27 January 2006 -1 METHOD FOR CONTROLLI NG FUSI ON PI PE SAG FI ELD OF THE
I'NVENTI ON This invention relates to fusion pipes used 137 ddneagrdddécti on of
sheet glass and, in particular, to techniques for controlling the sag

whi ch such pi pes exhibit during use. BACKGROUND OF THE | NVENTI ON The .f usi on
process is one of the basic techniques used in the glass naking art to
produce sheet glass. See, for exanple, Mﬁrshneya, Arun K, "Flat d ass,"
Fundanmental s of Inorganic G asses, Acadeém.c Press, Inc., Boston, 1994,
Chapter 20, Section 4.2., 534-540. Conpared to other processes known in the
art, e.g., the float and slot draw processes, the fusion process produces

gl ass sheets whose surfaces have superior flatness and snoot hness. As a
result, the fusion process has becone of particular inportance.in the
production of the glass substrates used in the manufacture of liquid
crystal. displays (LCDs). The fusion process, specifically, the overflow
downdraw fusion process, is the subject of commonly assigned U S.- Patents
Nos. 3,338,696 and 3,682,609, to Stuart M Dockerty, the contents of which
are incorporated her METHOD EOR CANSTRALLBVGEUSION RIFHGASE the process
of these patents is shown In FIG 1. As illustrated therein, the system
I ncl udes a supply pipe 9 which provides nolten glass to a collection
trough 11 f &EED OF FHEINVWENTIONbody 13 known as an overfl ow downdr aw
fusi.on pipe or, re.sinply, a “"fusion pipe." Once steady state operation

has been achi evedRisveation riatesplashision pmas weed i phe predrectian ohe t r ough
and then oveiblpyhskid IR Mrticular, to techniques for controlling the sag

which such pipes exhibit during use.
BACKGROUND -OF THE INVENTION

The fusion process is one of the basic techniques used in the
glass making art to produce sheet glass. See, for example, Varshneya,
Arun K., "Flat Glass," Fundamentals of Inorganic Glasses, Academic
Press, Inc., Boston, 1994, Chapter 20, Section 4.2., 534-540.

Compared to other processes known in the art, e.g., the float and slot
draw processes, the fusion process produces glass sheets whose
surfaces have superior ﬂatﬁess and smoothness. As a result, the
fusion process has become of particular importance in the production
of the glass substrates used in the manufacture of liquid crystal,
displays (LCDS).

The fusion process, specifically, the overflow downdraw fusion
process, is the subject of commonly assigned U.S. Patents Nos.

- 3,338,696 and 3,682,609, to Stuart M. Dockerty, the (_:ontcnts of which
are incorporated herein by reference. A schematic drawing of the
process of thes¢ patents is shown In FIG. 1. As illustrated therein, the
system includes.a supply pipe 9 which provides molten glass to a
collection trough 11 formed in a refractory body 13 known as an
overflow downdraw fusion pipe or, more simply, a “fusion pipe.*

Once steady state operation has been achieved, molten glass
passes from the supply pipe to the trough and then overflows the top of
the troz_,lgh on both sides, thus forming two shéets of glass thai flow




t he trough on both sides, thus.formng two sheets of glass that flow 27
January 2006 -2 downward and then inward al ong the out &7 sunay@@66of t he
fusion pipe. The two sheets neet at the bottomor root 15 of the pipe,
where they fuse together into a single sheet. The single sheet is then.
fed to draw ng equi pnent (represented schematically by arrows 17), which
controls the thickness of the sheet by the rate at which the sheet is

drawn away fromthe root. The draw ng eﬁ%l’l prment is |ocated well downstream
of the root so that the single sheet has cool ed and becone rigid before

. int i ) . , i - th
comng into &%ﬁﬁ%¢%§ﬁbﬁ§g&%eﬂ$oﬁ% REFRLEDfthefuSon gipet he

outer surfaces o f do not contact any part of the
out si de sur ffhe twb dhvets usied atghpdotthmiagreatyl Spefrthegbipehwherother. Rat her,

t hese rfac onl ee the .anpient a here., The ipner rfaces of th
_twoshaIS:‘J sh S_Sé? %ﬁ%@??r ‘?'ﬁ13t'ﬂgf)elf§ E. gﬁ%"@k%‘?ﬁ éﬁlttﬂ?ﬂ:ée‘gilé e, bﬁt thosg
i nner surf acﬁfa‘{rwg%c%d'ﬁﬁ%ﬁq{qﬁ‘eséﬂéd éﬁﬂerﬁéti&ilﬁrﬁjr B?r(ﬁfl‘g 1&5,%111{&'13. buri ed

in the body o Inal sheet In this way, thé. Ssuperior properties of
t he outer sucdmzels. thefthickmesds ofahesstesst byr heartte et adhichdhiessheet dent from

t he foregoing, fusion pipe,l3 | iti,cal.to the success .of 1 fusion
process. In &Wiaé‘(ﬁya ?R}ﬂ? mﬁeﬁé}%ﬂﬁ?%‘aquﬂ%ﬁn i§Aoeated el on pipe is
of great |np@skASERafl HE-LCARIGRStHAL BleRingRATRet hasaodbtsd abdbeevaial |
success of the process. Unfortunately, the conditions under which the
fusi on pi pe Tigidubelarerapming inteseurttachmath thejegwipsieal changes. Thus, the

ston-pLbe TSt GRSLRIE ke f, BRI BR LIRS 1000C, 2
pi pe ‘nust opgicRicchot bas@cEhBYPAE of the outside surface of the fusion pipe

