
(12) STANDARD PATENT (11) Application No. AU 2014241909 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Automated film pickup and placement method for insulating glass units 

(51) International Patent Classification(s) 
E06B 3/67 (2006.01) E06B 3/673 (2006.01) 
B65G 49/06 (2006.01) 

(21) Application No: 2014241909 (22) Date of Filing: 2014.03.04 

(87) WIPO No: WO14/158788 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/786,219 2013.03.14 US 
14/153,227 2014.01.13 us 

(43) Publication Date: 2014.10.02 
(44) Accepted Journal Date: 2017.06.22 

(71) Applicant(s) 
Southwall Technologies Inc.  

(72) Inventor(s) 
Sawatzky, Vonn Dean;Engbersen, Tom;Stoessel, Christian Hermann;Patel, Kayur 
Ashwin;Cargill, Mark Edward;Salinas Jr., Carlos 

(74) Agent / Attorney 
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007, AU 

(56) Related Art 
US 4,950,344 A 
US 4,335,166 A



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

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2014/158788 Al 
2 October 2014 (02.10.2014) WI PO I P CT 

(51) International Patent Classification: win; 3627 Nortree Street, Sanjose, CA 95148 (US). CAR
E06B 3/67 (2006.01) B65G 49/06 (2006.01) GILL, Mark, Edward; 13603 Marina Pointe Drive, B610, 
E06B 3/673 (2006.01) Marina Del Rey, CA 90292 (US). SALINAS, Carlos; 

(21) International Application Number: 4229 South Emerald Avenue, Chicago, IL 60609 (US).  

PCT/US2014/020151 (74) Agent: FORYT, John, P.; P.O. Box 511, Kingsport, TN 

(22) International Filing Date: 37662-5075 (US).  

4 March 2014 (04.03.2014) (81) Designated States (unless otherwise indicated, for every 

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 

(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 

(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 
61/786,219 14 March 2013 (14.03.2013) US KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
14/153,227 13 January 2014 (13.01.2014) US MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 

(71) Applicant: SOUTHWALL TECHNOLOGIES INC. OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 
[US/US]; 3788 Fabian Way, Palo Alto, CA 94303 (US). 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, 
(72) Inventors: SAWATZKY, Vonn, Dean; 173 Brittain Lane, ZW.  

Santa Rosa, CA 95401 (US). ENGBERSEN, Tom; 857 
West Newport Avenue, #3, Chicago, IL 60657 (US). (84) Designated States (unless otherwise indicated, for every 

STOESSEL, Christian, Hermann; 5080 Deerwood kind of regional protection available): ARIPO (BW, GH, 

Drive, Santa Rosa, CA 65403 (US). PATEL, Kayur, Ash- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

[Continued on next page] 

(54) Title: AUTOMATED FILM PICKUP AND PLACEMENT METHOD FOR INSULATING GLASS UNITS 

(57) Abstract: A method of automatically mounting a sheet 
from a cutting table onto a spacer frame of an insulating glass 
unit begins with identifying a position and orientation of a 
specified sheet on the cutting table and moving a robotic 
sheet pickup apparatus to a corresponding position to that 
identified for the sheet. An edge of the specified sheet is lifted 
off of the table, beginning with mechanical suction that brings 
a corner of the sheet to within proximity of a primary vacuum 
suction of the pickup apparatus. In particular, the pickup ap

paratus may have a substantially planar platen with a set of 
- channelss coupled to a vacuum source. Once the sheet is fully 

/ / picked up by vacuum suction, the sheet is laid upon a top sur
11N face of a tilt table, which can be simply the platen inverted.  

The table (or platen) is tilted to bring a corner of the sheet to 
19 abut against physical fences. Once the position and orienta

tion of the sheet is so known, the sheet is oriented to corres

pond to a frame, and attached thereto.  
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AUTOMATED FILM PICKUP AND PLACEMENT METHOD 
FOR INSULATING GLASS UNITS 

BACKGROUND 

1. FIELD OF THE INVENTION 

[0001] The present invention relates generally to the operation of 

automated or robotic assembly equipment, especially for the manufacturing of 

windows, and in particular to any such equipment adapted for pickup of 

sheets, panels, films, webs or laminates of various sizes at a first location and 

the placement or attachment of such material at a desired second location, 

such as to frames of multi-pane insulating glass units (IGUs).  

2. DESCRIPTION OF THE RELATED ART 

[0002] A reference herein to a patent document or other matter which is 

given as prior art is not to be taken as an admission that that document or 

matter was known or that the information it contains was part of the common 

general knowledge as at the priority date of any of the claims.  

[0002a] Where the terms "comprise", "comprises", "comprised" or 

"comprising" are used in this specification (including the claims) they are to be 

interpreted as specifying the presence of the stated features, integers, steps 

or components, but not precluding the presence of one or more other 

features, integers, steps or components, or group thereto.  

[0002b] As the cost of fossil fuels and other energy sources continues to 

rise and people become more concerned with the impact that energy 

generation has on the environment, there has been an increased interest in 

energy conservation. Products which themselves are not responsible for 

energy consumption, but which have an effect on the energy consumption of 

other devices, are in increased demand.  

