1 CONTI NUOUS GAS FI LLI NG PROCESS AND APPARATUS FOR FABRI CATI ON OF

| NSULATI NG GLASS UNI TS Field of the Invention [0001] The present invention
rel at es gwoeneldoy9obo t he fabrication of insulating gl as®Cuisee,1/0a05d8 Nor e
particularly to a nethod and apparatus for filling insulating glass units
wi th insulating gas. Background of the Invention [0002] As wi ndow

manuf acturers continue to inprove the thernmal performance of their products
in order to achieve higher efficiency and energy savings, the trend is to
replace the air inside of insul ating gl ass (1G units with inert gases that
are heavier than ais, includin but n dto n r Krypt on
(Kr), or a blend th‘éﬁ’)]@ NU ﬁ&gé”‘ I}é&r{ %h%}“%: §6ﬁ%{)%ﬁ§ dﬁgher
density than air, they fgﬁ%ISﬁTég SIS Th 1\if%\g;@?stgilrﬁ\{ITﬁncrease t he
insulating value of an IGunit. Air, has a density of about 1.29 grans/liter
(@STP). In contrast, Argon has a &ihkefithe bvenflon v 1 78 grans/liter (@ STP)
and currently haso1pa COStTHelprésbg 1ﬁ@ﬁg@1 Rfate g0 rdIe o klict @ricatiél éfandﬁnaylﬁgon has

a density of about 3.74 ams/l (@ STP nd current|y has a c in the
range of $1. 00 b i 2 ToRg B IYAwBlﬁt q epadmp%ﬁ%fe%ﬂl%gmlﬁm}grﬁg Fdve the
t hermal perfor maneRit®ms@ming@unit, Argon is typically used to its maxi num
efficiency in wider air spaces (1/2" to 5/8"), and Krypton is typically
used in narrower air spaces (1/4" to 3/8"). [0003]Since both insulating
gases, Argon and Krypton ar e heBadk&fouhdlanthailiven@ion t he i nsul ating gas fills
the G unit fro e bot om thereof, he 1 nsul ati ng gas pushes the |ighter
air gas to the P of t eS| EIEAY t MAKACHEE SPOYHE dhclTYRRE é? é'f) of the
|G unit. At Sorp%rfp@iaﬁ&e bfl tﬁeheprf)ﬂdcksi ﬂlgoﬂaéloﬁﬁﬁéhlev'é hegier IeSﬁo@enbpl’ahdl Qﬂergfc‘ar t he
bottom of the IG.unit é st aég é heayi S]han ai.r

(Argon, Kryptorr2Vigs> ﬁlerﬁeﬁ &?f“’trT‘P Acp gdg o ighifpatige i 18‘ Uyt REt top of
the 1G unit thatasds$hal@s hédvicailan aVigdl@litd) Butinoslithieddi Al r@@s( Ar) Keyi@o®s), W t h
the air, there is
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500% of the inj tedlns e.require dilute the air
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Krypton has a density of about 3.74 grams/liter (@ STP) and currently has a cost in
the range of $1.00 per liter. Although Argon and Krypton will both improve the
thermal performance of an IG unit, Argon is typically used to its maximum efficiency
in wider air spaces (1/2” to 5/8”), and Krypton is typically used in narrower air spaces
(1/4” 10 3/87).

[0003] Since both insulating gases, Argon and Krypton, are heavier than air, as
the insulating gas fills the IG unit from the bottom thereof, the insulating gas pushes
the lighter air gas to the top of the IG unit, and out of the enclosed air space of the IG
unit. At some point in the filling process, there is a portion near the bottom of the 1G
unit that is mostly (above 90%) heavier than air gas (Argon, Krypton, or a mix of the
two gases), and a portion near the top of the IG unit that is mostly air. Where the
sulating gas interfaces with the air, there is a blended mixture of both air and the
insulating gas. This blended mixture of gases is caused by convection, and dissipation
of the insulating gas with the air it is replacing. For this reason, 150% to 500% of the
injected insulating gas may be required to dilute the air volume in the IG unit down to
less than 10% of what is remaining. A 90% fill rate has become an accepted standard

in the 1G fabrication industry.



[ 0004] The anpunt of tine required to fill an 1Gunit with insulating gas
(e.g., Argon, Krypton, or conbination thereof) is affected by the

f ol | owi ngwoQ20)2/0e806ne of air space in an 1Gunit; (2) flPeWUSat1a/08d538 he
injected insulating gas; (3) convection during the filling process (which
is influenced by the flowrate); and (4) dissipation during the filling
process (which is influenced by the tinme the gasses are exposed to each
other). [0005] To facilitate |nject|on of a |nsulat|ng gas into the space
bet ween gl ass panes (also known as glasszlrtes ) of an IG unit, one or two

openi ngs or hol rovided in the er t hat s tes t adj acent

gloass ganes ﬁ@“b un CimoHN &E’érr%quﬁﬁcif%a I?r‘}?&l“é’f Bﬁu ting g@\,@gf eJ is
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descri bed. [OOQﬁMMaﬁmynrflll Vacuunrfrllrng happens when the entire 1G
unit (or nulti G uni S inserte a vacuum chanber. Over a

per oa or t1 meofisl & o T beiid PRSI sl ife i PHahE SRre 6o roc elas
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and t hen replaced

the desired insulatin Al t houg s nethod is
reliable, spr%&%%rrg.%srra&er T ISEERS, e %{aﬁi’l‘é Ay PUEE rI}é{r %élﬁiﬁﬁ’vl%anber
has fi xed dr rren;gacefssqawa@d sﬁqgluaolraydh& hilk & Watduvchanbeser ar fie M6 ededTs 0
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m ni m ze the fﬁ# SPgﬁgu%}%gﬁ?$Fﬁﬁn¢ﬁmEagggawpgﬁ%r cost, as well as

i ncreased capadbeog) fastv&mmm1ﬁachhaﬁ&1ﬁﬂm@nﬁ@mﬁspﬂmbehdhaﬁeﬂs~mﬁ5@rted
into an 1 G unit I a hi rat 0 it per
ot ey from a PiPdE IBRFR BifERe b s CGhubed Qb ppgit oy s mTRuS gas
at a second ponheem1@hx&hﬁﬁpﬁmbahaem&euséaﬁﬁm@bky:@h&)&amemr@he;aamthe
injection rate. . This fast, fill ess. no convecti.on,

entour ages. 1t @dns A3 guted P EPETRR R Pty B RS AT AR5 s i s
passed throughA£Mm0gygﬁmmaﬁm$®rmhMﬂ¢1nmnmbam&euhempbmeﬁnnmahmaameﬁ oxygen
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customsize 1G units and i.C nrts in
just-in-time (JPT faRtdt ?ql&lrnri’?{ ° al?rahl r%ﬁ?veraiopt%? db"d%reéf‘m%c} antage of t he
fast fill procGﬁBmﬁ&mihamtphcmahﬁeéﬂmw&ugnﬁkuﬂam&maM@mmts@fﬁmn&UMaang gas
(I.e., 200%to s?aglg/?l 1 fﬁ mt 1 past tolf -dm ?HJIF)a an %?1 nr}alrer?mtntge fast fill
process i npr act TSt 4 F5E G W e&r-ﬁﬁ thee ?1&% SpensiVe Krypt on gas.

[ 0008] Sl ow fi |l I[0¢05i ngl e mmrhh hIhﬂmemmnﬁnthdﬁmngheehmhgﬁaneaﬁsﬂmrnvoIves
the insertion of f the 1Gunit,
with the tube ex%teﬁsg“rvﬁpa “F*hsé‘%‘l T a“pﬁ%‘sgﬁllm 'of° ‘%%rhze ‘%’ﬁ%ﬁa?lﬁ ’Ps‘ft“ﬁ‘l1

i nsul ati ng gas1msannﬁemted1@bmeg$hommgmﬁe:@goﬁmedlmﬂmpmgnmnm)mmzedmtthereby
reduci ng the anp as that eneficia
where a’r el at oI af el Aot 8RRa 5 Gkul Sl R Ceophyisiohr PEPERY ng
used. An advanuagdmamuﬂhehsbmmtﬁmdhsﬂeumghmnhabeﬂ%pr@ﬂeﬁbpmswshetmﬂﬂuced
insulating gas | 0ss ically 70% at ction rate iters,per
mnute, and |es$ auste%aﬁn“%@l% a “t FePHise e oﬁlnrcéa?he of 1 17 P“’Fedpghre WHRUES) .

D sadvant ages of the S|Owlfl|| (srngle hol e) process are hrgher Iabor
costs, higher capital costs, and greatly reduced capacity due to the

| engt hened fill tine.



[0009] To fill IGunits with spacers having two holes or openings, the IG
unit is typically positioned in a vertical orientation, with the first hole
| ocat ed pwoxnIeobo the top of the 1 G unit and the seceqd/usedig/ohssat ed
proximate to the bottomof the 1Gunit. Existing "two holes"” gas filling
processes can take several different forns, including, but not limted to
nmet hods 1 and 2 descri bed below. [0010] Method 1: A first probe is inserted
into the bottomhole of the 1G unit for ;$jection of the insulating gas. As
di scussed above, both Argon and Krypton e heavier than air, and thus

i njection of thege gasses intgrthe bottom of the IG.uni%ﬁnininizes he
convection of tMeYE FAJEELSH PRPUBhan Aryech RERORa" MEYICRLIMAGONCPRECR %ct i on
rate of the i nsdth@dnithgeigasiné@xyen isnélgBSIEd of Gr (X0 VY] tAEfabtl filBmaddiinercggluced t o
m nim ze waste. A second Probe.is,inserted into the top.hole of the IG unit
to suction exhd§¥OLTUNeLOPLOBHIEGRE gt Whn the ?ngs‘tfqnswt%@ntﬁéhq WEMSE i ng gas
is SL opped wherexhdiet gmyrgﬁ;ﬁ@@@eeaag%?iiddol\grgﬁﬁ‘ cdnhﬁm?ﬂikﬁi (e%ae@p@ﬁma&maﬁ .9|g@s
reaches a target concentrat . t ho . In this nethod, o one
probe is used. Ofﬁ%ein&ﬁ@cYesdo%g’é‘Li‘t@é ggaWBhlPﬂl?zlﬁo‘tnf%nﬂ‘f;oe}déa%?getoﬁ@e:}guni t.

