METHOD AND APPARATUS FOR PRODUCING GLASS SHEET The present invention relates
to a method and an apparatus for producing a gtass sheet. Specifically, the present invention relates to
a technique for producing 5 a glass sheet by a downdraw process. The downdraw process is a
method for forming a glass ribbon continuously by allowing molten glass flowing over from a trough in
an upper part of a wedge-shaped glass sheet forming device to flow downwardly along sidewalls of the

10 glass sheet formingﬁgzﬁ' ﬁﬁg IRy ﬁgﬁqﬂ }.%Ha ngﬁ rming device.
The glass ribbon passes through a urr%%%w ife %%f%%%g} yro?{’s ISposée %tglow the glass

sheet forming device, which is cooled slowly and cut so that a glass sheet of a desired size is
obtained. The downdraleressess iswantithiadbrtesdd dcngthoglasy sirearaving HiopgediSisgen and a
small thicknesgides eieunplSpeuifivaiyarhtagseseinstroieniona kadieane bdiseaiy oo R iligngP
2008-133@4%@&@9&&9@@&%&%@@3@%ucing an extremely thin glass sheet (for example,

0.5 mm or less). Specifically, after reducing the sheet thickness of a glass ribbon to an initial thickness
immediately below a forming unit (glass sheet forming device), the glass ribbon is heated by a 20
re-heating means (heatef) HIEPESEY BEsHPaiscymathesfednmwies irijaes sibbem consievapaifture
reaches its softenabigpioigimsitenagitize fiosngibbenissoitenadhlinen theeofterad glass ribbon is

drawn downwakdiptesimpuinasseduetionahihe shaet Widgeaswawihely Kiagedadery gh-quality
glass ribbgy, it m%l(tagg glass on

' rol inthe width direstion,of the
the sidewalls of the, B%%Q&%%ﬁ é%g'cﬁ@lggrg%%%&éﬁ% %%gjt?tofzg%gf Eilaéssgrﬁaes a technigue
for equalizing t &"éf%ﬁ) Fiffe diSFiEERSTPATRARTRT AHECHIh o RITRARS FHIE LB AMBRREPA heater
having a roughPdenbe disnprprelorotiveaiane diesh donming dsyditonHading thelesicdovely ehd forming
unit (glass sheetfauming 3G¢:Hevickdet b 20RS:6ADA44 desrabrg a technique for equalizing the
temperature distributiofyp fag-¥idih Jrsctinolmalien glass iy aigcrisally %@d%ﬁﬁﬁl'ﬂ}g& coating
on the .surlfgce g;eaa fusaong@ﬂg&ggggg&ee&&o&x Aﬂ%geewcggs. B I\\Iﬁ%mall , tihe_ eg%e é)ortkon of a
glass ribbon formedal%ly TheETHOWNaraW 35 procece Has T ﬁ%ﬁélfﬁg %9? AdWE “the edge
portion of the g@é@&%bdﬁ?ﬂ%&%‘@a@%ﬁ%&?@%@ Arfigserihanayerhriaie e srablyaretnges The
an extremely thin glass sheet (for example, 0.5 mm or less). Specifically, after
reducing the sheet thickness of a glass ribbon to an initial thickness immediately
below a forming unit (glass sheet forming device), the glass ribbon is heated by a
20  re-heating means (heater) disposed below a regulating means (cooling rolls) until
the temperature reaches its softening point, so that the giass ribbon is softened.
Then, the softened glass ribbon is drawn downwardly for a further reduction of the
sheet thickness.
- Further, in order to form a high-quality glass ribbon, it is important to
25  control the temperature in the width direction of the molten glass on the sidewalls
‘ of the glass sheet forming device. For exampie, JP 2007-112665 A describes a
technique for equalizing the temperature distribution in the width direction of
molten glass by providing a heatef having a rough dense arrangement of heating
elements at a position facing the sidewall of a forming unit (glass sheet forming
30 device). JP 2008-69024 A describes a technique for equalizing the temperature
distribution in the width direction of molten glass by electrically heating a platinum
coating on the surface of a fusion cell (glass sheet forming device).

Normally, the edge portion of a giass ribbon formed by the downdraw
35 process has the shape shown in Fig. 7. However, the edge portion of the glass
ribbon does not always have this shape; it may have a two-pronged shape. - The
edge portion having a two-pronged shape may render the cutting step of the glass
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edge portion having a two- pronged shape may render the cutting step of the glass ribbon difficult or
cause the. g{)ass ({rﬁbon to crack. d|t|0 the ed%g‘1 lpoin ving..a tw(f)% roggefgkear‘r;iige may cause
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ribbon frofh HEiR ufﬁ?.rrﬂ&‘j fhte §348fet 9@?’?&6@‘ © Yigils mventors studied the causes of the shape
defects in the edgBYSHISSHH IgRG BSHHY ARVFPHERCK SR PER(ARt fOCLRTEE BTECPShetBRSthe viscosity
of the glasbhisbeatinteiesibaned e fudrfaciéva phane factor that determines the final shape of the edge
portions of the glass ribbon, they have accomplished the present invention. In one aspect of the
present inventioffhthiere:isqpsavididet! ahm etheek fof theodupindadeglass sheatdeypardonnaf atugsrocess in
which moifebhoglags dethibed atadowerieacokaoglassosiedhfatning device fadorgna glassmibbon, and
the glasslﬂhh@m&geaﬁeyqd@&wwrﬁm@@eee phiraitnafirksispasedibplowitiie:olass sheet
forming dgyigening methad compising Hﬁré&%@&@él@ﬁ@&'%@%@&%@{ﬁbéﬁtﬁ)ﬁpaw between the lower
end of the glaSSzﬁhﬁret 9{5@@&@@/ 5o andipne pbihenelsdocalesbaeatrihda ra? gt forming
device, thg a & ‘%% 8%/?9%{" ?J@%&J G Cﬁ'ﬂ %II' X @Q&C eﬁé%deétcg P pina
longitudi %reﬁ% esvslcsé 0 ormln%gew :X; i e sur ace fthe glass
ribbon; a rimi vey on e’lo I In ater i edge
portion of{AETHIAL (gﬂﬁ ?ﬁ'ﬁ%’é'a% ﬂ‘}f (}ﬁé’?ﬁ%‘é glg % %‘80&1 fe extending
ina thlckﬁe‘ﬁg‘?ﬂrmﬁ%rlﬁ] YRS HbeFL vid ME &8 Faﬁ@&fbaa?ﬁﬁﬁ% Petaprse: et EFehtinvention,
there is pravidbgsashapiplrapinsrsiepieriaphgts ghdhs Teﬁg@s@%h’é@‘ﬁféhﬁ‘ﬁhg device
having a Vetdgeestaped drossanschiongdiurdin o rkanerrﬂatrér@ dispodediisiow theegthsefsheet
forming devicembdternveyithdiml dhecias s Stheat fosslingt deniveg alglassanbbemthtichddheen formed
by fusing aadideloveh@ndiofhth @lgiassidheetatal nfivng idevane, coaltenigiags thtkshatbHowedidver from a
trough in Rr4IBPREMRRIE, HthBlRaEshectdgeming de vic dia guiseibhahisnattached iatacthef both ends
in a longitydipal dkectioneiitbaglass sheat Jorprisgrdaice andthatlRieeRiaheJnaltea glass from
flowing oygy,fsam a sidewall of the glass sheet forming device; and a heater provided in a space
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not comp wanasRY enakanor sl ot threkistahash m&%r&e&ewﬁa fere 655 yhat
environmépsdlasiedersifenceersilinme LR potidher glesy st poing dottednssiserapidly than
the centethportictiasheibteless ibhoh Hnteitetripegtiadf dtectidge p ot alneiedresisosnaetrapidly
compareditvitikeatehtiperptavende tre asa of thiessanter fovtimig, dheriscosityidavidtion fhetbayidth
direction islzredsesianddivs, shapehdataciseidtdaredgeapotiowane thkdlywter @adwf the dhlasontrast,
accordingsteembadipenisaf tha giesent lnvertoi:iae: edgrcparionigicth ahass dbhes) tiynediately
after fusiogsdeateddearilyRy:a Reater Thatis hizlpwivertad thaterly heiedgeRertipmef the glass
ribbon immediatply, Afer sepaat gf'aﬁ%f‘ﬂ?cﬂ sheetierming,daviceisicoRI AR od hus, the
temperat%rte fisy é&“%ﬂﬂ&'lgn MEI&‘?%EI%P (e ARSSHBRON ok &5 dD & WIS GOSHY digflbution may