[0003] In architectural structures, generally the most energy demanding 

activity is climate control. Whether cooling or heating, the desire to maintain



1a 

the interior temperature of a structure at a temperature comfortable for the 

average human in standard attire can be very energy intensive. While, in 

some climates, the outside temperature is commonly within a desirable range 

and climate control is inexpensive and not heavily used, in most 

environments, at least for a portion of the year, there is a desire to alter the
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environment within a structure compared to the environment outside. In some 

environments, the temperature differential between the inside of a structure 

and the outside environment can be large with differences in temperature of 

2 0 2C or more.  

[0004] One of the best ways to both control the energy expended to alter 

the temperature and to maintain a temperature in a structure is to properly 

insulate the structure. While not an active technology in most cases, 

insulation allows for the temperature differential inside and outside the 

structure to be maintained without as much infusion of energy. Good 

insulation is a barrier to heat transfer. Thus, less energy is required to 

maintain the temperature, and the temperature is more easily maintained in a 

particular range.  

[0005] The science of insulated glass is well understood, and it is critical in 

high-performance building envelopes. The current state of the art is the use of 

multi-pane windows. These windows utilize multiple panes of glass, which 

are separated by air gaps, to provide for insulating structures without 

sacrificing transparency. The windows generally improve their insulating 

capacity through the simple addition of more glass panes. Double-pane 

windows provide good insulation while triple- or even quadruple-pane 

windows provide additional insulation. This technology can be combined with 

certain types of coatings for the panes to provide for additional spectral 

manipulation including near-infrared reflection or transmission or thermal 

radiation characteristics. While these products work very well from an 

insulation perspective, they suffer from a couple of major drawbacks.
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[0006] Using more than two panes of glass in a window makes the window 

significantly thicker and heavier. This can make the windows more expensive 

to manufacture and to transport as well as making them unusable for some 

types of applications, such as large office towers. Thus, while double-pane 

windows have become near ubiquitous, triple-pane windows are rare and 

quadruple-pane windows are almost unheard of.  

[0007] In order to deal with these concerns U.S. Patent 4,335,166 to 

Lizardo et al describes a thermally insulating multi-pane glazing structure, 

known in the industry as an insulating glass unit or IGU, in which the interior 

pane is an interior glazing sheet such as a polyethylene terephthalate (PET) 

film. This film is suspended between outer, generally glass, panes and 

separated therefrom by spacers, and one embodiment describes the use of a 

heat-shrinkable film. This provides the structure of a triple-pane (or more) 

window while dramatically reducing the weight of the center pane(s) and, 

thus, the window's weight and thickness.  

[0008] In order to assemble such a structure, it has generally been 

necessary to take the exterior panes, which are usually rigid, attach spacer 

frames around the interior periphery of the panes with an adhesive, and 

suspend the PET film between the two spacer rings. A primary sealant such 

as polyisobutylene (PIB) may be placed between the film and the spacer as 

well as between the spacer and the glass to enhance durability and act as an 

assembly aid. PIB is tacky and can, therefore, temporarily fasten the film or 

glass to the spacer. A sealant is peripherally applied around the spacer frame
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to mechanically anchor the film, spacer frames, and glass panes. The 

interpane voids are then preferably filled with a low heat transfer gas.  

[0009] In order to provide for the aesthetics of a glass-like window 

structure when utilizing such an internal film and to maintain a prescribed 

cavity spacing, it is necessary for the film to be taut over the spacers. A taut 

film will generally not include wrinkles or waves. However, applying the film 

so that it is taut during assembly to the spacers and keeping it taut is 

generally impossible. In order to get the film in place and taut, the film is 

generally placed in a reasonably taut fashion, secured by the spacer and 

cured sealant system, and then thermally shrunk in place by heating the IGU.  

The heat makes the film taut. However, for the thermal shrinking to work well, 

the film still needs to be relatively flat in the IGU to begin with.  

[0010] Due to the lack of standard window sizes, IGUs are often custom 

made and largely constructed by hand. Any flexible film sheet must be cut to 

the required size and then carefully attached to the spacer frame. Currently, 

this is done by hand as the film can be difficult to handle and, since it is being 

attached to an adhesive, a missed positioning can result in a damaged 

product or a fold or wrinkle that cannot be easily removed and that thermal 

shrinking cannot correct. Further, since each piece of film can be different, 

and cut from a different position from an unrolling roll of film, there is no 

standardization from one IGU to the next in construction making the process 

difficult for automation.
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SUMMARY 

[0011] Because of these and other problems in the art, described herein 

are systems and methods for automatically lifting and positioning a cut sheet 

of flexible film from a cutting table to a corresponding mount. Specifically, the 

systems and methods mount a sheet from a cutting table onto a spacer frame 

of an insulating glass unit. As each matching cut sheet of film and unit can be 

different from the next cut sheet of film and unit (and positioned differently) the 

systems and methods can handle a large variety of sizes and shapes and 

provide for matching and alignment.  

