I*I Innovation, Sciences et Innovation, Science and CA 2934457 C 2021/06/08

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 934 457
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2014/02/25 (51) ClLInt./Int.Cl. E06B 3/673(2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/07/09 £068 3/677(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2021/06/08 QUECK, CURTIS LEE, US:
(85) Entrée phase nationale/National Entry: 2016/06/17 MILEWSKI, MICHAEL JOHN, US;
®6) N° demande PCT/PCT Application No.: US 2014/018255 BUCHANAN, ROBERT CASPER, US

(87) N° publication PCT/PCT Publication No.: 2015/102656 (73) Propriétaire/Owner:

e CARDINAL IG COMPANY, US
(30) Priorité/Priority: 2013/12/31 (US14/145,707)
(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : ENSEMBLE VITRAGE ISOLANT A CARREAUX MULTIPLES, REMPLISSAGE DE GAZ ET MACHINE DE
COMPRESSION
(54) Title: MULTIPLE-PANE INSULATING GLAZING UNIT ASSEMBLY, GAS FILLING, AND PRESSING MACHINE

(57) Abrégé/Abstract:

A system for producing multiple-pane insulating glazing units can include a conveyor and a plurality of laterally spaced-apart
processing stations that are movable transversely relative to the longitudinally extending conveyor line. Each processing station
may assemble glazing panes and a glazing spacer into a partially fabricated glazing unit, deliver insulative gas to a between-pane
space between the glazing panes, and press the partially fabricated glazing unit together to seal the insulative gas in the between-
pane space and form the multiple-pane insulating glazing unit. In some examples, each processing station moves to an alignment
position with the conveyor to load glazing panes and a glazing spacer and then performs individual fabrication steps while offset
from the conveyor. During this time, a different processing station can be aligned with the conveyor to unload a fabricated multiple-
pane insulating glazing units and/or load unassembled glazing panes and a glazing spacer.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 2015/102656 A1 || 01N OO O A AR

CA 02934457 2016-06-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 201 5 /1 02656 Al
9 July 2015 (09.07.2015) WIPO I PCT
(51) International Patent Classification: (72) Inventors: QUECK, Curtis Lee; E3933 Martal Way,
E06B 3/673 (2006.01) E06B 3/677 (2006.01) Spring Green, Wisconsin 53588 (US). MILEWSKI, Mi-
. e . chael John; 440 Colby Boulevard, Poynette, Wisconsin
(21) International Application Number: PCTIUSI014/018255 53955 (US). BUCHANAN, Robert Casper; E4914 Tim-
berline Road, Spring Green, Wisconsin 53588 (US).

(22) International Filing Date: 25 February 2014 (25.00.2014) (74 Agents: LAVANWAY, Jr., Paul J. et al; Fredrikson &
cbruary (25.02.2014) Byron, P.A., 200 South Sixth Street, Suite 4000, Min-

(25) Filing Language: English neapolis, Minnesota 55402-1425 (US).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. ) kind of national protection available). AE, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
14/145,707 31 December 2013 (31122013) us BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(71) Applicant: CARDINAL IG COMPANY [US/US]; 775 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

Prairie Center Drive, Suite 200, Eden Prairie, Minnesota
55344 (US).

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: MULTIPLE-PANE INSULATING GLAZING UNIT ASSEMBLY, GAS FILLING, AND PRESSING MACHINE

- ==

[Continued on next page]



CA 02934457 2016-06-17

WO 2015/102656 A1 |IIWAT 00N VT 0T EREA AR

(84) Designated States (unless otherwise indicated, for every SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
kind of regional protection available): ARTIPO (BW, GH, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, .
UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU, TJ, 'ublished:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, —  with international search report (Art. 21(3))
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(57) Abstract: A system for producing multiple-pane insulating glazing units can include a conveyor and a plurality of laterally
spaced-apart processing stations that are movable transversely relative to the longitudinally extending conveyor line. Each pro -
cessing station may assemble glazing panes and a glazing spacer into a partially fabricated glazing unit, deliver insulative gas to a
between-pane space between the glazing panes, and press the partially fabricated glazing unit together to seal the insulative gas in
the between-pane space and form the multiple-pane insulating glazing unit. In some examples, each processing station moves to
an alignment position with the conveyor to load glazing panes and a glazing spacer and then performs individual fabrication steps
while offset from the conveyor. During this time, a different processing station can be aligned with the conveyor to unload a fab-
ricated multiple-pane insulating glazing units and/or load unassembled glazing panes and a glazing spacer.



10

15

20

25

30

MULTIPLE-PANE INSULATING GLAZING UNIT ASSEMBLY, GAS
FILLING, AND PRESSING MACHINE

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Application No. 14/145,707 filed December 31, 2013.

TECHNICAL FIELD
[0001] This disclosure relates to insulating glazing units and, more particularly, to the

fabrication of insulating glazing units.

BACKGROUND
[0002] Insulating glazing units, such as double pane and triple pane insulating glass
units, are commonly used in windows and doors. The insulating glazing units generally
have a series of transparent panes separated by gas spaces. For example, a double pane
msulating glass unit may have two glass panes separated by a gas space. In order to hold
the glass panes apart to provide the gas space, a spacer is inserted between the two glass
pancs. The spacer can both hold the glass panes apart from one another and also
hermetically seal the gas space created between the panes. The hermetically scaled gas
space can be filled with an insulative gas or evacuated to create a vacuum environment,
reducing thermal transfer across the gas space and, ultimately, the entire insulating
glazing unit.
[0003] For commercial manufacturers of insulating glazing units, the ability to
efficiently and accurately fabricate multiple-pane insulating glazing units can dictate the
economics of operation and the reliability of the fabricated multiple-pane insulating
glazing units over their intended service life. For example, ensuring that a spacer is
accurately positioned and sealed between two opposing glazing panes and that the
between-pane space is appropriately filled with insulative gas can help ensure the
multiple-pane insulating glazing unit maintains its thermal efficiency and visible
appearance over the service life of the unit.
[0004| As consumers have increasingly demanded more custom sized and shaped
insulating glazing units to fit their desired architectural plans, manufacturers have been
challenged to efficiently produce a wide variety of different multiple-pane insulating

glazing units while maintaining tolerance standards. Oftentimes, this has required
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adding additional insulating glazing unit production lines to accommodate the reduced

throughput attendant to producing custom units.

SUMMARY
[0005] In general, this disclosure relates to techniques and equipment for fabricating
multiple-pane insulating glazing units. In some examples, a system includes a conveyor
and multiple processing stations that move back and forth relative to the conveyor. The
conveyor may have an ingress or load section that loads the process stations with
components for fabricating a multiple-pane insulating glazing unit and an egress or
unload section on which a fabricated multiple-pane insulating glazing unit is discharged.
During operation, a specific processing station can move into alignment with the
conveyor for loading two or more glazing panes and one or more glazing spacers into the
processing station. The loaded processing station can then move to an offset location
while a separate processing station is moved into alignment with the conveyor for
loading. While the loaded processing station is moved to an offset location or once
moved there, the loaded processing station can process the glazing panes and spacer
within the processing station to fabricate the multiple-pane insulating glazing unit. For
example, the loaded processing station may deliver insulative gas to a between-pane
space of a partially fabricated insulating glazing unit and press the glazing panes
together, sealing the insulative gas with the spacer and thereby forming the multiple-pane
insulating glazing unit. By configuring the system with multiple processing stations,
comparatively slow processing tasks, such as filling a partially fabricated insulating
glazing unit with insulative gas, can occur offline while the conveyor is loading and/or
unloading a different processing station. This can increase overall production capacity of
the system as compared to if the system only had a single processing station.
[0006] Independent of the specific number of processing stations included in a
fabrication system, a processing station may be configured to efficiently produce a
variety of differently dimensioned and/or shaped multiple-pane insulating glazing units.
This can be useful for processing orders containing non-standard or custom sized and/or
shaped insulating glazing units. In one example, the processing station has a pair of
movable seals that are configured to move parallel to platens providing a processing zone
in which the constituent components of a glazing assembly are assembled, gas filled, and
pressed together to fabricate a multiple-pane insulating glazing unit. Either one or both

of the movable seals can move to adjust the locations at which side boundaries of a gas
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chamber are sealed, thereby specifically configuring the gas chamber for the length
and/or shape of the specific multiple-pane insulating glazing unit to be assembled. In
some examples, the processing station also has a longitudinally elongated manifold
configured to deliver insulative gas into a partially fabricated insulating glazing unit
during assembly. The operational length of the longitudinally elongated manifold may
be adjusted so that gas is only delivered through that portion of the manifold
corresponding to the gas chamber bounded by the movable seals. By appropriately
configuring the processing station with suitable adjustability, the station may process a
variety of different dimensioned and/or shaped multiple-pane insulating glazing units,
e.g., without requiring the constituent components of a glazing unit to be reoriented to
accommodate a specific processing unit configuration and/or without consuming excess
gas and time during gas filling.

[0007] In one example, a system for producing multiple-pane insulating glazing units is
described. The system includes a conveyor and a machine that assembles two or more
glazing panes and one or more glazing spacers into a multiple-pane insulating glazing
unit. According to the example, the conveyor includes a longitudinally extending
conveyor line configured to transport glazing panes to the machine. The example further
specifies that the machine includes a plurality of laterally spaced-apart processing
stations, each processing station being movable transversely relative to the longitudinally
extending conveyor line. In one embodiment in accordance with this example, each
processing station is configured to assemble at least two types of units, e.g., both double
pane units and triple pane units.

[0008] In another example, a method is described that includes aligning one of a
plurality of laterally spaced-apart processing stations with a longitudinally extending
conveyor line. The method also includes conveying two or more glazing panes and one
or more glazing spacers into the aligned one of the plurality of laterally spaced-apart
processing stations via the longitudinally extending conveyor line, thereby establishing a
loaded processing station. The method further includes assembling the two or more
glazing panes and the one or more glazing spacers into a multiple-pane insulating glazing
unit inside of the loaded processing station.

[0009] In another example, a machine is described that includes a processing station
configured to assemble two or more glazing panes and one or more glazing spacers into a
multiple-pane insulating glazing unit. The example specifies that the processing station

includes two platens, a processing zone between the two platens, a longitudinally
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extending conveyance line disposed adjacent a lower region of at least one of the two
platens, and a pair of movable seals. Each seal is movable relative to and between the
two platens, such that the two seals, when moved to desired working positions, delineate
two side boundaries of a gas fill chamber in which a partially fabricated insulating
glazing unit can be disposed. The example also specifies that both seals are movable
such that each side boundary can be established at different locations depending on a
length or a shape of a multiple-pane insulating glazing unit to be assembled at a given
time.

[0010] The details of one or more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from

the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0011] FIG. 1 is a perspective view of an example system for producing multiple-pane
insulating glazing units.
[0012] FIGS. 2A-2C are top views of the example system of FIG. 1 showing different
example operating positions for the processing stations in the system.
[0013] FIG. 3 is a partial side view of the example system of FIGS. 1 and 2 taken along
the A-A cross-sectional line indicated on FIG. 2A.
[0014] FIG. 4 is a perspective view of an example processing station and staging station
that can be used in the example system of FIGS. 1 and 2.
[0015] FIG. 5 is a side view of the example processing station of FIG. 4 taken along the
B-B line indicated on FIG. 4.
[0016] FIG. 6 is a front view of an example first platen that may be used in the example
processing station of FIG. 4; also shown is the staging station of FIG. 4.
[0017] FIG. 7 is a front view of an example second platen that may be used in the
example processing station of FIG. 4.
[0018] FIG. 8 is an illustration of an example gas fill device that can be used on the
example processing station of FIG. 4; also shown is the first platen and conveyance
system of the processing station of FIG. 4.
[0019] FIG. 9 is an example gas port configuration that can be used on the gas fill device
of FIG. 8.
[0020] FIG. 10 is an illustration of an example multiple-pane insulating glazing unit that

can be fabricated using the equipment and techniques discussed herein.
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[0021] FIG. 11 is a flow diagram of an example technique for fabricating a multiple-

pane insulating glazing unit.