‘during any part of the process. Rather, these surfaces only see the

ambient atmosphere. The inner surfaces of the two half sheets which

form the final sheet do contact the pipe, but those inner surfaces fuse

together at the root of the pipe and are thus buried in the body of the

final sheet. In this way, the superior properties of the outer surfaces.of

the final sheet-are achieved.

As is evident from the foregoing, fusion pipe 13 is critical to the

- success of the fusion process. In particular, the dimensional stability
of the fusion pipe is of great importance since changes in pipe geometry
‘affect the overall success of the process. Unfortunately, the conditions
under which the fusioh pipe is used make it susceptible to dim.ensiénal
changes.

Thus, the fusion.pipe must operate at elevated tempcfaturcs on
the order of 1000°C and above. Moreover, in the case of the overflow
downdraw fusion process, the pipe must operate at these elevated
temperatures while supporting its owrl weight as well as the weight of
the molten glass overflowing its sides and in trough 11, and at least
some tensional force that is transferred back to the pipe through the
fused glass as it is being drawn. Depending on the width of the glass
sheets that are to be produced, the pipe can have an uﬁsupportcd

length of 1.5 meters or more.




tenperatures while supporting its owi weight as well as the weight of the
nolten glass overflowng its sides and in trough 11, arfyf Jenubryd06 sone
tensional force that is transferred back to the pipe through the- fused
glass 'as it is being drawn. Depending on the width of the glass sheets
that are to be produced, the pipe can have an unsupported |length of 1.5
meters or nore. 27 January 2006 -3 To wi fhstand these demandi ng conditi ons,
fusi on pipes 13 have been manufactured™tom various high performance
refractory materials. For exanple, fusion pipes have been nade from

i sostatically prfgag&ls%ﬁalﬁfzge deﬁ{ Flgr(%n% d %qur}ijyiﬂgés 1815 yoneti rres

referred to as "1S0-plpes N~ par I'sostatic pressed Z|rcon

ref ract or i esbefiavieaeRpausedirom fr&ﬁﬂussﬂ@x@ﬁsfomrarkb&efmtm process.” Evén
wi th such hi'gh performance materials, in practice, fusion pipes_ exhibit
di mensi onal BHHAGRls- wiRTceample, ey PlRssthave bees made fram isoskaficalyuch

pi pes exhi bi éfccs%gd?’l@§ Qﬁeﬁ*&t}&o Al el ghﬁ %Qﬁéﬁﬂles%%rl?e@f the

pi pe drops relativ I ts outer supporte he present ‘invention is
concer ned w tdas Gisorpipkshgls particagr, 1sBES(ﬁ?lalH}'rI [m&smi ThiBoRRketRAcidéticOver man,

U. S. Patent 437, 470, d| scl oses fu .pipe having a longitudinally
ext endi ng ap&%’%gé ‘Fb’fsﬁ'écfol ﬁnflﬁéoﬂ’(ﬂ?y“afBF tﬁﬁg“S‘BP[fgoF‘B?s receiving a support

bar. The support saéh é}‘i‘ Rifottddhce a8 et Mls PR Qea&téa ?ﬁ&m?no an

upward force and t er en VI ng as a pivot. support bar
cont acts theplpnpemduhﬂtlmmfenshmad@hlahgee wlar:htlumttthemmsl:fhéhﬁ fme fusion

Sapancse PaBESBIB WA Bttt saesstsHiabg wilfigeidheor &
' unsupported length of the pipe drops relative to its outer support:ed_
ends. The present invention is concerned with controlling such sag.
DESCRIPTION OF THE PRIOR ART

Overman, U.S. Patent No. 3,437,470, discleses a fusmn pipe
having a longitudinally extending aperture formed in the body of the
pipe for receiving a support bar. The support bar acts as a lever with

- one end being subject to an upward force and the other end serving as
a pivot. The support bar contacts the upper wall of the aperture
around the middle of the fnsion pipe and through such contact, applies
an upward force to the pipe. '

Japanese Patent Publication No. 11-246230 shows a variation of
the Overman patent where again a longitudinally extending aperture is
formed in the body of the fusion pipe for receiving a support bar. In