[0012] There is provided, among other things, a method for mounting a 

sheet onto a spacer frame of an insulating glass unit. The sheet being 

mounted could be a flexible film polymer sheet, e.g. of polyethylene 

terephthalate, or could be a thin sheet of glass. A position and orientation of 

the specified sheet on a table is first identified and then a robotic sheet pickup 

apparatus is moved to a position corresponding to that of the identified sheet, 

such that the specified sheet can be lifted edge-first off of the table. The 

robotic sheet pickup apparatus could be a robotic platen or gantry having a 

substantially planar surface with vacuum pickup channels. Lifting the edge of 

the specified sheet may thus be performed primarily using vacuum suction.  

The position and orientation may be identified by an (x, y)-coordinate of at 

least one corner of the sheet, along with an identification of the longwise 

direction of the sheet. Physical liftoff of one corner, e.g. by means of a 

suction cup, may draw the sheet into proximity of the primary vacuum suction.
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The vacuum then draws the sheet to the platen starting at one edge and 

following the channels to the opposite edge.  

[0013] The specified sheet that has been picked up or lifted off the table is 

next subject to an active alignment process. In the case of a platen-type 

pickup apparatus, the platen is inverted so that the vacuum pickup surface 

becomes a top surface, with the sheet laying on that top surface. In one 

possible embodiment, the platen may then be tilted in a first direction to move 

the sheet widthwise until it abuts against a first edge stop of the platen, and 

then the platen is tilted in a second direction to move the sheet in a longwise 

direction until the short edge of the sheet abuts against a second edge stop of 

the platen. Moving of the sheets during the tilting operations may be assisted 

by an air cushion formed by blowing air from the platen under the sheet.  

Other forms of alignment actively manipulate and fully determine the position 

and orientation of the sheet upon the top surface of the platen pickup 

apparatus. In the case of a gantry-type pickup apparatus, the sheet may be 

dropped onto a tilt table distinct from the table from which it was originally 

picked up, and aligned in a manner similar to the tilting of the platen.  

[0014] Once the sheet has been properly aligned or its position otherwise 

fully determined, the platen or tilt table may transport and attach the sheet to a 

spacer frame of an insulating glass unit.  

[0015] Described herein is a method of mounting a sheet onto a spacer 

frame of an insulating glass unit, the method comprising: identifying a position 

and orientation upon a cutting table of a specified sheet to be mounted, 

wherein the sheet is of any arbitrary size; moving a sheet pickup apparatus to



WO 2014/158788 PCT/US2014/020151 

7 

a position corresponding to the identified position and orientation of the 

specified sheet; lifting a corner of a specified sheet off of the cutting table; 

lifting an edge of that sheet off the cutting table; lifting the remaining portion of 

the sheet off the cutting table so it lies adjacent to a lifting surface; inverting 

the sheet pickup apparatus so that the sheet lays on the lifting surface; 

moving the sheet to abut a fence on the lifting surface; rotating the sheet 

pickup apparatus to align the sheet with a frame; and attaching the sheet to 

the frame.  

[0016] In an embodiment of the method, the sheet is a flexible film polymer 

sheet.  

[0017] In an embodiment of the method, the sheet is a glass sheet.  

[0018] In an embodiment of the method, the position of the specified sheet 

is identified by the location of at least one corner of the specified sheet.  

[0019] In an embodiment of the method, the orientation of the specified 

sheet is identified by a longwise direction from the at least one corner.  

[0020] In an embodiment of the method, lifting the corner of the specified 

sheet uses mechanical suction.  

[0021] In an embodiment of the method, the edge of the specified sheet is 

proximate to a corner of the sheet.  

[0022] In an embodiment of the method, the sheet pickup apparatus 

comprises a platen that includes a set of channels in the pickup surface, the 

channels coupled at one end to a vacuum manifold.
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[0023] In an embodiment of the method, moving the sheet to abut the 

fence on the lifting surface is performed by tilting a platen with the sheet 

thereon in one or more orientations.  

[0024] In an embodiment of the method, the sheet pickup apparatus 

comprises a gantry having a substantially planar platen with plurality of 

channels coupled to a vacuum source.  

[0025] In an embodiment of the method, positioning the sheet so that it 

lays upon the pickup surface comprises tilting the pickup surface.  

[0026] In an embodiment of the method, moving the sheet to abut the 

fence is performed by tilting the pickup surface in one or more orientations.  

[0027] In an embodiment of the method, moving the sheet to abut the 

fence is assisted by suspending the sheet on a cushion comprising a flow of 

compressed air.  

[0028] In an embodiment, the method further comprises an active 

alignment mechanism determining a position and orientation of the sheet on 

the pickup surface.  

[0029] There is also described herein, a sheet pickup apparatus 

comprising: an arm; and a vacuum platen attached on an end of the arm, the 

vacuum platen including: a mechanical suction cup; a substantially planar 

vacuum pickup surface; and a fence element; wherein the mechanical suction 

cup lifts a corner of a sheet off of a cutting table; wherein a vacuum at the 

substantially planar vacuum pickup surface lifts a remaining portion of the 

sheet off the cutting table; wherein the vacuum platen inverts the vacuum is 

released, the sheet remaining on the substantially planar pickup surface due
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to the force of gravity; and wherein the vacuum platen tilts to move the sheet 

to abut the fence.  

