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- I'N MANUFACTURI NG SHEET GLASS FIELD OF THE I NVENTI'ON Thi's invention rel ates
to the neaWer@#sIFe of sheet glass. Mre particularly, thEGTHAEHEH
relates to i nproved pulling rolls for usg_in 10 controlling the thickness
- of glass produced by, for exanple, the over f |.ow downdr aw f usi on process.
The invention is of particular value in the production of high quality
sheet gl ass, which exhibits lowlevels of surface defects. Such glass can

- be used as substrates for flat panel displ ays,” e.g., liquid crystal

" disptays. 15 BACKGROUND .OF THE | NVENTI ON Pul iing rol s are ‘'used in the
~manuf acture of -sheet glass to apply tension to the ribbon of glass from
whi ch the sheets are fornmed and thus control the nomi nal sheet thickness.
For exanple, in the overflow downdraw fusion process (see.Dockerty, U S
"Patents Nos. 3,338,696 20 and 3, 682,609), pulling rolls are placed:

-downst r egm of . tphe LING ROLOS FOR USHEEIN USANURACTURIN IS BTG LASS] ust -
the rate at which the formed ribbon of glass |eaves the pipe-and thus

. "deternine the noninal thickness of the finished sheet. Pulling rolls.are

preferably @EELINOF THIE ONVENTION gl ass ribbon at 25 its outer edges, -
- specifically, in _regions iLnboard,. of the thicken i.ch exi st
~-at the very edgegw%$1ﬁﬁ%nLPBH@#1q§ r@%%??%ﬂﬁaegﬁg?ng?? al138?\Ag‘6‘8ﬁ_3rolls _
enpl oys dISC a { driven .
mpl oy: %ggcgfaﬁﬁ the ?ﬁ%@’i% rOBkEL lt@']lglgr !e& [ Vihatad e 1%9' 1%% & _.

shaft. i s cons ion .can i'n Mbore, Pat ent

No. 3, 336 Ofb@nu‘tﬁﬁﬁgl thet tigikckneth Of oBissHaﬁdducdtbbyﬁcﬁ‘S&eﬁﬁple ahed Hart et
I., US. Patent No. 5,989, 170. A successful .pulling roII nee o@ﬁ;set a
nurmber of c@merﬂw@@m@lm%msaon preeiss-t e iBrentieads afgpad %@%V

~ withstand the hiah 24, Sept a7bes, 200y (RC0PL0AA SnRETLUSRHOLIP R s

of surface defects. Such glass can be used as substrates for flat panel
.displays, e.g., liquid crystal displays. ) |
15 BACKGROUND OF THE INVENTION |
. Pulling rolls -are used f_l‘l the mani_lfsc’tl.ire of sheet glass to apply
tension to the ribbon of glass from which the sheets are formed and
thus control the nommal sheet thickness. For example, in the overflow
downdraw fusion process (see Dockerty, U. S Patents Nos. 3,338,696
20 and 3,682,609), pulling rolls are placed downstream of the tip or root‘of :
the fusion pipe and are used to adjust the rate st which the formed |
ribbon of glass leaves the pipe and thus detérmizié ﬂls nominal
thickness of the finished sheet. _
Pullmc rolls are preferably designed to contact the crlass ribbon at
25 its outer edges, spec1ﬁca11y_, in regions just inboard of the thickened
beads which exist at the very edges of thie ribbon. A preferred
 construction for such roils employs discs of a heat 'resistant material, -
which are mounted on a driven shaft. Examples of this construction
can be found in Moore, U.S. Patent No. 3,334,010, Asaumi et al., U.S.
30 Patent No. 4,533,581, and Hart et al., U.S. Patent No. 5,989,170.
N A successful pulling roll needs to meet a number of cqnﬂicting :

‘ criteria.  First, the roll needs to be able to withstand the high




o .,terrperatures assaciated i th neV\Ay formed gl ass for. sabﬁemmbamﬂmerl ods of.

. time: The longer a roll “can last -in such an envi ronent t he ‘better, since
roll repve@ewesirss educes the anount of finished glass a g@y@gomﬁu ne can.
~ produce and thus increases the ulti mat e. cost of the 5 glass. Second, the-
roll must be able to produce enough pul I*fzng force to control the gl ass'
‘thickness. In order not to- damage t he central port| on of thé ribbon that.

‘becones the, usabl e fini shed. tht he % ‘£ contact the. ribbon.

