, or another cold element having a
temperature less than the continuous glass ribbon 170 at the



US 2018/0194665 Al

location at which the cooling apparatus 190 cools the
continuous glass ribbon 170. In some embodiments, the
cooling apparatus 190 is actively cooled, such as by circu-
lating cold water through the cooling apparatus 190. In other
embodiments, the cooling apparatus 190 may be at ambient
temperature. In some embodiments, the cooling apparatus
190 is a component of the translatable separation initiation
unit 150, though in other embodiments the cooling apparatus
190 may be separate from the translatable separation initia-
tion unit 150. In some embodiments, the cooling apparatus
190 may contact the continuous glass ribbon 170 above or
below the desired line of separation. In some embodiments,
a second side of the continuous glass ribbon 170 may be
cooled at the desired line of separation, a first side of the
continuous glass ribbon 170 may be heated at the desired
line of separation by the heating apparatus 154, and the
second side of the continuous glass ribbon 170 may be
cooled by the cooling apparatus 190 to facilitate separation
(e.g., thermal shock separation resulting from applying the
cooling apparatus 190, or enhancing mechanical separation
by the glass engaging unit 160, for example).

[0062] Referring now to FIG. 11, the heating apparatus
154 and the cooling apparatus 190 are disposed on the same
side of the continuous glass ribbon 170, such that the heating
apparatus 154 first contacts a first side of the continuous
glass ribbon 170 at the desired line of separation and the
cooling apparatus 190 then contacts the first side of the
continuous glass ribbon 170 at the desired line of separation.
The cooling apparatus 190 may include a cold wire, a cold
rod, a cold tube, or any other cold eclement having a
temperature less than the temperature of the continuous
glass ribbon 170 at the location at which the cooling
apparatus 190 cools the continuous glass ribbon 170. In
some embodiments, the cooling apparatus 190 is actively
cooled, such as by circulating cold water through the cooling
apparatus 190. In other embodiments, the cooling apparatus
190 may be at ambient temperature. In some embodiments,
the cooling apparatus 190 is a component of the translatable
separation initiation unit 150, though in other embodiments
the cooling apparatus 190 may be separate from the trans-
latable separation initiation unit 150. In some embodiment,
the cooling apparatus 190 and the heating apparatus 154
may be coupled to a drum, which may be rotated such that
the heating apparatus 154 first contacts the continuous glass
ribbon 170 and then the cooling apparatus 190 contacts the
continuous glass ribbon 170 (e.g., by rotating the drum to
move the heating apparatus away from the glass ribbon and
the cooling apparatus toward the glass ribbon). In some
embodiments, the cooling apparatus 190 may contact the
continuous glass ribbon 170 above or below the desired line
of separation. Some embodiments that include a cooling
apparatus may not include a heating apparatus, such as
embodiments in which a cooling apparatus engages the
continuous glass ribbon 170 and thermally induces separa-
tion. Not to be bound by theory, but it is believed that
separation of a glass sheet from the continuous glass ribbon
170 at the desired line of separation is enhanced by the
methods and apparatuses described herein that include a
heating apparatus and a cooling apparatus because the
continuous glass ribbon initially includes compression
regions in the cladding layers and a tension region in the
core layer, heat applied to a cladding layer at the desired line
of separation reduces the compression of the cladding layer,
and a rapid thermal shock by cooling the cladding layer
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changes the cladding layer to a tension state quickly, causing
the continuous glass ribbon 170 to separate at the desired
line of separation.

[0063] Some embodiments may apply the principles
herein to separate beads from a central portion of the
continuous glass ribbon 170 by heating the continuous glass
ribbon along desired lines of separation that extend in the
draw direction, and subsequently separating the beads from
the central portion along the desired lines of separation.
[0064] Referring now to FIG. 12, additional components
of an embodiment of the translatable separation initiation
unit 150 are depicted. The translatable separation initiation
unit comprises a frame 70 and a carriage assembly 72
coupled thereto. Frame 70 may be rigidly coupled to struc-
tural components of the facility in which the glass making
apparatus is housed. For example, frame 70 may be rigidly
coupled to the structural steel or concrete of a factory
building. In the embodiment depicted in FIG. 12, travel
screws 74 are rotatably mounted on frame 70 and extend
between an upper frame member 76 and a lower frame
member 78. Travel screws 74 may be coupled to at least one
motor configured to turn the travel screws. For example,
FIG. 12 depicts a single motor 80 driving two travel screws
74 through gear boxes 82, a transmission 84 and drive axles
86. Other arrangements are possible.