[0030] In an embodiment of the apparatus, the substantially planar vacuum 

pickup surface comprises a plurality of vacuum channels.  

[0031] In an embodiment of the method, the plurality of vacuum channels 

are covered by a vacuum-permeable diffuser pad.  

[0032] In an embodiment of the method, the vacuum channels in the 

plurality of vacuum channels are independently addressable.  

[0033] In an embodiment of the method, the sheet is a flexible film polymer 

sheet.  

[0034] There is also described herein, a method of picking up a thin sheet 

of material, the method comprising: providing a sheet pickup apparatus 

comprising: an arm; and a vacuum platen attached on an end of the arm, the 

vacuum platen including: a mechanical suction cup; a substantially planar 

vacuum pickup surface; and a fence element; the mechanical suction cup 

lifting a corner of a sheet off of a cutting table; a vacuum at the substantially 

planar vacuum pickup surface lifting a remaining portion of the sheet off the 

cutting table; inverting the vacuum platen; releasing the vacuum; and tilting 

the vacuum platen to move the sheet to abut the fence.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a perspective view of an embodiment of a cutting table 

and robotic platen-type pickup device.
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[0036] FIG. 2 is side view showing the vacuum pickup of an edge of a 

specified film sheet by the pick-up device in FIG. 1.  

[0037] FIG. 3 is a top plan view of a platen vacuum pickup surface for the 

platen-type pickup device in FIG. 1.  

[0038] FIGS. 4 and 5 are side views of platen with picked-up sheet, having 

been inverted and being tilted for sheet alignment.  

[0039] FIG. 6 is a front perspective view of an embodiment of a IGU frame 

holder with frame to receive a sheet.  

[0040] FIG. 7 is a side view of the platen applying an aligned sheet to the 

frame on the frame holder of FIG. 6.  

DESCRIPTION OF PREFERRED EMBODIMENT(S) 

[0041] The systems and methods discussed herein are designed, in an 

embodiment, to pick up a sheet of flexible film or other thin generally planar 

material, where the sheet is of a size that can vary with each pickup, match 

that sheet to a frame of matching size, orient the sheet to the frame, and 

position it on an adhesive which is towards the periphery of the frame in a 

generally planar arrangement. As shown in the FIGS., the method generally 

begins with identifying a position and orientation of a specified sheet (1 9a) 

from a roll (15) including multiple sheets (1 9a) -(1 9d) on a cutting table (11) 

and moving a robotic sheet pickup apparatus (21) to a corresponding position 

to that identified for the sheet (1 9a).  

[0042] An edge of the specified sheet (1 9a) is lifted off of the table (11), 

beginning with mechanical suction that brings a corner of the sheet (1 9a) to
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within proximity of a primary vacuum suction of the pickup apparatus (21) 

allowing it to be grabbed by the vacuum suction. In particular, the pickup 

apparatus (21) may have a substantially planar platen (23) with a set of 

channels (33) coupled to a vacuum source. Once the sheet (1 9a) is fully 

picked up by vacuum suction, the sheet (1 9a) is laid upon a top surface of a 

tilt table, which generally is the platen (23) placed in an inverted position. The 

platen (23) is tilted from the inverted position to bring a corner of the sheet 

(1 9a) to abut against physical fences (29) and (30). Once the position of the 

sheet (1 9a) is known, it may be automatically oriented and aligned to be 

attached to an identified matched frame (41).  

[0043] With reference to FIG. 1, a cutting table (11), which may be part of 

an automated film cutting line or conveyor system, has a flexible film substrate 

(13) lying on its surface and supplied, for example, from a roll (15). The 

substrate (13) is preferably a polymer film material, such as polyethylene 

terephthalate (PET). However, other sheet material, including thin glass (with 

appropriate modifications to the supply technique), could be provided onto the 

table (11). From the substrate (13), sheets (1 9a)-(1 9d) are cut for subsequent 

attachment to the frame (41) of an insulating glass unit (IGU). As the sizes of 

windows have not been standardized, the sheets (1 9a)-(1 9d) for the IGUs can 

be of various sizes, even within a single production run. Further, in order to 

decrease waste from the roll (15), the sheets (1 9a)-(1 9d) may be positioned 

on the cutting table (11) in any order and any orientation. For example, the 

sheets (1 9a)-(1 9d) may be needed in order of numbering, or in any other 

order, and the sheets (1 9c)-(1 9d) may be arranged laterally while the sheets



WO 2014/158788 PCT/US2014/020151 

12 

(1 9a)-(1 9b) are arranged longitudinally, for example. Efforts are typically 

made to plan the production of IGUs so that the sheets (1 9a)-(1 9d) can be cut 

with minimal waste of the substrate material (13) and therefore some 

variability in order that the sheets (1 9a)-(1 9d) are needed is necessary. Any 

unusable material may be stored on another roll (17) on the opposite side of 

the table (11) from the substrate supply (15).  