be equal |ze at sha S recgon € gelgordgg are unlikely to occur. An existing apparatus
can be dlver carrylng out e apparatus accor grio embodiments of the present invention, and
thus embodlment the present invention may be excellent also | n terms of cost perfoiniance. For
achieving effecté@ﬁrﬁ Q?Stﬁﬂe Bd@%@@e& rp?é%%’ﬁt‘?ﬂ%rﬁ‘i’@ﬁ) SR SEPHFEe RIS fothcrease the
temperatdreVeFis affibkpiRife #NidB sHIinstEh BRI WoFWg?BW@P d BrREAESS sheet
foiming d&ﬁééfa‘l'lmsthﬁa%ﬁﬁ?akémﬂﬁb%@é Baseribbereffeeps s toramdly dhaneli<sBtinvention.
However, remtisodifnthstglesthibpeaselitthe/ mipnatay dietbondiepabipadearteige dos tapidimns of power
consumptiompaeduselin tmpedineendsatiheqirdsertiiey giioon.ohly thesdge postion of the glass
ribbon is kedtediecaly. intrthers, ibtkdeliempepatdcéat the atmosphere inside the furnace is increased,
various components are degraded rapidly and the life span of the apparatus is shortened,
unpreferably. It should be noted that "the edgeyportion of the glass ribbon" means, for example, a
part of a glass ribbon of about 50 mm inside from each side surface of the glass ribbon. Fig.lisa
schematic front view showing a glass sheet producing apparatus according to one embodiment of the
present invention. Fig. 2 is a schematic vertical sectional view taken along the line IlI-1l of the glass
sheet producing apparatus indicated in Fig. 1.



Fig. 3 is a partial enlarged view showing a detailed position of a heater. Fig. 4 is a schematic view
showing a dimensional relatignship between a guide and the heater. Fig. 5 is a schematic view
showing B etEREQEMbHEIHER & Af6Heater.  Fig. 6 is a schematic view showing a positional
relationship betieenmrgdgsseibtion andudisliméitg Jfitha pectionahwetioshowirdgs shapenof an edge
portion of {hg glasssribhon, Haieinafle), o08 eukedimentaf 1beRressnt uegtionds desgriped with
reference to the attached drawings. .As shawn in Fig..1 and Fig. 2, a.glass sheet producing
apparatu?rf@%%g?afn%‘% & EEBANHERLT _ﬁﬁfdgg%sf 4k @rgeéﬁﬁg?gsl‘?g%f f%??r?‘ﬁgﬁod]evice 4
disposed frarthipglespsreinSdamihe davivecs 2oelgsl uraiidyyof This, hdispopedivetolistribuglers sheet
Lorming4d%vi§r% ?ﬁﬂ@l Eﬁﬁé’éﬁé‘fa %@iapp%gﬁw_lggsd@, enélaW%r, QH% 4@,&6@1@'9) @fsﬂf;mt@aslﬁ%ﬁeségrming

evice 4. Accarding to aratus is possible.to produ ss sheet by a downdraw
process iﬁ%ﬁ%ﬁ%g% a%t'sa ?riﬁ?gl 5 geige ct)lsrrﬁi(-;c{fl By L’iq’gir%),ﬁ ata S%Vgﬁéng&%% moNen §%§§1 ?ol%}\%ng over
from the grissaheetthndiigdedics mragomdbe Pragbrerangring &ormbeBierata idkslity of

heaters 1frasgni holisposedndl ongs a:neditah etite etfahop-taeninneenaihahhiebiusraetclt The heaters 10
each havclana(\n elogga ed shfapnel%z%tending in parallel with a longitudinal direction of the glass sheet

t
forming device : : which'are sul Fe for heating over a comparatively wide range. It is gos_smle to
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gradient ischbdiotiedtal ongdine whricahgirectien O thratthe gihss rickde Shs coolsd: stovwhe while

passing thigligh theogiePLe, 2 dewpwardle dheQlassrhas) iauping glavies 4Js generally

made of firebrick. As shown in Fig, 2, t lass sheet formin vice 4 has edge shape in a cross
section oRRBEEHETS e BNIHSHST b A RTETS LGRS JHRSE Fom ARG HLIEE S oo 8 % he
longitudingedirgctioritDmthe Hasestideridymidpiagesud jo themame pirectieomsstiminidth
direction %&?ﬁs@'%?%ﬁ%@?ﬁﬁeﬂgs%F%Bﬁ%fr@&ﬂt%@lﬁx%sﬁ %ﬁl’ge%%]éoiﬂgé%ggiﬂﬁeo‘b t@lérgm% 4k|for
retaining ten.glass is formed in suc anner that the trough 4k extends in the lgngitudina
direction g@’ ‘grt‘S%ﬁ i|l10IE'?i“ngigl.y l,gugﬁg%lia/f%ﬁeteﬂp %%51%%%{%% %ﬂseﬁ%rﬁglﬁsﬂes'&éﬁk%@r%c&ten glass
can be is increased, various components are degraded rapidly and the life span of the apparatus
is shortened, unpreferably.
It should be noted that "the edge portion of the glass ribbon"” means, for example,

a part of a glass ribbon of about 50 mm inside from each side surface of the glass ribbon.