- this case, the support bar is not ﬁivo_ted, but rather engages and
applies an upward force to the upp'ér wall of the aperture along
ésse-ntially its entire length. According to this patent publication, the

- support bar should be made of a material whose Young's modulus and
flexural strength are greater than that of the material used to produce
the fusion pipe. _ . |

Both of these approaches suffer from the basic problem that an
aperture in a fusion pipe weakens the pipe, which makes it more prone
to sagging and can lead to other problems, e.g., crack formation, under

the démanding environmental conditions in which fusion pipes are




the Overman patent where again a |longitudinally extending aperture is
formed in the body of the fusion pipe for receiving a QUppovaryl@@06 In this
case, the support bar is not pivoted, but rather engages and applies an
upward force to the upper wall of the aperture along essentially its
entire length. According to this patent-$publication, the support bar

shoul d be nade of a material whose Young's nodulus and flexural strength
are greater tibath Addisoufsseden metal balowdbd gresqrtaderentionhehiewsisaagpi pe.

Both of these a ache uffer. fromthe basi robl em.that an aperture in
& fusi on . pi R HBLRERLERHBCHRRLcARPCH THREEL o 8 Pa iR lofonehggi ng and
can lead to fgdgﬁfe E&ﬁ?k%singhtﬂe,infé ! Oﬁ‘%é’fgﬁﬂ,é?n, under the demandi ng

envi ronnmental conditions In I ch fusion pipes are 27 January 2006 -4 used.

As di scussedSUMMAF OFSBHBUNMVENTIONSsent i nvention achi eves sag control

t hrough the appligation of external, forces and thus does pot require
conpromi sing the ﬁﬁ‘t qn[eyt%p}'f}h%nmeﬁ@onmq REEQ | ON

Enbodi ment s ofn (BB g iR d 08 fiRYorP pRHsdRidRIGRETIRAY, 118 kBLlkLBEtd he sag
of fusion pipes. Mrxe specifically, the enbodi nents”™ may provide nethods

f or reduci ngmayeproaila mtethods forfrgsiucingitpesamhteiaf a hwmion pigpaands e sag
rate in the region of .the mddl.e of the pi where t | ar gest apount of
sag i 5 nor maPRGHEE hEFagEL i regon ot the i of ot PRHEBPES
i nvention, thgkest SmoRhOYE 458ienBRLARY cbeErveaduci ng the sag rate of a
fusion pipe, said pipe having a |longitudinal axis, a mddle region, and
end regions, sai dAcemdingitcafpst espectaigborresenttinaeptipn, theretis end regi ons
?QSi gﬁg! yisgigyam%ﬁ‘&'@d a GRPRE Tt §u i Ahe! YL Ee b MRS P Bibed ald Bigend

having a longitudinal axis, a middle region, and end regions, said

method comprising supporting the pipe at its end regions and applying

equal and opposite axial forces to portions of the end regions, said

portions being selected so that the axial forces generate a bending

moment in the middle region of the pipe whose sense is such as to

oppose gravitational sagging of that region.

_ Embodiments may provide a method for reducing the sag rate of

a fusion pipe (13) comprising applying equal and opposite axial forces

(F} to portions of the end regions (23) of the pipe such that the axial

forces generate a bending moment in the middle region of the pipe

whose sense is such as to oppose gravitational sagging of that region.

Preferably, the portions of the end regions at which the axial
forces are applied may be selected by identifying a neutral axis or
surface for the pipe (e.g., by computer modeling of the configuration
of the pipe), and locating the portions below that axis or surface.

In certain preferred embodiments of the invention, the axial force
applied to one end of the pipe may be an active force (e.g., from an air
cylinder, one or more springs, or similar devices or combinations of
devices) and the axial force applied to other end is a reactive force (i.e.,

a force resulting from the fixation of that end).

Embodiments may achieve reductions in a fusion pipe's sag rate

of at least 25% compared to a pipe which does not use the invention. As




portions being selected so that the axial forces generate a bending nonent
in the mddle region of the pipe whose sense i s such as27danuaryR98
gravitational sagging of that region. Enbodi ments may provide a nmethod for
reducing the sag rate of a fusion pipe (13) conprising applying equal and
opposite axial forces (F) to portions-5sf the end regions (23) of the pipe
such that the axial forces generate a bending nonent in the m ddle region
of the pi pea cohsspieseesd the redubedisagotiepposiredifa\dftthe ipipainagabei ng of t hat
regi on.  Preferabl the porti f.the end regions at which the axial
forces are &ﬁﬁ?é}sg\é Bragt SE@%‘&"&&?’[@ identifying a neutral axis or