[0044] The various cut sheets (1 9a)-(1 9d) are located at various positions 

on the table (11). Specific selected sheets (1 9a) will generally be picked up 

individually, while leaving other cut sheets (1 9b)-(1 9d) on the table (11) and 

ideally in their same relative positions. The specific selected sheet (19a), after 

being picked-up, needs to be properly associated with, and aligned to, an 

awaiting IGU frame (41) for attachment. Thus, each sheet (19a)-(19d) is 

associated with a particular frame (41) which is also present in an associated 

manufacturing area or conveyor. Further, the alignment of the sheet (1 9a) to 

the frame (41) may require that a determination of which dimension is 

arranged in which direction, so that the sheet (1 9a) is correctly oriented, be 

performed.  

[0045] In order to simplify the discussion of position herein, an x-y 

coordinate system may be used to specify locations and orientations on the 

table (11) as indicated in FIG. 1. This coordinate system is arbitrarily 

established by using a corner of the table (11) as origin, the length of the table 

(11) as an x-direction, and the across the table (11) dimension as a y

direction. This allows for one or more corners of the sheets (1 9a)-(1 9d) to be 

identified via (x, y) points in the coordinate system based on how the film (13)
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has been laid out. It should be noted that because the coordinate system is 

associated with the table, a specific sheet (1 9a) could actually change 

coordinates as the roll (15) is rolled or unrolled.  

[0046] With an imposed coordinate system, one way to identify a specific 

sheet's (1 9a) location and orientation is by an (x, y)-coordinate of one corner 

together with an identification of the lengthwise direction of the sheet (1 9a). In 

the case of a square or other symmetrical sheet, either edge could be 

identified as its "lengthwise" direction. The size of the sheet (19a) may also 

be known. Alternatively, the coordinates of each of the sheet's (19a) corners 

could be identified to provide its location.  

[0047] It should be recognized that while the x-y coordinate system 

discussed above will be used throughout this disclosure, the coordinate 

system is necessarily arbitrary and any imposed coordinate position system 

where a particular point or dimension can be used to refer to a particular 

location on the table (11) can alternatively or additionally be used. For 

example, the x-y coordinate system may be replaced, in an alternative 

embodiment, with a polar system. Still further, while a 2-dimensional system 

is generally preferred as the table (11) forms a planar surface for the film (13), 

in an alternative embodiment a 3-dimensional system may be used including, 

but not limited to, an x-y-z system, a spherical system, or a cylindrical system.  

[0048] A sheet pickup apparatus (21) is provided in the vicinity of the 

cutting table (11). In FIG. 1, this is shown as a vacuum platen (23) on the end 

of a robotic arm (25). While the apparatus (21) will generally be mechanized 

to provide for automatic pickup, in an alternative embodiment the robotic arm
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(25) may be replaced by a simple swing arm controlled by a human operator.  

The vacuum platen (23) may have its own coordinate system based on 

positions on the platen (23). In order to simplify discussion herein, this will be 

referred to as the u-v coordinate system (to distinguish the coordinates from 

those of the table (11)).  

[0049] The u-v coordinate system may be aligned with the x-y coordinate 

system (e.g., they may have the same dimensional attributes) so that a 

position on one corresponds to the same position on the other should their 

origin points be aligned. The origin of the u-v coordinate system on the platen 

(23) may be positioned anywhere, but will often be positioned at or near the 

mechanical suction cup (34) or the corner of the fences (29) and (30) to 

simplify alignment determinations. So that the assembly (21) may select and 

lift a particular sheet (1 9a), a desired transformation of the table's x-y 

coordinate system to the platen's (23) u-v coordinate system may be provided 

so that the position of the sheet (1 9a) on the table (11) can be aligned with a 

particular position of the platen (23).  

[0050] Generally, the pickup apparatus (21) will provide a variety of 

different degrees of motion to the vacuum platen (23). This will often be full 

motion in all dimensions. More specifically, the platen (23) will generally be 

allowed to move across the table's x-y coordinates to align above a particular 

sheet (1 9a), to be rotated parallel to the u-v coordinate plane to align a 

particular edge of the platen (23) with a particular edge of the sheet (1 9a), to 

be rotated in a plane perpendicular to the u-v coordinate plane to invert the
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platen (23), and to move up and down vertically relative to the plane of the 

table (11) to engage the film (13) or move away from the table (11).  

[0051] In FIGS. 2 and 3, the vacuum platen (23) has been moved by its 

robotic arm (25) to a position corresponding to that of the identified sheet 

(1 9a) and generally parallel therewith, such that the specified sheet (1 9a) can 

be lifted off of the table (11) without disturbing the other sheets (1 9b)-(1 9d).  

The platen (23) has a substantially planar vacuum pickup surface (27) 

including a set of parallel grooves or channels (33) coupled to a vacuum 

source, so that lifting the specified sheet (1 9a) may be performed using 

vacuum suction. The channels (33), in an embodiment, are about one inch 

(25.4 mm) deep, about 1/2 inch (12.7 mm) wide, separated by about 2 inches 

(50.8 mm) from neighboring channels (about 21/2 inches or 63.5 mm center-to

center), and up to about 13 feet (4 meters) long.  