Si nce the insulfatpro@sgiashat i rddeaY 12861 do@in@takes chpacitd,lahd HisGipbRABr Wit thyvi t h
predi ctabl e convection and dissiBation, t %Lfferegt ﬂ%QMLr %FSh Thi s
process uses a PiHBYON §fgHstpr sieg ARty (B fPHFLOR PoiAdatdesizedGALE 1 B,

di ssi pation, arjctpi-gede rabhahukRstieg edifiiofmemt PO@ribs ddadiabke ofhe msAfiigon i S

the insulating gas, .since an intentional overfill is naot L 1y.. However,
whon an- expensilECS HRGE gy AS COSHRh B TkD B feedO0pH) SOt hog
requi res a bal amgd westdet maeminyast @alak thehBsteNPERsdsy enpringicdl &bi M@c@asthand t he
need to fill the LG unit to rescribed mninumlevel. [0012] The present
i nvention provi'@8Yel FRINEE "B ar atus for filling insulating glass
unitsdmﬁthdgnsubam?ng ga$o®ﬁmﬂﬁﬁgeh&ﬁnﬁﬂwdkﬁmma@kghdbk$b@c@ﬁhﬁ%h?ﬁ%i and
rovi des additi.onal advantages. unar, e
Phoent on [ OOTSTHIMR 8P IRaTetohy HHouEna T5Ioa b op @6t oM. PYIg B bt

provi ded a net h@@dnding to the lowest portion of the IG unit. If the insulating gas is injected at a

slow rate, convection is minimized, thereby reducing the amount of insulating gas that
is wasted. This is beneficial where a relatively expensive insulating gas (such as
Krypton) is being used. An advantage of the slow fill (single hole) process is the
reduced insulating gas loss (typically 70% at an injection rate of 3 liters per minute,
and less than 35% at an injection rate of 1 liter per minute). Disadvantages of the slow
fill (single hole) process are higher labor costs, higher capital costs, and greatly
reduced capacity due to the lengthened fill time.

[0009] To fill IG units with spacers having two holes or openings, the IG unit
is typically positioned in a vertical orientation, with the first hole located proximate to
the top of the IG unit and the second hole located proximate to the bottom of the IG
unit. Existing “two holes” gas filling processes can take several different forms,
including, but not limited to methods 1 and 2 described below.

[0010] Method 1: A first probe is inserted into the bottom hole of the IG unit
for injection of the insulating gas. As discussed above, both Argon and Krypton are
heavier than air, and thus injection of these gasses into the bottom of the IG unit
minimizes the convection of these gasses with the air they are replacing. The injection
rate of the insulating gas can be increased to minimize time, or reduced to minimize

waste. A second probe is inserted into the top hole of the IG unit to suction exhaust



for filling one or nore insulating glass units with at |east one insulating
gas, each of said insulating glass units having at | east one interpane
space defwoedi2dngs®wd] acent gl ass panes separated by a sp&CEUS261ai0¢05a8t hod
conprising: inserting respective gas filling tubes into each said interpane
space of the one or nore insulating glass units; providing a control unit
with gas filling data for determ ning the anmounts of said insulating
gas(es) to fill each interpane space of said one or nore insulating glass
units; and using said control unit to control the flow of insulating
gas(es) to the gas filli tubes, wherein said flow of insulatin as(es)
"s controlled B TRE BeACHBI Al H(tnoofrptﬁ%msaléﬂqgh%asamﬁﬁsmedowhegé HOTHERI at ng
gas(es) accor didgcch@atioher gasucibhddieRguslahereadhendmigegeohf@irii@apect i ve gas
filling tubes fr each sai d interpane ce after each s i%ﬁint r pane
space has been W&ﬁ}ed Wi th ulﬁﬂgﬁdﬂﬁagﬁéﬁy'%@dﬂﬂﬁiHJEFg t'He PERE Filling
data; and seal iingreh@b Habsitonh@E pame 16 paee Shte MalithuRe: &fs iR a@ict thanll at i ng
| ass units. [0014] ] ccordan wi t h _anot her. aspect . of. the esent

ignv ention, t h[eragr, ?t]swiﬂ d?'sp ace adlr Wcl;‘[% predtlctab?e convection arpd issipation, at di[?frerent How

rates. This process uses a timer that is set based upon the flow rate, convection,

dissipation, and predictable waste. This method is suitable when Argon is the

insulating gas, since an intentional overfill is not costly. However, when an expensive

insulating gas (such as Krypton) is used, this method requires a balancing between

waste of the expensive insulating gas and the need to fill the IG unit to a prescribed

minimum level.

[0012] The present invention provides a method and apparatus for filling

insulating glass units with insulating gas that overcomes drawbacks of the prior art,

and provides additional advantages.

Summary of the Invention

[0013] In accordance with the present invention, there is provided a method
for filling one or more insulating glass units with at least one insulating gas, each of
said insulating glass units having at least one interpane space defined by adjacent glass
panes separated by a spacer, said method comprising: inserting respective gas filling
tubes into each said interpane space of the one or more insulating glass units;
providing a control unit with gas filling data for determining the amounts of said
sulating gas(es) to fill each interpane space of said one or more insulating glass
units; and using said control unit to control the flow of insulating gas(es) to the gas
filling tubes, wherein said flow of insulating gas(es) is controlled by the control unit to
provide the amount of said insulating gas(es) according to the gas filling data;
removing the respective gas filling tubes from each said interpane space after each
said interpane space has been filled with insulating gas(es) according to the gas filling
data; and sealing each said interpane space of said one or more insulating glass units.

[0014] In accordance with another aspect of the present invention, there is
provided an apparatus for filling one or more insulating glass units with at least one
insulating gas, each of said insulating glass units having at least one interpane space

defined by adjacent glass panes separated by a spacer, said apparatus comprising: a



provi ded an apparatus for filling one or nore insulating glass units with
at |l east one insulating gas, each of said insulating glass units having at
| east onewOrbEyQs9ve space defined by adjacent gl ass pan®@STASpENAIESAS by a
spacer, said apparatus conprising: a 5 holding rack having a plurality of
hol di ng | ocations for holding a respective insulating glass unit; one or

nore sources of insulating gases; a plurality of gas filling tubes fluidly
connectable with said one or nore sources_of insulating gases, one or nore
gas filling tubes are associated with each hol di ng |l ocation; and a control

unit programre 0 supply. the pluralli of gas filling tubes with anmounts
of the insul at %Ldn@a@@@?ﬁémﬁa eIy @‘fg}wﬁf’yn%ﬁ logagany ]Elé‘}l‘ﬂ}%%%reélif%\é%m%lﬂa“%e

i nsul ating gl asgastMhit;Sone SRintbre @htlr¢eO lof WidutatittS ba3es; @agurdilitl |df Rgs dRing ties
determ ne the %?t of the jnsu(Jnatingl§ as&e%)fto fill each of the

i nt er pane space¥iBY CPREOITHT G gf BOL ALl splging SRS UG QR FPREE2df t he
present inventifilnd §bdshe RERI4tcTivaih cadh @1dimt bedioandd apparodtmSprbghmed | i ng

naul ati ng ol ace stptiy B df B Bt BRe TOULE] AHOE Het ARATEAGETB! ¢ he
present inventicath b5thé Rferfn® ipHtOst B indulnmizhods afich, s adndblisnif @ingfdak | 1 ng
i nsul ati ng gl ass,.units tgat allqﬁs for é?g#CEd wast e of

. i nsul ati ng. gases,
thoreby 1 aduc nATEGE ¢ JFering MEaETaR: 6 MengtArE g G dednhsepeol
[0017] Still anahbganagyanbageinaflatingglagyr@sent invention is the provision of
a met hod and ap[ﬁ@égt us Lgr C[yl [l n(g i nsul at.ing.gl.ass units that decreases
the total time MOshed t o SIFMESHE B iEeranHRI) HEE PIHIYD By BHGAE ng a
conti nuous procppsathd Pwhilng @guatigds 1w Ghitd Watge dhae thpdshes [HIQIB]dBty bf thanot her
advant age of theuPr.esent é%{g}%nti.on is the provision of a nethod and

apparatus for fPiUfAiRgeRs PHYCRPRSESunits that allows for reductions in
| abor needed t qodiel | i nsAnhdick By afth@SE therpréssntWaniehtidnrs the afoviz®n @as method

and apparatus for filling insulating glass units that allows for reduced waste of
insulating gases, thereby reducing costs for fabrication of insulating glass units.

[0017] Still another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that decreases the total time
needed to fabricate insulating glass units by providing a continuous process flow
integrated with 1G production.

[0018] Still another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that allows for reductions in
labor needed to fill insulating glass units with insulating gas.

[0019] Still another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that allows for increased
automation and capacity of the gas filling process.

[0020] Still another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that allows for improvements in
the monitoring and verification of the gas filling process.

[0021] Still another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that allows for efficient
utilization of space needed for fabrication of insulating glass units.

[0022] Yet another advantage of the present invention is the provision of a
method and apparatus for filling insulating glass units that allows simultaneous filling

of multiple air spaces of an insulating glass unit.



[0019] Still anot her advantage of the present invention is the provision of
a nethod and apparatus for filling insulating glass units that allows for

i ncr easedwaubm@sien and capacity of the gas filling pr®cCeas20100363 Sti | |
anot her advantage of the present invention is the provision of a nethod and
apparatus for filling insulating glass units that allows for inprovenents
in the nonitoring and verification of the gas filling process. [0021] Still
anot her advantage of the present invention is the provision of a nethod and
apparatus for filling insulating glass units that allows for efficient
utilization of e needed for fabrication of insulating glass unjts.
[0022] Yet anot HBOBL Gy ane geneiper Haaptessite PvhiTEHonds e prye g%n of a
nmet hod and appahakddSaddodpphiatuk i fog filling Uhsatating e@kassitsUibt 8 ddagtblalfb:ovah

simul taneous filli f multjple _air spaces of an insulating glass unit. 6
[ 0023] Yet anot Hﬁ@ug%gﬁqt%@e%a uif?ﬁmﬁfl%gr@ﬁ‘?ssqsnventl on is the provision of a
met hod and appgoedays f orTHekd hddnghdr ﬂ&tﬂn&@d&sn\gﬂlgﬂe&ﬁﬁe &{ﬁbhﬁcﬁt frdrathel BlI@dapt abl e
for both manual  and .aut gmat e nuf cturl rocesses. 024] These and

ot her advant age§SHiPH9™ K& ey g%aFIB d“f‘?né mﬁﬁt TTO\‘f\anthg BEXEITHIYBR of a
preferred enbodirimngs dhakenppagel digmhs W t h the acconpanyi ng draw ngs and the
appended cl ai ns.