- surface for the gipgochsl &atupé’s &8&%&!{%%1: i1 tAg iAledtion GANMHOat i on  of
the pipe), and locating the portions below that axis or surface. In certain

preferred eobddimie dewfiletindesicriptioni whicht fodlosss, andfiorpart wifijdd ed t o one end

of the pipe be an ac e forg | Ilnder one or
mor e spri hgsacty Apparear tatirsecuifed Bt ait REHE SR densiified) Shna the-axi al
force appl i Qo204 'W%I%&@mi thd ﬁﬁ%h'tfé% eié)H@@crﬁbedehermﬁ‘ ftCié €8 peesul ting
fromthe flxatlon of "t'hat end). Enbodi ments may achi eve reductions in a

fusion pi pelsdegstoodtizat bothathd ﬁa‘sgom@gwrphdeebmptlan pingethghi ch does not
use the |nv t|on Af é (#anu 2006 51 cons ﬁéof th%f)reduced sag,
the servi cdoPF@bAeREd, e TR B SSe gL o e ventiony g (33% .

Addi tional Aefahpe ﬁ&eﬁa@d%\@%ﬁnﬁm%eMGwldw&am@&bﬂmﬂok be set forth in
the detailed description which follows, and in part will be readily

appar ent t candrrstandinig e matllrh@na]r@hana@mnﬁatﬂwdwcnﬁpnla@rplmed .ecogni zed
by practicing t I nvention .as éjescrl bed herei.n under st ood

that both the | ARSBIERRERERE SAIERET BT BrriHaa therovideh Rimd!

understanding of the invention, and are incorporated in and constitute
a part of this specification. The drawings illustrate various embodiments
of the invention, and together with the description serve to explain the
principles and operation of the embodiments of invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing illustrating a representative
construction for a fusion pipe for use in an overflow downdra“-r fusion
process for making flat glass sheets.

FIG. 2 is a schematic drawing illustrating the off-center axial
forces used to control éag in accordance with thé invention.

. DETAILED DESCRIPTION OF THE INVENTION.

As discussed above, in the overflow process for making glass
sheet, hot glass flows into a trough 11 formed in a fusion pipe 13 and
then flows over the top of the trough (the top of the weirs) and down the
sides of the pipe to the root 15 of the pipe where it is drawn off as sheet
glass.

. Because of the high temperatures at which the process operates,

the material of the pipe is susceptible to creep. Hence, the pipe sags




~fallowi ng detailed description are nerely exenplary of the invention, and
are intended to provide an overview or framework for @vdéEmsbs2floig t he
nature and character of the invention as clainmed. The acconpanyi ng draw ngs
are included to provide a further . understanding of the invention, and are
incorporated in and constitute a part-Saf this specification. The draw ngs
illustrate various enbodi nents of the invention, and together wth the
descri pti onsteadile tralemgrhaityy Etwntupllyrthieplagsreanleo papadnt emené thée

enbodi ments of_.invention. BRI EF DESCR| PT|.ON OF THE DRAWNGS FIG .1 is a
“schematic d‘ﬂ%?\li“ﬁfgm?qllf %s@ﬁm%oﬁ%gf%h%ﬁhe\%gl&%ﬁ%? PBC}PP%?F VYR fusi on
pipe T or_USedBRaieerhd te SOERIS tBE KRR T Sclfbe BRI Ng Tlat glass
sheets. FIG™ 2 1s a schemat| rawmng 1l lustrating the off-center axial

f or ces usedrepdacmhilt & asmgdinglndesirdblece miduretthe saguente iobthe pidieT Al LED
DESCRI PTI ON THE .| NVENTIL ON As de?ussed above, in the overflow process
for making Yt Leerebysgtend dts wpeful 9. ows into a trough 11 formed in a
fusion pipe 13 &me.pfr&%tfih%ﬁu&a{%m&%streaueﬁoﬁfﬂﬁsag%%h #t Bge g of the
weirs) and down the” sides of the pipe to the root 15 of the pipe where it
. is drawn ofdéf adakforets wiplicts sppBefaausablefmolents gh therpds af thepipe which the
process operates, . the,material of. th | pe is, susgeptible.to creep. Hence,
the pi pe SaBBIB/FoHAS Sesef thepibedtng 14 Sumae, g iie 5 SESBAYUGT |y the
sag_reachesq@vAsHf thB YDl SuxiflUBlkbdsy/aRBGhe &efebﬁnﬂbfﬂ‘?éd?ﬂétr?f Id he :
“finished glass are no |Ionger within specifications and the pipe needs to
be taken out of service and replaced. It is accordingly desirable to
reduce the sag rate of the pipe,




and thereby extend its useful life. The present invention achieves
reduction i.n sag through the use of axial forces whicte7appugryf2006r abl e
nonents at the ends of the pipe which reduce the sag of the pipe-due to--
gravity. FIG 2 is a schematic drawi ng of the applied axial forces and the
rel evant pipe geonetry. In 27 January 2006 -6 this figure, pipe 13 is
supported at its ends by supports 21 and _has a neutral axis 19. The ,
neutral axis is that axis which does nofsélongate or contract as pipe 13
under goes bendi ng based on its nmass distribution, its tenperature '