Fig. 1 is a schematic front view showing a glass sheet producing apparatus
according to one embodiment of the present invention.

Fig. 2 is a schematic vertical sectional view taken along the line II-HI of the glass
sheet producing apparatus indicated in Fig. 1.

Fig. 3 is a partial enlarged view showing a detailed position of a heater.

Fig. 4 is a schematic view showing a dimensional relationship between a guide
and the heater.

Fig. 5 is a schematic view showing a modified embodiment of the heater.

Fig. 6 is a schematic view showing a positional relationship between a glass
ribbon and rolls.

Fig. 7 is a sectional view showing a shape of an edge portion of the glass ribbon.

Hereinafter, one embodiment of the present invention is described with reference

to the attached drawings.



25 supplied continuously to one side in the longitudinal direction LD of the trough 4k. As shown in
Fig. 2, the glass sheet forming device 4 has a pair of sidewalk 4j in a direction orthogonal to both of the
longitudinal direction LD and the vertical direction., The sidewails 4j form flow paths for molten glass
that has flowed over from the trough 4k. The sidewalls 4j form a ridge line at the lower end 4e so that
30 the molten glass that has flowed along each sidewall 4j is fused at the lower end 4e. As shown in
Fig. 1, a guide 7 that w@mwlne&alﬁg.fzpmﬂmimv%&wmﬁﬁpﬁm fipés attached to
each of poth eg@gﬂ@ﬁ@ec!q@gt&ﬂlﬂmg!rﬁg%hgegg%%% ,saeqtagorgﬂgég )%ewce 4 ’%{S‘CBSQOW” in Fig.
4, the guide 7 has a wedge shape In a plapar yiew and is made o?a sheet materiaFof a Size capable of
covering 35 the %%HH%%%%%@E&%M&@R&W%%@M@&M the tip
of the guide 7 T89cdase ghashiammingdeviee dowet berters Sfdlmeiedsichets folowemrddvdee 4. Owing to

the functich of(teethuidie Fiaadl dfdbefonnlion gass ean fnvralapgshasigpwalisdihasalls 6 function
to convey the gagsibRanSiheloneihealass: SheehiRrRingAeNce 4 i fghg rolls 6
is adjusted so%&%&ﬁeﬁ I%%s ribbﬁg % v%sfea d%s?ie%&i%(ne&%isﬁ %%%éél %\%ﬁ g%ﬁ%v%%rﬁﬁggg O?Lt%igsrolls 6
are 5 disposedr_symmegnc‘a]fﬁﬁ\’/\ﬁt respe]E:F 16 avénica %Fanesingmﬁé“fﬁ’é ‘?hg 248 glass
sheet forming HEREREAEEH%%0 be capable of nipping the glass ribbon 9 in the thickness direction.
Further, the rolls 6 aré tspovede predeteriiinacdetef\faisbiridhe erloahliireclivuidhelglass ribbon 9

is conve?dddwudﬁbi&@@mﬁiﬁm&y smelm;mimmrm@ﬂ% % thiﬁ@ﬁééh%&% each
are provided o 3 [ gifudi recti of | .sheet forming
device 4. Spec?ﬁ%%?cf gﬁ@@%em%%g%ﬁig\%%%%@gﬂ%%%%%%%ﬁem%% c?\_c/)v% ttelms%f?ﬁcéog ass

sheet forming 8ew8§lf§asns tRe FreRE 5?8?1‘%1321% BRI OrhsEeRn TS R vice 4 in the

vertical directiCHPHEIRESIEEIG958R8R heth hpoeeilie 15 pditigridintempwidtirestiertlos the glass

ribbon 9 immeéiatelyecitey fosiooilihg idsyhpeaventing thpadseasity tdhmedaamartithsmfiihe glass

ribbon 9 irsmeeiatedy afteifHsionfom @}Q&i‘&?éﬂigﬂa‘i%ﬁbo?i% b6 Se0ahL8 s IBG 5P Portion. In

other words, t%e?gé}?ggwo\éa |%gon |n.H1e ngth dlreCtIOé'I({)f he %%fs ribbon 9 reduces. As a result, the
Bl ﬁ)iboneénm e oLt e%anace ownwirdly.

-edge portions lass T are prevented ]
The glass sheet forming device 4 is generally made of firebrick.  As shown

in Fig. 2, the glass sheet forming device 4 has a wedge shape in a cross section
orthogonal to the longitudinal direction LD of the glass sheet forming device 4.

20 The longitudinal direction LD of the glass sheet forming device 4 is the same
direction as the width direction of the glass ribbon 8. In an upper part of the glass
sheet forming device 4, a trough 4k for retaining molten glass is formed in such a
manner that the trough 4k extends in the longitudinal direction LD. As shown in
Fig. 1, a supply tube 11 is connected to the trough 4k so that molten glass can be

25  supplied continuously to one side in the longitudinal direction LD of the trough 4k .

As shown in Fig. 2, the giass sheet forming device 4 has a pair of sidewalls
4] In a direction orthogonal to both of the longitudinal direction LD and the vertical
djrecfi;ion.‘ The sidewalls 4j form flow paths for molten giass that has flowed over
from the trough 4k. The sidewalls 4j form a ridge line at the lower end 4e so that

30  the moiten glass that has flowed along each sidewall 4j is fused at the lower end 4e.
As shown in Fig. 1, a guide 7 that prevents the molten glass from flowing over from
the sidewalls 4j is attached to each of both ends in the longitudinal direction LD of
the glass sheet forming device 4. As shown in Fig. 4, the guide 7 has a wedge
shape in a planar view and is made of a sheet material of a size capable of covering