[0065] Carriage assembly 72 includes at least one follower
nut coupled thereto and through which a travel screw 74
passes. As a travel screw 74 turns, the follower nut travels
along the screw in a direction dependent on the direction of
rotation of the screw, therefore driving the carriage assembly
in the direction of the follower nut. The heating apparatus
154 is coupled to the carriage assembly 72. For example, the
heating apparatus 154 may be coupled to the carriage
assembly 72 by one or more linear slides 88 configured to
extend or retract the heating apparatus 154 toward or away
from the continuous glass ribbon 170, respectively, in a
direction orthogonal to the draw direction. In the extended
position, the heating apparatus 154 is engaged with (e.g.
contacting) the continuous glass ribbon 170. In the retracted
position, the heating apparatus 154 is disengaged from the
continuous glass ribbon 170.

[0066] The carriage assembly 72 may further comprise the
flaw initiation device 156, which is coupled to the carriage
assembly 72 through the rail 90. The flaw initiation device
156 is driven along the rail 90 by any drive mechanism
capable of traversing the flaw initiation device 156 in a
suitably precise path. For example, the flaw initiation device
156 may be driven along the rail 90 by a travel screw and
follower nut in a manner similar to the arrangement for the
carriage assembly 72. In embodiments in which the flaw
initiation device 156 is a scoring device, pneumatic opera-
tion of the scoring device may be used. Such a scoring
device may also include one or more pneumatic or stepper
motor-activated linear slides configured to extend or retract
the scoring device, or a portion thereof, toward the continu-
ous glass ribbon 170 or away from the continuous glass
ribbon 170, respectively, in a direction orthogonal to the
draw direction. In the extended position, the scoring device
is engaged with (e.g. contacting) the continuous glass ribbon
170. In the retracted position, the scoring device is disen-
gaged from the continuous glass ribbon 170. In some
embodiments, scoring may be accomplished in a non-con-
tact manner, wherein scoring is accomplished by way of a
laser beam. In such cases, extension and retraction of the
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scoring device may not be necessary. In some embodiments,
the scoring device produce a score that is substantially
perpendicular to the draw direction.

[0067] It should be understood that the translatable sepa-
ration initiation unit 150 is not limited to the embodiments
described herein. In some embodiments, the translatable
separation initiation unit 150 may include a carriage assem-
bly that is moved along a frame in a manner other than with
travel screws and follower nuts. For example, in some
embodiments, a carriage assembly may be moved with one
or more linear actuators operable to translate the carriage
assembly in the draw direction and opposite the draw
direction.

[0068] A method of heating a moving continuous glass
ribbon and for separating a glass sheet from the moving
continuous glass ribbon will now be described

[0069] Referring once again to FIG. 1, molten glass is
drawn from the forming body 110 by the plurality of pulling
rolls 140 to form the continuous glass ribbon 170. The
continuous glass ribbon 170 moves from the forming body
110 with a velocity vector Vr comprising a speed S in the
draw direction. The translatable separation initiation unit
150, which includes the heating apparatus 154 moves in the
draw direction from an initial start position and attains a
velocity that matches that of the moving continuous glass
ribbon 170. That is, the translatable separation initiation unit
150 acquires a velocity vector Vt that matches the velocity
vector of the glass ribbon. Accordingly, the heating appara-
tus 154 (and the translatable separation initiation unit 150 of
which the heating apparatus 154 is a component) and the
continuous glass ribbon 170 simultaneously travel at the
speed S in the draw direction.

[0070] As the continuous glass ribbon 170 moves, the
translatable separation initiation unit 150 contacts and heats
the continuous glass ribbon 170 with the heating apparatus
154 across at least a portion of a width of the continuous
glass ribbon 170 at a desired line of separation (“DLS”)
(e.g., by extending the heating apparatus 154 to be in contact
with the desired line of separation, as described above with
reference to FIG. 12). Referring to FIG. 2, the desired line
of separation extends laterally across the draw in a direction
perpendicular to the draw direction. As noted above,
embodiments are not limited to the desired line of separation
extending laterally across the draw in a direction perpen-
dicular to the draw direction. For example, in some embodi-
ments, the translatable separation initiation unit 150 contacts
and heats the continuous glass ribbon 170 with the heating
apparatus 154 at a desired line of separation that extends
parallel to the draw direction or at an angle of between 0°
and 90° relative to the draw direction.