di stributi ong,s: i 1.S t exi:al ' 1] : ratur e Put
anot her way, ﬂ:tu%g%%{er%t P{zﬁae ga(ilg Si"!g)rpt%ﬁgftré ag%%ﬁﬁigﬁmv%ﬂﬁﬁs%t%%‘%aﬁe or -
contract if peptalaxisel®. t Thandertgal atieridithgt axistwitichbdenchotofloaxirl’ f orces
F of Figure 2 but with all qQther , conditions the sane, The neutral -axis is
actual |y a nBUFPRfrastRs piRe 13.undeggocs 1gg baspd @&y itenags = Engi neering
Mechani cs: SjalklieatigRdicat leal.s <Lk Yor.k, 1973,
349-350. However ?ﬁﬁ‘?féabt?e‘%&?%}%ﬁ;%fig%h? B Wﬁﬁ%ﬁ%@%?ﬁ%ﬁﬁb y
symret ri ¢ abadunetioh of getpdratirey ePtt aabtiraney, tthe g itralomtis 15 thdier ei naft er

referred to. _as the "fronta | ane") and _ because the sag-controlling
axi al . force%x‘ﬁfwﬁFﬁewo?ﬁCBH{; F&f‘%t@ %I@&W@%‘ESI&W%‘? Hr’é{%‘_? h respect
to that pl anbendidly indheCatilerRicSSieAial idBes FIA FigHRNS AR With dipGiRged herein

interms of a nedtral axis located In the frontal plane. It is to be
under st ood, @inditiousdbe samat. t he description of the invention in these

erm 1s not i ntfndedatr and SO il nRBuLISERLE! eltod SIALAD e
Snyder et al., Engineering Mechanics: Statics and Strength of

. Materials, McGraw-Hill, New York, 1973, 349-350. However; because’

fusion pipe 13 is typically and preferably symmetxié about a
longitudinal vertical plane through root 15 {hereinafter referred to.as

- the “frontal plane'} and because the sag-controlling axial forces of the

- invention are also preferably symmetric with respect to that plane, for
ease of presentation, the invention is discussed herein in terms ofa .
neutral axis located in the frontal plane. It is to be understood, of

- course, that the descriptioﬁ of the invention in these terms is not
intended to and should not be interpreted as limiting the invention in
any manner. | ‘

As shown in FIG. 2, axial forces F are applied to fusion pipe 13at

a distance H below neutral axis 19. Accordingly, the axial forces
produce end moments of magnitude FH at the ends of the pipe. The
sense of these moments is such that they reduce the tendency of the
‘pipe to sag under the force of gravity. The moments produced by the

- axial forces will not eliminate all deformation of the pipe, but as
illustrated by the comparative example presented below, a suitable
choice of F and H will significantly prolong the useful life of the pipe.

Particular values for F and H will depend on the specific geometry

of the fusion pipe, the thermal distribution of the pipe, the material
jproperties of the pi;_)e asa function of temperature, the -'glass-ioad

- cartied by the pipe, and the forces transmitted back to the pipe by the




As shown in FIG 2, axial forces F are applied to fusion pipe 13 at a

di stance H bel ow neutral axis 19. Accordingly, the axi &7 faouarg200froduce
end nonents of magnitude FH at the ends of the pipe. The sense of these
nonents is such that they reduce the tendency of the pipe to sag under the

force of gravity. The nonents produced by the axial.forces wll not
elimnate all deformation of the pipe, t as illustrated by the :
conparative exanpl e presented below, a Suitable choice of F and Hwll
significantly prolong the useful life of the pipe. Particular valués for F

and H wi || YcTo ¢ i fi.c Q&Trﬂa @f £ USE LResy fifze: theghal
di stributi o%&%ﬁaﬁﬁ?ﬁﬁggﬁﬁgﬁéﬁt grgi a %%Po%grlga{%tsl&g b?hrhg%il?%g%% a i;s ‘
functi on of pgipepesappoeted dned gheyortioas of eadriegibrisy?23 bt whipk thamgidlhe

forces transmtted back.tp fhe pipe by the 27 January 20Q6.-7 draiing of"

e o ass ongies e Splichs I pritice Soadiits o MuF eRdthare ol oo 1 O

supported ang. | ; t ' ' : es are
pp 'B}ei‘éiﬁbﬁpfddr&{‘ ?r erﬁﬂ%lhﬁmﬂ%el%%legﬁdd%haﬁeit%:}g?% g:/vf 9{&

applied. In“practice, candidate val des for ound by
per f or m' ng flusicrepigeewhan sadyjpelt tor thesd dbraeg aufd tieterfipsiadures the pipen -

et ence SRERAGRLS SRR ATTRE R O R can B peRpted nrpi .
the commer chafihy, RYaixaabhie, NSISHERElcHaILaPAldbION NSYDNSWatdSold By >