35  the entire end surface of the glass sheet forming device 4. Inthe vertical direction.
the tip of the guide 7 is located coincident with the lower end 4e of the glass sheet
forming device 4. Owing to the function of the guides 7, all of the molten glass can

r
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20 from being formed into a defective shape. In addition, glass devitrification also can be prevented.
As is well known, devitrification is a phenomenon in which crystal grains are formed in glass, and thus
the transparency of glass decreases. In the case of producing a glass sheet by the downdraw process,
devitrification is likely to occur at 25 the edge portions of the glass ribbon 9. Although the reasons are
not entirely dear, the following seems to be one of the causes: the flow velocity of molten glass -
decreases in thewigipHy Q{é@ﬁgﬁ@g&g so that the molten glass is long maintained in a temperature

range in which devitrifi to occur. The eaters 8 osed |nt inity of the guides 7
heat not only the ed?8 portlo %e%)lass rlgbg]n g%s? n%%ipﬁé% ul esgf é?r? gnepheat of the

guides 7 is co B4 fhol Mﬁﬁﬁ?v‘i’cﬁfﬁ}i‘%\rﬂ% éﬁ?&ég@tﬁdc%t%%g%d that only
the molten gla&dherdofieidesieddthicmdesiy fored.maintsineut im fig t@nibersdlisdSrarge in which

devitrification idikketydepechstiRalic iyl aase/wREe HienHieRdastheQiainsiin Ao
clarifier, tin oxigg, %@%@% #Hralassasn WD K lkely R paRS AR J%%%ﬁk%’hﬂ&e & Ebthe case

where the molten glass contains tln th sent.inve IS reco pec:la Int
embodiment, the hgelgi%gr?ssg FEFHE conta Zlny oF‘ﬁwE [gfl%é] g@?%‘f‘ %'ﬂml’ﬁ gwdes?and
the furnace 2. PEFEBE BT TREabfarech ﬁﬁb?ﬁ@éﬁg@ﬁ&ﬁé@%@@ﬁss ribbon 9

immediately affeiitadiemganppedizatbd Hﬁbcﬁvely With reference to Fig. 3, the position of the heaters
8 will be described in defailoRach Reater@dspruidas dach spaefabisdRcaiedimarrdddaterally than
the guide 7 attgp&%{ge%c&gg& @J}h Ion dlnghdl tlon L fthegdz}f S shfet forming
device 4 and tfg % rface ggﬁ \% glassri aces pace ore sp ficall , the heater 8
is provided in &P ST 8 61‘%@ Vi Eﬁ@?ﬁ%ﬁhﬁ g HRR s A%y ]éepomt P1 at
which the W|dt@@ﬁ%@@&%@b@ﬁ%@@@n@s@erxgiéﬁaéﬂatbémguemmgraaaauye;m the vertienl
10 direction.  fordssrphévivéndRigiia teecividifiafdienglaThehban & is Baadtlyalyareghacarksluring the
formationssf hsaasiiohan S isemuibelancsrend g o nolpss SheR g aye, © the point
P1. That is, th% S|detﬁurface 9 curves gen 'gh% ers faces t(r%e curg\%% g Ihe side surface
9p. By providing eac ﬁeater |n stic %8 88 OB% SR8 r%? 92 Hbbon 9
immediately aftBrRsSHveE At hithpanmsaskieidie arrosiyh of depesnieton the
output, size or poetike oﬁmetheam]r&s tbmdmmHmahewmﬁhalvdi&htmﬁﬁmﬁfeﬁ}i@vgﬁsend 4e of
the glass% sh%tleﬁmmmrd&u&@ 4 @tba @m&%@ﬁ&@;ﬁ%h k Z))ff%lﬁfgzagmlg&mfﬁeeﬁ%%"dof? 50f°
ram, pre t n.the horiz irection.fram.the inner.wall of 7g o
APONR IR AT 132068k S el AR RS e

the guide 7 tov&r)le heater 8 IS, for example era ram urIfher pca?erably 0
to 30 mm. How&SAFe %R flon should be paid so that the heater 8 does not contact the glass ribbon 9.
In the case of the distaees el ywimderrpfediinidssatbaaromenea partivriakobthbdremters is
present on the siddorhibé glatssibhontAutakieg:tesparency of glass decreases. In the case of

producing a glass sheet by the downdraw process, devitrification is likely to occur at
25  the edge portions of the giass ribbon 9. Although the reasons are not entirely clear,
the following seems to be one of the causes: the flow velocity of molten glass
decreases in the vicinity of the guides 7, so that the molten glass is long maintained
in a temperature range in which devitrification is likely to occur.
"The heaters 8 disposed in the vicinity of the guides 7 heat not only the edge
30  portions of the glass ribbon 9 but also the guides 7. Since the heat of the guides 7
is conducted to the moiten glass in the vicinity of the guides 7, it can be prevented
that only the molten glass in the vicinity of the guides 7 is long maintained in the
temperature range in which devitrification is likely to occur. . Particularly, in the
case where the molten glass contains tin as a clarifier, tin oxide crystallizes in glass,
35  which is likely to cause devitrification. Therefore, in the case where the molten
glags contains tin, the present invention is recommended especially.
In this embodiment, the heaters 8 do not contact any of the glass sheet
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25 inner wall of 7g of the'guide 7 as a reference. As shown in Fig. 2, the heater 8 extends in the
horizontal direction orthogonal to both of the longitudinal direction LD of the glass sheet forming device
4 and the vertical direction, that is, the thickness direction of the glass ribbon 9. As shown in Fig. 4, the
dimension W1 of the heater 8 in the thickness direction of 30 the glass ribbon 9 is larger than the
dimension W2 of the glass'sheet forming device 4 or the dimension W3 of the guide 7 in the same

direction. Witlfsueiha gontiguratientdeseigrdgiiigaseithe glems fhhankandseheaied aniformly

from both sid ﬂj&&%f C can
prevent shapeﬁﬁf‘l fects ég%eﬁg?f%cﬁéébd&éggjgrg f?l%%%d ﬁbé#sgio gdgégﬁzté?%ﬁeater rl!lgé‘t%arge
enough to heerfet%lg%ﬁég T e%’he e?fe eoﬁoﬁﬁ%%ﬁf also are
enhanced. Thdsseweedimparqet Eanpdrathnf is nrovidatkin 8@mmﬂé@1®pmmly,
consideririg thegieslyctimpehitignidh e disteheé foarmdhefieaiesRinthhgleasithben

For example, i escaiskite comRRRIiPRSEA g'm%%@@f@&@@p%k@@é%éﬁ

temperature Oﬁa e Qﬁgters 8 carﬁok%g Sad%ust afjl eé |t i the e range of 800 to 11%W0C Further as
shown in Fig a tem ra ure senso cﬁ de ectsthe tem rature oF rAGRER" gass on the sidewall