[0071] Referring once again to FIG. 1, a sheet of glass may
then be separated from the continuous glass ribbon 170 at
the desired line of separation. In some embodiments, sepa-
rating the sheet of glass from the continuous glass ribbon
170 may include initiating a flaw at the desired line of
separation with the flaw initiation device 156 described
above. In some embodiments, the flaw initiation device 156
may be a scoring device that scores the continuous glass
ribbon 170 at the desired line of separation. It should be
apparent that to produce a score that is perpendicular to the
edge portions of the moving continuous glass ribbon 170 the
scoring device must also move such that there is no relative
motion between the scoring device and the glass ribbon in
the draw direction during the scoring process. After carriage
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assembly 72 (See FIG. 12) has attained a speed equal to or
substantially equal to the speed of the glass ribbon in the
draw direction, the heating apparatus 154 is extended to
contact the continuous glass ribbon 170. The translatable
separation initiation unit 150 may initiate a flaw at the
desired line of separation with the flaw initiation device 156
either before heating, while heating, or after heating the
continuous glass ribbon 170 at the desired line of separation.

[0072] Still referring to FIG. 1, in some embodiments,
separating the glass sheet from the continuous glass ribbon
170 may involve the glass engaging unit 160. The glass
engaging unit 160 includes a body 162, an arm 164, a
platform 166, and a plurality of gripping devices, such as
suction devices 168. The arm 164 extends from the body
162. The platform 166 is positioned at a distal end of the arm
164. Suction devices 168 (e.g. suction cups and/or vacuum
chucks) are arranged on the platform 166 and are configured
to engage with edge portions of the “A” side of the glass
ribbon. The arm 164 moves the platform 166 at a velocity
vector Vra that matches the velocity vector Vr of the
continuous glass ribbon 170 such that the continuous glass
ribbon 170, the translatable separation initiation unit 150
(including the heating apparatus 154 and the flaw initiation
device 156) and the platform 166 are all moving in tandem
and there is no relative motion between them in the draw
direction. In other words, the glass engaging unit 160
through the arm 164 causes the platform 166 to track with
the continuous glass ribbon 170. When the platform 166 is
tracking with the continuous glass ribbon 170 so that no
relative motion in the draw direction between the platform
and the glass ribbon is occurring, the arm 164 moves the
platform 166 such that suction devices 168 engage with the
glass ribbon below the desired line of separation. In some
embodiments, the suction devices 168 may be spaced apart
from the heating apparatus 154 by about 100 mm to about
200 mm, such as about 150 mm. Once the continuous glass
ribbon 170 has been heated at the desired line of separation
(and any flaws have been initiated in embodiments that
initiate a flaw with the flaw initiation device 156 and/or the
desired line of separation has been cooled with the cooling
apparatus in embodiments that do so), the arm 164, now
coupled to the continuous glass ribbon 170, imparts a
bending moment to the continuous glass ribbon 170 about
the desired line of separation to separate a glass sheet from
the continuous glass ribbon 170. The arm 164 remains
coupled to the separated glass sheet and moves it to a
receiving station. The glass engaging unit 160 can, for
example, deposit the glass sheet onto a conveyor assembly
that moves the glass sheet for downstream processing (such
as removal of the edge portions of the glass sheet, edge
finishing, washing, etc.). Once the glass sheet has been
deposited at the next process, the arm 164 is returned to a
start position, prepared to separate and convey another glass
sheet. In embodiments that heat the continuous glass ribbon
170 at the desired line of separation as described herein, the
angle at which the glass engaging unit 160 must bend the
continuous glass ribbon 170 to separate the glass sheet from
the continuous glass ribbon 170 may be reduced, thereby
mitigating post-separation motion imparted to the remainder
of the continuous glass ribbon 170. In some embodiments,
the method comprises bending the continuous glass ribbon
at the desired line of separation to a bend angle less than or
equal to about 20°, less than or equal to about 15°, in the
range from about 10° to about 20°, or in the ranged from
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about 10° to about 15°. Such bend angle ranges may be
smaller than the approximately 25° bend angle that may be
required to separate a glass sheet from a continuous glass
ribbon not heated along the desired line of separation as
described herein. Such a smaller bend angle may desirably
result in better stability of the continuous glass ribbon 170
and decreased movement of the ribbon in the +Y and -Y
directions upon separation of a glass sheet from the con-
tinuous glass ribbon 170. In some embodiments, the glass
engaging unit 160 may be configured as a robot, though
embodiments are not limited thereto. In some embodiments,
it may be desirable to separate the glass sheet from the
continuous glass ribbon 170 within about 3-8 seconds from
initially contacting the continuous glass ribbon 170 with the
heating apparatus 154.