DETAILED DESCRIPTION
[0022] In general, an insulating glazing unit provides an optically transparent thermally
insulating structure that can be mounted in the wall of a building. In different examples,
the insulating glazing unit may fabricated from two panes of material, which may be
referred to as a double pane insulating glazing unit, three panes of material, which may
be referred to as a triple pane insulating glazing unit, or even four or more panes of
material. Each pane of material in the insulating glazing unit may be separated from an
opposing pane of material by a between-pane space, which may be filled with an
insulative gas or evacuated to create a vacuum. Increasing the size and number of
between-pane spaces in the insulating glazing unit typically increases the thermal
efficiency of the unit by reducing the thermal conductivity across the insulating glazing
unit.
[0023] This disclosure relates to devices, systems, and techniques for fabricating
multiple-pane insulating glazing units. In some examples, a multiple-pane insulating
glazing unit is fabricated by loading a machine having multiple processing stations with
two or more glazing panes and one or more glazing spacers. The multiple processing
stations may be spaced side-to-side relative to a conveyer line that delivers glazing panes
and glazing spacers to the processing stations. In operation, one of the processing
stations can move into alignment with the conveyor line for loading and then move to the
side, out of alignment with the conveyor line, for further processing the glazing panes
and the glazing spacer(s) into a multiple-pane insulating glazing unit. While this is
occurring, a different processing station can move into alignment with the conveyor line
for loading. Once loaded, the processing station can move to the side, out of alignment
with the conveyor line. For embodiments that include three processing stations, a third
processing station can move into alignment with the conveyor line as the second
processing station moves to the side, out of alignment with the conveyor line. In such
embodiments, the third processing station can be loaded and thereafter moved to the side,
while a processing station that was previously loaded moves back into alignment with
the conveyor line. The previously loaded processing station can then discharge a
fabricated multiple-pane insulating glazing unit and be reloaded with two or more

glazing panes and one or more glazing spacers for forming a subsequent multiple-pane
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glazing unit. In this way, the conveyor line can operate substantially continuously with
comparatively time consuming fabrication tasks being performed while one or more
processing stations are out of alignment with the conveyor line.

[0024] Each processing station may be configured to fabricate a multiple-pane insulating
glazing unit by assembling the constituent components of the glazing unit into
appropriate relative alignment, filling a space between opposed glazing panes with an
insulative gas, and then pressing the glazing panes together to seal the insulative gas in
the space. For example, each processing station may be loaded by operating a conveyor
to sequentially load the processing station with a glazing pane having a glazing spacer
adhered about its periphery and another glazing pane not carrying a spacer. The glazing
panes may be positioned and held in generally parallel, spaced-apart alignment and a
processing zone in which the glazing panes are held may be sealed for gas filling. After
suitably filling the processing zone with insulative gas (e.g., a mix of argon and air),
thereby filling the space between the glazing panes, the glazing panes may be pressed
toward one another, pressing the glazing spacer against the opposing glazing pane and
thereby sealing the multiple-pane insulating glazing unit.

[0025] An example processing station and an example insulating glazing unit will be
described in greater detail with respect to FIGS. 4-10. However, an example system for
producing multiple-pane insulating glazing units that includes multiple processing
stations will first be described with respect to FIGS. 1-3.

[0026] FIG. 1 is a perspective view of an example system 10 for producing multiple-
pane insulating glazing units. FIGS. 2A-2C are top plan views of the example system 10
of FIG. 1 showing different example equipment operating positions. As shown in FIGS.
1 and 2, example system 10 includes a conveyor 12 and a machine 14 that assembles and
processes glazing unit components into a multiple-pane insulating glazing unit. Machine
14 includes multiple processing stations configured to move relative to conveyor 12. In
the example of FIGS. 1 and 2, machine 14 has three processing stations 16A, 16B, 16C
(referred to herein as “processing station 16” when describing an individual station or
“processing stations 16” when describing all stations). Conveyor 12 includes an ingress
or inlet section 12A at an inlet side of machine 14 and an egress or outlet section 12B at
a discharge side of the machine. If desired, the ingress or inlet section of the conveyor
can include, or be, a pane flipper (or a flipper can be provided upstream from the ingress
section of the conveyor). In operation, one of the processing stations 16 can move into

alignment with conveyor 12 such that glazing components can be delivered into the
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aligned processing station via ingress conveyor section 12A and ultimately the resulting
assembled multiple-pane insulating glazing unit can be discharged from the aligned
processing station via egress conveyor section 12B. For example, FIGS. 1 and 2A
illustrate processing station 16B as being aligned with conveyor 12. By contrast, FIGS.
2B and 2C illustrate processing stations 16A and 16C, respectively, as being aligned with
conveyor 12. After receiving glazing panes and one or more glazing spacers and/or
discharging a fabricated multiple-pane insulating glazing unit, an aligned processing
station can move out of alignment with conveyor 12 and a different processing station
can move into alignment with the conveyor.

[0027] Processing stations 16 are illustrated in FIGS. 1 and 2 as being laterally spaced-
apart in the X-direction indicated on the figures and, in different examples, may or may
not be in physical contact with one another while still being laterally spaced-apart.
Further, conveyor 12 is illustrated as extending longitudinally in the Y-direction
indicated on the figures. In operation, processing stations 16 can move relative to
conveyor 12, e.g., in the positive and negative X-direction indicated on the figures, to
move into and out of alignment with conveyor 12. In some examples, the distance
separating each processing station 16 from each adjacent processing station is
substantially fixed, and/or all processing stations 16 can move together while
maintaining fixed separation distances between processing stations. In other examples,
including the example illustrated in FIGS. 1 and 2, each processing station 16 is
independently movable relative to each adjacent processing station. When so
configured, the distance separating each processing from each adjacent processing
station can expand and/or contract during operation, as the processing stations move
relative to conveyor 12.

[0028] As one exemplary operation of system 10, ingress conveyor section 12A can be
operated to load glazing panes and one or more glazing spacers into processing station
16B by conveying the components in the negative Y-direction indicated on FIGS. 1 and
2A. Once loaded, processing station 16B can move in the negative X-direction indicated
on the figures toward processing station 16C, reducing the distance separating processing
stations 16B and 16C. Concurrently or subsequently, processing station 16A can move
in the negative X-direction indicated on the figures into alignment with conveyor 12 for
loading and/or unloading, as shown in FIG. 2B. Once loaded, processing stations 16A,
16B, and 16C can all move in the positive X-direction indicated on the figures until

processing station 16C is in alignment with conveyor 12 for loading and/or unloading, as
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shown in FIG. 2C. After loading processing station 16C with glazing unit components,
processing station 16B and 16C can move in the negative X-direction indicated on the
figures until processing station 16B is again aligned with conveyor 12, as shown in FIG.
2A. At this point in the manufacturing process, processing station 16B can discharge a
multiple-pane insulating glazing unit that was fabricated while the processing station was
moving relative to conveyor 12, e.g., to load and unload processing stations 16A and
16C. Processing station 16B can discharge the multiple-pane insulating glazing unit by
operating egress conveyor section 12B to convey the glazing unit in the negative Y-
direction indicated on FIGS. 1 and 2A. Simultaneous with unloading processing station
16B or subsequent thereto, ingress conveyor section 12A can load another set of glazing
panes and one or more glazing spacers into the processing station 16B, restarting the
sequence described above.

[0029] To facilitate relative movement between processing stations 16 and conveyor 12,
system 10 can include a transport system. In the examples of FIGS. 1 and 2, system 10
includes transport system 18. Transport system 18 may include at least one rail which, in
the illustrated example is shown as a plurality of rails 20, along which processing
stations 16 travel to move relative to conveyor 12. Each processing station 16 may have
transport wheels positioned underneath the processing station, e.g., and on the rails. The
transport wheels in such an example can roll along the rails to move the processing
station relative to conveyor 12. In other examples, each processing station 16 may have
a continuous track (e.g., tank tread) and/or wheels that rolls along a surface (e.g., ground)
on which the processing stations reside.

[0030] FIG. 3 is a partial cross-sectional image of system 10 taken along the A-A cross-
sectional line indicated on FIG. 2A. As shown in this example, transport system 18 of
system 10 includes a rail 20 having teeth arranged along an upper surface of the rail.
Each processing station 16 has an engagement section 21 coupling the processing station
to this rail 20. In some examples, the transport system includes two or more rails 20.
When provided, the rails 20 can optionally extend parallel to each other and cross-wise
(e.g., perpendicular) to the longitudinal axis of the conveyor. For example, the rails 20
may be arranged traverse to conveyor 12 to provide pathways along which processing
stations 16 move transversely relative to the conveyor. In operation, engagement section
21 can mechanically engage with the teeth running along the rails so as to move the
processing station along the rails. In various examples, transport system 18 may utilize a

screw drive, pneumatic piston, hydraulic piston, or other type of powered driver to drive
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movement of processing stations 16 relative to conveyor 12. Thus, all of the processing
stations 16 may be configured to move along a path of machine travel extending cross-
wise (e.g., perpendicular) to the longitudinal axis of the conveyor.

[0031] In addition, although processing stations 16 in the example of FIG. 3 are shown
as translating along rail 20 of a shared transport system 18, in other examples, each
processing station may have its own transport system. For example, each processing
station 16 may have driven wheels under the processing station that roll along the ground
to move the processing station relative to conveyor 12. Such a configuration can provide
each processing station 16 with an independent transport system for transporting the
station relative to conveyor 12. Other configurations for providing relative movement
between processing stations 16 and conveyor 12 are possible and contemplated. For
example, instead of configuring processing stations 16 to move relative to a stationary
conveyor 12, in other examples, conveyor 12 may be configured to move relative to
processing stations 16 while the processing stations remain stationary. In such a
configuration, ingress conveyor section 12A and/or egress conveyor section 12B can be
mounted on transport systems, such as rails or wheels, to allow the conveyor sections to
move relative to processing stations 16. In one example of such a configuration, the
ingress conveyor section 12A and/or egress conveyor section 12B can move transversely
relative to stationary processing stations 16. In another example of such a configuration,
the ingress conveyor section 12A and/or egress conveyor section 12B may be pivotable
relative to processing stations 16. Pivoting the conveyor section about a pivot location
can cause the conveyor section to rotate into alignment with any desired one of the
processing stations. For instance, ingress conveyor section 12A may be pivotable about
its upstream end such that by pivoting the conveyor section appropriately the
downstream end of the conveyor section can be moved into alignment selectively with
any desired one of the processing stations. Likewise, egress conveyor section 12B may
be pivotable about its downstream end such that by pivoting the conveyor section
appropriately the upstream end of the conveyor section can be moved into alignment
selectively with any desired one of the processing stations.

[0032] System 10 can have yet additional configurations that provide conveyance
pathways between processing stations 16 and conveyor 12. In other examples, for
instance, system 10 can be configured so processing stations 16 and conveyor 12 do not
move relative to each other during operation. In one such configuration according to

these examples, ingress conveyor section 12A and/or egress conveyor section 12B may
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each include a number of conveyor braches that correspond to the number of processing
stations 16 in system 10. For example, ingress conveyor section 12A may have a single
inlet conveyor that branches into separate conveyor lines downstream of the single
conveyor, where each conveyor branch corresponds to a different one of the plurality of
laterally spaced-apart processing stations. Similarly, egress conveyor section 12B may
have multiple conveyor branches that converge into a single outlet conveyor downstream
of the multiple conveyor branches, where each conveyor branch corresponds to a
different one of the plurality of laterally spaced-apart processing stations. When
configured as shown in FIGS. 2A-2C, ingress conveyor section 12A may have a single
inlet conveyor that branches into three separate conveyor lines corresponding to
processing stations 16A, 16B, and 16C, respectively. Egress conveyor section 12B may
similarly have three separate conveyor lines corresponding to processing stations 16A,
16B, and 16C that converge into a single outlet conveyor.