Brief Description of the Drawings

[0025] The invention may take physical form in certain parts and arrangement
of parts, a preferred embodiment of which will be described in detail in the
specification and illustrated in the accompanying drawings which form a part hereof,
and wherein:

[0026] FIG. 1 is a block diagram illustrating a system for fabricating
insulating glass units;

[0027] FIG. 2 is a schematic diagram illustrating components of a gas filling

and sealing station according to an embodiment of the present invention;

[0028] FIG. 3 is a perspective view of a support assembly of a gas filling and
sealing station according to an embodiment of the present invention;

[0029] FIG. 4 is a front plan view of the support assembly shown in FIG. 3;
[0030] FIG. 5 is a top plan view of the support assembly shown in FIG. 3;
[0031] FIG. 6 is an enlarged perspective view of a portion of an insulating

glass unit used in connection with the present invention; and
[0032] FIG. 7 is a perspective view of a gas filling and sealing station,

according to an alternative embodiment of the present invention.

Detailed Description of the Invention

[0033] Referring now to the drawings wherein the showings are for the
purposes of illustrating preferred embodiments of the invention only and not for the
purposes of limiting same, FIG. 1 shows a system 9 used for fabrication of insulating
glass units (IGUs). System 9 includes, but is not limited to, a central computer 10, a
glass cutting station 12, a glass washing station 14, a spacer assembly station 16, a
heated roller press station 18 and a gas filling and sealing station 20. It should be

understood that system 9 illustrates one of many different systems that are known to



Brief Description of the Drawi n2s [0025] The invention may take physi cal
formin certain parts and arrangenent of parts, a preferred enbodi nent of
whi ch wi I[wokzer2dws®esi bed in detail in the specification &aa/uskéwssesag ed i n

t he acconpanying drawi ngs which forma part hereof, and wherein: [0026] FIG
1 is a block diagramillustrating a systemfor fabricating insulating glass
units; [0027]FIG 2 is a schematic diagramillustrating conponents of a gas
filling and sealing station according to an enbodi nent of the present

i nvention; [0028]FIG 3 is a perspective View of a support assenbly of a
gas filling and sealing.station according.to an odi,ment of the present

i nvent i on; [ooz*bﬁswéﬂe@ﬂl 4 iPp A Bt PRI fﬁgﬁ&sé}%ﬂ? 1%1§1§°é‘f?b$’§/ shown
in FIG 3; [0030)skhian fargoSes@nly@Rd Rlndhto\bk eds@ficdtad @mSing PR fresag@sgdiion. shown in

FIG 3; [0031]Fl 6 is an enl arged perspective view of a portion . of an
i nsul ating gl as[g(%‘fhit us fﬁ“r%co&‘&’gﬁé& id W“E‘ﬂm’t‘or?BOIbWétgﬁ?“p‘Ftﬁr\?éWﬂeﬂrﬁ and

stations 12, 14, 16, 18 and 20, and may include a Plant Information System that has a
scheduler for organizing production of IGUs. The scheduler is used to schedule IGU
fabrication and keep track of the IGUs in various stages of fabrication. At each of the
stations 12, 14, 16, 18 and 20, a computer monitor or other display unit (not shown)
shows a section of the production schedule that includes the IGU currently being
fabricated and several IGUs before and after the current IGU. Central computer 10
communicates via a wired or wireless network with computers located at one or more
of the stations 12, 14, 16, 18 and 20.

[0035] Glass cutting station 12 operates in a known manner to optimize use of
the glass, such that a maximum amount of each glass sheet is utilized. A glass cutter
unit (not shown) produces a cutting map for a given sheet of glass and provides the
cutting map or related information to central computer 10. Central computer 10
determines the breakout order of the pieces from the glass sheet and sets the order of
IGU production accordingly.

[0036] A conveying system (not shown) may transport cut pieces of glass
(referred to as glass panes or glass lites) to a glass washing station 14. Along the route
of the conveying system, the glass panes are passed through an identification marking
system (not shown), such as a device for attaching printed labels or applying a laser
mark. The identification marking system marks each glass pane with one or more unit
identifiers (e.g., a 2-D or data matrix bar code). The unit identifiers may provide
information such as a serial number and/or a customer number. In conjunction with
vision systems (e.g., bar code readers or scanners), the unit identifiers on the glass
panes allows the glass panes and associated IGUs to be tracked throughout the 1G
fabrication process.

[0037] The washed glass panes are provided to a spacer assembly station 16.
At the spacer assembly station 16, two or three glass panes are combined with
appropriately sized spacers to respectively form an insulating glass assembly having
one or two interpane spaces. The glass assembly is then provided to a heated roller
press station 18, which seals the glass panes into an IGU. For asymmetric three pane

IGUs, the two spacers have different dimensions such that the interpane space between



[0032]FIG 7 is a perspective view of a gas filling and sealing station,
according to an alternative enbodi nent of the present invention.

Det ai | ed Wo=0r27908906n of the Invention [0033]Referring ROWUSQO11I0¢05d8 awi ngs
wherein the showings are for the purposes of illustrating preferred

enbodi nents of the invention only and not for the purposes of limting
sane, FIG 1 shows a system 9 used for fabrication of insulating glass
units (1 GJs). System 9 includes, but is not limted to, a central conputer
10, a glass cutting station 12, a gl ass viashi ng station 14, a spacer

assenbly station 16, a heated roller press station 18 and. as filling and
seal i ngyst at i orMeEnls peacd e B8t pRadh &t ot Wﬂgwﬁt@%wﬁ?rgﬁéb% &s one
of many ﬁi f::elr3 Gﬂt%rp&lyessfp%?efv\k&aji tharcaqt&riﬁﬁmmdahasﬁmﬁq?nédéigll,:wﬁhcﬂlfa)3t/$1&1c1art for
use in the fabrication of | : stem9 is shown for illustration .purposes
oy And s notv D) bl HOHEHEIBHeEod T TR GPASE At ORI P [ 0b9a]
Central conput ahitabl foBudeNn cEHIB DL Gathi tEfabidallor OO &b & pliee af &6 @tmaE at i ons
12, 14, 16, 18 and 20, .and may. incl uqd]eu(?g Pl ant I nformation Systemthat has
a schedul er forpaB‘?sé%lﬁ"r‘i“raE@neﬁr BUCH*0n6FP8)s. The scheduler is used to
schedul e |1 GU f gbe3sgat i orFiand skeepa thiaclan®IGU 60 kékisised oV alfird PsneStoages of
fabrication. At each of .t he stati(g)

. ea ) ns é@% ]Aésl 16,a %3 n_q 2?’ a computer
moni tor or ot he 8 PP A0 AT £ SE598T PLKOR) fistpac 8€fsl 85Rgroetre BFbduct i on
schedul e that ipasd vebesndtdasted fdde QU4 teddfiny aliRétngeiatkr dpeat odl andosieypadeal | CUs
AL AR A TIETE MY T T e, T W
stations 12, 14nteihbne shBcearfirs24hd sEA3Sackrass3, a0f havdgesptaitve aslesl D3ap@sat es in
a known manner f%ro in?e%‘&(i)nrr(i)fz i%sulllasti%g %];s into respective interpane spaces, as will be explained
below. A unit identifier 108 is shown on second pane 106.

[0039] A conveying system (not shown) may transport the assembled IGUs to
gas filling and sealing station 20 where air within each interpane space of the IGU is
replaced with an insulating gas, such as Argon and/or Krypton, to improve the thermal
properties of the IGU. The hole(s) or opening(s) in the spacers that provide access to
the interpane spaces are closed after the IGU has been filled with insulating gas,
thereby sealing the interpane spaces. The present invention is directed to an improved
method and apparatus for carrying out the gas filling and sealing operations, and will
be described in detail below.

[0040] Although the present invention is described with reference to
fabrication of IGUs used in connection with windows, it is contemplated that IGUs
fabricated using the methods and apparatus of the present invention may be used in
connection with other types of fenestration system, including, but not limited to,
doors, skylights or the like. Moreover, while the present invention is described herein
with reference to Argon and Krypton gas to illustrate an embodiment of the present
invention, it is recognized that other gases known to those skilled in the art may be
substituted for air in the fabrication of IGUs (for example, xenon (Xe) and sulfur
hexafluoride). Therefore, the present invention is not limited to use with only Argon
and Krypton gas, but may be used in connection with other gases suitable for use with
IGUs.

[0041] Referring now to FIG. 2, there is shown a schematic representation of a

gas filling and sealing station 20 according to an embodiment of the present invention.
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station 14. Along the route of the conveylng system the gI ass panes are
passed through an identification marKki system sho su as a
devi ce for attdaAei usa?tfifla‘aodr%ﬂ&é|seﬂeﬂ%§aﬂg ﬁ@mée*?&é&m Fico: arh&rgon
identification sﬂﬁ"ccki%l,ga Kt@tdﬂrﬁbﬁ}fﬁé ks £aciR rgndBR ARl oDRR ditritiibe uni t
identifiers (ﬁég daéa matri x bar code%} Tge unit identifiers may
provi de i nf or me¥ TR é%ﬂtsalsg)é‘n BFYPRPT BT O 2RI 1d0cust omer nunber. In
conj U_ngti O_nf Wi t[bo4eq si ﬁn Eiilﬂieeﬂﬂﬁst{a&sdgemtiobﬁl{ent}ﬁd@pt{)@&d@bé 4Bis S@ogfeaafnsa_, t hg
unit I1dentifiers on.t ass pan al l ows the anes an socl ate
|GUs to be tra&%ﬁnfwﬁe}gﬁmc Sfﬂ%%\?é"“* QB?’%"&%@F&% %} 8k %VQFOH[SGHQGI?gsrﬁBE\A/as hed
gl ass panes ar eopifvicated wkightada ac&tralsks Sobl Argsh adur@n4clfay Ak at Joercs pacer
assenbly stati 2@ 16, two ar threg Iass gnes are conbi nej vgﬁtﬁ
appropriately @Y% alayd Argen @8%&1)09 YO PEEHICAYEPThERI at i1id T iaed
assenbl y havi ngnioéineht, Kvyptdnrsberrc@amemspaeasmd Jhr 3l asis meselaiB2yandssat hen