[0073] It should now be understood that the apparatuses
and methods for heating moving continuous glass ribbons at
desired lines of separation and/or for separating glass sheets
from continuous glass ribbons produce glass sheets with
enhanced edge quality, reduced vertical cracking, and
reduced warping, as compared to glass sheets separated from
continuous glass ribbons by conventional separation tech-
niques.

[0074] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
embodiments described herein without departing from the
spirit and scope of the claimed subject matter. Thus it is
intended that the specification cover the modifications and
variations of the various embodiments described herein
provided such modification and variations come within the
scope of the appended claims and their equivalents.

1. An apparatus comprising:

a translatable support portion;

a heating apparatus coupled to the translatable support
portion and configured to contact a continuous glass
ribbon across at least a portion of a width of the
continuous glass ribbon at a desired line of separation
as the translatable support portion moves in a draw
direction, thereby preferentially applying heat to a first
side of the continuous glass ribbon at the desired line of
separation as the continuous glass ribbon moves in the
draw direction; and

a flaw initiation device configured to initiate a flaw in the
continuous glass ribbon at the desired line of separa-
tion;

wherein at least one of:

a) the heating apparatus comprises a heating element
and an insulating tube, and the heating element is
disposed at least partially within the insulating tube
and protrudes through an elongate aperture in the
insulating tube; or

b) the heating apparatus comprises a heating element
and a thermally conductive cover, the heating ele-
ment is disposed between the thermally conductive
cover and the translatable support portion, and the
thermally conductive cover comprises an apex con-
figured to contact the continuous glass ribbon across
the portion of the width of the continuous glass
ribbon at the desired line of separation as the con-
tinuous glass ribbon moves in the draw direction.

2. The apparatus of claim 1, wherein the heating apparatus

and the flaw initiation device are arranged such that the
continuous glass ribbon is disposed between the heating
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apparatus and the flaw initiation device when the heating
apparatus contacts the continuous glass ribbon.

3. The apparatus of claim 1, wherein the heating apparatus
comprises the heating element and the thermally conductive
cover, the heating element is disposed between the thermally
conductive cover and the translatable support portion, and
the thermally conductive cover comprises the apex config-
ured to contact the continuous glass ribbon across the
portion of the width of the continuous glass ribbon at the
desired line of separation as the continuous glass ribbon
moves in the draw direction.

4. The apparatus of claim 3, wherein the apex of the
thermally conductive cover comprises the flaw initiation
device.

5. The apparatus of claim 3, wherein the thermally con-
ductive cover is coupled to the translatable support portion.

6. The apparatus of claim 1, wherein the heating apparatus
comprises the heating element and the insulating tube, and
the heating element is disposed at least partially within the
insulating tube and protrudes through the elongate aperture
in the insulating tube.

7. The apparatus of claim 1, further comprising a coun-
ternosing, wherein the heating apparatus and the counter-
nosing are arranged such that the heating apparatus is
contactable with a first side of the continuous glass ribbon at
the desired line of separation and the counternosing is
contactable with a second side of the continuous glass
ribbon at the desired line of separation.

8. The apparatus of claim 7, wherein the counternosing
comprises the flaw initiation device.

9. The apparatus of claim 1, further comprising a cooling
apparatus configured to contact the continuous glass ribbon
across the portion of the width of the continuous glass ribbon
at the desired line of separation as the continuous glass
ribbon moves in the draw direction.

10. The apparatus of claim 9, wherein:

the heating apparatus is configured to contact the first side
of the continuous glass ribbon; and

the cooling apparatus is configured to contact a second
side of the continuous glass ribbon.