[0052] The vacuum source is coupled to the channels (33) via a manifold 

(32) at one end of the channels (33). Typically, the selected sheet (1 9a) must 

be brought very close, for example, within about 1/2 inch to about inch (12.7 

to 19.05 mm) of the platen's channels (33) before the vacuum suction has any 

effect on the film (13). Thus, a mechanical suction cup (34) may be provided 

to connect with and lift a corner of the selected sheet (1 9a) to within the 

required distance so that a particular sheet can be lifted without disturbing any 

neighboring sheets (1 9b)-(1 9d) even if they abut the selected sheet (1 9a) 

directly.  

[0053] The sheet (1 9a) will generally be edge lifted. Thus, one channel 

(33) will be initially activated so that when a corner of the sheet (1 9a) is
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positioned sufficiently close to the appropriate vacuum channel by the 

mechanical suction cup (34), the vacuum created by that channel (33) will 

serve to pull a portion of the sheet (1 9a) along the edge and in close proximity 

to the corner closer to the platen (23). As that portion moves closer to the 

platen (23), an adjacent portion aligned with the first is now close enough to 

be affected by the vacuum channel (33) and also pulled closer.  

[0054] This process progresses until the entire edge of the sheet (1 9a) is 

supported by the vacuum and serves to separate the sheet (1 9a) from the film 

(13). Once the edge has been lifted off, the remainder of the sheet (1 9a) is 

likewise lifted by vacuum suction. By, in-turn, activating vacuum channels 

(33), starting at the manifold end and progressing outward as the sheet sticks 

to the platen (23), the sheet (1 9a) is lifted along its other widthwise dimension.  

As should be apparent, the sheet (19a) is lifted by having each successive 

portion which is pulled closer to the platen (23) mechanically pulling an 

adjacent portion of the sheet (1 9a) closer so that it may also be affected.  

[0055] It should be clear that even though an active vacuum channel (33) 

may extend beyond the confines of the specific sheet of interest (1 9a) it will 

generally be unable to pick up any of the film (13) except the selected sheet 

(1 9a), including the other sheets (1 9b)-(1 9d), because these sheets (1 9b)

(1 9d) are too far away from the vacuum channel (33) to be lifted by it and 

have not been engaged by the mechanical suction cup (34) to bring them 

closer. Generally the platen (23) will be too far away from the film (13) to lift 

any of the film (13) directly from the table (11) unless another force
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(specifically that of the mechanical suction cup (34)) is used to lift an initial 

portion (specifically a corner) of the film (13) toward the platen (23).  

[0056] However, once the corner of the sheet (19a) is raised by 

mechanical suction cup (34), the corner is close enough to the platen (23) to 

initially engage an active vacuum channel (33) and as the active vacuum 

channel (33) pulls the corner closer, adjacent portions of the sheet (1 9a) are 

also pulled toward the vacuum channel (33). However, as the sheet (1 9a) 

has been cut from the rest of the film (13), the portions of the roll (13) that are 

not part of the sheet (1 9a) are not lifted with the sheet (1 9a) which separates 

from the rest of the film (13) along the cuts. To further prevent unintentional 

pick up of film (13) outside the sheet (1 9a), the fence elements (29) and (30) 

may also be used to hold the remainder of the roll against the table (11) in an 

embodiment.  

[0057] As seen in FIG. 3, an array of vacuum openings or channels (33) 

may cover the vacuum pickup surface (27) of the platen (23). This in turn 

may be covered by vacuum-permeable diffuser pad (35) (shown partially 

peeled away). In order to avoid any vacuum-induced deviations from a plane 

in the sheet (1 9a) when it is fully engaged by the vacuum suction, the vacuum 

channels (33) may have a wavy profile so that the pad (35) (if present) or the 

sheet (1 9a) being picked up (if the diffuser pad is not provided) do not locally 

slip into the channels (33). The channels (33) may be addressable by valves 

(not seen) within the manifold (32), so that specified channels (33) or rows of 

channels (33) are provided with vacuum suction, while other channels (33)
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remain inactive. This, essentially, allows each channel (33) (or subset of 

channels (33)) to be individually controlled.  

[0058] An edge or corner of a sheet (1 9a) may be picked up (as at (31) in 

FIG. 2) first, before the rest of the sheet (1 9a) is picked up, thereby minimizing 

the possibility of lift-off of adjacent sheets (1 9b)-(1 9d). Further, as the sheet 

(1 9a) is essentially picked up using a smooth sliding motion first in one 

direction and then the other, which is a similar motion to that used to smooth a 

bed sheet or rug to flatten it, there is generally very little wrinkling of the sheet 

(1 9a) being picked up and it is generally maintained in a fairly flat (planar) 

state.  

[0059] With reference to FIG. 4, after sheet (1 9a) pickup, the vacuum 

platen (23) is inverted by the robotic arm (25) so that the pickup surface (27) 

is now the top surface, with the sheet (1 9a) laying on that surface (27) with 

gravity pushing the sheet (1 9a) into the pickup surface (27). Only when the 

vacuum platen (23) is fully inverted as shown in FIG. 4 are the vacuum 

channels (33) turned off. The sheet (1 9a) then relaxes and settles onto the 

pickup surface (27) due to gravity. Some air may be pumped into the 

channels (1 9a) to create an air cushion upon which the sheet (1 9a) rests 

instead of having it rest on the pickup surface (27) to further remove any 

wrinkles.  