rovided to a heated roller press station 18, whi al s e s anes
e and) e, Arab i at e TR B AR\ hugo b Bl % 8t Pror ent

di mensi ons suclhbetoat the |nterpane space between 8 the center pane and t he
first pane (e. /2 inch to 5/ dth) is larger than the interpane
space borwesn dREEent ortpseie gl S atpiiil vk TGt comm eyl 5, 5
inch width). [tcomboihd dﬁetauadeo sta0ad debaibed beopr ds ey 111Iu§1ta&ﬂtdnﬁi’()dln&ﬁt

descri bed bel ow, S 131 l.,e for use in onnetlonvvl efabrl atlon of
| GUs conprised & 8?“%&@ AR SOPRHEtPR Wgth cogy CBB?ﬁ%tgr Fﬁi “pahsd, Wl
guadpanes) . [ 003Bhfuhicatidas SHOWPr@eds h‘ﬂlaﬁn@(anem o)y 100 thedofat otsee@bn@a‘nnanaﬂ irst

pane 102, a center ”E 3{04 and a Zlgncs ane 106. A fi st S F 603 i's

| ocated bet weerP"{5% 1115'33% G §onElgr Y 6%“1?‘8erde PHE aaply d

i nt er pane spacegyrovdid pawsecantolipasen uidintertack T altoed abepemmt@teﬂiﬁn@o tpane 104
and second pane 106 tot defi ne (@1 sg @d[hj nt er pane stgg 4 Fi rst %P ?cond
spacers 103, 108™AHPEF SBSEYTVE" 116??8“51‘6%&“ 1o s e dppy

i nsul ati ng gas denit& (eegs,pleaybmav@ maiser panacispaag sand asitpat Idbvibs @xpldaplagd

bel ow. A unit |dent fier |s S d 039] A.conveyi ng
System (not - sholi) ag FPaReHar e sOBennr oh sBr Ty o GHeMfPrrERg e
seal i ng stati oneg0bwherdes ai me\Aikbhidantéﬁﬁgl 160, doqans, Srmacteerodata‘, e wilGek i s
replaced with a t| n such as Argon and/or Krypton, to inprove
the thermal pr o%%clng?cg@ ?ﬂg'ﬁlg 1GU. The hol e(s) or opening(s) in the spacers
that provide adoess to theon lsmecqo@mencsﬁa;qﬁm snee cisoseduafyt esnnédiel WEJ has
been filled with.insu t her eby seal th nt.er pane The
present inventi B |n§anga] &tgé rte%)e%uvel P o8 m{ﬁe%‘n%n !I}]d 1g[%ﬁcl%ar 1% dag
carrying out t hespgaﬁelfyldldtmb't@sadngorsaaﬂ Kﬂgtoopgesr atr('bughSi plvaahtwa Iphlrebleowtﬁ]scr i bed
in detail bel ow, t i hvent.i.on sdeSC|be W th
reference to facl%m#mt%??%ﬁ!‘b h]g) ro Oucp cong%lﬁsn%c’t(’:l% RHSTS ?Mmeﬁ : ‘,V%? is
cont enpl at ed t hadpedtictigad cahnbumheyzhtmns 7t glnt the emieddivochs slamﬂl 1aﬁﬁar2atth¢1§e ot the
present invention i n._connection th es
fenestration sy&s K]%ymﬁwll&{laleﬁas g lrl]“r%lt SYFERE wgd&fl K ggﬁ)orésmy ﬂﬁe Firs ght'S or the
| i ke. Mor eover ,disibtien $yenmprogs@nt) is shoentin Mallmomsa)rsumﬂdy hmst@mnn wf thé
reference to Are%%r(}dlarég 0|§t}¥e tre%gm%asn'go illustrate an enbodi nent of the
present inventiOn, e S PSR 268 Phat ot her gases known to those skilled
in the art may [b@fl5$ubst |Eaahgais digtrib@ion sysnem e if @dmrpr]sai dfonsubfman(uld 70f or
exanpl e, xenon (Xe) and.s | u ref t he $
invention is ndnglurglil%o?ga&re ovaﬁ’gse éa ,?%b aht Ir)'Ia © rﬂﬁgtcgﬁtr%lagl @at’ may be
used i n connectd0bnImiht liiluenrd\e:remgmsens uadh@last élsﬁ‘lbllltldll$ESth 76 hasGulse (3) sets

of paired valves 76a, 76b (identified as valves A-B, C-D and E-F) and three (3) sets of



[0041l] Referring now to FIG 2, there is shown a schematic representation of

a gas filling and sealing station 20 according to an enbodi nent of the
present iwW0ent2m69 In the illustrated enbodi nent, staPCPUS2Q1i0MESBRIdes a
process fill controller 30, an Argon source 46, a Krypton source 48, a nain

mani fold 62, a plurality of gas distribution systens 70 (units 1-8) and a
support structure or assenbly 110. [0042]In the illustrated enbodi nent,
Krypton source 48 is | ocated on a conventional electronic scale 38 that
nonitors the weight of Krypton source 48, 0and conmuni cates wei ght data to

controller 30. Ar source 46 be a our e of Argan gas d Argon
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mani fold 62 resp ctlv%1 di s rlbut s Krypton gas through a
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upon the desired capacity. Moreover, it is also contemplated that in an alternative
embodiment of the present invention, main manifold 62 may be modified to directly
connect to valve pairs 76a, 76b, thereby eliminating the need for sub-manifold 72.
[0049] In the embodiment of the present invention shown in FIGS. 3-5,
support assembly 110 is generally comprised of a stationary base 112, a rotatable
turntable base 140, a center assembly 160 and a plurality of holding racks 170.

[0050] Stationary base 112 includes a pair of transverse cross-beams 114A,
114B, a vertical post 122 and a horizontal post 126. Height adjustable legs 116 extend
from the lower portion of cross-beams 114A, 114B to adjust the height of stationary
base 112 above a floor. Vertical post 122 extends upward from cross-beam 114A. A
housing 124, containing power supply 31, is attached to vertical post 122 in the
illustrated embodiment. Inward facing horizontal post 126 extends from the top end

of vertical post 122. The free or distal end of horizontal post 126 is generally located

above the center of stationary base 112. In the illustrated embodiment, main manifold



of paired valves 76a, 76b (identified as valves A-B, CD and E-F) and three
(3) sets of 10 paired flow control units 80a, 80b (identified as flow
control uwDt281200806C- D and E-F). Val ves 76a and 76b, ar @Ciusalip4eehnect ed
Wi th sub-manifold 72 via respective output conduits 74a and 74b. Val ves
76a, 76b are controlled by controller 30 to sel ect whether Argon or Krypton
gas is supplied to flow control units 80a, 80b via input conduits 78a, 78b.
Val ves 76a, 76b are preferably sol enoid v:‘illl ves. [0046] Fl ow control unit 80a
is fluidly connected vvlth vaI ve 76a via input conduit 78a. Li kewi se, flow

control unit 80 |sflu onne with val ve 76b V|a|n duit 78b.
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il lustrated enbadéhrdmt fo eomirbllardni fioihd illustrated embodiment, Krypton source 48 takes
the form of a gas cylinder. It should be appreciated that the Argon source 46 and/or
Krypton source 48 may be located on turntable base 140.

[0054] Center assembly 160 is mounted to turntable base 140, and is
comprised of a plurality of upward extending center posts 162 and an upper frame 164
located at the top end of center posts 162. A housing 168 may be mounted to center
assembly for housing process fill controller 30.

[0055] A plurality of holding racks 170 are also mounted to turntable base 140.
As illustrated, each holding rack 170 includes a floor panel 188, upward extending
vertical frame members 172, a horizontal frame member 174, and a connecting arm
178 that extends between horizontal frame member 174 and upper frame 164 of center
assembly 160. In the illustrated embodiment, a plurality of housings 84 are mounted
to connecting arms 178. Each housing 84 houses a gas distribution system 70, which

is described above. Each holding rack 170 also includes a plurality of vertical rods



11 62 is nounted to the distal end of horizontal post 126. A rotational gas
fitting 128 is located at the distal end of horizontal post 126 to receive
i nput cormiOizp12B@s9060om renot el y | ocat ed Argon source 46. PATHSR01304588 46 may
take the formof a cylinder containing Argon gas or liquid Argon that is
vaporized to form gaseous Argon. [0051] Turntable base 140 is nounted to
stationary base 112 by a bearing 118, which allows turntable base 140 to
rotate about an axis, relative to statioggry base 112. In the illustrated
enbodi ment, turntable base 140 i ncl udes plurality of outer frame nenbers
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that are inserted into s 6. sl.ot 186 has associl at filling
ubes 90a. 90b Tsrelhb Tty or % RyPhrERb 2R e BRERELE Tt
t wo- pane | GU ( axe(FilGit Br pRrie capag@dtedrhat heeampaperatoGch plaee 1GITet @aneo
spaces). A location identifier. 148 nmay.be associ ith each.slot 186 to
hrquel y | dent PURE ST DAL ETORE g AR RIGT 2t Msbeby FRGRGMbe ) o
186 pf hol d! ng muabkr df'6Peratbn ntdued for thehy Gllieglo@mionli ment , | ocati on identifier
a]'g|8 d: :‘]gp:: g.\élkgeg_j[t}@({bhg;t teraz&tfe srtaa {(gg gl&ﬁ%nt? Vrga 0?6151 elstscasnrrlgr 4dt0bsganaLPn?triggnlti%Erec%dg hat