[0033] If desired, ingress conveyor section 12A can include, or be, a pane flipper (or, in
other examples the flipper can be upstream from the ingress section). When used, the
flipper can be configured to rotate the orientation of a glazing pane by 180 degrees
before the pane is delivered into system 10 and/or machine 14. This can involve, for
example, a section of conveyor (e.g., located at the bottom of two confronting platens
bounding between them a conveyance gap), that is rotatable about a vertical axis. This
may be desirable when one or more of the panes to be delivered into the machine have a
coating (¢.g., a low-emissivity coating). For example, if a pane is conveyed along the
line with its coated surface facing out (e.g., away from the conveyor 12A), then it may be
necessary to use the flipper to rotate the coated pane by 180 degrees, so that when it
enters the machine, the coated surface is positioned appropriately for being assembled so
as to be the # 2 surface of the resulting multiple-pane insulating glazing unit. By
providing the flipper, the system can be particularly flexible in assembling different unit
types, e.g., double or triple pane units with different coatings on specific surfaces. Thus,
certain embodiments provide the present system with a flipper upstream from a machine
that is configured to assemble multiple-pane insulating glazing units of at least two
types, e.g., double and triple pane units.

[0034] During operation of system 10 in FIGS. 1 and 2, glazing panes and glazing
spacers can be transported from a storage area and loaded onto ingress conveyor section
12A (directly or via an upstream conveyor line section) and/or pane flipper. Witha

specific processing station aligned with ingress conveyor section 12A, the conveyor
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section can be operated to transport glazing panes and one or more glazing spacers along
the conveyor into the aligned processing station. In some configurations, ingress
conveyor section 12A conveys glazing panes and one or more glazing spacers directly
into a processing station. For example, as discussed in greater detail with respect to
FIGS. 4-7, each processing station 16 can have a pair of platens that define a processing
zone therebetween. Ingress conveyor section 12A may convey glazing panes and one or
more glazing spacers directly between two platens of the processing station in such an
example without first conveying the components through an intermediate staging area.
In other configurations, however, such as the configuration illustrated in FIGS. 1 and 2,
machine 14 includes at least one staging station positioned between processing stations
16 and ingress conveyor section 12A.

[0035] In the example shown in FIGS. 1 and 2, machine 14 of system 10 has multiple
staging stations. The illustrated machine has three staging stations 22A, 22B, 22C
(referred to as “staging station 22” when describing an individual station or “staging
stations 22" when describing all stations). The machine 14 can alternatively have fewer
(e.g., two) or more staging stations. Typically, there is the same number of staging
stations as there are processing stations. Staging stations 22 are illustrated in FIGS. 1
and 2 as being laterally spaced-apart in the X-direction indicated on the figures, with
each staging station being associated with (e.g., coupled to) a corresponding processing
station 16. In particular, staging station 22A is associated with processing station 16A,
staging station 22B is associated with processing station 16B, and staging station 22C is
associated with processing station 16C. Each illustrated staging station can move
concurrently with and to the same extent as its corresponding processing station. For
example, during operation in which processing stations 16 move transversely relative to
conveyor 12 (e.g., in the positive and negative X-directions as shown in FIGS. 2A-2C),
staging stations 22 may move conjointly with the processing stations relative to the
conveyor.

[0036] When used, each staging station 22 may provide a station that receives glazing
unit components from conveyor 12 and holds the components for delivery to a
corresponding processing station. Each staging station 22 can be positioned between
(optionally directly between, i.e., with no other station therebetween) conveyor 12 and a
corresponding processing station 16. In some examples, each staging station can receive
and hold two or more (e.g., three or more) glazing panes and one or more (e.g., two or

more) glazing spacers. For example, during operation of system 10, a particular staging
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station 22 and its associated processing station 16 can move into alignment with ingress
conveyor section 12A. The particular staging station 22 and its associated processing
station 16 can move together and transversely relative to stationary ingress conveyor
section 12A. Once aligned, the conveyor can convey two or more glazing panes and one
or more glazing spacers onto the staging station 22. While still aligned with ingress
conveyor section 12A or after moving out of alignment with the conveyor section,
staging station 22 can deliver (e.g., convey) the two or more glazing panes and one or
more glazing spacers into its associated processing station 16 for fabrication of the
multiple-pane insulating glazing unit.

[0037] To receive and hold glazing unit components from conveyor 12, each staging
station 22 may have a conveyance device and a structure to hold glazing unit
components. In the example of FIGS. 1 and 2, each staging station 22 has a platen 24A,
24B, 24C (FIG. 1) (collectively “platen 24”) and a conveyance line 26A, 26B, 26C (FIG.
2) (collectively “conveyance line 26™). Platen 24 may be a generally flat, plate-like
structure that is generally vertically oriented such that a planar glazing pane can rest
against the platen. Conveyance line 26 can be positioned adjacent a lower edge of platen
24. In use, conveyance line 26 of one of staging stations 22 can be moved into alignment
with ingress conveyor section 12A such that the conveyance line and the ingress
conveyor section are co-linear. When so positioned, ingress conveyor section 12A can
be operated to convey glazing unit components onto conveyance line 26 of the staging
station and the conveyance line can be further operated, e.g., to convey the glazing unit
components along the length of the staging station and/or into a corresponding
processing station 16.

[0038] When used, the processing station and staging station of each coupled pair may
have separate, independently operable conveyor lines. When so configured, the
conveyor line of the processing station can thus be operated while the conveyor line of
the corresponding staging station 22 is stationary. When each processing station 16 and
staging station 22 are provided with independently operable conveyor lines, the end of
the conveyor line of a given staging station can be located sufficiently close to the
beginning of the conveyor line of the corresponding processing station such that glazing
panes can be conveyed from the staging conveyor onto the processing conveyor. For
example, the end of the conveyor line of a given staging station may be less than 1 meter
(m) from the beginning of the conveyor line of the corresponding processing station,

such as less than 0.5 m, less than 0.25 m, or less than 0.1 m. An example of this type of
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arrangement is perhaps best appreciated with reference to FIG. 6, where it can be seen
that the downstream end of the staging conveyor 26 is aligned with and directly adjacent
to the upstream end of the corresponding processing conveyor 58. In other
embodiments, it may be possible to provide a single conveyor line servicing both the
staging station 22 and processing station 16.

[0039] To help facilitate loading of platen 24 on each staging station 22, the platen may
have a plurality of holes spread across its face through which air is discharged. This can
provide an air cushion between the face of the platen and a planar glazing pane being
loaded or held on the platen. Further, to prevent a planar glazing pane from falling off
the platen, the platen may be angled (e.g., at a non-zero degree angle, such as an acute
angle less than 10 degrees) relative to a vertically extending axis perpendicular with the
ground on which the platen is positioned.

[0040] Independent of whether system 10 does or does not include staging stations 22,
conveyor 12 can be loaded with glazing unit components and can deliver the components
to processing stations 16, e.g., either directly or indirectly by way of staging stations 22
and/or other intermediate stations. To facilitate loading and unloading, each processing
station 16 can have its own conveyance line that helps convey glazing unit components
into the processing station and a fabricated multiple-pane insulating glazing unit out of
the processing station. In the example of FIG. 3, for instance, processing stations 16
include conveyance lines 28A, 28B, 28C (collectively “conveyance lines 28”). As
described in greater detail below with respect to FIG. 8, each conveyance line 28 is
positioned adjacent a lower region of a respective processing station. In use, conveyance
line 28 of one of processing stations 16 can be moved into alignment with ingress
conveyor section 12A, e.g., such that the conveyance line and the ingress conveyor
section are co-linear so that glazing components can travel along the ingress conveyor
section and onto the conveyance line of the processing station. Where a staging station
22 with its own conveyance line 26 is positioned between a processing station 16 and
ingress conveyor section 12A, the conveyance line 28 of the processing station may be
positioned co-linearly with the conveyance line 26 of the staging station which, in turn,
is positioned co-linearly with the ingress conveyor section. This arrangement can allow
a glazing pane to travel along ingress conveyor section 12A, along conveyance line 26 of
the staging station, and into a processing station 16 via conveyance line 28. Once a
fabricated multiple-pane insulating glazing unit is ready to be discharged from one of

processing stations 16, the conveyance line 28 of the processing station can be aligned
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with egress conveyor section 12B, e.g., such that the conveyance line and the egress
conveyor section are co-linear so that the multiple-pane insulating glazing unit can travel
along the conveyance line 28 and onto the egress conveyor section 12B.

[0041] Structures described as being conveyors (e.g., ingress conveyor section 12A,
egress conveyor section 12B) and conveyance lines (e.g., staging station conveyance line
26, processing station conveyance line 28) can be implemented using any suitable
mechanical apparatuses for conveying components from one place to another place.
Example devices that can be used include, but are not limited to, roller conveyors, chain
conveyors, slat conveyors, flat belt conveyors, and combinations thereof. In one
example, ingress conveyor section 12A, egress conveyor section 12B, conveyance lines
26, and conveyance lines 28 each comprise belt conveyors. Each belt conveyor may
have one or more driven rollers and one or more idler rollers conveying a belt in an
endless loop. During use, an edge of a glazing pane can be positioned adjacent to and in
contact with an upper surface of the belt, causing the glazing pane to advance in the same
direction and at the same rate as the belt.

[0042] System 10 in the example of FIGS. 1-3 has three processing stations 16 that
move transverse or crosswise relative to a single stationary ingress conveyor section 12A
and a single stationary egress conveyor section 12B. In particular, in the example of
system 10, the three processing stations 16 along with their corresponding optional
staging stations 22 move along a transverse axis 30 (FIG. 2A), which typically is
substantially perpendicular to (e.g., at or near 90 degrees with) a longitudinal axis 32
along which conveyor 12 extends. In other configurations, processing stations 16 and
conveyor 12 can be at non-perpendicular, cross-wise angles with respect to each other.
Further, although example system 10 has a single ingress conveyor section 12A, a single
egress conveyor section 12B, and three processing stations 16, a system in accordance
with the disclosure can include a different number or configuration of conveyor sections
and/or processing stations. For instance, in other examples, system 10 may include
fewer processing stations 16 (e.g., two processing stations) or more processing stations
(e.g., four, five, or more), and the disclosure is not limited in this respect. Additionally
or alternatively, the longitudinally extending conveyor line can optionally include, or be,
a flipper of the nature described above.

[0043] Configuring system 10 with multiple processing stations 16 can increase the rate
or cycle time with which the system produces multiple-pane insulating glazing units,

e.g., as compared to alternative multiple-pane insulating glazing unit fabrication systems.
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While the production speed of system 10 can vary, in some examples, machine 14 of
system 10 has a cycle time that yields a fabricated multiple-pane insulating glazing unit
at an average rate of less than 1 minute per unit, such as less than 45 second per unit, less
than 30 second per unit, or less than 25 seconds per unit. The average rate can be
measured over a given period of time (e.g., S minutes, 1 hour, an 8 hour shift, 12 hours, 1
day). Machine 14 may discharge a new multiple-pane insulating glazing unit onto egress
conveyor section 12B at any of these foregoing rates. Further, the units produced at any
of these foregoing rates may be comparatively simple units, such as standard sized and
shaped double-pane insulating glazing units. Additionally or alternatively, system 10
may produce more complex units at any of these foregoing rates. For example, machine
14 and system 10 may produce triple-pane insulating glazing units at any of the
foregoing rates. As another example, machine 14 and system 10 may produce custom
sized and/or shapes units at any of the foregoing rates (e.g., where at least one and
optionally all multiple-pane insulating glazing units produced during the given period of
time has a different size and/or shape than at least one and optionally all other multiple-
pane insulating glazing units produced during the given period of time).

[0044] As discussed above, machine 14 in FIGS. 1 and 2 includes multiple processing
stations 16 that are configured to receive glazing panes and one or more glazing spacers
and fabricate therefrom a multiple-pane insulating glazing unit. FIG. 4 is a perspective
view of an example processing station 50 and a corresponding staging station 24 that can
be used in system 10 (FIGS. 1-3). FIG. 5 is a side view of processing station 50 taken
along the B-B line indicated on FIG. 4. Processing station 50 in FIGS. 4 and 5 can be
used for each of processing stations 16 in system 10 or in different applications, such as a
standalone machine that is not part of a system having multiple processing stations that
move relative to a conveyor.