[0060] Once the sheet is relaxed, the platen (23) is then tilted as shown in 

FIG. 5 so that the sheet (19) slides down against the fence element (29). The 

platen (23) will then be tilted in an orthogonal direction so that the sheet (19) 

also slides down against another fence element (30) (seen in FIG. 3) until it is
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properly nestled in the corner where the two fences (29) and (30) intersect. In 

an alternative embodiment, both directions of tilt can be performed 

simultaneously. Tilting is preferably first in a widthwise direction so that the 

long edge of the sheet (1 9a) rests against one fence, and then in a lengthwise 

direction so that the short edge of the sheet (1 9a) rests against the other 

fence. It should be recognized that which direction (u or v axis) is used first 

may vary depending on the orientation of the sheet (1 9a) being picked up.  

However, the platen (23) may, in an embodiment, be rotated prior to the sheet 

(1 9a) being picked up so that the order of dimensional tilt (e.g., u then v axial 

direction) is always the same. Again, for square sheets, either edge could go 

first as there is no long edge. The tilting is generally just enough to allow the 

sheet (1 9a) to slide to abut the fences (29) and (30) and is insufficient to allow 

the sheet (1 9a) to wrinkle under the force of gravity due to the force imposed 

on the sheet (1 9a) by the fence (29) or (30). The air cushion can assist with 

this by lowering the frictional engagement between the sheet (1 9a) and pickup 

surface (27).  

[0061] In addition to these mechanical steps, the position of the sheet 

(1 9a) may also be verified by an optical reader capable of seeing the edge 

(31) and determining how close the sheet (1 9a) is to the corner of the fences 

(29) and (30). If necessary, the tilt process can be repeated to adjust the 

sheet (1 9a) position or the air cushion upon which the sheet (1 9a) rests can 

be adjusted to alter the friction between the sheet (1 9a) and the surface (27).  

Even if the sheet (1 9a) doesn't fully abut against the stops (29) and/or (30), 

the visual sensing can provide the sheet's (1 9a) position precisely enough for
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subsequent attachment to the IGU frame as slight offsets can be accounted 

for.  

[0062] It should be recognized that in the embodiment of the FIGS, the 

fence elements (29) and (30) need not actually meet. Thus, the "corner" of 

the two fences (29) and (30) could be a virtual extension of the fences (29) 

and (30). Leaving a slight gap at the corner has an advantage, when 

movement of the sheet (1 9a) via gravity is also assisted by an air cushion 

supplied through the channels (33), to allow for air to escape without wrinkling 

the edge of the sheet (1 9a) and can also assist in edge detection of the sheet 

(1 9a) by having the corner not directly abut another surface (even though the 

edge (31) does). The fences (29) and (30) preferably also have a set of slots 

along the plane of the pickup surface (27) to allow blown air to escape without 

riding over the fences (29) and (30) themselves to resist wrinkling of the sheet 

(1 9a) where it abuts the fences (29) and (30).  

[0063] With reference to FIG. 6, a frame support (39), such as the depicted 

upright table or a conveyor, may be provided for the IGU frame (41). The 

frame (41) already has a first outer panel of glass (43) with spacers and 

adhesive applied thereto and is awaiting reception of the flexible sheet (1 9a) 

from the platen (23). One embodiment facilitating transport of the frames (41) 

could be provided with a series of rows of rollers (45) along the major 

surfaces of the frame support (39). A horizontal table is only one possibility, 

and other equipment for supporting a frame (41) during sheet (1 9a) 

attachment could be used instead. Again, an arbitrary coordinate system can



WO 2014/158788 PCT/US2014/020151 

21 

be supplied to the frame support (39) to allow for the location of the frame (41) 

to be communicated to the pickup apparatus (21) for alignment purposes.  

[0064] As seen in FIG. 7, prior to attachment, the platen (23) resumes 

vacuum suction of the sheet (1 9a) which is now located generally adjacent to 

the fences (29) and (30). As the location of the corner of the sheet adjacent 

the corner of the fences (29) and (30) is now quite precisely known, and which 

corner of the sheet (1 9a) is so positioned, the sheet (1 9a) can now be 

precisely aligned with the IGU frame (41) by aligning the sheet's (1 9a) 

coordinate position on the platen (23) with the frame's (41) coordinate position 

on the frame support (39). Once aligned, the sheet (1 9a) is placed against 

the IGU frame (41) by the arm (25). As the frame (41) has an adhesive 

surface thereon for holding the sheet (19a) in place, the sheet (19a) adheres 

to the frame (41). Once attached, the vacuum from platen (23) is stopped or 

reversed and the sheet (1 9a) is released from the platen (23) and remains 

attached to the frame (41). The process may then be repeated for the next 

frame (41) and sheet (19b) combination.  

[0065] As should be apparent, as the sheet (1 9a) is generally planar and 

held generally parallel with the platen (23) when the sheet (1 9a) engages the 

frame (41), and the platen (23) is generally parallel to the frame at the same 

time, the sheet (1 9a) is applied to the frame (41) with relatively few (if any) 

wrinkles or waves therein. Thus, the IGU is ready for thermal treatment to 

thermally shrink the sheet (1 9a) while avoiding wrinkles or folds which could 

inhibit a resultant planar surface.