~ over a l|im {BHPSFERIEE qstsgcb%& VL 'Fﬁ%‘é’ Feng Siﬁﬁsefﬂ’rﬁ)l 'ﬁﬁ’é for ces
- nust be geﬂ?éﬁbﬁgd{%ﬁ& onfRe foli‘igt%raar £ cHAVBYE skf&%faé%gr? f° the

gl ass cannot be too l'arge sincethis can create ace anage A can

propagat e i heger hsingsatlerapdacemenpoetiicas dhe etﬂi@uhttbifdﬁusﬁéd%lﬂb@&' y, the -

rol'l must achi eve a.bal ance befween lying too little and too nuch force
Lo the edgeSERiGAEDIRS CHE BTOICE And TISInGERASoERE MMt asioliibe gi v

'-., of f excessiygggmounts of particles whi ch can adhere to the glass and form
‘surface defcts (known as "onclusions"). For glass that is. to be used in

such demandi ng fepdndathonsi! asustibs it €s ﬂr@ﬂddeaéncﬁfgl?bﬂhﬁgf@}’c% to
-oncl usi ons nust ﬁe ke t to very ow levels since each onClusion wl |

typically r‘éﬂ?tég He g %@'é@ﬁlﬂ'@sﬁeﬁbﬂrdﬁr noktd dansgsdtipe odnUta.l(pmrgxon one
: def t h t. whi-ch |1 '
DI oper s AERGECRl: nARRRLS Sl dabc s REN AR SR oh BEniahg or cog
"to a glass ddﬂ:th@tl tae&ﬂyiﬁ(bn ReEr @l Nm&fdf aRa ht WsesdgRenThal 18e r@gﬂ defy cult

B chal I enge. 25 The existing Bulllng rol I's have not" béen abl € to
ati sf Ot havellingofasees #gust begengrated uaglg only tizisrareal. IHdwfe@ec,ethe

Bt Com ngeriabRled BRSO G RICTER: ARER] 1#%2@%%%2%??&?@3@
2006 - 3 S B ?@N%%@mﬁ%%ﬁ R RE A HRBPOPY]
[ nvent i on phoewildbena Aotdrdingly, the rpllihizsg achleve a balance between

' applymg too little and too much force to the edge regmns of the glass.
15 - Third, the pulling roll must not give off excessive amounts of
‘particles which can adhere to the glass and form surface d_efec_té’
(known as "onclusions'). For glass that is td be use‘d i such |
demanding applications as substrates for flat panel displays,
onclusiops must be kept to very low levels since each onclusion will
20 typically represent a d'efective'regioﬁ of the finished product (e.g., one
or more defective pixels). Because of the hof enviromneﬁt in Which
pulling rolls ‘operate, finding materials which can apply sufficient
pulling forces to a glass ribbon and yet not give off particles when hot is
a difficult challenge. | |
- 25 The existing pulling rolls have not been able to fully satisfy these
~ competing criteria of long life, controlled force application, and low
contamination. The present invention addresses these shortcomings in.
the art and prowdes improved pulhncr rolls Wh1ch achieve higher levels

of performance than existing pulling rolls.




a glass ribbon (11) conprising: (a) a shaft (17) havi 2igSeptdmbes2006nd and a
second end; (b) a plurality of heat-resistant discs (15) nounted on the
shaft in face-to-face contact, said discs having circular outer peripheries
which together forma roll surface (33), one or nore portions (27) of
which are adapted to contact the glass-fibbon during use of the roll, said
di scs conpri sing refractory ceramc fibers (e.g., glass fibers), mca, and

a heat r gyﬂqgm Clay); and (c) a pair of fittings (e:g.,
out er co ars ?g e co nati on of an outer collar (25) and an inner
coll ar (31) jn adchordade tvith h\é“lrsﬂm;inéct slad thvkhtidn pgsiddsed ngdl siigdedphiiliam one

anot her al ong the shaft by, a di stance which causes an axial conpressive
- force t(ﬁ%‘éssafi pom gl I sompaisfgscs; wherein when the discs are subject to

sai d axial conpr @a'%sr Vgsﬁa‘?tr@?)tlhate\h?gfﬂ?stgﬁd %E]raeseg&{géngns of the roll surface

that are adapted to contac gl ass ri bbon have a’ Shore P hardness at
room terrperature(l()e ga pli3ly of hdaeiredetant 8Bcanlh)5hourted andhe dance with a

- second ect nvent.i on 0 es a net ho uci n ul l'ing
o ortREl st A g o it Relpr Euf Rl cptdr drEpebieng S Ehar t {17
two fi ttbgé‘ﬂh%r f&nda roRUuEhcE P13)2bhRe 3P nfre pbh@o&ogm) A IABh Qe QEBG}QHH g6 collar
25 and an inner collar 31 and apluralit t-resistant discs (15),

. said digedacdhpeilasis rgpboat 1H€118)P§ﬁ ekihgrriot, ﬁalﬂehtscs wmaismarﬂfr@twefat

he. sharramist bl (bt RGBS By Al i s L S o o
“nonitoring the a(ﬂ;untapalrfoﬁfﬁ@ngmcgJmtsiaﬂla(rblzst)@mwnﬁlsmaﬁm di scs and”

adj usting the nunber of discs. if said force is outside a predeterm ned
range; itemerier galfard@e) sl an fsr goHar (3 19hpfiheed toshe skaft, rﬁﬁ‘r“bﬂﬁ‘éﬁ‘gﬁ es of

which ang; &c%ﬁ fr&ﬁdp%%rﬁn%‘fﬂer J’l@n tﬂé?l}&[ ft BN LO Y HER cRfsdkg rol | and