Technol ogy Drive, Canonsburg, PA 15317, "USA. gThe ANSYS software can al so
be used to &N Hilne.,27S Tedmnology diriveh & ar £, BAi 53161, Whpl(Blxe f usi on

pi pe shapes.,)., doi.ng this delin h reep rate of .the terial making
o Che F oo NS patdfhck e MBS e {ifed I Bpriife Bt TatrihGr (R £t ey s
pri‘;er ab'()é %%%Q&ﬁﬂ%&@%@&oﬁp@%ﬁisibﬁ%ﬁﬁh&ﬁéépn of the follow ng form

e=A6" ex , :
: ' P In doing this modeling, the creep rate of the material making up
the fusion pipe (i.e., £ = de/dt, where ¢ is strain and t is time} is

. preferably represented by a power law expression of the following form:
£=Ao" exp(QfT),
‘where T is temperamrc, o is the applied stress, and A, n, and Q are
material dependent constants. See Kingery et al., "Plastic Deformatior,”
' V'iscou-s Flow, and Creep," Introduction to Ceraimmics, 2= edition, John
Wiley & Sons, New York, 1976, 704-767 and, in particular, equation
14.9.

In addition to modeling the sag of the fusion pipe, it is also
important to model the axial contraction of the pipe due to material
creep that will result from the api::licatio-n of the sag-controlling axial -

 forces. Such axial contraction also represents a change in the -
geometry of the fusion pipe and thus can have adverse effects on the
quality and/ 6r the dimensions of the finished glass. In practice, the
sag-controlling axial force needs to be selected to provi&e a balance
between reducing sag without causing excessive axial contraction.

Upon completion of the modeling process, candidate F_ﬁnd H
values can be tested on actual fusion pipes under-use conditions with
adjustments being made as appropriate based on the obserw::d |

performance of the pipe. The axial forces can be applied using various




where T is tenperature, a is the applied stress, and A, n, and Q are

mat eri al dependent constants. See Kingery et al., "Pl asxiJanbefy@00€ti on

Vi scous Flow, and Creep," Introduction to Ceram cs, 2nd. edition, John .
Wley & Sons, New York, 1976, 704-767 and, in particular, equation 14.9.
In addition to nodeling the sag of the fusion pipe, it is also inportant
to nodel the axial contraction of the pipe due to material creep that wll
result fromthe application of the sag-¢ontrolling axial forces. Such -
axial contraction also represents a change in the geonetry of the fusion

i pe and th can have, ad : ffects on t : l.ity. and/ T e i T
B el ons dPréh BepertimE e ialed, B brerdeneonlithid bein@Methah Mg 4, 4
force needs {g BeaselifeyRAdsCoRnbRY &Rl 8f B PiPwithethecsiher eAUh gs20 e

Wi t hout causi ng excessiVve axial contraction. "Upon conpl etion of the. = =%

nodel i ng pr deeldsfixadan@inganrampre aprngs, ¢itheralorwrobin canbarmtim wittuai - f usi on
pi pes under use_ conditiong, W,th ments bei ng nmade as appropriate

adj.us
based on t hebGYBRFEE Carbats r%}’@%&&r HE B B@5°The axial forces can be
applied using vardigusugt cdaipiney nddiingBptier 66 paeAfE Fhe Mvétidinintdes, a
preferred techni que being through the use of an air cylinder 'on one end of
the pi pe wi tprachiceds ipsefeeradl, BhE rpagnisnde pinddgcatinas of axisd doxissi ngs, ei t her
al one or in copbinNati B ' ' I _ u hi s
urpose. Al tHaTaHeaBEar g s PlhofY bpiBing ARt e Gt dion 1 o

practice is ¢uiebeidetshmirtd dradiely vapiroslly oodddiesds of axial forces suitable
for reducing sag w thout generating excessive axial contraction can be
det ermi ned ent i r éVithewpiintensing to {ingig it inegny manner, the present

invention will be more fully described by the following example.
COMPARATIVE EXAMPLE

Overflow downdraw fusion pipes composed of isostatically
pressed zircon were tested under service conditions with and without
the application of sag-controlling axial forces.

. In these experiments, the fusion pipe was symmetric about the
frontal plane and the sag-controlling forces were also symmetric about
that plane. Specifically, the sag-controlling forces were applied
substantially unifdrmly to corresponding areas at the .ends of the pipe,
the centers of which were at the frontal plane.