[0045] As shown in FIGS. 4 and 5, the example processing station 50 has a first platen
52 and a second platen 54 that define a processing zone 56 between the two platens.
Processing station 50 also includes a conveyor line 58 positioned adjacent a lower region
of first platen 52. Conveyor line 58 can be constructed and can function in the same
general manner as conveyance line 28 when processing station 50 is implemented in
system 10, as described above. In operation, conveyor line 58 can convey two or more
(e.g., three or more) glazing panes and one or more glazing spacers into processing zone
56. Once inside of processing zone 56, the glazing unit components can be arranged

relative to one another so that one glazing pane is generally parallel to and spaced apart
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from another glazing pane. For example, one glazing pane can be positioned in contact
with first platen 52 while a second glazing pane can be positioned in contact with second
platen 54. One of the glazing panes can have a spacer adhered about the perimeter. The
spacer may have a compressible sealant on opposed sides, with a sealant bead on one
side of the spacer pressed against a glazing pane carrying the spacer and a sealant bead
on the other side of the spacer facing, but spaced from, an opposed glazing pane. A
space between the two glazing panes can be filled with an insulative gas inside of
processing station 50 and the two glazing panes pressed together, pressing the spacer
against the opposed glazing pane. This can press the sealant bead on the exposed face of
the spacer against the opposed glazing pane, thereby sealing the insulative gas between
the glazing panes.

[0046] To facilitate loading and unloading of processing zone 56, first platen 52 and
second platen 54 can move relative to each other (e.g., toward or away from each other,
in the positive and negative X-direction indicated on FIGS. 4 and 5) to open and close
access to processing zone 56. During fabrication of a multiple-pane insulating glazing
unit, a movable platen can also provide a pressing force to press opposed panes of a
partially fabricated multi-pane insulating glazing unit together, thereby sealing an
insulative gas between the opposed panes. When so configured, each platen can move
independently toward or away from the other platen. Alternatively, in other examples,
one platen can move toward or away from another platen that remains stationary. For
instance, in the configuration of processing station 50 shown in FIGS. 4 and 5, first
platen 52 is configured to remain stationary while second platen 54 is a movable platen
configured to move toward and/or away from the stationary platen (e.g., in the negative
and/or positive X-direction indicated on FIG. 5).

[0047] To load processing zone 56 with glazing unit components during operation of
processing station 50, second platen 54 can move away from first platen 52 (e.g., in the
positive X-direction indicated on FIG. 5), thereby expanding the width of processing
zone 56. With processing zone 56 opened, two or more glazing panes and oné or more
glazing panes can be loaded into the processing zone by operating conveyor line 58. For
example, conveyor line 58 can be operated to load into the processing zone 56 a first
glazing pane, which is then positioned and held adjacent to second platen 54, followed
by a second glazing pane, which is positioned and held adjacent to first platen 52 and in
spaced-apart alignment with the first glazing pane. At least one of the two glazing panes

can have a spacer adhered about its perimeter. With the glazing panes and glazing spacer
16



10

15

20

25

30

CA 02934457 2016-06-17

WO 2015/102656 PCT/US2014/018255

loaded inside of processing zone 56 and retained in the noted positions, the second platen
54 can be moved toward the first platen 52 (e.g., in the positive X-direction indicated on
FIG. 5) to close processing zone 56 for subsequent processing. In some examples, as
discussed in greater detail below with respect to FIGS. 7 and 8, processing zone 56 may
also be sealed to prevent gas loss during subsequent gas filling. In either case, second
platen 54 may be moved toward first platen 52 a distance sufficient to provide a small
space between a spacer adhered to one glazing pane and another glazing pane positioned
opposite the spacer. After filling the space between the two glazing panes with
insulative gas, second platen 54 can be moved farther toward the first platen 52 (e.g.,
farther in the positive X-direction indicated on FIG. 5) to press the spacer and adhere the
spacer carried by one glazing pane against the opposed glazing pane, thereby sealing the
insulative gas between the two panes with the spacer.

[0048] To control movement between first platen 52 and second platen 54, processing
station 50 in the example of FIGS. 4 and 5 includes at least one driver 60, which in the
illustrated configuration is shown as two drivers positioned at different positions along
the length of the processing station. Driver 60 can be implemented using a linear
actuator, such as a screw drive, a pneumatic piston, a hydraulic piston, or other type of
powered driver to drive movement of second platen 54 toward and away first platen 52.
In some examples, driver 60 is configured to move second platen 54 relative to first
platen 52 such that the platens remain generally parallel to and spaced apart from each
other throughout the entire range of travel. In such a configuration, the top and bottom
edges of second platen 54 may each move the same distance towards or away from the
top and bottom edges of first platen 52 during travel. In other examples, driver 60 is
configured to move second platen 54 asymmetrically relative first platen 52. For
example, driver 60 may move the top edge of second platen 54 a greater distance toward
or away from the top edge of first platen 52 than the bottom edge of the second platen is
moved toward or away from the bottom edge of the first platen. Such a configuration
can cause processing station 50 to open in a “V” configuration for loading and
unloading. Alternatively, driver 60 may move the bottom edge of second platen 54 a
greater distance toward or away from the bottom edge of first platen 52 than the top edge
of the second platen is moved toward or away from the top edge of the first platen. Such
a configuration can cause processing station 50 to open in an inverted “V* configuration
for loading and unloading. Other variations in which first platen 52 moves relative to

second platen 54 can be used without departing from the scope of the disclosure.
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[0049] To fabricate a multiple-pane insulating glazing unit using processing station 50,
two or more glazing panes and one or more glazing spacers can be loaded into the
processing zone 56. Once loaded into processing zone 56, a space between the two or
more glazing panes can be filled with insulative gas and the glazing panes pressed
together, sealing the insulative gas in a between-pane space sealed by a glazing spacer.
To position and hold the glazing panes inserted into processing zone 56 in alignment
with one another for gas filling and pressing, processing station 50 may include suction
ports holding a glazing pane to a respective platen face. Further, to prevent gas loss
during gas filling inside of processing station 50, the processing station may include seal
devices secaling the side edges of processing zone 56.

[0050] FIG. 6 is a front view of processing station 50 showing an example configuration
of first platen 52 that may be used in the processing station. FIG. 6 illustrates
previously-described first platen 52, conveyance line 58, and driver 60; also shown is
optional staging station 22. First platen 52 is illustrated as being positioned co-planar
with a platen 24 (FIGS. 1 and 2) of staging station 22 positioned upstream of processing
station 50. Further, conveyor line 58 of processing station 50 is illustrated as being co-
linearly aligned with conveyance line 26 of staging station 22, allowing glazing panes to
travel from conveyance line 26 onto and along conveyor line 58. In other examples, as
discussed above, processing station 50 can be used without staging station 22.

[0051] In the configuration of FIG. 6, first platen 52 includes a plurality of suction ports
80, a pair of movable sections 82, and a plurality of air ports 84. Suction ports 80 are
configured to suction attach and hold a glazing pane to the face of first platen 52 for
assembly of a multiple-pane insulating glazing unit. Air ports 84 provide openings
through which air can be discharged while loading a glazing pane onto first platen 52.
Movable sections 82 are portions of first platen 52 that are configured to move relative to
a remainder of the face of the platen.

[0052] In use, a glazing pane can be loaded onto first platen 52 by activating conveyance
line 26 of staging section 22 and further activating conveyor line 58 of processing station
50. As the conveyor lines are moving to transport a glazing pane along the length of the
conveyor lines, air can be discharged through holes in the face of staging section platen
24 and/or air ports 84 of first platen 52. This can provide an air cushion separating the
face of the glazing pane from the face of staging section platen 24 and/or first platen 52,
allowing the glazing pane to move relative to the platens without scrapping against the

face of the platens. Once the glazing pane is positioned at a desired location along the
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length of first platen 52 (e.g., a desired position in the Y-direction indicated on FIG. 6),
air can stop discharging through air ports 84 and conveyor line 58 can cease operation.
The second platen 54 can then be moved toward the first platen 52 until suction ports 80
on the second platen (see FIG. 7) engage the pane to suction attach it to the second
platen. The second platen 54, while holding the pane, can then be moved away from the
first platen 32. A second pane can then be advanced along conveyor line 58 until
reaching the desired location on the length of the first platen (at which point the two
panes are aligned with, and spaced apart from, each other). Suction ports 80 can engage
the second pane to suction attach the glazing pane to the face of first platen 52. In some
examples, each suction port 80 has a suction cup through which a vacuum is drawn,
holding the glazing pane to the suction cup. The spacer will typically be adhered to only
one of the panes at this stage, providing a gap between the spacer and the opposed pane
that does not carry the spacer.

[0053] With first and second glazing panes suitably positioned (e.g., retained) against
first platen 52 and second platen 54, respectively, inside of processing station 50, a space
between the glazing panes can be filled with insulative gas. After gas filling the
between-pane space, the glazing panes can be pressed together by advancing the first
platen 52 and second platen 54 toward each other. In some example methods, this
involves moving the pane spaced apart from the spacer into contact with sealant on the
exposed side of the spacer. This pressing process can seal the insulative gas in the
between-pane space of the multiple-pane insulating glazing unit. As the glazing panes
are pressed together during fabrication, insulative gas may be compressed between the
glazing panes and/or pressed out around the sides of the glazing panes as the space
between the panes is reduced. To help ensure that the gaseous atmosphere between the
glazing panes is appropriately vented and gas bubbles are not formed during fabrication
of the multiple-pane insulating glazing unit, one option is for first platen 52 to include
movable sections 82.

[0054] Each movable section 82 can be a section or segment of first platen 52 that is
configured to move (e.g., pivot) into and/or out of the plane of the remainder of the first
platen (e.g., in the negative and/or positive X-direction indicated on FIG. 6). Each
movable section 82 may have a joint 86, which may or may not be hinged, about which
the movable section rotates. In addition, each movable section 82 may have a suction
port 80 (optionally at least two suction ports 80) for suction attaching a glazing pane to

the movable section. During fabrication of a glazing unit, movable section 82 can be
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retracted into the face of first platen 52, pulling the section of a glazing pane attached to
the movable section away from a remainder of the partially fabricated insulating glazing
unit inside of processing station 50. The glazing pane attached to the movable section 82
can bend or flex in the region of movable section 82 without breaking. This can create
an opening (by locally separating that pane from the spacer) through which the partially
fabricated insulating glazing unit can vent gas as the glazing panes of the unit are pressed
together. After pressing the glazing panes together while holding a section of one of the
glazing panes away from the remainder of the glazing unit, movable section 82 can
release and/or push the section of the glazing pane attached to the movable section back
toward the remainder of the insulated glazing unit, thereby completing the seal between
the spacer and both of the panes carried against it.

[0055] First platen 52 can have any suitable number and arrangement of movable
sections 82. In general, it is easier to bend a glazing pane for venting near a corner of the
glazing pane than at the center of the glazing pane. For this reason, first platen 52 can
have at least one movable section 82 arranged in a region of the platen where a corner of
glazing pane would typically be positioned during fabrication of a multiple-pane
insulating glazing unit. In the example of FIG. 6, each movable section 82 is a generally
triangle-shaped section configured to correspond to a corner section of a glazing pane.
The triangle-shaped section has a base that defines, or is adjacent to, a lower edge of first
platen 52 in the region of the movable section and a hypotenuse of the triangle is
hingedly attached to a remainder of the platen. In FIG. 6, first platen 52 has one
movable section 82 positioned adjacent a leading or inlet end of processing station 50
and another movable section 82 positioned adjacent a trailing or outlet end of the
processing station. In some examples, the leading and trailing movable sections 82 can
be spaced apart from each other (e.g., in the Y-direction indicated on FIG. 6) a distance
greater than 1 meter (m), such as a distance greater than 2 meters, a distance greater than
5 meters, or a distance greater than 10 meters.