108 associated with IGU 100. The operator selects a slot 186 of a holding rack 170,

and scans location identifier 148 associated with the selected slot 186. The operator
then locates the IGU 100 in the selected slot 186. Accordingly, controller 30 is
provided with data indicating the specific holding location of IGU 100 in support
assembly 110,



forms fromthose shown. Accordingly, the illustrated holding racks 170 are
not to be construed as limting the invention. 100571Wre conduits may be
provi ded worerxmboso t he structural conponents conpri si RGTASREAN053$Ssenbl y
110 in order to provide a convenient pathway for interconnecting wres

bet ween el ectrical and el ectronic conponents. [0058]1n the enbodi nent of
the present invention illustrated in FIGS. 3-5, support assenbly 110 is

| GUs 100. However, it

configured for a maxi num capacity of tvveﬁ y-four (24)
is contenplated that the dinensions of s é

to increase or [ ease X1 mum ca 0Q59 A s fil
process accordi[ﬁgﬁclﬂo an ‘??Hﬁlcﬁoﬁﬁ’ﬁt(epeﬁ cﬁ’é’ %)?g Vé‘?Pf inﬁi’l‘gg

port assenbly 110 can be nodified

and seal i ng

WIS Wow be

descri bed wi th Ifngife@ti&08EortRorEd foao@ngﬁéﬁleéfg%ﬁmﬁ@hatmg an | GQJ 100, the I QU
100 is transferred to asf ands g station 20 (FIG 1). It is
et 1RGP esinicg LD

cont enpl ated that tfe ﬁHjén der @

e | GUs 100 onto support

assenbly 110 and i nsenéng@asidili, lahd Agrfabd@Scd(d) tHi€Rdsss bOhch tdeneky m ni m zi ng

t he nunber of operators needed.for the gas filli peration.
station 20, an oper &t (YP“H?@?%&I&WHWS@L?Q@OO@&%G@%O? identifier code 108

associ ated w th | QUd1Q@s scldtaodper @k aill seleded for daclidtrpd@bspade & daed ming rack
170, and scans location.identifier ssoci ated with the sel ected.sl ot
188, e ooars o thenp bt akddnrtas THCHTEORSRD s Sl et o At Shel
Accordingly, controll e“ﬁllo&fédlbstwpmﬂgieﬁll)gvi th data indicating the specific

hol ding | ocation of | @GQJ 100 in rt_assenbl 110.
computer 10 i nol udes dHAFAEATET RAET ISP T RERUNY, © BLE

tok

one or nore of the folsh@eisneg cadelm® o, gas filling data:

98

[ 0060] At

inOent r al
HRBY t o,

f. desired concentration of Argon and/or Krypton gas for the interpane

space(s) of each IGU 100;

g. desired gas flow rate for Argon and/or Krypton gas; and

h. fill time of Argon and/or Krypton gas for the interpane space(s) of each

IGU 100.

[0062] In the illustrated embodiment, central computer 10 provides controller

30 with the gas filling data necessary to fill the interpane space(s) of each IGU 100
with the desired amount of Argon and/or Krypton gas. For example, controller 30
transmits to control computer 10 the unit identifier 108 from the IGU 100 that is
scanned using scanner 34. Central computer 10 then provides controller 30 with the
following gas filling data for the IGU 100 corresponding to the received unit identifier
108: the length, width, and interpane spaces(s) thickness for IGU 100; gas selection
and fill sequence for the interpane spaces(s) of IGU 100; and desired gas flow rate for
cach gas. Controller 30 uses the length, width and interpane space(s) thickness to
determine the volume of the interpane space(s) of IGU 100, and uses the gas flow rate
and determined volume to determine a gas fill time. Controller 30 uses a timer to
determine when a gas filling operation is completed in accordance with the determined
gas fill time.

[0063] Referring now to FIGS. 2, 3 and 6, the gas filling process will be
described in detail for the IGU 100 located in slot 186 associated with gas distribution
system 70 of unit 1 (FIG. 3). As described above, gas distribution system 70 includes
a sub-manifold 72, valve 76a (Valve A), 76b (Valve B) and flow control units 80a
(Flow Control A), 80b (Flow Control B). The operator inserts filling tube 90a through



a. unit identifiers 108 for each 1G&J 100; b. length, w dth, and interpane
space(s) thickness of each 1GQJ 100; c. volune of the interpane space(s) of

each | GUwOQo12hoswas sel ection and gas fill sequence foPCEASROILMAYESESEPaNE
space of each 1GJ 100 (e.g., Argon gas fill only, Krypton gas fill only, or
Argon gas fill followed by Krypton gas fill); e. volume of Argon and/or
Krypton gas that is to used to fill the interpane space(s) of each | GJ 100;

f. desired concentration of Argon and/or Krypton gas for the interpane
space(s) of each I GJ 100; g. desired gas It ow rate for Argon and/ or Krypton

gas; and h. fill tj f. Argon and/or Krypton gas for the interpane
space(s) of eadhle & 436 6%*38%@]%925%851 %Bﬂ@fi&egw&l&%&a&ﬁéﬁﬁl A al
fcolrr})utﬁr 10 prqpﬁdaemla,mtsh)@wh?ﬁ f@@.hwi tLhkévh&,gl&S%ﬁe'kdﬁdri iﬁ@n@l&ﬂ%qgn@@e@ear]y to
[ t he interpane space(s ea | QU 100 with the desire unt o
Argon and/ or Kr@fﬁtl%lﬂ%z%kogaﬁ%%- BRAYSPE PO LA PERag ¢ Fiﬂ‘i“fﬁf? Oqt%‘éco%ntrol
conputer 10 themu@}aﬁe kentinfy, ek slaﬁ&nfiﬁcrm}t ge lr&helﬂﬁlsttamt ethSodgeaann@e usi ng
scanner 34. Central co ter 10 en_provi des contro . 30 wi e

fol I owing gas f 19y PS¢t okt &%ﬁ%@%%fﬁ@%%ﬁ&% ﬁ@*ﬂ% Blbf%%&r é@ei ved
uni t identifieradB8ingtyhairl dupgkdd inwide tierpadcsphdet @0 pantl BN8GE&PS) thidiggkness
for 1G&J 100; gas,s ction and fill sequence for e inter aces(s) of
QU 100, and qagies ST RN GO be e SRR AR gers bR o S 1HERET he

| engt h, w dth afade anddaitipad @ols pac&tsingtaii@lon @®s of Osudabredaichenot fiwwiploume of

t he i nterpane space(s) of |GJ 100, and uses the gas flow rate and
det ermi ned vol JE’EO‘P‘gﬁ%%g%?mt%anﬁslﬁé?%il??n 0 Controller 30 uses a tiner

to determ ne wees4p gas Afidrlfillig teHee p@d, D@ havs beanpkeidaaioir@spatioomtapyae W t h
t he determ ned gas fml lbhjrre. 0063] Referrin 6, the
% 10Ps Thee

now to.Fl GS. 2, d 6,

gas 1111ing proB&gs ! o) FBETRrTs Fors PRET Gonidb PBaat ed i
sl ot 186 associiaitige g filling asfred IGU N DMhsibegh 183638 6o ébpoft atsBinbly 11 fdd@as 3) . As
descri bed above, .gas distrjbutign system 70 includes a sub- | f 72,
Vai ve 768 (val ViR S0l R e iy R SBR 1 oR AR $7s0g LR Bt Cont r ol
A), 80b (Fl ow GanitrealionB)f.an Tdperap &rmt adquirdisier §5 fliidg. iIAghit uhgecOQas filingugh

data received by controller 30 indicates a desired gas selection and fill sequence for

the interpane spaces of each IGU 100. Each interpane space may be filled with only

Argon, only Krypton, or a combination of Argon and Krypton. When Argon and

Krypton are used in combination, the interpane space is first filled with Argon (“pre-

fill”), and then filled with Krypton (“post-fill”’). In this regard, controller 30 transmits

signals to valves 76a, 76b to fluidly connect flow controls 80a, 80b to the desired gas

source 46 (Argon) and 48 (Krypton). In cases where an interpane space is to be filled

with both Argon and Krypton gases, controller 30 transmits a signal to the valves 76a,

76b at an appropriate time to disconnect valves 76a, 76b from fluid connection with

Argon source 46 and to fluidly connect valves 76a, 76b with Krypton source 48.

[0065] Controller 30 uses the unit identifier 108, location identifier 148 and

gas filing data received from central computer 10 to operate valves 76a and 76b to

select Argon or Krypton gas. Controller 30 regulates the flow of gas, according to the

gas filling data, using the flow control valves and flowmeters of flow control units

80a, 80b. In this respect, controller 30 transmits signals to the flow control units 80a,

80b to achieve a desired gas flow rate (e.g., 1 liter/minute). As indicated above,

controller 30 may include a timer for monitoring the fill time for the Argon or Krypton

gas. For example, controller 30 may use the timer and the known gas flow rate



14 hole 103a (FIG 6) to |locate nozzle 92a proxinmate to the | ower end of
first interpane space 10la, as shown in FIG 2. Likew se, the operator

i nserts fwDl20rgposwibe 90b t hrough hole 105a (FIG 6) to POTAIS:IMO2BBE 92b
proximate to the | ower end of second interpane space 101b, as shown in FIG
2. In the illustrated enbodi nent, the dianeters of holes 103a, 105a are

| arger than the dianmeters of filling tubes 90a, 90b. Accordingly, air

di spl aced inside interpane spaces 10la aHd 101b escapes through hol es 103a,
105a. It should be understood that space 4 103 and 105 of |GU 100 may have

an addi tional | e for ei vj a suction tube of a suctjon device (not
shown) for rerrdﬁier{gnwa R (feﬁﬁﬁn}nﬁt%vélﬁlbiﬁamgﬁra@l%ﬂ%ﬁas Bnge "POJHBG“SF BEUTAS t er

filling tubes QQ&mm&Q@mhamﬂgmeﬂm i nserted |nto respective interpane spaces
101a, 101b, the &ffrator S user jinterf. 32 to |ns%ruct controller 30
toinitiate gad®¥4%ing Inﬂf B0 dEIPILDE 1H i BTGRP A W BT

assenbly 110 anga@asoihj 1d1bnagcohvtlaae;nawajge&%bsdawsﬁba@amnia?seﬁstee@b inBtidr
respective intefpane spaces 101 01 f he ntion of an o i s not
required for géﬁ PAYEPT HYCONUIhY th?a 5@3‘9% gf§>§" eI PR RESES Pgiﬂéﬁ?&@@
controll er 30 idughgakess AlliAESHiRidn JaABe SRk&Chii@NIgades) Rwhthlnﬁﬁtﬁtqé@r[&spacfe@r t he

i nt er pane spac ch | 00. Each inter e.s y be f d wth
only Argon, onﬁ@ &&E on® & Oé ° doRBTR Yﬁ%ﬁﬁg¥gﬁﬁnﬁﬁﬁnﬁfﬁﬁfgwil €n Argon
and Krypton ar anﬂdfp@ﬁj: gpacdsoifd@ﬂ batpl@ing thehgasl fillieg Iapé’iﬁlo‘ﬁpal(ﬁethisSresfpbd’tsgasfli;| I ed
with Argon ("pre- fl% , and then filled. w