The force was applied to one end of the pipe using an air cylinder
with the other end held stationary. The magnitude of the force
generated by the air cylinder was approximately 33,000 newtons-and
was centered at a point approximately 12 centimeters below the neutral
axis. The fixation of the opposite end of the pipe was centered the same
distance below the neutral axis. The moments appiiéd. to the ends of
the pipe were thus each approximately 4,000 newton-meters.. The
magnitude of the force applied to the pipe was monitored using a load
cell. Alternatively, the force can be rn'on-itore'.d.by inserting a spring of
known spring constant in the force-applying train aﬁd using a LVDT
(linear variable differential transformer) to determine the length of the

spring and thus the force applied to the pipe.




Wthout intending .to limt it in any manner, the present invention wl]l
be nore fully described by the follow ng -exanple. COVRARARIAE 2B0AVPLE
Over fl ow downdr aw fusi on pi pes conposed of isostatically pressed zircon.
were tested under service conditions with and without the application of
sag-control ling axial forces. In these experinents, the fusion pipe was .
symetric about the frontal plane and the sag-controlling forces were also
symretric about that.plane. Specifical§; the sag-controlling forces were
applied substantially uniformy to corresponding areas at the ends of the
pi pe, the centerg of whi were at t frontal. plane.. The force was = .-
applied to one end*6M*¥H epsé’lga%qr%oijﬁxga{orcqﬁ,w depnd, forgstlfdnd her end
hel d st ati ongéductidie il@He irhtedst ffp 10end R1i881e SRS _zx‘é%f*’% Sirftafery Y| | nder
was approxi mately 33,000 newtons and was centere t a I Nt approxi it ety
12 cent i met eB9%eboma #iaheorirartionxifdheipe asobsmved asherepdosf tiee end of

t he .pi pe was_¢ : sane - di stan bel ow t he neutral .axis. The

morment s appl! ?@ﬁﬁ%%ﬁ‘?‘gé?%é%ﬁ%% fordgs. ﬁ%?‘%?&&%ﬁ?%%%%ﬁ&&ﬁ%t& y 4,000
newt on- met er gorpemise gié bedce Bie dfhbel Sipee Ratpleleflid Gsd BEHRE BEgVaS |
moni toered using a load cell. Alternatively, the force can be n%ni tored. by
i nserting a sprirading forgemwas fpundJodosteasnet servicete hyrapprppinptely t rai n
and using a %N&E’ (l'inear variable differential transforner) to determ ne
the length o € spring and thus the force applied to. the pipe. -9 The
use of the sag- caklitholiphR@etibiccafbb@EnéR6E the meektibniHhwd B&guction in the
rate of sag gti the mddle of the pipe of approximately 80% Sone axi al
contraction ?SOEHF— d ilhastrateds it isgtogbe aindssstooddhat imodifiptivoatdaon of t he

axi al forcespe pilfad REcRR'dPaHIRR il 8in9bSRbL Gt Ynd scope. For

example, although it is preferred that the fusion pipe does not include

- "an aperture for an internal support bar {see U.S. Patent No. 3,437,470
and Japanese Patent Publication No. 11-246230 discussed above),

- fusion. pipes with such an aperture will benefit from sag—cbntrolling
axial forces and thus the invention can be used with such pipes if
desired. -

Similarly, although the invention has been discussed and
illustrated in terms of unitary fusion pipes having configurations of the
general tjpc shown in FIG. 1 and FIG. :‘2, the invention can be used
with fusion pipes haﬁng a variety of other configurations and/or
composed of more than one element. Along these same lines, although
the invention has been discussed primarily in terms of fusion pipes and
s_ég—contrqlﬁng forces which exhibit symmetry about a frontal plane,

- using the principles discussed herein, the inveﬁﬁon can be practiced
with pipes and/or sag-controlling forces which lack such symmetry.

A variety of other modifications which do not depart from the

~ scope and spirit of the inventioh will be evident to persons of ordinary
skill in the art from the disclosure herein. The following claims are
intended to cover the specific embodiments set forth herein as well as

such modifications, variations, and equivalents.




conproim se the service'life of the pi pe.\ Rat her, the use of the sag-
controlling forces was found to increase service |ife &y Jappag200@tely -
400% Al though specific enbodi ments of the invention have been described
and illustrated, it is to be understood that nodifications can be nade
wi t hout departing fromthe invention' i spirit and scope. For exanple,

al though, it is preferred that the fu Pon pi pe. does not include an
aperturem internal support bar (see U.S. Patent No. 3,437,470 and
Japanese - Publication No. 11-246230 discussed above), fusion pipes
Wi t'h such anaperture will benefit fromsag-controlling axial forces. and
thus the inventi OnACﬁ:[btﬁSd‘{%?C}eH’ubﬂl%H‘i@sﬁ Rate of a AfibhSSipeSkaid arly. .
al though the invention has been discussed illustrat |h terms of -

uni tary pipe bavpigedohgitudinabakisyur auddtsra:gmnhandgmndrragldrmeasdlom in
t he i nvention c n be used h fusion pi pes having a