[0056] Configuring first platen 52 with two separate movable sections 82 located
respectively at the inlet end and outlet end of processing station 50 can be useful to
enable the processing station to efficiently fabricate different dimensioned and/or shaped
multiple-pane insulating glazing units. For example, having movable sections 82
adjacent both ends of processing station 50 can allow a manufacturer to insert panes of
many different sizes and shapes into the processing station without requiring the panes to

be specially rotated or oriented relative to certain features of the processing station. The
20



CA 02934457 2016-06-17

WO 2015/102656 PCT/US2014/018255

10

15

20

25

30

multiple-pane insulating glazing unit being fabricated on processing station 50 can be
vented either adjacent the leading edge of the processing station or the trailing edge of
the processing station, e.g., depending on the configuration of the specific glazing unit
being fabricated. As one example, if a manufacturer were constructing a triangular-
shaped multiple-pane insulating glazing unit, the manufacturer could insert triangular-
shaped glazing panes into processing station 50 without having to first rotate or flip the
glazing panes to align a corner of a glazing pane with a movable section. Instead, the
manufacturer can simply choose, based on the orientation of the triangle, whether to use
the movable section 82 adjacent the inlet end or the movable section 82 adjacent the
outlet end. This can increase the production efficiency of processing station 50.

[0057] First platen 52 can have any suitable number and arrangement of suction ports
80. In general, suction ports 80 can be arrayed across the length (e.g., in the Y-direction
indicted on FIG. 6) and the height (e.g., in the Z-direction indicated on FIG. 6). This can
enable a glazing pane to be suction attached at multiple locations across the face of first
platen 52.

[0058] FIG. 7 is a front view of processing station 50 (FIGS. 4 and 5) showing an
example configuration of second platen 54 that may be used in the processing station. In
this example, second platen 54 includes a plurality of suction ports 80, two movable
sections 82, and a plurality of air ports 84, as described above with respect to first platen
521in FIG. 6. In operation, a glazing pane can be loaded onto second platen 54 by
transporting a glazing pane along conveyor line 58 (FIGS. 5 and 6) until the glazing pane
is positioned at a desired location along the length of second platen 54 (e.g., a desired
position in the Y-direction indicated on FIG. 7). During this process, air can be
discharged through air ports 84 of second platen 54, providing an air cushion separating
the face of the glazing pane from the face of platen as the glazing pane is transported
parallel to the platen. Once suitably positioned, air can stop discharging through air
ports 84, the second platen 54 can be moved toward the first platen 52 until suction ports
80 on the second platen contact the pane, and then the suction ports 80 can suction attach
the glazing pane to the face of second platen 54 for further processing. It should be
appreciated that second platen 54 illustrated in FIG. 7 is merely one example of a platen
that can be on processing station 50 and the disclosure is not limited in this respect.
[0059] In the example of FIG. 7, second platen 54 is illustrated as carrying a first
movable seal 92 and a second movable seal 94. As briefly discussed above, it can be

useful to seal the side boundaries of processing zone 56 (FIG. 5) during gas filling to
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minimize the amount of insulative gas required to fill an insulating glazing unit and/or to
prevent excess gas loss out of the sides of processing station 50. First movable seal 92
and second movable seal 94 can function to seal the sides of processing station 50 and/or
a gas fill chamber created within the processing station (e.g., in the Z-X plane indicated
on FIG. 7). During fabrication of an insulating glazing unit, first movable seal 92 and
second movable seal 94 may initially be positioned respectively at first and second sides
of second platen 54, e.g., co-planar with or retracted relative to the face of the platen.
This position can have the seals out of the way, e.g., to allow glazing panes to be
conveyed into processing station S0 and/or a fabricated glazing unit to be discharged
from the station without either seal interfering with transport into or out of the station.
The second seal 94 is shown in FIG 7 in such an initial holding position. After loading
glazing panes into processing station 50 for fabrication of a multiple-pane insulating
glazing unit, first movable seal 92 and second movable seal 94 can each swing around
from their initial holding positions adjacent to second platen 54 to a sealing position
between first platen 52 and second platen 54 (FIG. 4). The first seal 92 is shown in FIG.
7 after it has moved from its initial holding position to a location between the two platens
52, 54. Once the two seals 92, 94 have reached their desired positions between first
platen 52 and second platen 54, the platens can move relative to each other (e.g., in the
X-direction indicated on FIG. 7) until first movable seal 92 and second movable seal 94
are adjacent to and, in some examples in contact with, the first platen 52 on one side and
the second platen 54 on the opposite side. For example, the platens may be moved
relative to each other until first movable seal 92 and second movable seal 94 are
compressed between the two platens.

[0060] Once first movable seal 92 and second movable seal 94 are moved to desired
working positions and, optionally, compressed between the platens, the seals can
delineate side boundaries of a gas chamber that is filled with insulative gas (e.g., a mix of
argon and air) during fabrication of a glazing unit. For example, the movable seals may
provide gas barriers substantially limiting the extent to which insulative gas can travel in
processing zone 56 (FIG. 5) to the region bounded between the two seals and the two
platens. This can help minimize the amount of insulative gas required to fill an
insulating glazing unit and/or eliminate insulative gas loss out the sides of processing
station 50 during fabrication of a multiple-pane insulating glazing unit.

[0061] First movable seal 92 and second movable seal 94 are configured to be moved

longitudinally relative to first platen 52 and second platen 54 (e.g., in the Y-direction
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indicated on FIG. 7). In some examples, first movable seal 92 and second movable seal
94 can each move parallel to and between the faces of first platen 52 and second platen
54. The extent to which first movable seal 92 and second movable seal 94 can move
along the length of first platen 52 and second platen 54 can vary, e.g., depending on the
configuration of processing station 50 and the configuration(s) of multiple-pane
insulating glazing units intended to be fabricated using the machine, In some examples,
first movable seal 92 and second movable seal 94 are each configured to move the entire
length of first platen 52 and/or second platen 54. When so configured, first movable seal
92 can move from being positioned at a leading side edge of second platen 54 along the
entire length of the platen until the seal is positioned adjacent a trailing side edge of the
platen. Likewise, second movable seal 94 can move from being positioned at a trailing
side edge of second platen 54 along the entire length of the platen until the seal is
positioned adjacent a leading side edge of the platen. In other examples, first movable
seal 92 and second movable seal 94 may be configured to move less than the entire
length of first platen 52 and/or second platen 54. For example, first movable seal 92 and
second movable seal 94 may be configured to move from a leading edge and a trailing
edge of second platen 54, respectively, to a position halfway between the leading edge
and trailing edge of the platen. Other ranges of travel for first movable seal 92 and/or
second movable seal 94 can also be used.

[0062] Independent of the specific distance ﬁrsf movable seal 92 and second movable
seal 94 are configured to move, each seal can be moved to a desired working position
along the length of first platen 52 and second platen 54 during fabrication of a particular
multiple-pane insulating glazing unit. Typically, first movable seal 92 and second
movable seal 94 are positioned in close proximity to the edges of the glazing panes
inserted into processing station 50, e.g., with or without contacting the edges of the
glazing panes. Depending on the configuration of the glazing unit being fabricated using
processing station 50, the individual panes of the glazing unit may be inserted into the
station such that a side edge of cach glazing pane is adjacent to and in registration with a
leading edge of the processing station, a trailing edge of the processing station, or at a
desired location between the leading edge and trailing edge of the processing station.
Accordingly, the extent to which first movable seal 92 and second movable seal 94 need
to translate along the length of processing station 50 may vary depending on where
glazing panes are positioned within the processing station. In examples in which glazing

panes are positioned adjacent to and in registration with one of the edges of processing
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station 50, a movable seal positioned on the opposite edge of the processing station may
move a greater distance before reaching its desired working position than does the seal
closest to the registration edge of the glazing pane.

[0063] Providing processing station 50 with a pair of movable seals 92, 94 can be useful
for a variety of reasons. In general, processing station 50 may be sized to process the
largest glazing panes, and the largest multiple-pane insulating glazing units, expected to
be fabricated by a manufacturing facility. In practice, however, many multiple-pane
insulating glazing units actual fabricated by the facility may be smaller than the largest
possible multiple-pane insulating glazing units. If processing station 50 were not
configured with both movable seals 92, 94, the entire space between first platen 52 and
second platen 54 may need to be filled with insulative gas during fabrication of a glazing
unit, including those regions of the processing station not occupied by glazing pane
material. In addition to wasting gas, gas filling is often one of the most time consuming
task during glazing unit fabrication, necessitating additional cycle time. By configuring
processing station 50 with two movable seals, the seals can move to define a gas filling
chamber between first platen 52 and second platen 54 more closely corresponding to the
actual size of the insulating glazing unit being fabricated. This can provide faster cycling
times and minimize insulative gas consumption during fabrication.

[0064] In addition, configuring processing station 50 with a pair of movable seals 92, 94
instead of only one movable seal may be useful to enable processing station 50 to
efficiently fabricate different dimensioned and/or shaped multiple-pane insulating
glazing units. For example, having movable seals 92, 94 that can translate from opposite
sides of the processing station 50 can allow a manufacturer to process glazing panes of
many different sizes and shapes in the processing station without requiring the panes to
be specially rotated or oriented relative to certain features of the processing station. This
can increase the production efficiency of processing station 50.

[0065] First movable seal 92 and second movable seal 94 may be fabricated from a gas
impermeable material and, in different examples, may or may not be fabricated from an
elastically compressible material. As one example, first movable seal 92 and second
movable seal 94 may each be fabricated from a closed-cell foam or rubber substantially
impermeable to an insulative gas intended to be dispensed inside of processing station
50. In some examples, first movable seal 92 and second movable seal 94 each have a
vertically elongated body (e.g., extending in the Z-direction indicated on FIG. 7) that

connects to a drive unit configured to move the seals along a length of processing station
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50. Each such vertically elongated body can optionally be formed of an elastically
compressible material, such as a closed-cell foam.

[0066] In the example of FIG. 7, second platen 54 of processing station 50 carries a pair
of upper drive belts 98 and a pair of lower drive belts 100. First movable seal 92 is
attached to one upper drive belt 98 and one lower drive belt 100. Second movable seal
94 is attached to a different one of the upper drive belts 98 and a different one of the
lower drive belts 100. During use, an upper drive belt 98 and a lower drive belt 100
translate along the length of processing station 50 to drive first movable seal 92 from a
side edge of second platen 54 to a desired working position along the length of
processing station 50 between the first and second platens and back to the side edge of
the second platen. Likewise, an upper drive belt 98 and a lower drive belt 100 translate
along the length of processing station 50 to drive second movable seal 94 from a side
edge of second platen 54 to a desired working position along the length of processing
station 50 between the first and second platens and back to the side edge of the second
platen. First movable seal 92 and second movable seal 94 can move simultaneously
together or can move independently and sequentially.

[0067] In some examples, upper drive belts 98 and lower drive belts 100 are adapted to
move first movable seal 92 and second movable seal 94, respectively, between side
edges of processing station 50 and any one of a plurality of discrete locations along a
limited portion of the length of the processing station. In other examples, upper drive
belts 98 and lower drive belts 100 are configured to move first movable seal 92 and
second movable seal 94 to any position along the length of the processing station, such
that the positioning of the first movable seal and/or second movable seal is infinitely
variable along the length of the processing station.

[0068] While FIG. 7 illustrates one example configuration of second platen 54, it should
be appreciated that other configurations are possible and the disclosure is not limited in
this respect. For example, although FIG. 7 illustrates a movable platen 54 carrying first
movable seal 92 and second movable seal 94, in other examples, one or both of the seals
can be carried by a stationary platen 52 instead of movable platen 54. Further, although
FIG. 7 illustrates first movable seal 92 and second movable seal 94 as each being
attached to an upper drive belt and lower drive belt, in other examples, each movable
seal may only be attached to a single drive belt (e.g., an upper drive belt or lower drive

belt) instead of two drive belts. Other drive means can also be used.