(
this regard, coATPSY UEPS 8052 CANERTIIGN SPH ‘i"v% %‘81? vesd ﬂ?% “%“8 t§F| m dI y
connect flom1caahboh&t&ﬁam)&ﬁbqﬁﬁmuﬁesd&&gn&dwgaﬁ(mﬂmmﬁewﬂ@miﬁmgﬁnpxand 48
(Krypton). In cases where an in ace is to be fi
A oo ant” Kr yprof GBS oR dEpoPT R BF dagniis o § riaterdy ShERYEF vos
76a, 76b at an 1@@&@1@5 tcath€ operi® tb mkdasmmicthe yalov¥ @ speétidally AGntifiedrald | ui d
connecti on mﬁtqr Argon source 46 and to fluidly connect valves 76a, 76b with
Krypton source 28 [ 0065] Control l er 30 uses the unit identifier 108,
| ocati on identi[boay 148]amﬁegmsnmfdkﬂ@odﬁaa,ﬁﬁﬁ@hﬂ&ﬂmﬁf@ﬂkﬁﬁﬂﬁtﬁb aenput er
10 to operate val 76Db t sel ect ntroller
30 rogul at as. t HEMYIRGUGY ARG TREEo TR b 4 e egal T Mgt adiare 168 gt he
fl ow control valoveasvealdn fldadémtﬁﬁ(eg@pﬁlf asfsbrﬁlWy Qd)(Dltthd.)fesptBﬂnteSntB@)ame $Akes ofn this
respect, controII g)tra nal s e fl control . units 80a, 80b
o hohi eve . dgertiay Dekh e Bh AR shet yilFae) HERRMS A PiriPes: on
above, controlh@mmsaﬁﬁmymbnRUudmIﬁnﬂwmﬁmnﬁmmunpﬁﬂhwaﬂggphenwmﬂhypmﬂe for

he known gas Pt s (PeRarr AR 85 o s Elp e B AL S pr oper

vol unme of gas Hmmwbeen dm&nen&&ddmmhooﬁhmInﬂmﬁfmaﬁﬁmsp@maﬂhﬁBokﬁHa&BO
[ 0066] I n order or ve t he tlon of as Wi n
[ nter pane spacabtatEh Hud fotipuaiShvate BRabROSTok andof FuARR kbR ray
be used to nDnumpmxmh&bomwgenmc@mﬁmnmfEMmﬁm ﬁﬁmﬂmeaﬁnﬁnﬁﬂk@ﬁ&bﬁdmﬁmmn1the
i nt er pane spaces_ d n t he | i eration, %
concentration of kl fﬁﬂﬁF Fﬁfl l@ﬁﬁg eoggg%gs o?gﬁﬁipﬁﬁ%s m%ﬂg% be
determ ned or ergalrd ittectotayion’ spasiadfiturgtablt esegds may bhisdiectedeo matck iipapedspaces
after conpleti pas g fllng operation. In this respect, gas is sanpled
. aprication line W
using a gas concentrati on sensing device, such as a thermal conductivity
sensor (not shdgegy] an opfdrciad ggﬁﬁllmgm@era@orﬂewd canplaed, ghhdilingnowes gas
sensor. A sanpl| n?v elr‘nalgltl Onnerrsagce n(lil;' leés i t[hes a rs%?enctl S (“n manner%
periodical ly di'Spfaying I nstruetion ﬁﬁ ator” 8" taKe anpl e of
the gas of a spechdse (sa]lllbq/ in dendri fd hﬁmlet@dlli@éhl t[lé)ﬁﬁe}ﬂ)dna sp:lmes i IElyu&tamag ed
enbodi nment , |nter s.10la.and 10 d with
oa Nor cover | ToEpEERRG At fRReraiat G BLETY FEERME Yok Deon
| oaded onto supmommaaﬁghmmhmoﬂﬁomeuﬁe1ﬁm§pe®&;ﬁemlmbemp@m& spaces ¢ each

| QU 100 nmay all Laneo filled ner, . .the

i nt er pane spaceémg%e§1 { ﬁas?@fgogﬁﬁﬂm' %“%lﬂﬁf?%ﬁégﬁ?ﬂhg? Fﬁ“ﬁm&nth
Argon and/ or Knymmmnugaslwm ingerpdme dp@ds, &ﬁ@varéwhgkdﬂhﬂﬂﬁmhﬁsmom$pm86 and
turntabl e base 140 rotates. [0068]1n one enbodi ment of the present

i nvention, controller 30 operates



notor drive 36 to continuously rotate turntable base 140 (e.g., at a
rotati on speed of approximtely one (1) revolution per mnute). It will be
appr eci atwo 20t2A0590he rot ati on speed of turntabl e base 120ThA®goibmo40538i ed to
mat ch a desired processing speed. In this regard, the rotation speed of
turntabl e base 140 nmay be selected to match the speed of the | GU
fabrication line. [0069]After the gas filling operations are conpl eted, gas
filling tubes are renoved frominterpane spaces, and holes in the spacers
are closed in a manner known to those skilfled in the art to hermetically

seal the interpane es. B rot ati rntabl e base 140 during .ga

filling operati®i&Ph B G it etta 65 v ST BU° Bt o %COBb%FIg‘%%r t hat

renmoves the gashafpthdd dighellikoe®r fubBenpidiessingt edrpane sigpaees at the conpl etion
i sanme operator closes the, holes

g];)af:gresg? 3 fsie;:[i“%éoﬁﬁ{ 2‘5%)3%@@5& RS, M Wit fdac P‘iefqnba‘v?%nft:“n e
?upport 16 assedigh )6|f Kﬂy@ton&ﬂﬂrcék@ﬂf‘mdnh@fegaﬁ clE¢tfo|nﬁ]Ei;cder§]8 .OBk@roaichodledBng rack
e.g., a conventiona rack or t or furthe rocessi

storage or shi gprHg™ T%@*ﬁ@jﬂw crubhs i ThB i o ST ahhR HERRIBH0 ¢ he
present inventi®dpor tdheaM@ingbicr of td<<ﬂey@ﬁlﬁia 250N GBezcdd the Kipint @k, efdtehyine
ConerorTer Sor S Boudr it Sab B5RLEe Db DL et P S b g0 cent o
osses. and 10 %%Zj %’f“?S?%?Ezz&?‘%p?ﬁfgéﬁﬁfggpbme%%m@;ﬁ‘ﬁgﬁy‘oﬁ' ’

: [ i
(Ve) of Kryptorf"gh¥ PKuaion e #EdvBeP W85 dF ARG His Wi's i 4 (1)
an initial weight at(i¥hwoh sthe jéraypnemﬂdgaSn aferdtiny pliiae. g oK p3Bti@nyd The) t he
wei ght (W) of the gﬁw ton t Kr%/(géon sour.ce

N ﬁ% at ihe end. of an
operating shiftm¢&r nﬂﬁ?ﬂt Cﬁ?F‘ § COMREC AR A SPEHCA EHSTABN SAUT W) can
al so be conpar ad evfluAe threar efficicady @olﬂstuifsphls@ﬁerﬂaﬂlamandtfone@aimahemyﬁy em
efficiency or |dent|f st em nal ntro. 30 ma re the
measur 60 Sonsurttt Gif TYBYSH S UB0R N g S FAEHE ShES hydHrd hiat a
reports. [0071]répro_rtact ual yield loss may be determ ned by corrparl ng the
o opar TOVAD" st ebn Sl 95: B35 2l D5l B Bl mlt =™ °
conparing the vuah@hipumf (Wb)eoKKymcﬁﬂgzgas) at dimppt on IGUurfﬂﬁlca& atiriidhen end of
a first tinme per

Krypton gas at %FS?B?%S%I% OFW&?T%% gff‘??a%t%é‘rg ?%hglehé?y%f?mt%aqglg rl]f%hlt ﬁéth%)gfl od
(e.g., subsequaniypeegardKopamnabing3Sitithd gnd of @GR jilnt persodf(elpt fier opeaiibgnpl at ed
el om0, 51 R bR SR i, b BB B 2o
Statistical Proeess tifieptddl(c.gSRb}eqgerabdcbyd (ﬂfe@@ﬁ@mﬂ))l’ as par t of a
adver (1 sed ¢ el | neul ABTRY LS HRU 05T bR oA T JH0Cee bed
above, unit i deh adiiabnsasifd8 aandntlod@ad in@ted into a particular IGU. Such data may be

used as a Statistical Process Control (SPC) quality program or as part of a certification

program to assure customers that the IGU windows meet advertised thermal insulating

values.