4 of the glass]gr?@&%%mafﬁé R %&%m&m%%%&%?g@y the Wdipetature
sensor 12 mayhregreyitblioT Adeomperctustasuradber] Dol attedied grafbradknmpibe a'dmwai part of the
guide 7, and dgiretsdhe temperature of molten glass indirectly. Examples of 10 the temperature

sensor 12 to be used ielidiRa IMeHposQualG dfieGamtdlaL snphlels é@&&%‘ﬁ?&é&ﬂ@é& to the
heaters 8 based on det ttgon r sult f'the temperature, Sens #g For ex set femperature
of the heaters %mél%ﬁ Hlé ?sg%’ﬁgﬁﬁﬁf ’éﬂ& égtﬁ% ?ﬁ% SFREpEPSt Eﬁ}gﬁﬁ%§ Piflis way, it
is possible to é@%@f???é‘at‘é@ thapershAately pahardibsssisie Rargigs $1 swusasttibn, &as to
surely preventistzipe 8lédectsinf theved genpionti ofi shef 4hde glagasiiion By prodhithisaagakdathesoutput
of the heaters & noganbe %@%ﬁ@%ﬁg@%ﬁ?&?@&@ﬂ@%&%&eﬁ%%%ﬁiﬁé&% grRfEg sensor

12. Further, in RN ﬁ ectﬁw%% pefg f10%he c%e Jc'k&(%l}?tr}lll v&dth g éﬁare of the molten

glass at 20 the lower en ass < rmlng V|ce Fadiation

sensor can be%&‘%§%%%ﬁ@%8ﬁé%ﬁ%@1§ the W@H@%@é?@l@hﬁ&eﬁéﬂf@émﬂﬁ%&n as long
as it can be usétilvaatatmbiphétheatiaseshperdmeingoéeding (0600w Spenificithe guide heating
element or a wite heatingsele Rekihaal, fomn semheusesiaathe haale08nm. The distance L
20  in the horizontal direction from the inner wall of Tg of the guide 7 to the heater 8 is,
for example, -10 to 100 mm, preferably 0 to 100 mm, further preferably 0 to 30 mm.
However, attention should be paid so that the heater 8 does not contact the glass
ribbon 9. In the case of the distance L, of -10 mm or more but less than 0 mm, a
part or all of the heater 8 is present on the side of the glass ribbon 9, taking the
25 inner wall of 7g of the guide 7 as a reference.
As shown in Fig. 2, the heater 8 extends in the horizontal dirvection
orthogonal to both of the longitudinal direction LD of the glass sheet forming device
4 and the vertical direction, that is, the thickness direction of the glass ribbon 9.
As shown in Fig. 4, the dimension W1 of the heater 8 in the thickness direction of
30 the glass ribbon 9 is larger than the dimension W2 of the glass sheet forming device
4 or the dimension W3 of the guide 7 in the same direction. With sucha
configuration, the edge portions of the glass ribbon 9 can be heated uniformly from
both sides of the front surface side and the back surface side of the glass ribbon 9,
which can prevent shape defects more effectively. Further, since the dimension W
356  of the heater 8 is large enough to heat the lower part of the guide 7 sufficiently,
effect on prevention of devitrification alsc are enhanced.
The power supply (set temperature) to the heaters 8 is controlled

8



25 Further, radiation heaters, such as a ceramic heater, a halogen heater, and a silicon carbide
heating element, can be used. The shape of the heater 8 also is not specifically limited, which may be
a rod shape as shown in Figs. 1 to 4, or a U shape as shown in Fig. 5. As above described, the width
of each edge portion of the glass ribbon 9 is about 50 mm, and therefore the heater 8 having the
shape shown in Figs. 30 1 to 4 is necessary and sufficient for local heating of the edge portion.

Further, it is nghpReASSRIY, O RAMEIS BEgERRR : e, according
to the U-shap%aeh atS%r qu;ngvgg ytglqig %%@s@e%&igﬁ Qrtion %ﬁéﬁéﬁggﬁggyg%%ggﬁemed
from three dircho%% Whi e%elng surrgunqééd gﬁﬁ%ﬁ%‘é}%’r% §R§%g)£ﬁﬁegcf)3”tﬁ?§1&%8 fiment, the
heaters 8 heaBlRESSHEE Jor ot Semel Sisplariibe pe, wrepgraiaws aftthe degtepoRigts 6t the glass
ribbon 9 more BsIg anbiireiiypro funidseofaasisdiROMwid 30Meaching the rolls 6a. Therefore, as
sr?owrrl in Big. 6, it is pPasikle, teseiiRvay HhEglassribheSwite Hae L4002 PRIIQREh8I0T nippeltlﬂ6by

- the rolls 6a. In NQIHs re di [ edge portions Rt. Each roll 6a
extends over t%]ge{.ge%gg lin Ggfg%ig% agggsr%b%gslﬁ gg %fqugl%gtf}%gﬁg%%ﬁg%t %PP%%% ocated below the
rolls 6a do notAp the &d qéeg %o%ﬁgﬁﬁiﬁfﬁ i HErE M PSR AR SRR ddg@ PoPfions ot.

For example, #5qFdiedted b BapesraPerpogor 331 Atachesots frsssiptams delewermathefposition of
the rolls so thaihelkthideGllsuib dettsnip thaedgerpertidnsdfdh elglass tibberly. InEhesaks of edge

portions with ashighviseRsiire bda.anvisalled aavpidMNRRINGRAGRJGHINNS Wilh Lolls-fipep fhe viewpoint
of stable convey %%lg.o the viewpoint fg a%l%eg_rse QE_,OE (c))f th%e%lass rib%%n. In contrast, this
the |

embodiment makes it posgi%vlvee{c?% \Sfeto gnoggfebeing nipped by

, giass ribbon g with the e%‘}grére(s)r ‘
the rolls 6a, beERREF TS ISTHOR, 161 thEPE GFEPPRidRE 9??ﬁﬁmmﬂ$mgﬂﬂﬁqgsﬁé%nted from
increasing. In &dufitrediiefthe WnrgisasiibBewgsiificibetipspiidiieseisatsorid ostilkisorapply a
pressure 15 toithe segeRomienshjdhe sals 8useRpimieRotiaedosr pREtARSOL flat to some
extent, as shown.in Fig..8. flat gggﬁ ' t fariij cutting. st f the glass
A lidaigel 41 5 S%Qégglgr poonrE’)g%rl é%%bq%%e ot‘!ﬁ{te%rﬁr%o%i%% #5%@%‘ SEihe ﬁﬁfa%

ribbon 9. It also. $,9 sible to nip the e ocated below the rolls 6a.
However, effect on'fta tening of the edge portions 9t are greatest when the edge portions 9t are nipped

by the rolls 6a 20 that Bréiisceenr hedesutnuheldhebestest formangaiedivetad Tsavaly bissthg more
internal portionsthandéieeidgerporiiens tidndweglasasibbased 11y thBwiher, rellsrbeit is gassible to

convey the glagseiaban iaiebbr withaulieaysing.any defeciaaushasciagninyR o atlis:
embodlm%}t C%BED{OVIde b@ﬁé%%%feeci on Sadéus ent of &Q%gehgpe of the edgteigg_g;%ﬂs ot and effect

owWer Texh ass sheet jormng , & non-conta
on stable conveyance of the glass ribbon 9.
radiation sensor can be used as the temperature sensor 12.