25



10

15

20

25

30

CA 02934457 2016-06-17

WO 2015/102656 PCT/US2014/018255

[0069] As noted above, processing station 50 can fill a space between first platen 52 and
second platen 54 with insulative gas during fabrication of a multiple-pane insulating
glazing unit. To fill a space between the platens with insulative gas, processing station
50 can have a gas fill device that provides controlled gas communication between an
insulative gas source and an interior of the processing station. In aspects of the
processing station, any suitable gas fill device can be used. In various examples,
processing station 50 can have a single gas nozzle or multiple gas nozzles that deliver
insulative gas from the bottom of the processing station, the sides of the processing
station, and/or the top of the processing station. Oftentimes, the insulative gas used to
fill insulating glass units (e.g., argon, krypton) is heavier than ambient air, causing the
insulative gas to fall to, or otherwise occupy, a low elevation location inside of
processing station 50. By configuring processing station 50 with a gas fill device that
delivers insulative gas to a bottom region of the processing station, the gas injected using
the gas fill device may upwardly displace lighter air while avoiding excessive or
uncontrolled mixing of the insulative gas and ambient air.

[0070] FIG. 8 is an illustration of an example gas fill device 120 that can be used on
processing station 50 (FIGS. 4 and 5). As shown, gas fill device 120 in this example
defines a longitudinally elongated manifold (e.g., longitudinally elongated in the Y-
direction indicated on FIG. 8) positioned adjacent (e.g., mounted alongside) conveyor
line 58. Gas fill device 120 may be longitudinally elongated in that it can have a length
parallel to the face of platens 52, 54 greater than (optionally more than ten times) its
width orthogonal to the face of the platens. Gas fill device 120 has at least one gas fill
port 122 configured to deliver insulative gas into processing station 50. During use, gas
fill device 120 can be positioned underneath the processing zone 56 defined between first
platen 52 and second platen 54 (FIG. 5). For example, gas fill device 120 can be
positioned underneath processing zone 56 such that one or more gas ports 122 of the
device open vertically upward and direct insulative gas upwardly into a space established
between one glazing pane held to first platen 52 and another glazing pane held to second
platen 54.

[0071] The specific configuration of the one or more gas fill ports 122 used on gas fill
device 120 can vary. In some examples, gas fill device 120 has a single gas fill port 122.
The single gas fill port may be a longitudinally elongated opening, e.g., having a length
in the Y-direction indicated on FIG. 7 greater than (optionally more than ten times) its

width in the X-direction indicated on the figure. In other examples, gas fill device has
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gas fill device 120 may have gas fill ports arranged at regular intervals (e.g., between
every 1 inch and every 6 inches, such as every 3 inches) along the entire length of
processing zone 56. Each gas fill port may be an elongated slot having a length ranging
from 0.25 inches to 6 inches, such as 1 inch to 4 inches, and a width less than 3 inches,
such a width less than 1 inch, less than 0.5 inches, or less than 0.25. This is merely one
example, however, and other sizes and shapes of gas ports can be used without departing
from the scope of the disclosure.

[0072] FIG. 9 is a cross-sectional illustration of gas fill device 120 showing one example
configuration of a gas port 122 that can be used on the device. As shown in this
example, gas port 122 is in selective fluid communication with a gas manifold 126 that
supplies insulative gas to the gas port. Gas port 122 opens vertically upward (e.g., in the
positive Z-direction indicated on FIG. 9) to deliver insulative gas upwardly into a space
established between one glazing pane held to first platen 52 (FIG. 5) and another glazing
pane held to second platen 54 (FIG. 7). Gas port 122 increases in cross-sectional area as
the gas port travels vertically upward. For example, gas port 122 has a wall surface 128
that flares away from an opposed wall surface 130 as the gas port travels vertically
upward. In some examples, gas port 122 has a maximum cross-sectional area at the
outlet of the gas port, where the gas port discharges into processing zone 56 (FIG. 5).
[0073] Configuring the one or more gas ports 122 of gas fill device 120 to have outlets
that are larger in cross-sectional area than the inlets of the gas ports may useful to
discharge gas from the ports within the laminar flow regime. For example, instead of
discharging insulative gas from the one or more gas ports 122 within the turbulent flow
regime, insulative gas discharging from gas ports 122 can be within the laminar flow
regime. This can help minimize and/or control intermixing between the discharging
insulative gas and ambient air. In turn, this can permit a partially fabricated insulating
glazing unit to be filled to a target insulative gas concentration (e.g., 75%, 90%,
insulative gas) faster than if the discharging insulative gas mixes with air more
extensively.

[0074] Independent of whether the one or more gas ports 122 discharge insulative gas
within the laminar flow regime, configuring gas fill device 120 with multiple gas ports

arranged along the length of processing zone 56 (FIG. 5) can be useful to control and
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limit the region of the processing zone to which gas is delivered. Each gas port 122 (or
each of multiple series of ports) may be independently controllable, e.g., via one or more
valves connected to each gas port, so as to selectively close gas communication through
some but not all of the gas ports during fabrication of a particular multiple-pane
insulating glazing unit. For example, gas flow through ports at one end of gas fill device
120 (e.g., one quarter, or one half of the length of the device) can be closed, limiting gas
flow to gas ports open at the other end of the device. This may be useful where a
particular insulating glazing unit being fabricated does not occupy the entire length of
processing zone 56.

[0075] As discussed above, processing station 50 may be sized to process the largest
glazing panes, and the largest multiple-pane insulating glazing units, expected to be
fabricated by a manufacturing facility. In practice, however, many multiple-pane
insulating glazing units actually fabricated by the facility may be smaller than the largest
possible multiple-pane insulating glazing units. If gas fill device 120 were not
configured to limit gas flow to smaller sections of the elongated manifold, the entire
space between first platen 52 and second platen 54 may need to be filled with insulative
gas during fabrication of a glazing unit, including those regions of the processing station
not occupied by glazing pane material. By configuring gas fill device 120 with multiple
independently openable and closable gas ports 122, or series of ports, gas flow can be
limited to the specific region between first platen 52 and second platen 54 actually
occupied by glazing pane material, such as the specific region bounded by first movable
seal 92 on one side and second movable seal 94 on an opposite side (FIG. 7). That being
said, in other configurations, gas fill device 120 may only have a single gas port or
multiple gas ports that are not arranged along the entire length of the device. The gas
ports 122 in these examples may be positioned at a location on gas fill device 120
expected to be positioned under most or all insulating glazing units fabricated using
processing station 50.

[0076] Gas fill device 120 can be positioned at any suitable location on processing
station 50. In some examples, gas fill device 120 is fixedly attached to processing station
50 such that the gas fill device does not move relative to first platen 52 and/or second
platen 54 during fabrication of a multiple-pane insulating glazing unit. In other
examples, including the example of FIG. 8, gas fill device 120 is configured to be
movably positioned under and between first platen 52 and second platen 54 during

fabrication of a glazing unit. To facilitate movement and positioning of gas fill device
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120 in the example of FIG. 8, the gas fill device is attached to an outward edge of
conveyor line 58. Thus, the example of FIG. 8 provides a longitudinally elongated gas
fill device 120 carried alongside conveyor line 58 and extending along at least
substantially the entire longitudinal length of the platens 52, 54. The gas fill device 120
may be moveable along a transverse axis such that its lateral positioning relative to the
two platens is adjustable.

[0077] In use, conveyor line 58 can be moved from a retracted position under first platen
52 (e.g., as shown in FIG. 5) to an operating position in which the conveyor line is
positioned between first platen 52 and second platen 54. After loading two or more
glazing panes and one or more glazing spacers into processing station 50 using conveyor
line 58, conveyor line 58 can be partially or fully retracted under first platen 52 (e.g., by
moving the conveyor in the negative X-direction indicated on FIG. 5). This can position
gas fill device 120 between first platen 52 and second platen 54 for filling the space
between the two platens with insulative gas. After gas filling and pressing the insulating
glazing panes inside of processing station 50 together to form a multiple-pane insulating
glazing unit, conveyor line 58 can again be moved from a retracted position under first
platen 52 to an operating position in which the conveyor line is positioned between first
platen 52 and second platen 54. Conveyor line 58 can then be operated to discharge a
fabricated multiple-pane insulating glazing unit from processing station 50 and insert
new glazing components for fabrication of another multiple-pane insulating glazing unit.
To facilitate repositioning between a retracted position and an operating position,
conveyor line 58 can also be vertically adjustable (e.g., in the positive and negative Z-
direction indicated on FIG. 8). In use, conveyor line 58 may move from a position
partially or fully retracted under first platen 52 to a position between first platen 52 and
second platen 54. Once so positioned, conveyor line 58 may move vertically upwards
(e.g., in the positive Z-direction indicated on FIG. 8) relative to second platen 54 to
position the conveyor line and/or gas fill device 120 in an appropriate working position.
[0078] To help seal the bottom side of processing station 50 between first platen 52 and
second platen 54 for gas filling, processing station 50 may include a bottom seal. In the
example of FIG. 8, processing station 50 includes a bottom seal 124 extending outwardly
from gas fill device 120. During fabrication of a multiple pane insulating glazing unit,
bottom seal 124 may be pressed against a bottom edge of second platen 54, sealing the
bottom edge of processing zone 56 (FIG. 4) with gas fill device 120 and bottom seal 124.

When so configured, a sealed gas fill chamber may be established inside of processing
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station 50 bounded collectively by first platen 52, second platen 54, first movable seal
92, second movable seal 94, and gas fill device 120. In some examples, the top of the
processing station S0 between first platen 52 and second platen 54 remains open to
atmospheric air so that multiple-pane insulating glazing units fabricated using the
processing station are filled with insulative gas to approximately atmospheric pressure.
In other examples, processing station 50 may include a top seal that seals the top space
between first platen 52 and second platen 54.

[0079] The equipment and techniques described in this disclosure can be used to
fabricate a variety of different sized and shaped multiple-pane insulating glazing units.
The equipment and techniques can be used to fabricate a double pane insulating glazing
unit by loading two glazing panes and one glazing spacer into a processing station.
Inside of the processing station, a space between the two glazing panes can be gas filled
and the panes pressed together with the glazing spacer positioned between the two panes.
The equipment and techniques can also be used to fabricate insulating glazing units have
three or more panes. In these examples, a multiple-pane insulating glazing unit that has
three or more glazing panes sealed together with two or more spacers to define two or
more sealed between-pane spaces can be produced in the processing station. Inside of
the processing station, a space between each two panes can be gas filled. In one method,
three panes are conveyed in series into the processing station 50. Two spacers are
adhered respectively to two of the panes, while one of the panes does not have a spacer
adhered to it. The leading conveyed pane (or first pane) is moved to a desired position
between the two platens 52, 54. The second platen 54 is then moved toward the first
platen 52 until suction ports 80 on the second platen 54 reach the first pane and suction
attach it to the second platen 54. The second platen 54 carrying the first pane is then
moved away from first platen 52. The second pane is then conveyed to the desired
position between the two platens. The second platen 54 carrying the first pane then
moves toward the first platen 52 until the spacer between the first and second panes is
squeezed between, and sealed to, those panes. The second platen 54, while holding the
resulting double pane unit, then moves away from the first platen, creating clearance for
the third pane to be conveyed to the desired position between the two platens. The
second platen 54 carrying the double pane unit then moves toward the first platen 52
until the spacer between the second and third panes is squeezed between, and sealed to,
those panes. The resulting triple pane unit is then ready to be discharged from the

processing station.
30



10

15

20

25

30

CA 02934457 2016-06-17

WO 2015/102656 PCT/US2014/018255

[0080] FIG. 10 is an example multiple-pane insulating glazing unit 150 that can be
fabricated using the equipment and techniques discussed herein. Insulating glazing unit
150 in the example of FIG. 10 has two glazing panes 152, 154 separated by one glazing
spacer 156. When assembled, glazing spacer 156 is adhered about the perimeter of both
glazing pane 152 and glazing pane 154, defining a between-pane space having a width
equal to the thickness of the glazing spacer (including any sealant on the sides of the
spacer). The between-pane space bounded by the two glazing panes 152, 154 and the
glazing spacer 156 can be filled with an insulative gas, such as a mixture of 90% argon
and 10% air.