[0073] In the embodiment described above, unit identifiers 108 and location

identifiers 148 are input into controller 30 in an automated process using scanner 34,

However, it is also contemplated that unit identifiers 108 and location identifiers 148

may be input into controller 30 in a manual process. In this respect, an operator enters

unit and location identification information into controller 30 using a keyboard or

touchscreen. The unit identification information is provided to the operator on a

printed schedule, or on a schedule displayed on a video monitor. The location

information is provided to the operator from a printed label.



identifiers 148 are input into controller 30 in an automated process using
scanner 34. However, it is also contenplated that unit identifiers 108 and
| ocat i on wWoentydosmss 148 rmay be i nput into controller 3@CIrUS201Hm5as
process. In this respect, an operator enters unit and | ocation
identification information into controller 30 using a keyboard or
touchscreen. The unit identification information is provided to the
operator on a printed schedule, or on a schedul e displayed on a video
nmonitor. The location information is prod?ded to the operator froma
printed | abel. 0074]1t.ig further contenpl ated that .the presen
i nvention may dég7é5ternalfi\?eﬁytherorfﬂﬁalapléﬁdsﬂ%h thr it CondP6Ti<Br T30 %’%md
associ iat ed conmaBenigly @REEREESRE lt}aat catang 3ol (@ﬂfteé{ss@gasédemﬂpeﬁh?@@ap@m hof
central conputer 10 .g., centr C uter 10 ma omtted). In this
enbodi ment, thé‘sﬁaétaéqe i1Pien gV ek aﬁgﬁeaﬁ’eglgﬁ S CRY & TOCIREY he
fst Flred [ 3 cont riol mey b3Q)n|1i1|%d).el’IﬂaﬂlisVﬁhbbdin&lﬁt, ?ﬂ@ﬁg@é @llingedataditb@€ tih )blemtfhn)]lclt gas
illing data into contro r 30,in a” al" process. For exanple or
each 1 GU 100 arFOB’B‘étFraIOLWaXTE?Sta"ie?&?qwoﬁ%gﬁt Ai“ﬁ%’ﬁ“ nfP 8PP BeY TS engt h,
Wi gt h an:czlI i nt eri@@mgaﬁmda@eﬁasa) infogﬂoﬁﬂécﬁlﬁsso irgaa?neﬁqi&:{ill%‘@iog@ﬁ E&Ctxfﬂﬁlblb,ffsﬁ@!dlerlce;
and gas ow r i scusse ove,. controller use e foregoing gas
F111Png data t JouetQF #f RRHR B HE- GpHEE 81 WHESRdOGRS el ¢hat Te
operator may diifite@hhdy/spastptthitihessgas deicttidnngd dat @qicits a60Bis v efe. 38s by use
of devices such_.as a, touchscreen, keyboard, portable nmemgry deyvice (e.g.
Clash ar ey BE eSS Tanil ¥RtE | Sk aos TulRarit 1) ey Fr
Z:b t her et is fsh?ﬁmrpaﬂn:l ?ub&eemtm_aﬁé wel @aﬁnd_ Uinﬂentrﬁ@?petrher m;a}esiiemly itimpnteﬂieigm. .
nponents o .S ernative e i men 1at are sinmilar to those o e
oo mont desciliBedraBiy oREDE” BLGh 101 JbAc v Sk} GREREIED HUiek o, The
zzallg er gati vet enhmdhurfmbr;b@mkudﬂ&.gqmesMrivabae c_sdeasg:hrm];a@ar;d stéJm&CZ)I’tZ asselnbl [ fe:st
. Support as y i s._gener c rised o ase . a plurality
of vertioal podilthis “ARBRERY oM 318 dnaros Jualiaing <P Bhel 1
218. Base 212 nhypibenbialdneohn.t Oordpdnkao bl thidailisiniy e@hbodibgmtied atesimidpas franme

216, houses a @S difs ri bLIJDti.on Sﬁstetgg 7333, az} degcri bed tbove. S
di stribution 53 P8 M1 79 | LOGHBIERL PSSR B F2Y% PEBnEY DY FEr 281 [SF ¥%8 sane
manner as descrrub®elsabOive altdribatisf @bddibentappluési atceor tlvad statiunaryt hgporone

housi ng 84 may be unted to upper frane 216 so.that nore that as
distributi on SySTBINS0® Dan SHRORT SUiba 2 i ral g el RURGAL: Of 1 s
100 to be fill gurwity lof gatcas pord 2 l@n@ougphkty frarhO D66 b g odhemiy pasardbelAn. Kr ypt on
source 48 are rted. b hel f 218. As described in connection with the
first enbodi menthor e ralaf “ Vet Sh Sipsron oBar camrg try"Be | ocat ed
on an el ectr onigas Sis@ib&icd8ydtdraro,ps dastiiled abmicgbhs distibution sgodmt T®kslopgrat3p. | n
the illustrated enbodinment,  Argon and Krypton sources,46, 48 tak he form
of Cgas. eyl | nder8TRREGY Gl FAdR b BlcH AP RO EA AP oubaBt L Rarp rack
230, or the |i kepretistedisedndro taobok Hdikisg 30Mayby mogitddhe uges frimd 2 liorsg that

operation. Harp rack 230 incl.udes a plurality of el s, 232 for
o mvont ani 1y mauihghStge GEHOSH «Fulth e b ool Py RoSRa % mwbs 30y
al so i ncl ude | atad&Uomoitdeafiildd verhsgad digutthabushr e associ ated with slots 196

t hat serve as ing |logations. [ he gas,fillin 8 .operation, harp
ack 290 s moullthr oxi et RRs B ROaldSnS A bR e RE RN 1 g
oper ati ons ar e dcampbteinapndclien gals tiei firkti anghotivoaisofahepreenoinechtibn, doay pthe

i nt er pane spaces, and the holes.in th acer | osed to. hernetically
seal the interpans ggar?:a $0° %ﬁg%f?tanseliegﬁgnc Be' eag%r%éagipé Vé(pst it %‘[elg%gﬁ%i ng the
aut omat ed cont reohtsolde3@r inbbdillalyewe, endndimeht, Argoatand §rfptdnl somgest46be8 ahanges

during gas filljng operati t hat ,use combi nati on. of. Arggn and Krypton
gases” The desi PoRROCERsHARR i dtitel ST BN R A AR YR oh *and
10% ai r) can be3achitievidd, inasdd tnhold%te 10086k yint on fillilgwpsratidne Hureseht

i nvention can agpi;eye, 4l hi e BFLLELAE P DS LR R S AN ek 38T, £OStS-
desired location. Harp rack 230 may also include location identifiers 148 that are

associated with slots 196 that serve as holding locations. During the gas filling



100781Ct her nodifications and alterations will occur to others upon their
readi ng and understandi ng of the specification. It is intended that al

such nodiwpeatzios®éand alterati ons be included insofar &®€TiUseg11680588 Wi t hi n
the scope of the invention as clainmed or the equivalents thereof 19 Having
descri bed the invention, the following is clained: 1. A nethod for filling
one or nore insulating glass units with at | east one insulating gas, each
of said insulating glass units having at | east one interpane space defined
by adj acent gl ass panes separated by a sdécer, sai d net hod conpri sing:
inserting respective gas filling tuhes into each said. inferpane space of
the one or nor &PPREYU PP ﬁ@ckg%38éssm&\<f5tp§9mate 1o PR ?f?ﬁi’i‘lj’l%ﬁl@ori‘%&éltheﬁft wi t h
gas filling datfalidgépeeh@ib@rmd fdnfjdetéd) Ehcaa® bNnE tdks HAiréndvas Goatthd BitcgRsé €s) to
fill each interpane space of said one or re insulati | ass. units; and
using said contsg%‘iesnﬂ’i‘ﬁttg‘? 8olevt 161 SPRYSE 4P %S%’r 1 %F%&aﬁlgﬁgaégl%e( BLPAG t he
gas filling tubgseswherein said flow of insulating gas(es) is controlled by
the control uni provi de the amount of said insulating gas(es).according
to the gas fil I[}’?f&?dat a;fts Ou}drhf’é‘%f\??lﬁﬁd ?“ﬁtebyr%%éltﬁ‘te}u\t})é“a&%"%ﬁ?ﬁ ‘%ﬁ%{lbﬂibes
from each sai d dboice hfibEitmiaRageiliid Rbe eRmBesSdirlg ighd ENipaRPeratasehdase heen
filled with insulatin es) ording to, the. filli data; and

Seal ing each SdPHOIAIE: Tanteos paldignon A dhe doir e St trghgiiass
units. 2. A nmatdddidnacowridimeh, had choaial) dan bahelieted vasiing 0ve td100ds Kuydidrer

conpri ses: roviding said control unit with a unit identifier
respectively as<¥¥i'ht BEH PRoRgE ﬁalb?C%?é{? FeRifiernb redHgoas Imaah &t %?&%%H"éss
units, wherein @akd control unit uses the unit identifier to obtain said
gas filling dat[‘61078] Other modifications and alterations will occur to others upon their
reading and understanding of the specification. It is intended that all such
modifications and alterations be included insofar as they come within the scope of the

invention as claimed or the equivalents thereof.



3. A nmethod according to claim1, wherein said nethod further conprises:
respectively locating said one or nore insulating glass units at one or
nor e respEon2aobwbdi ng | ocati ons of a hol di ng rack, ea®hThskailogosB®cati on
having at | east one gas filling tube associated therew th; provi di ng
the control unit with location identifiers associated with said hol ding
rack, each location identifier identifying a holding |ocation holding an
insulating glass unit, wherein said contrgl unit uses the |ocation
identifiers to determ ne which gas fillid tube(s) to supply insulating gas

thereto. 20 4. A nethod according to claimi1, erein the interpane
spaces of a p|J#HF%&@ﬂH@ﬂVﬁ%WV%F?ﬁghﬁﬁggﬁm%ﬁPﬁ@n%¢e si mul taneously filled

with said insulating gas(es). 5. A nethod according to claim1, wherein
sai d hol ding rack i nn%a le. .. 6. A nethod.accordipg to cLﬁLn1§, wher ei n
sai d novabl e hol di né PSERY ft GBS 04p g0 gRALE gk Wiyl e OPli ng to

claim1, wher eiifsuftihg g0 Bdch OF sdifirdsulbtSRSlads Lhiaving abRhR AT MErpeBpdc® St op
the flow of insulating gas(es) to the fillin g£ubﬁ. 8. ‘A met hod
according to cl%fipdpy g?’@'s?@%ﬁsﬂﬁ@%ﬁzfﬁﬁﬁwaa%"n? ¢ YgeHPEon gas and
Krypton gas. 9. A iBélingreagcvediandilling tiedlind dach 84ie ikérpandtspdceasthe@ne of
sai d insulating gl ass Tnjts has.first and second interpane spaces, said
first interpand JIPBsHang glfsdfi%i t h Argon gas and said second i nterpane
space is filled w t Bro&idyt DevngaiSunit with gA fitkid@th AE CoEahifige R @ioahiof,

wherein at | east. one, of sai i ul atin | ass units has an.int erpane space
ASE A B PN B ek I R o AL AR R Gl

accordi ng to cluaitfnadd wherein said nmethod further conprises:
using said control unit to control the flow of insulating gas(es) to the gas filling
tubes, wherein said flow of insulating gas(es) is controlled by the control unit to
provide the amount of said insulating gas(es) according to the gas filling data;
removing the respective gas filling tubes from each said interpane space after
each said interpane space has been filled with insulating gas(es) according to the gas
filling data; and

sealing each said interpane space of said one or more insulating glass units.

2. A method according to claim 1, wherein said method further comprises:
providing said control unit with a unit identifier respectively associated with
each of said one or more insulating glass units, wherein said control unit uses the unit

identifier to obtain said gas filling data.