The heater 8 is not specifically imited, as long as it can be used in an
atmosphere at a temperature exceeding 1000°C. Speciﬁcally, a wire heating
element or 2 wire heating element in coil form can be used as the heater 8.

25  Further, radiation heaters, such as a ceramic heater, a halogen heater, and a silicon
carbide heating element, can be used. The shape of the heater 8 also is not
specifically limited, which may be a rod shape as shown in Figs. 110 4, or a U shape
as shown in Fig. 5. As above described, the width of each edge portion of the glass
ribbon 9 is about 50 mm, and therefore the heater 8 having the shape shown in Figs.

30 1to4is necessary and sufficient for local heating of the edge portion. Further, it is
not necessary to bother to ensure exclusive space for the heater 8. Meanwhile,
according to the U-shaped heater 18 shown in Fig. 5, the edge portion 9t of the glass
ribbon 9 can be heated from three directions while being surrounded by the heater
18. : _

35 _ According to this embodiment, the heaters 8 heat the edge portions of the
glass ribbon 9, and therefore the edge portions of the glass ribbon 9 more strongly
maintain properties of a viscous fluid untii reaching the rolls 6a. Therefore, as
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25 The operation of the glass sheet producing apparatus 100 is described briefly. When the molten
glass supplied to the trough 4k of the glass sheet forming device 4 exceeds a predetermined amount,
the molten glass flows over from the trough 4k and flows downwardly along the sidewalls 4j. The
molten glass flowing on the sidewalls 4j is heated by the heaters 10 disposed circnmferentially around
the glass 30 sheet forming device 4 so as to maintain the viscosity. The molten glass that has flowed

on each of thejsideialisidi és fuseshatitie é@\&%v%%ﬂ@gm%%bm'mﬁﬁ%&% dbhgMhe of he glass

ribbon 9 is legg a ftp%] 0, 6 nother e ro thatf eea h oth er and
conveyed do %él’[é?% ﬁ%ett)%mg g!%d slo erl’h emperature o% fhe % S r%gonSQ deéfeases as

the glass ribb SRR thrsetes %‘Bﬁd?ﬁ@é?@k%ﬁ‘fﬁg’@?a%s ribbon 9
proceeds. Th@@lé&%@i’b@bh@d@*ﬁh@yﬂ@ﬁ@ﬁe 6 desitedbehenfiirandle 6s datrintaip dbsieddesize. Thus,

a glass shieet samibeschiditedp mordteadiapperthiserhhedieelsshyeidae beaters 8 heat the edge
portions 9t of the olass,dlae l'ds Aosisilc'a RreNt e whsRsbActine eddenodianna of the
glass ribbon 9&h the wcmg of t%e rollistg‘ I be'h,gt ?‘ﬁh%’% (i% ared to the wscgggty of the center
portion. For examp e %e 128 FiBBGH G o0 d unti ® r:)é[é)) EP&%’%?R 8% PAES%Fansition
point, to be solidiRe §ar8 GHPERe nifidhe sreREtaRFaGROpHonS With %lé&l@ﬂ}sﬁf% hisitesvifiakis at the
lower end 4e &f tvoiglasspshe et fermingone viteh4roldsiés tetiendingpointhe’ glabk convessiiemand

productian comﬂﬂ@e&plaﬁ{tm!epﬁ%mmhergz_@gglﬁg@glass sheet for a flat panel 10 display,

the viscosity of the melten gl@g g& sted in the range gf 1 OOO 600 0 Pa-s.
The VISCOSIty %émol en lass Is %B??trol co%o I|n Oﬁm é?nperanturgﬁ? tl% mgllten glgss By

adjusting the t {0l o??ﬁ@of% $8-BereusRthn Z15resEEI8f Hithe moiten
glass falls W|tl’ﬁﬁ&?\é%@@%%éﬁﬁéﬁi@é@ﬁg&%ﬁ@ﬁmaﬂwmmmp@aﬂmme the

furnace 2 is adjefoted iy slantrabingtbeiifaiersiy Ouitdiiak hedrapesaisinofdhernolgnaiass at the
lower engste ig800 {8006 ons Sﬁﬁf F!ﬁé‘ st '@a@&%@%%ﬁd&@%@ é?i 6’1\%&95%‘?@ for a
large-area glass sheet Fgr e e, ag Léiag] a I| %%gr %L the t
generation has GiMeRsianL of%ggr fam X 3%5 \% °81St g bon
increases, the‘i‘?ﬁ?@%%?ﬁé@%%@bﬁ?&ﬁon%%ﬁ@ Wl@ﬂ?ﬂ#@cﬁbﬁ%%@é@ﬁrpqﬂﬁw&ﬁebﬁhe effects
to be obtainedthy sbetyingstitdmemasdridivre thioroficetanhdficedvén titefobaiagenitpicahglass
composition obagglass:mastaie:forafiat pansl gisplaydsingisatest S02imbdthy PasEsa
20  that are located nearest to the glass sheet forming device 4. Then, by nipping more
mternal portions than the edge portions 9t in the glass ribbon 9 by the other rolls 6,
it is possible to convey the glass ribbon 9 stably without causing any defects such as
crack. In this way, this embodiment can provide both of effect on adjustment of the
shape of the edge portions 9t and effect on stable conveyance of the glass ribbon 9.
25 The operation of the glass sheet producing apparatus 100 is described briefly.
When the molten glass supplied to the trough 4k of the glass sheet forming device 4
exceeds a predetermined amount, the molten glass flows over from the trough 4k
and flows downwardly along the sidewalls 4. The molten giass flowing on the
sidewalls 4j is heated by the heaters 10 disposed circumferentiaily around the glass
30  sheet forming device 4 =0 as to maintain the viscosity. The molien glass that has
flowed on each of the sidewalls 4j is fused at the lower end 4e, thereby forming the
glass ribbon 9. The glass ribbon 9 is lead between one of the rolls 6 and another of
the roils 6 that face each other and conveyed downwardly while being cooled slowly.
The temperature of the glass ribbon 9 decreases, as the glass ribbon 9 proceeds _
35 downwardly. Accompanying this, the solidification of the giass ribbon 9 proceeds.
The glass ribbon 9 conveyed to the outside of the furnace 2 is cut into a desired size.
Thus, a glass sheet can be obtained. -