FIG 1 and 2

vari ety g?etgpge?o@gﬁﬁlﬁﬂrsé%ﬂm% Q)Plpec%ﬁﬁ@ SESion ARy APRERRL| erent .
Al ong th sed

O v | afiaf AR oniisite BxldlIfichs HBakadAlor e Mk PEABRS SaPOR |

exhi bi t ppntiehs be&b@ubl@téd%ﬁiatﬂﬂﬂ‘@nal mnceg geirerate "€ beheldngli scussed
herein, the invention can be practiced with pipes and/or sag-controlling
forces wHIGReRhsR thaaniddigregign OAtbam@wlmseowme iarchag fons which do

not depa R .the invention will be evident to
" persons éﬁpé%«%%é{l@aﬂéﬁgfga&&gh@'%tt gb%the di scl osure herein. The
followng clainms are intended to cover the specific enbodinents set forth

herein as well as such nodifications, variations, and equivalents. 27
January 2006 210 The méthod of Claim 1 wherein the portions of the end

regions are selected by identifying a neutral axis or surface for the pipe

and locating the portions below that axis or surface.

3. The method of Claim 2 wherein the neutral axis or surface

" is-identified by computer modeling of the pipe.

4. The method of any one of the preceding claims wherein candidate axial
forces and candidate locations for the portions of the end regions are identified by

computer modeling.

5. - The method of Claim 3 or 4 wherein the computer modeling is finite

element computer modeling.

6. The method of any (_)he of the preceding claims Wherein the axial force
applied to the portion of one ‘end region is an active force and the axial force applied to

the portion of the other end region is a reactive force.

7. The method of Claim 6 wherein the active force is

generated by an air cylinder and/or one or more springs.

8. The method of any one of the preceding claims wherein the magnitude of

the equal and ofnposite axial forces applied to the pipe is monitored.




CLAIM5S' 1. A nethod for reducing the sag rate of a fusion pipe, said pipe
having a longitudinal axis, a middle region, and end r ey amsiarys208 et hod
conprising supporting the pipe at its end regions -and applying equal and
opposite axial forces to portions. of the end regions, said portions being
sel ected so that the axial forces genﬁiﬁfe a bending nonent in the mddle
regi on of the pipe whose sense is such*ds to oppose gravitational sagging
of that region. 2. The nethod of Cdaim1l wherein the portions of the end,.
regions are selected by identifying a neutral axis or surface for the pipe
and |l ocating the portions below that axis or surface. 3. The nethod of -
Claim2 wherein the neutral axis or surface  is identified by conputer
nodel i ng of Yhe PITAE mefhodld¥eanFrine A 40f prasbdiddlaiats WhkteR RS aslilieatis &f M5
wherei n candi date axial forces and candidate | ocations for ‘the portions of
t he end thesyia Aercenreduass tha sagaatelnf thequpgiet #tdeashddoi ng. 5. - The method, of
Claim3 or 4 wherein the conputer nodeling is finite elenment conputer
nodeling. 6. The method of any one of the preceding clainms wherein the

axi al force’ 19ppl fhéniethdd st 4§ Tonk f tief predidinghdaihBoiieinshempplichtioreoff or ce
and the axi al--force applied-tq fhe portion of the other end region is a
react i véheraxial forces inqrpasephensavies lifeof the mpepeatdpast e fhirdact i ve force is
generated by an air cylinder and/or one or nore springs. 8. The method of
any one of the. preceding clains wherein the magni tude of the equal and
~opposite axial forces applied to the pipe i's nonitored. 27 January 2006 -11
9. The nethod of any one of the:preceding clains wherein the application of




the axial forces reduces the sag rate of the pipe by at least 25% 10. The
nmet hod of anyone of the preceding clains wherein the apydl Japnaiya®06f t he
axi al- forces increases the service life of the pipe by at least a third.
METHOD FOR CONTROLLI NG FUSI ON PI PE SAG ABSTRACT The sag rate of fusi on
pi pes (e.g., isopipes (13) used in an overfl ow downdraw fusion process)
reduced by the application of axial §f#rces (F) to the end regions (23) of
the pipe. The axial forces are applied to the end regions bel ow the pipe's
neutral axis (19) so that a bending nonent is generated which opposes

gravitational Sangdl 'ﬂ-i the m ddl e of the pipe. The use of such
sag-control | i ng aMEIHOEYEOR CONFRQELINGIFISSKIN RIBE $AGe by, feor exanple,

at least a third. Figure 2
‘ ABSTRACT

The sag rate of fusmn p1pes (e.g., isopipes (13) used in an
overﬂow downdraw fusion process) is reduced by the application of
" axial forces (F) to the end regions (23} of the pipe. The axial forces are
- applied to the end regions below the pipe's neutral axis (19) so that a
bending moment is geﬁerated which 6pposes gravitational sagging of
the middle of the pipe. The use of such sag-controlling axial forces

increases pipe service life by, for example, at least a third.

Figure 2