[0081] Glazing panes 152, 154 can be fabricated from any suitable material. In some
examples, at least one (and optionally all) of the glazing panes are formed of glass. In
various examples, the glass may be aluminum borosilicate glass, sodium-lime (e.g.,
sodium-lime-silicate) glass, or another type of glass. In addition, the glass may be clear
or the glass may be colored, depending on the application. In other examples, at least
one (and optionally all) of the glazing panes are formed of plastic such as, e.g., a
fluorocarbon plastic, polypropylene, polyethylene, or polyester. In still other examples,
the glazing panes are formed from multiple different types of materials. For example,
the panes may be formed of a laminated glass, which may include two panes of glass
bonded together with polyvinyl butyral.

[0082] Independent of the specific materials used to form glazing panes 152, 154, the
panes can have a variety of different sizes and shapes. In some applications, such as
some window and door applications, glazing panes 152, 154 may each define a planar
substrate that is rectangular or square in shape. For example, glazing panes 152, 154
may each define a planar substrate that is rectangular or square in shape and has a major
dimension (e.g., width or length) greater than 0.5 meters (m) such as, e.g., greater than 1
m, greater than 2 m, or between 0.5 m and 2 m. Other sizes and shapes, including, but
not limited to, circles, ovals, triangles, pentagons, hexagons, and octagons can be used.
[0083] Depending on the application, glazing pane 152 and/or glazing pane 154 may be
coated with one or more functional coatings to modify the performance of the panes.
Example functional coatings include, but are not limited to, low-emissivity coatings,
solar control coatings, and photocatalytic coatings. In general, a low-emissivity coating
is a coating that is designed to allow near infrared and visible light to pass through a pane
while substantially preventing medium infrared and far infrared radiation from passing

through the panes. A low-emissivity coating may include one or more layers of infrared-
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reflection film interposed between two or more layers of transparent dielectric film. The
infrared-reflection film may include (or, in other examples, consist or consist essentially
of) a conductive metal like silver, gold, or copper. Advantageous low-emissivity
coatings include the LoE-180™, LoE-272™, and LoE-366™ coatings available
commercially from Cardinal CG Company of Spring Green, Wisconsin, U.S.A. A
photocatalytic coating, by contrast, may be a coating that includes a photocatalyst, such
as titanium dioxide. In use, the photocatalyst may exhibit photoactivity that can help
self-clean, or provide less maintenance for, the panes. Advantageous photocatalytic
coatings include the NEAT® coatings available from Cardinal CG Company.

[0084] Insulating glazing unit 150 can be filled with an insulative gas using the
equipment and techniques described herein. Example insulative gases include argon,
krypton, dry air, and mixtures thereof. In one example, the between-pane spaces are
filled with a mixture that includes greater than 50 volume percent argon and a balance
volume percentage dry air such as, e.g., greater than 75 volume percent argon and a
balance percentage dry air. Filling the between-pane space of a multiple-pane insulating
glazing unit with an insulative gas may reduce thermal transfer across the unit as
compared to when the between-pane space is filled with atmospheric air.

[0085] Glazing spacer 156 may be any structure that holds opposed glazing panes in a
spaced apart relationship over the service life of insulating glazing glass unit 150 and
seals a between-pane space between the opposed panes of material, e.g., so as to inhibit
or eliminate gas exchange between the between-pane space and an environment
surrounding insulating glazing unit 150. One example of a spacer that can be used as
glazing spacer 156 is a tubular spacer positioned between glazing panes 152, 154. The
tubular spacer may define a hollow lumen or tube which, in some examples, is filled with
desiccant. The tubular spacer may have a first side surface adhered (by a first bead of
sealant) to glazing pane 152 and a second side surface adhered (by a second bead of
sealant) to glazing pane 154. A top surface of the tubular spacer can exposed to the
between-pane space of the glazing unit and, in some examples, includes openings that
allow gas within the between-pane space to communicate with desiccating material
inside of the spacer. Such a spacer can be fabricated from aluminum, stainless steel, a
thermoplastic, or any other suitable material. Advantageous glazing spacers are
available commercially from Allmetal, Inc. of Itasca, IL, U.S.A.

[0086] Another example of a spacer that can be used as spacer 156 is a spacer formed

from a corrugated metal reinforcing sheet surrounded by a sealant composition. The
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corrugated metal reinforcing sheet may be a rigid structural component that holds
glazing pane 152 apart from glazing pane 154. Such a spacer is often referred to in
commercial settings as swiggle spacer. In yet another example, spacer 156 may be
formed from a foam material surrounded on all sides except a side facing a between-pane
space with a metal foil. Such a spacer is commercially available from Edgetech under
the trade name Super Spacer®. As another example, spacer 156 may be a thermoplastic
spécer (TPS) spacer formed by positionihg a primary sealant between glazing panes 152,
154 followed, optionally, by a secondary scalant applied around the perimeter defined
between glazing panes 152, 154 and the primary sealant. Spacer 156 can have other
configurations, as will be appreciated by those of ordinary skill in the art.

[0087] Different insulating glazing unit fabrication systems, devices, and techniques
have been described in relation to FIGS. 1-10. FIG. 11 is a flow chart illustrating an
example method for constructing an insulating glazing unit. For ease of description, the
method of FIG. 11 is generally described with respect to system 10 (FIGS. 1-3) where
processing stations 16 are configured as described with respect to processing station 50
(FIGS. 4-9). In other examples, however, the method of FIG. 11 may be performed
using other equipment configurations, as described herein.

[0088] As shown in FIG. 11, a multiple-pane insulating glazing unit can be fabricated by
aligning one of a plurality of laterally spaced-apart processing stations 16 with a
longitudinally extending conveyor 12 (250). In some examples, processing stations 16
move transversely relative to conveyor 12 until a desired one of the processing stations is
aligned with conveyor 12. For example, each processing station 16 and an associated
staging station 22 may move cross-wise relative to ingress conveyor section 12A until a
desired one of the processing stations and its associated station (e.g., processing station
16A and staging station 22A) is aligned with ingress conveyor section 12A. In other
examples, conveyor 12 moves relative to stationary processing stations to align a desired
one of the processing stations with the conveyor. For example, ingress conveyor section
12A can be equipped with a transport system that moves the conveyor section relative to
processing stations 16 and staging stations 22 (when used), which can remain stationary
while the ingress conveyor section is moving. In different applications in accordance
with this example, ingress conveyor section 12A may move transversely to processing
stations 16 about a translation axis or may move radially about a pivot axis. In any
application, one of the plurality of laterally spaced-apart processing stations 16 (and its

corresponding staging station 22, when used) can be aligned with conveyor 12 such that
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two or more glazing panes and one or more glazing spaces can be conveyed along
conveyor 12 into the aligned processing station.

[0089] With a desired one of laterally spaced-apart processing stations 16 aligned with
conveyor 12, two or more glazing panes and one or more glazing spacers are conveyed
into the aligned processing station (252). For example, the aligned processing station
can be opened by moving second platen 54 away from first platen 52 to create an
opening between the two platens sufficient large to receive one or more glazing panes
and one or more glazing spacers. Further, conveyor line 58 can be moved from a
retracted position under first platen 52 to a working position between first platen 52 and
second platen 54. In the working position, conveyor line 58 may be co-linear with
conveyor line 26 of staging station 22 (when used) and both ingress conveyor section
12A and egress conveyor section 12B.

[0090] To convey two or more glazing panes and one or more glazing spacers into the
aligned processing station, conveyor line 58 of the aligned processing station can be
operated to transport a first glazing pane to a desired position between the two platens
52, 54. In some examples, conveyor line 58 of the aligned processing station is operated
simultaneously with conveyor line 26 of a corresponding aligned staging station 22
and/or ingress conveyor section 12A. In other examples, the different conveyor lines in
system 10 operate at different times. For example, ingress conveyor section 12A may
operate to initially convey two or more glazing panes and one or more glazing spacers -
onto a staging station 22 paired with the aligned processing station 16. Subsequently,
conveyor line 26 of the aligned staging station 22 and conveyor line 58 of the aligned
processing station 16 can operate to load the two or more glazing panes and one or more
glazing spacers previously received from ingress conveyor section 12A. In this regard,
the actual loading of the aligned processing station 16 with the two or more glazing
panes and one or more glazing spacers may occur after the aligned processing station
moves out of alignment with conveyor 12 and a different one of the plurality of laterally
spaced-apart processing stations moves into alignment with the conveyor line.

[0091] Regardless of the specific position of the aligned processing station 16 relative to
ingress conveyor section 12A at the time of loading, conveyor line 58 of the aligned
processing station can be operated to convey a first glazing pane to a desired position
between the two platens 52, 54. To transport the first glazing pane, conveyor line 58 can
be positioned in a gap separating first platen 52 from second platen 54 such that the

aligned processing station is bounded by conveyor line 58 and first and second platens
34



10

15

20

25

30

CA 02934457 2016-06-17

WO 2015/102656 PCT/US2014/018255

52, 54. First movable seal 92 and second movable seal 94 can be positioned at the side
of first platen 52 and/or second platen 54 at this point in time such that the seals are not
in the space separating first platen 52 from second platen 54, thereby allowing the
glazing pane to travel along conveyor line 58 without contacting the seals.

[0092] With the first glazing pane moved to a desired position between first platen 52
and second platen 54, conveyor line 58 can cease movement. Further, second platen 54
can move toward first platen 52 until suction ports 80 on the second platen 54 reach the
glazing pane and suction attach it to the second platen 54. The second platen 54 carrying
the first pane can then be moved away from first platen 52, enlarging the distance
separating the first platen from the second platen. Conveyor line 58 can then be further
operated to convey a second glazing pane to the desired working position between the
first platen 52 and second platen 54. Once positioned, suction ports 80 on first platen 52
can suction attach the second glazing pane to the first platen 52.

[0093] To enable fabrication of the multiple-pane insulating glazing unit, either the first
or second glazing pane can have a spacer adhered about its perimeter. The spacer may
have a bead of compressible sealant on one side of the spacer that is pressed against the
glazing pane carrying the spacer. The spacer may another bead of compressible sealant
on the opposite side of the spacer. Accordingly, once the processing station is loaded
with glazing panes and a glazing spacer, the processing station may have a glazing pane
suction attached to first platen 52 and another glazing pane suction attached to second
platen 54. One of the glazing panes can have a spacer sealed about its perimeter. An
opposite surface of the spacer can carry a sealant bead and can face the opposed glazing
pane and be spaced therefrom.

[0094] The example technique of FIG. 11 also includes assembling the two or more
glazing panes and the one or more glazing spacers into a multiple-pane insulating glazing
unit inside of the loaded processing station (254). To seal the side edges of the
processing station loaded with the glazing panes and glazing spacer, first movable seal
92 and second movable seal 94 can move to a sealing position between first movable
platen 52 and second movable platen 54. In some examples, first movable seal 92 and
second movable seal 94 can each swing around from their initial holding positions
adjacent to second platen 54 to a sealing position between first platen 52 and second
platen 54. First movable seal 92 and second movable seal 94 can move longitudinally
relative to first platen 52 and second platen 54 until the seals are positioned at desired

working positions on opposite sides of the processing station. Once first movable seal 92
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and second movable seal 94 are moved to desired working positions, second platen 54
can advance toward first platen 52, optionally contacting and compressing the movable
seals 92, 94 between the two platens 52, 54.

[0095] To fill a gas chamber bounded by movable seals 92, 94 and platens 52, 54 with
insulative gas, gas fill device 120 can be positioned underneath and between first platen
52 and second platen 54. For example, gas fill device 120 can be positioned underneath
and between first platen 52 and second platen 54 such that one or more gas ports 122 of
the device open vertically upward and direct insulative gas upwardly into a space
established between the glazing pane held to first platen 52 and the glazing pane held to
second platen 54. Where gas fill device 120 is configured as a longitudinally elongated
manifold, the operational length of the longitudinally elongated manifold through which
insulative gas is delivered can be adjusted so that insulative gas is only delivered through
that portion of the longitudinally elongated manifold positioned between first movable
seal 92 and second movable seal 94. In some examples, gas ports 122 are positioned
outside of the region bounded by first movable seal 92 and second movable seal 94 are
closed so gas does not flow through those ports during insulative gas filling.