25 AI208: 13 to 19 mass% B203: 8 to 13 mass% MgO: Ow 2 mass% CaO: 4 to 6 mass% Sr0: 2 to 4
mass% 30 BaO: O0th 2 mass% Na20: 0 to 1 mass% 1i20: 0 to 1 mass% As203: 0 to 1 mass% Sb203: 0
to 1 mass% 35 Sn02: 0 to 1 mass% Fe203: 0 to 1 mass% Zr02: 0 to 1 mass% Example

According to this embodiment, since the heaters 8 heat the edge portions 9t
of the glass ribbon 9, it is possible to prevent the viscosity of the edge portions 9t of
the glass ribbon 9 in the vicnity of the rolls 6a from being too high compared to the
viscosity of the center portion. For example, the glass ribbon 9 is cooled, until the
temperature range of the glass transition point, 1o be solidified around the middle of
the furnace 2.
The viscosity of the moiten glass at the lower end 4e of the glass sheet
forming device 4 varies depending on the glass composition and production
conditions. For example, i the case of producing a glass sheet for a flat panel
16 display, the viscosity of the molten glass at the lower end 4e is adjusted in the range
of 10000 to 60000 Pa's. The viscosity of the molten glass is controlled by
controlling the temperature of the molten glass. By adjusting the temperature of
the molten glass in the range of 800 to 1000°C, the viscosity of the molten glass falls
within the above-mentioned range. Specifically, the atmosphere temperature

15  inside the furnace 2 is adjusted by controlling the heaters 10 so that the
temperature of the molten glass at the lower end 4e is 800 to 1000°C.

Particularly in recent years, there is a growing demand for a large-area
glass sheet. For example, a glass substrate for a liquid crystal display of the tenth
generation has dimensions of 2850 mm X 3050 mm. The more the width of the

20  glass ribbon increases, the more likely the viscosity variation in the width direction
is to occur. Therefore, the effects to be obtained by applying the present invention
are enbanced. In the following; a typical glass composition of a glass substrate for
8 flat panel dispiay is indicated.

5109 B7 to 70 mass%
256  AlOg 13 to 15 mass%
Bo(03 8 to 18 mass%
MgO: 0 1o 2 mass%
CaQ: 4 to 6 mass%
Sr0O: 2 to 4 mass%
30  Ba0:0to 2 mass%
Nag0: 0 to 1 mass%
K20: 0 to 1 mass%
Asz(st 0 to 1 mass¥%
SbaCs: 0 to 1 mass%
35  Sn0e 0to 1 mass%
Fe20s: 0 to 1 mass%
szOgl 0 to 1 mass%

el



Using a continuous melter provided with a melting tank made of firebrick and a regulating tank made of
platinum (in which a clarification step is performed), 5 a glass raw material that had been prepared so
as to have the below-described composition was melted at 1550C, clarified at 1600C, and stirred at
1550C. Thus, molten glass was obtained. It should be noted that the total mass exceeds 100%
because it includes rounding errors. Si02: 60.9 mass%, 10 Al203: 16.9 mass% B203: 11.6 mass%
MgO: 1.7 mass% Ca0: 5.1 mass% Sr0: 2.6 mass% 15 BaO; 0.7 mass% K20: 0.25 mass% Fe203:

0.15 mass% %Qﬁuﬁ}is mass% Next, the molten glass was supplied to the glass sheet producing

apparatus 20 100 h has been described referrin to Fig. 1. The temperature of the heaters 8 was
setto 1110C. It is infer 3B BHEAHBRARE SRS RIS 5%{% FanioaE Y ETeRREE forming

device 4 was wd.ea@@m%@paﬁe@w@mmmm@ﬂwn@mﬁwu@lmoc
The molteh glasganasconikveeissivhat akicstan ¢mwas witoved to lewea¥ebelow-described

composition was melted at 1550°C, clarified at 1600°C, and stirred at 1550°C. Thus,
molten glass was obtained. It should be noted that the total mass exceeds 100%
because it includes rounding errors.
Si0q 60.9 mass%,
10 AloOs! 16.9 mass%
B20311.6 mass%
MgO: 1.7 mass%
Ca0: 5.1 mass%
Sr0: 2.6 mass%
15  Ba(:0.7 mass%
K201 0.25 mass%
Fes0s! 0.15 mass%
SnQs: (.13 mass%

Next, the molten glass was supplied 1o the glass sheet producing apparatus
20 1060, which has been described referring to Fig. 1. The temperature of the heaters
8 was set to 1110°C. It is inferable that the viscosity of the molten glass poured
into the glass sheet forming device 4 was equivalent to about 5000 Pa’s, since the
temperature of the molten glass was 1200°C. '
The molten glass was continuously supplied and was allowed to flow over
25  from the glass sheet forming device 4, thereby forming a glass ribbon. The glass
ribbon was cut into a predetermined size and a number of glass sheets were thus
obtained. These glass sheets were studied on the shape of the edge portions. Asa
result, no edge portions were two-pronged. Further, there was no apparent
devitrification found in these glass sheets. It should be noted that ancther glass
30 ribbon was formed by the same procedure, using molten glass having another
composition that tends to allow a high viscosity at the time of the above-mentioned

formation. As a result, giass sheets with edge portions having a favorable shape
were obtained.

10



25 from the glass sheet forming device 4. thereby forming a glass ribbon. The glass ribbon was cut
into a predetermined size and a number of glass sheets were thus obtained. These glass sheets were
studied on the shape of the edge portions. As a result, no edge portions were two-pronged. Further,
there was no apparent devitrification found in theggngass sheets. It should be noted that another glass
30 ribbon was formed by the same procedure, using molten glass having another composition that
tends to allow a high viscosity at the time of the above-mentioned formation. As a result, glass sheets

with edge portion<'HaSHRY rRBILERS &l SherPBBEiNEd & PRAGS I WAIh 8iAi5E #3pidducing a
glass shedtisyl atddovrin i Proglesssireeviichintolterrgladsis fuded abtriowertbhglast a glass sheet

forming devieene temcgcglassHikhan .and thewgassoibhieniseaaveyed dewnvardly along a plurality

of rolls dis%%ig%lggg the ﬁ@ﬁéd%&ﬁﬁ)ﬁqfﬁﬁg‘iﬂgs%%‘bli&@’ the method comprising the steps of:
providing a heatér in a space between the Tower end of the g%%%%rget f%rming device and one of the