11. The apparatus of claim 1, further comprising:

a frame;

a carriage assembly movably coupled to the frame, the
translatable support portion and the heating apparatus
mounted on the carriage assembly; and

a drive mechanism coupled to the carriage assembly for
moving the carriage assembly in the draw direction.

12. A method of separating a glass sheet from a continu-
ous glass ribbon, the method comprising:

drawing molten glass in a draw direction at a speed S to
form the continuous glass ribbon, the continuous glass
ribbon comprising a core layer disposed between a first
cladding layer and a second cladding layer;

moving a heating apparatus in the draw direction at the
speed S;

applying heat preferentially to a first side of the continu-
ous glass ribbon at a desired line of separation with the
heating apparatus;

initiating a flaw in the continuous glass ribbon at the
desired line of separation by scoring the core layer of
the continuous glass ribbon without scoring either of
the first cladding layer or the second cladding layer;
and
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separating the glass sheet from the continuous glass

ribbon at the desired line of separation.
13. The method of claim 12, wherein the applying heat
preferentially to the first side of the continuous glass ribbon
comprises contacting the continuous glass ribbon with the
heating apparatus at the desired line of separation as the
continuous glass ribbon moves in the draw direction at the
speed S.
14. The method of claim 12, wherein:
an exposed portion of the core layer extends beyond the
first cladding layer and the second cladding layer at an
edge region of the continuous glass ribbon; and

scoring the core layer of the continuous glass ribbon
without scoring either of the first cladding layer or the
second cladding layer comprises scoring the exposed
portion of the core layer.

15. The method of claim 12, wherein the core layer
comprises an average coefficient of thermal expansion
CTE,,,. that is greater than an average coeflicient of thermal
expansion CTE_,, ; of each of the first cladding layer and the
second cladding layer.

16. The method of claim 12, wherein separating the glass
sheet from the continuous glass ribbon at the desired line of
separation comprises imparting a bending moment to the
continuous glass ribbon about the desired line of separation.

17. The method of claim 12, further comprising cooling
the continuous glass ribbon at the desired line of separation
with a cooling apparatus.

18. A glass manufacturing apparatus comprising:

a forming body configured to form a continuous glass

ribbon moving in a draw direction; and

a translatable separation initiation unit positioned down-

stream of the forming body, the translatable separation

initiation unit comprising:

a support portion; and

a heating apparatus coupled to the support portion and
configured to contact the continuous glass ribbon
across at least a portion of a width of the continuous
glass ribbon at a desired line of separation as the
support portion moves in the draw direction, thereby
preferentially applying heat to a first side of the
continuous glass ribbon at the desired line of sepa-
ration as the continuous glass ribbon moves in the
draw direction, the heating apparatus comprising a
heating element and an insulator disposed between
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the support portion and the heating element, the
insulator comprising an insulating tube, the heating
element disposed at least partially within the insu-
lating tube and protruding through an elongate aper-
ture in the insulating tube.

19. The glass manufacturing apparatus of claim 18,
wherein the translatable separation initiation unit further
comprises a scoring device configured to initiate a flaw in
the continuous glass ribbon at the desired line of separation,
the heating apparatus and the scoring device positioned such
that the continuous glass ribbon is disposed between the
heating apparatus and the scoring device when the heating
apparatus contacts the continuous glass ribbon.

20. The glass manufacturing apparatus of claim 18,
wherein:

the heating apparatus comprises a thermally conductive

cover;

the heating element is coupled to the support portion;

the heating element is disposed between the thermally

conductive cover and the support portion; and

the thermally conductive cover comprises an apex con-

figured to contact the continuous glass ribbon across
the portion of the width of the continuous glass ribbon
at the desired line of separation as the continuous glass
ribbon moves in the draw direction.

21. The glass manufacturing apparatus of claim 18,
wherein the forming body comprises an upper isopipe and a
lower isopipe to form the continuous glass ribbon compris-
ing a core layer disposed between a first cladding layer and
a second cladding layer.

22. The glass manufacturing apparatus of claim 18,
wherein:

the translatable separation initiation unit further com-

prises a counternosing;

the heating apparatus is configured to contact the first side

of the continuous glass ribbon at the desired line of
separation;

the counternosing comprises the scoring device; and

the counternosing is configured to contact a second side of

the continuous glass ribbon at the desired line of
separation when the heating apparatus contacts the first
side of the continuous glass ribbon at the desired line of
separation.