WO 2014/158788 PCT/US2014/020151 

22 

[0066] It will be understood that any of the ranges, values, or 

characteristics given for any single component of the present invention can be 

used interchangeably with any ranges, values, or characteristics given for any 

of the other components of the invention, where compatible, to form an 

embodiment having defined values for each of the components, as given 

herein throughout.  

[0067] While the invention has been disclosed in connection with certain 

preferred embodiments, this should not be taken as a limitation to all of the 

provided details. Modifications and variations of the described embodiments 

may be made without departing from the spirit and scope of the invention, and 

other embodiments should be understood to be encompassed in the present 

disclosure as would be understood by those of ordinary skill in the art.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method of mounting a sheet onto a spacer frame of an insulating 

glass unit, the method comprising: 

identifying a position and orientation upon a cutting table of a specified 

sheet to be mounted, wherein the sheet is of any arbitrary size; 

moving a sheet pickup apparatus to a position corresponding to the 

identified position and orientation of the specified sheet; 

lifting a corner of a specified sheet off of the cutting table; 

lifting an edge of that sheet off the cutting table; 

lifting the remaining portion of the sheet off the cutting table so it lies 

adjacent to a lifting surface; 

inverting the sheet pickup apparatus so that the sheet lays on the lifting 

surface; 

moving the sheet to abut a fence on the lifting surface; 

rotating the sheet pickup apparatus to align the sheet with a frame; and 

attaching the sheet to the frame.  

2. The method of claim 1, wherein the sheet is a flexible film polymer 

sheet.  

3. The method of claim 1, wherein the sheet is a glass sheet.  

4. The method of any one of claims 1 to 3, wherein the position of the 

specified sheet is identified by the location of at least one corner of the 

specified sheet.  

5. The method of claim 4, wherein the orientation of the specified sheet is 

identified by a longwise direction from the at least one corner.  

6. The method of any one of claims 1 to 5, wherein lifting the corner of 

the specified sheet uses mechanical suction.
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7. The method of any one of claims 1 to 6, wherein the edge of the 

specified sheet is proximate to a corner of the sheet.  

8. The method of any one of claims 1 to 7, wherein the sheet pickup 

apparatus comprises a platen that includes a set of channels in the pickup 

surface, the channels coupled at one end to a vacuum manifold.  

9. The method of any one of claims 1 to 8, wherein moving the sheet to 

abut the fence on the lifting surface is performed by tilting a platen with the 

sheet thereon in one or more orientations.  

10. The method of any one of claims 1 to 6, wherein the sheet pickup 

apparatus comprises a gantry having a substantially planar platen with 

plurality of channels coupled to a vacuum source.  

11. The method of claim 10, wherein positioning the sheet so that it lays 

upon the pickup surface comprises tilting the pickup surface.  

12. The method of claim 11, wherein moving the sheet to abut the fence is 

performed by tilting the pickup surface in one or more orientations.  

13. The method of any one of claims 1 to 12, wherein moving the sheet to 

abut the fence is assisted by suspending the sheet on a cushion comprising a 

flow of compressed air.  

14. The method of any one of claims 1 to 13, further comprising an active 

alignment mechanism determining a position and orientation of the sheet on 

the pickup surface.  

15. A sheet pickup apparatus comprising: 

an arm; and 

a vacuum platen attached on an end of the arm, the vacuum platen 

including:
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a mechanical suction cup; 

a substantially planar vacuum pickup surface; and 

a fence element; 

wherein the mechanical suction cup lifts a corner of a sheet off of a 

cutting table; 

wherein a vacuum at the substantially planar vacuum pickup surface 

lifts a remaining portion of the sheet off the cutting table; 

wherein the vacuum platen inverts the vacuum is released, the sheet 

remaining on the substantially planar pickup surface due to the force of 

gravity; and 

wherein the vacuum platen tilts to move the sheet to abut the fence.  

16. The apparatus of claim 15, wherein the substantially planar vacuum 

pickup surface comprises a plurality of vacuum channels.  

17. The apparatus of claim 16, wherein the plurality of vacuum channels 

are covered by a vacuum-permeable diffuser pad.  

18. The apparatus of claim 16 or 17, wherein the vacuum channels in the 

plurality of vacuum channels are independently addressable.  

19. The apparatus of any one of claims 15 to 18, wherein the sheet is a 

flexible film polymer sheet.  

20. A method of picking up a thin sheet of material, the method 

comprising: 

providing a sheet pickup apparatus comprising: 

an arm; and 

a vacuum platen attached on an end of the arm, the vacuum platen 

including: 

a mechanical suction cup; 

a substantially planar vacuum pickup surface; and 

a fence element;
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the mechanical suction cup lifting a corner of a sheet off of a cutting 

table; 

a vacuum at the substantially planar vacuum pickup surface lifting a 

remaining portion of the sheet off the cutting table; 

inverting the vacuum platen; 

releasing the vacuum; and 

tilting the vacuum platen to move the sheet to abut the fence.
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