rolls located neard&? ¥ e I5ue dhaSPIeT ARG HeViEE ) 7 T0CSTHIG & Mt8rally than a
guide attaéhédnoédehroisdothtehersierddhyyitashnbiaiifeoton G Grasehesrddrmipd device and
being facesidiy fatsial, shifacen ik the:das s ribkiost mtdends foatingtataaanveyingtie glass ribbon
while locally heating, oy.the ghggggﬁl&g&%ggg? Qggm@gcwgfg{ggﬁgmliwdiately after the fusion,
wherein the heate£ isin a nad shape eé;[e%am%[ti)% a thf'lc]lg]essﬂ, %ectig}nbof&{l%glass ribbon. 2. The
method for produc%%n%}% H8S Cheet accoriing to chaint ,(\)/vcﬁe}ﬁel?la%é’sﬁfac%l A Al Between the
lower end Bt gidas Hess stoksrimgaetide elisg hedbifna Wisié a width of the glass ribbon becomes
constant after beinige feducédgraddisiiype 3xtFdnnethoddoreps dduging & dlaghshédbaccording to claim
1 or 2, wherein the edge portion of the glass ribbon is nipped by the rolls, among the plurality of
rolls, Iocatgd neargst fo %gd%%s%%heet for aégghgevice tapo 'gion where each roll extends over the

: t : 1 .
edge line of the glassnrgl% on'In & width diréction 0 tché ass ribbon. 4! The method for producing a

glass sheet accordthgPRssinyesHeddErssRdbe tovsr HBSHBREAVTAEE EBHESIFK Bn. 5. An
apparatuspenprodtcing widflasstshgletscorhpribisgnasglasssheferr fonmmelded gertiamling a
wedge-shaped cross section;
3. The method for producing a glass sheet according to claim 1 or 2, wheremn
the edge portion of the glass ribbon is nipped by the rolls, among the plurality of rolls,
located nearest to the glass sheet forming device at a position where each roll extends over the

edge line of the glass ribbon in a width direction of the glass ribbon.

4, The method for producing a glass sheet according to any one of claims 1 to 3,
wherein '

the molten glass contains fin.

5. An apparatus for producing a glass sheet coraprising:

a glass sheet forming device having a wedge-shaped cross section;

a plurality of rolls that are disposed below the glass sheet forming device and convey,
below the glass sheet forming device, a glass ibbon that has been formed by fusing, at a lower
end of the glass sheet forming device, molten glass that has flowed over from a trough in an
upper part of the glass sheet forming device;

a guide that is attached to each of both ends in a longitudinal direction of the glass
sheet forming device and that prevents the molten glass from flowing over from a sidewall of
the glass sheet forming device; and

a heater provided in a space between the lower end of the glass sheet

I1



a plurality of rolls that are disposed below the glass sheet forming device and convey, below the glass
sheet forming device, a glass ribbon that has been formed by fusing, at a lower end of the glass sheet
forming device, molten glass that has flowed over from a trough in an upper part of the glass sheet
forming device; a guide that is attached to each of both ends in a longitudinal direction of the glass
sheet forming device. and that prevents the molten glass from flawing over from a sidewall of the glass
et formE e B S B e i et DIESHiREe anoot
forming deRAE &ﬁﬁt%’é‘%ﬁﬂﬁ@%ﬂ@%%&“ﬁ@aﬂ%&@&f@%ﬁ%%ﬁ@dﬁﬁﬁiﬁ@ﬂé?e&l%, the space being
located moiebtatexatlytthar-thebuifbaiig Ineing facetibyoaiside swridibel péthengttids siblson, so as to be
capable of{acallynheating armerae perioR ik iMvidth direction of the glass ribbon immediately after the
fusion, wherein th%@gagg{. }g,iirpaa Orggiﬂgh@aggﬁfe}ﬁgndig iJg a et_psi kg&sgn%if%%ioln %E%% lass ribbon. 6.
The apparatus for producing a glass SRee accoﬁﬁ}lg 0 1éflalm , wherein &% héater has a larger
dimension in a direction orthogonal to a longitudinal direction of the glass sheet forming device and a

vertical diréction tAan aparafitHer gladscshpet forsing deercenntthdagarhevtlinestion. 7. The apparatus for

producing a glass mbaetaceRrdingdoisiaingisnon 8 iMhaRIBrihogtiel ieliSlamengdhaniueglity of rolls,

located ne \! [ i re di asition where each roll extends
& ?ﬁ %%J%%Pﬁ%@?%@%%@adv%}fﬁ%gx AR %%ﬁ%%{ &b l%ass NS

over the edge lin g ibbon in a wi Irection of the glass ribbon so as to nip the edge
portion of ﬁ‘?é“&?dgéaﬁﬁﬁﬁﬁ. “$k apparatus for producing a glass sheet according to any one of
claims 5 to 7, further comprising: a temperature sensor that detects a temperature of the molten
glass on awidewalief fhenglassospheabiimingaatias aaneding 1@ gatrolersthal-eantrols power supply to

the heater based qn datection resulim.af e R MDA S8ISAL oMETH AR-ANRAPRARATUS FOR

PRODUCING GLASS SHEET
ObuC ar&czs dlcs;;pose%satsa posli:ﬁon where each roll extends over the edge line of the glass ribbon in a

width direction of the glass ribbon so as to nip the edge portion of the glass ribbon.

8. The apparatus for producing a glass sheet according to any one of claims 5 to 7,
further comprising:

a temperature sensor that detects a temperature of the molten glass on a sidewall of
the glass sheet forming device; and

a controlier that controls power supply to the heater based on detection results of the
iemperafure sensor,
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ABSTRACT A glass sheet is produced by a downdraw process in which molten glass is fused at a
lower end 4e of a glass sheet forming device 4 to form a glass ribbon, and a glass ribbon 9 is
conveyed downwardly along a plurality of rolls 6 disposed below the glass sheet forming device 4.
Heaters 8 each are provided in a space between the lower end 4e of the glass sheet forming device 4
and the rolls 6a located nearest to the glass sheet forming device 4. The glass ribbon 9 is formed and

conveyed while the edgiEpBIOO A DA R ATIUISORORMREGA eiNEiten thedusiornrre locally heated
by the heaters 8. Selected figure: Fig. 1

ABSTRACT

5 A glass sheet is produced by a downdraw process in which molten glass is
fused at a lower end 4e of a glass sheet forming device 4 to form a glass ribbon, and
a.glass ribbon 9 is conveyed downwardly along a plurality of rolls 6 disposed below
the glass sheet forming device 4. Heaters 8 each are provided in a space betwesn
the lower end 4e of the glass sheet forming device 4 and the rolls 6a located nearest

10 to the giass sheet forming device 4. The glass ribbon 9 1s formed and conveyed

while the edge portions of the glass ribbon 9 immediately after the fusion are locally
hesated by the heaters 8.

Selected figure: Fig, 1
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