[0096] The processing station loaded with the insulating glazing panes and insulating
glazing spacer can be filled with insulating gas by opening gas communication between a
gas source and gas fill device 120. This can deliver insulative gas to a gas chamber
region of the processing station bounded first and second platens 52, 54, gas fill device
120, and movable seals 92, 94. After suitably filling the space between the two glazing
panes inside the gas chamber with insulative gas, second platen 54 can move toward first
platen 52 to press a sealant-coated face of a spacer carried by one glazing pane against an
opposed glazing pane. As this is occurring, a movable section 82 of first platen 52
and/or second platen 54 can pull a section of one of the glazing panes away from a
remainder of the partially fabricated insulating glazing unit inside of the processing
station. This can cause the glazing pane attached to the movable section 82 to bend or
flex, creating a local separation between the spacer and opposed glazing pane in the
region of movable section 82 through which the partially fabricated insulating glazing
unit can vent gas as the glazing panes are pressed together. After pressing the glazing
panes together while holding a section of one of the glazing panes away from the
remainder of the glazing unit, movable section 82 can release and/or push the section of

the glazing pane attached to the movable section back toward the remainder of the
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insulated glazing unit, thereby completing the seal between the spacer and both of the
panes carried against it.

[0097] While the loaded processing station is assembling the two or more glazing panes
and the one or more glazing spacers into a multiple-pane insulating glazing unit in the
example technique of FIG. 11 (254), the processing station may be positioned out of
alignment with conveyor 12. For example, after conveying two or more glazing panes
and one or more glazing spacers onto an aligned staging station 22 and/or into an aligned
processing station 16 via ingress conveyor section 12A, the plurality of laterally spaced-
apart processing stations may be moved so that a different one of the plurality of
laterally-spaced apart processing stations and/or staging stations 22 are aligned with
ingress conveyor section 12A. Accordingly, processing steps performed by a specific
processing station such as the loading of glazing panes and glazing spacer between first
platen 52 and second platen 54, the movement of first and second movable seals 92, 94
to desired working positions, the gas filling of the gas chamber defined between the
platens, and/or the pressing of glazing panes and glazing spacer together can occur while
the processing station is out of alignment with ingress conveyor section 12A and/or
simultaneously while the processing station is moving relative to ingress conveyor
section 12A.

[0098] To complete fabrication of a multiple-pane insulating glazing unit, the loaded
processing station can again be moved into alignment with conveyor 12. For example,
each processing station 16 may move cross-wise relative to egress conveyor section 12B
until the loaded processing stations is aligned with egress conveyor section. In other
examples, as discussed above, conveyor 12 may move relative to stationary processing
stations to align the loaded processing station with the conveyor. In either case, the
loaded processing station can be aligned with conveyor 12.

[0099] At this point in the operation of system 10, a fabricated multiple-pane insulating
glazing unit can be discharged from the processing station or an additional glazing pane
and glazing spacer loaded into the processing station, e.g., to fabricate a multiple-pane
insulating glazing unit having yet an additional glazing pane. For example, if the
multiple-pane insulating glazing unit is desired to be discharged from the aligned
processing station, first platen 52 and second platen 54 can move apart and first and
second movable seals 92, 94 can move to side positions offset from the space between
the two platens. Conveyor line 58 of the aligned processing station and/or egress

conveyor section 12B can then operate to convey the fabricated multiple-pane insulating
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glazing unit out of the processing unit. Alternatively, if it is desired to add an additional
glazing pane and glazing spacer to the multiple-pane insulating glazing unit already
within the aligned processing unit, an additional glazing pane carrying an additional
glazing spacer can be loaded into the aligned processing station via ingress conveyor
section 12A. For example, second platen 54, while holding the multiple-pane insulating
glazing unit already fabricated in the processing station, can move away from first platen
52, creating an opening for an additional glazing pane carrying an additional glazing
spacer to be conveyed to the desired position between the two platens. The aligned
processing station can then gas fill the space between the additional glazing pane and
already fabricated multiple-pane insulating glazing unit and press the components
together, as discussed above.

[00100] Various examples have been described. These and other examples are within

the scope of the following claims.
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CLAIMS:

1. A system for producing multiple-pane insulating glazing units, the system
comprising: a conveyor and a machine that assembles two or more glazing panes and
one or more glazing spacers into a multiple-pane insulating glazing unit, the conveyor
comprising a longitudinally extending conveyor line configured to transport glazing
panes to the machine, the machine comprising a plurality of laterally spaced-apart
processing stations, each processing station being movable transversely relative to the

longitudinally extending conveyor line.

2. The system of claim 1, wherein the plurality of laterally spaced-apart processing
stations are each movable along a transverse axis that is substantially perpendicular to a

longitudinal axis along which the longitudinally extending conveyor line extends.

3. The system of claim 1, wherein each processing station is configured to
independently: 1) assemble two or more glazing panes and one or more glazing spacers
into a multiple-pane insulating glazing unit, and ii) deliver insulative gas into at least one
between-pane space of the insulating glazing unit, such that the system has multiple
processing stations cach independently configured to assemble and gas fill multiple-pane

insulating glazing units.

4. The system of claim 1, wherein each processing station comprises a processing

zone located between two platens.

5. The system of claim 4, wherein, in addition to each processing station being
movable transversely relative to the longitudinally extending conveyor line, at least one
of the two platens of each processing station is movable toward or away from the other

platen of the processing station.
6. The system of claim 4, wherein each processing station has its own conveyance

line, the conveyance line of each processing station being disposed adjacent a lower

region of one of the two platens of the station.
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7. The system of claim 1, wherein each processing station has its own gas fill
device, each gas fill device having at least one outlet configured to deliver insulative gas

into a partially fabricated insulating glazing umit.

8. The system of claim 7, wherein each gas fill device comprises a longitudinally
elongated manifold having the at least one outlet, the at least one outlet being either a
single longitudinally elongated opening or a series of longitudinally spaced-apart

openings.

9. The system of claim 4, wherein each processing station comprises a pair of
movable seals, each seal being movable longitudinally relative to and between the two
platens of the processing station, such that the two seals of each processing station, when
moved to desired working positions, delineate side boundaries of a gas fill chamber in

which a partially fabricated insulating glazing unit can be disposed.

10.  The system of claim 9, wherein the machine is configured such that, when the
two seals of a given processing station are moved to the desired working positions, at
least one of the two platens of the processing station is movable toward the other platen
of the processing station, such that the gas fill chamber of the processing station is
bounded collectively by the two platens, the two seals, and a longitudinally elongated
manifold having at least one outlet configured to deliver insulative gas into the gas fill

chamber of the processing station.

11.  The system of claim 1, wherecin the longitudinally extending conveyor line has a
single-line ingress section and a single-line egress section, the single-line ingress section
being configured to transport glazing panes to the machine, the single-line egress section

being configured to convey multiple-panc insulating glazing units from the machine.

12.  The system of claim 1, wherein the machine further comprises a plurality of
laterally spaced-apart staging stations, each staging station being movable transversely
relative to the longitudinally extending conveyor line, each staging station comprising its
own platen and conveyance line, the staging stations being upstream of the processing

stations.
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13.  The system of claim 12, wherein cach staging station is associated with one of the
processing stations, such that a given staging station is configured to deliver a plurality
of glazing panes selectively to a corresponding processing station, the processing stations
and staging stations being configured to move together and transversely relative to the

longitudinally extending conveyor line.

14.  The system of claim 12, wherein cach processing station has two platens, while
each staging station has one platen, the platen of each staging station being generally co-

planar to one of the two platens of a respective processing station.

15.  The system of claim 1, wherein the plurality of laterally spaced-apart processing

stations consists of three processing stations.

16.  The system of claim 1, wherein the longitudinally extending conveyor line
comprises a flipper device configured to rotate about a vertical axis so as to reverse a
facing orientation of one or more panes to be delivered to the machine, and wherein the
machine is configured to assemble at least two different types of multiple-pane insulating
glazing units including double pane insulating glazing units and triple pane insulating

glazing units.

17. A method comprising:

aligning one of a plurality of laterally spaced-apart processing stations with a
longitudinally extending conveyor line;

conveying two or more glazing panes and one or more glazing spacers into the
aligned one of the plurality of laterally spaced-apart processing stations via the
longitudinally extending conveyor line, thereby establishing a loaded processing station;
and

assembling the two or more glazing panes and the one or more glazing spacers

into a multiple-pane insulating glazing unit inside of the loaded processing station.
18.  The method of claim 17, wherein aligning one of the plurality of laterally spaced-
apart processing stations comprises concurrently moving all of the plurality of laterally

spaced-apart processing stations transversely to the longitudinally extending conveyor
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line until a desired one of the laterally spaced-apart processing stations is aligned with

the longitudinally extending conveyor line.

19.  The method of claim 17, wherein each of the plurality of laterally spaced-apart
processing stations has its own conveyance line and aligning one of the plurality of
laterally spaced-apart processing stations comprises aligning a conveyance line of a
desired one of the laterally spaced-apart processing stations with the longitudinally

extending conveyor line.

20.  The method of claim 17, further comprising operating the plurality of laterally
spaced-apart processing stations such that each processing station independently

assembles two or more glazing panes and one or more glazing spacers into a multiple-
pane insulating glazing unit and delivers insulative gas into at least one between-pane

space of the insulating glazing unit.

21. The method of claim 17, further comprising assembling the two or more glazing
panes and one or more glazing spacers in the multiple-pane insulating glazing unit, while
each other processing station of the plurality of laterally spaced-apart processing stations

contains two or more glazing panes and one or more glazing spacers.

22.  The method of claim 17, further comprising, subsequent to conveying two or
more glazing panes and one or more glazing spacers into the aligned one of the plurality
of laterally spaced-apart processing stations, moving the loaded processing station
transversely to the longitudinally extending conveyor line and aligning a different one of
the laterally spaced-apart processing stations with the longitudinally extending conveyor
line, wherein assembling the two or more glazing panes and the one or more glazing
spacers into the multiple-pane insulating glazing unit inside of the loaded processing
station is performed simultaneous to conveying two or more glazing panes and one or
more glazing spacers into the different one of the laterally spaced-apart processing

stations.

23.  The method of claim 17, wherein each of the plurality of laterally spaced-apart
processing stations comprises a gas fill device and a processing zone located between
two platens, at Ieast one of the platens being movable transversely relative to the other of
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the two platens, the gas fill device being configured to deliver insulative gas into a
partially fabricated insulating glazing unit positioned in the processing zone, wherein
conveying two or more glazing panes and one or more glazing spacers comprises
conveying two or more glazing panes and one or more glazing spacers into the
processing zone of the processing station aligned with the longitudinally extending

conveyor line.

24.  The method of claim 23, further comprising positioning a seal on both an inlet
side and a discharge side of the loaded processing station, such that a gas fill chamber is

bounded by at lcast the two platens and two seals.

25.  The method of claim 17, wherein the longitudinally extending conveyor line has
a single-line ingress section and a single-line egress section, wherein conveying two or
more glazing panes and one or more glazing spacers into the aligned one of the plurality
of laterally spaced-apart processing stations is performed via the single-line ingress
section, and further comprising, subsequent to assembling the multiple-pane insulating
glazing unit inside of the loaded processing station, discharging the multiple-pane

insulating glazing unit via the single-line egress section.

26.  The method of claim 25, further comprising operating each of the plurality of
laterally spaced-apart processing stations such that each one independently assembles
and gas fills multiple-pane insulating glazing units, and wherein resulting multiple-pane
msulating glazing units from all the plurality of laterally spaced-apart processing stations

are discharged via the single-line egress section.

27.  The method of claim 17, wherein the plurality of laterally spaced-apart
processing stations are operated to assemble at least one double pane insulating glazing

unit and at least one triple pane insulating glazing unit.
28.  The method of claim 17, wherein the plurality of laterally spaced-apart

processing stations are operated to produce triple-pane insulating glazing units with a

cycle time of less than 45 second per unit.
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