3. A method according to claim 1, wherein said method further comprises:
respectively locating said one or more insulating glass units at one or more
respective holding locations of a holding rack, each holding location having at least
one gas filling tube associated therewith;
providing the control unit with location identifiers associated with said holding
rack, each location identifier identifying a holding location holding an insulating glass
unit, wherein said control unit uses the location identifiers to determine which gas

filling tube(s) to supply insulating gas thereto.



nonitoring weight of a gas source for supplying one of said insulating
gases, wherein changes in the weight is indicative of the anpbunt of

i nsul ati yogar/awsdoeased fromthe gas source. 12. An appamatsasi1foers3silling
one or nore insulating glass units with at | east one insulating gas, each
of said insulating glass units having at | east one interpane space defined
by adj acent gl ass panes separated by a spacer, said apparatus conpri sing:
a holding rack having a plurality of holglng | ocations for holding a
respective insulating gl ass unit; one or fore sources of i nsul ati ng gases;

21 a pIur ity o |Jing tubes connect abl e |d one
or more sour ces of ﬂﬁ%{f %%@fd@aé%%lambﬁé”ha?ﬂwg? UGB FPIFT M 1%'1“%@

associ at ed wi t hngaghe Hedsdinigart Gtalinodislyofldd with salalr@aﬁlﬁﬂg@as(w).l t progr armed
to supply the plurality of gas filling tubes with anmounts of the insulating
gas(es) to fill each of the interpane spaces of the insulating glass units,
said control um.t ugimgh@ascdrdihgionthidal @hdréin e6d BsldhHEck Rencaameint of the
insulating gas(es) to fill each of the interpane spaces of the insulating
glass units. 13. An apparatus according to claim 12, wherein said holding
rack is movabl e. 14A MAsthéppabalingStoatdanryiwi@reisaid alomblaholihie ieknoags d
apparatus further conprises: a notor for rotating said noveabl e hol di ng
rack about an &XP¥ 3%  An apparatus according to claim12, wherein said
control unit receives unit identifiers associated with each of said one or
nor e insulatin glazi ug % g@erelq said gontrob unit uses the. unit

i dentifiers to ‘obtaf n™SUPY AFLIRg (o §Ifg Satheremn $aid RATU WA UEY,8 UL dP ding to
claim 12, wher eiettrifiat dh&0i s10p theldint of ir8GRIiMESs(eOe@tht @i fildgniibd. i er s
respectively associated with the holding |ocations of said holding rack,
each location identifier identifying a unique holding |location. 17. An
appar at us accordli ng At @etGdBiddvrlidg thvibRme il Nwhatifl sap panatinSgdses hélede £GOPri ses a
scanni ng device for reading unit identifiers and location identifiers, said
scanni ng deV|cé5§8ﬁHéﬁP8%g%s the unit identifier and the |ocation
identifier to the control unit, wherein said unit identifiers identify

i nsul ating glass units |d | ocation identifiers tlf holdlng
| ocations for Hhol di ig™ Wﬁi%%lﬁﬁﬁl%hﬁ¥®m%EW”m°smIMM%@gM

units has first and second interpane spaces, said first interpane space is filled with

Argon gas and said second interpane space is filled with Krypton gas.

10. A method according to claim 1, wherein at least one of said insulating glass
units has an interpane space that is filled with a combination of Argon and Krypton

gases.

1. A method according to claim 1, wherein said method further comprises:
monitoring weight of a gas source for supplying one of said insulating gases,
wherein changes in the weight is indicative of the amount of insulating gas released

from the gas source.

12. An apparatus for filling one or more insulating glass units with at least one
insulating gas, each of said insulating glass units having at least one interpane space
defined by adjacent glass panes separated by a spacer, said apparatus comprising:

a holding rack having a plurality of holding locations for holding a respective
insulating glass unit;

one or more sources of insulating gases;



18. An apparatus according to claim12, wherein said apparatus further
conprises a plurality of valve nenbers for fluidly connecting the plurality
of gas fiwbDi2op/wsdweées with the one or nore sources of i n®alrAiSRelg/ogeEses. 19.
An apparatus according to claim 12, wherein said apparatus further
conprises at |least one manifold for delivering the insulating gas(es) to
the gas filling tubes. 22 20. An apparatus according to claim 12, wherein
sai d apparatus further conprises an el ectronic weight scale to neasure the
wei ght of one of said sources of |nsulat@ﬁ gas, said neasured wei ght used
to nonitor use of the insulatin L ﬁ]gald sog;ce of insul ating gas.

21. A nethod for fifIh ‘H@r;l'l% P8 il paftddl¥ preecchpleant futioar ihg"Yr ass
unit with nul tisphesi GrSitdvidting Ga@ases, or srél ghetiliag n®efTRki SiodRted with cacRserti ng
a first gas fl||i tube into the first interpane space of the insulating
glass unit; ho 05%HPHg "4 control unit with gas filling data for

det er m ni Pgl It he rgs f@&@ﬁﬂfdl&mﬂrﬁ%gﬁlilﬁm&f toeapply ahe pRilitymo gdsgﬂilﬁng fased atth ng
gases to fi sai [ i nt erpan e, usi ng sai ontrol unit to
sequential |y cdforef© %ﬁ‘élﬁs}ﬂ&w‘% é&éﬁ?@fea%ha‘?fdh%ﬁfe{fl? f PR PG Yases to
the first gas fdldsk uigs, @u@emnwmehemang@mdﬁﬂb@mh@hoe@ehmﬂiﬂeamﬁumu&hhele

i nsul ati ng gases LS. con r ol y .the control de t he
respective anodﬁ?‘@?ggﬁ%ﬁwﬂ fillgag fﬂﬁﬂ?ﬁﬁﬁgspﬁgﬁwg%QWﬁl sSailr%ﬁ)rdlng to
the gas filling data renoving the first gas filling tube fromthe first

i nt er pane s ace sealing the fir t er pane e of said |nsulat|n
olacs ant PSS A Asthot Aot ikl TimdPar o SR AU pre

i nsul ati ng gases are Argon gas and Krypton gas. 23. A nmethod according to
claim 22, wherein said control nit i]%qan%all%“fontrolﬁF%he fl ow of the
Argon gas and t'fle KPR SLAECHES (o 1'Yhe&at 1 APPEPYF HE8F FAMB S ace wit h
Argon gas and t her eahioar fdrirbthtisgahid nfavesle Hodigy padiwbospaaeisw t h Krypton gas.
24. A method according to claim21l, wherein said insulating glass unit has
a plurality of interpane spaces and said nethod further conprises:

15. An apparatus according to claim 12, wherein said control unit receives unit

identifiers associated with each of said one or more insulating glass units, wherein said

control unit uses the unit identifiers to obtain said gas filling data.

16.  An apparatus according to claim 12, wherein said control unit receives location
identifiers respectively associated with the holding locations of said holding rack, each

location identifier identifying a unique holding location.

17.  An apparatus according to claim 12, wherein said apparatus further comprises
a scanning device for reading unit identifiers and location identifiers, said scanning
device communicates the unit identifier and the location identifier to the control unit,
wherein said unit identifiers identify insulating glass units, and said location identifiers

identify holding locations for holding the insulating glass units.

18.  An apparatus according to claim 12, wherein said apparatus further comprises
a plurality of valve members for fluidly connecting the plurality of gas filling tubes

with the one or more sources of insulating gases.

19.  An apparatus according to claim 12, wherein said apparatus further comprises

at least one manifold for delivering the insulating gas(es) to the gas filling tubes.



Inserting a second gas filling tube into a second interpane space of said

I nsul ating glass unit; providing said control unit with gas filling
dat a for weterzfosoag t he respective amounts of each of @ardspuliivssBs
insulating gases to fill said second interpane space of said insulating
glass unit; and 23 using said control unit to sequentially control
the flow of each of said nmultiple insulating gases to the second gas
filling tube, wherein said fl ow of each &f said nultiple insulating gases
is controlled by the control unit to pro ?de the respective anmount of each

of said multiple insulating gases accordinhg.to. the gas filljng data, said
control unit siQﬁm t AREBRRSE %CF?rﬁﬁnﬁ@O 9@%%%@%@% Sﬁlﬂeﬁ%%ﬁ%s é‘ﬁb%éogﬂ%ﬁegai d

second i nter pang EPacec Weight Sdk tb mBSUlcahd Reighasose o2hidSoiRbNednateiag di ng to
claim 21, wherein sgid contral unit uses a tipﬁr.to detern ne en to stop

the fl ow of eac®%i’ ﬁlpeﬁfuirﬁ]gwedgg used to monitor use of the insulating gas from said source
of insulating gas.

21. A method for filling a first interpane space of an insulating glass unit with
multiple insulating gases, said method comprising:

inserting a first gas filling tube into the first interpane space of the insulating
glass unit;

providing a control unit with gas filling data for determining the respective
amounts of each of said multiple insulating gases to fill said first interpane space;

using said control unit to sequentially control the flow of each of said multiple
insulating gases to the first gas filling tube, wherein said flow of each of said multiple
insulating gases is controlled by the control unit to provide the respective amount of
each of said multiple insulating gases according to the gas filling data;

removing the first gas filling tube from the first interpane space; and

sealing the first interpane space of said insulating glass unit.

22. A method according to claim 21, wherein said multiple insulating gases are

Argon gas and Krypton gas.

23. A method according to claim 22, wherein said control unit sequentially
controls the flow of the Argon gas and the Krypton gas to first fill said first interpane
space with Argon gas and thereafter fill said first interpane space with Krypton gas.

24. A method according to claim 21, wherein said insulating glass unit has a
plurality of interpane spaces and said method further comprises:

inserting a second gas filling tube into a second interpane space of said
insulating glass unit;

providing said control unit with gas filling data for determining the respective
amounts of each of said multiple insulating gases to fill said second interpane space of

said insulating glass unit; and
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using said control unit to sequentially control the flow of each of said multiple
insulating gases to the second gas filling tube, wherein said flow of each of said
multiple insulating gases is controlled by the control unit to provide the respective
amount of each of said multiple insulating gases according to the gas filling data, said
control unit simultaneously filling said first interpane space and said second interpane

space with said insulating gases.

25. A method according to claim 21, wherein said control unit uses a timer to

determine when to stop the flow of each insulating gas.