(ii) the pr termne range 1 n st IS”se ected so that one or m)re
porti onsaxidonogresdiec faick 'ts bswapphied t6 3B diskat contact the glass 21
Sept ember 2006 \\{v\gepe?ffl%r 2?15t ch)lcl:;résUgg??s/u }e%??o Sgi-d axial compressive
force, the one or more portions of the roll surface that are adapted to contact the
glass ribbon have a Shore P hardness at room temperature (e.g., 23°C) of between
30 and 55. |
In accordance with a second aspect, the invention provides a method
'for producing a pulling roll of the above type, said method comprising:
(a) providing a shaft (17), two fittings (e.g., outer collars 25 or
the combination of an outer collar 25 and an inner collar 31), and aplurality of
heat-resistant discs (15), said discs comprising refractory ceramic fibers, mica,
and a heat resistant binder;
b assembling the plurality of heat-resistant discs on the shaft
and compressing the discs between the fittings; and
(c)  monitoring the amount of force used in step (b) to
compress the discs and adjusting the number of discs if said force is outside a
predetermined range; _
-wherein; (i} the roll has a roll surface, one or more parties of which are adapted
to contact the glass ribbon during use of the roll; and

(ii) the predetermined range in step (c) is selected so that one or more

portions (27) of the roll's surface (33) that contact the glass




. discs in a@tdllttypmaﬁé!@? b@rxprﬂfm

. .burn off from tHeacsPr

ri bbon-(11) duri.ng use gf the roll have a Shore D har @h@sgmseriter 2Hm
tenperature of between 30 and 55. In practice, the humber of discs _
ul ti nateWOQ:ﬂmmsl ed on the shaft and | ocked in place by pbeukésdrogags wWll -
-typ| caVe. :be in the 200-400 range depending on the size of the glass 5 :
- ri bbon being produced, although nore or-4-ess discs can be used in the
practice of ‘the invention if desired. For- exarrple l ess .discs will .
~typically bée used |n t he enbodi nent of Figure 6. In accordance w th each of
the above adpwn €l 1)darimeanse editbegptl havese Shors Brhaedngrsapreomired prior

o comenel dersheb bl BERBURLA ST 2l 5601 fobBAbel BEEHBbE: SASIAT  PLLY
rol b pul'l siifigh2kRsasERRAEd odthd BHEfWN 1dkal IRRIACOBY| thesiidhlgy under

operating conditions. Al so, EI‘IOI‘ to the pre-firing, the heat-resistant
g0-4@p rang@dﬁpcadamg@ﬁ thhe size ofi the, glasd a

heat r |st nder ref era 15, al so co cel |l ul,ose fi which
e b et Gtor b brRaSEA Aidip g pPe GRAPFS As i CrButE Bre i tBbi ng
_preflrlng t t ﬁaﬂ’ﬁﬂ h contain
- (e.0., hepg&ﬁc?ﬁ%ﬂ@?fggégﬁb%alﬁﬂkgnﬁr&e?&@% In s%lgtbetsg?ltg Elsé%r%gll IS put

into servitgpichlipd _
shoul d be adjusted (in¢reased ke account - of
O rdanes @opft G MOYorsBRetS ﬁ%mats@rsi ganding the
" new y-for lé’ﬁji ngér r 3$$5ﬂ1 pcreased .
so that a]frta gsr& réfeP %t%‘ﬁ]g%?fﬁr ego%%géggb%?zwﬁ[rﬁs%% gan%‘ﬁg portions”
é)f theigol ko &asﬁéwmmbitl sﬂﬂastenﬂ:mlyrmubfxqﬁbéimmaﬂmigmeﬁﬁeﬁt room '
enperature of between 30 and 55. In practice, the pulling rolls of the

i.nvent i on Bapesebén thedsmperatuees at@hichdhg radk pdls ther glags rHekan appl ying. .

f t h f
par 1 cul at eaanth Al ORIl BRI SR At po BRI S A9 can
of ten be ppeidttari®leyp ﬁélﬁrﬁ@ﬁ%ebﬂea@béﬁé,i%tﬂi&%éSntéf@dlt%aﬁﬁcg\@oﬁ%sﬁﬁy
(e.g., a fracture of the glass ribbon). However, in the absence of Such

- events, theelpatiorpgeramis genshaniza, gugdt 2 iiset resizeant binder, preferably
| 15 - also comprise-cellulose fibers, which are burned off during the pre-

‘asadcmsiﬁe eﬂmbomm;enesﬁlmgunséd to assenble the roll
e material that wll

firing. .
If desired, instead of employing pre-firing, any non-heat resistant
materlals which the discs contain {e.g., the cellulose fibers) can be
removed in sifu as the roll is put into service. Ih such a case, the
| 20 pressure used to assemble the roll should be adjusted (increased) to
(. take account of the material that will burn off from the roll when'

- exposed to the hot environment surrounding the newly-formed glasé
ribbon. In particular, the pressure should be increased so that after:
the in situ burnout, the one or more glass~éhgagi11g.portions of the roll

. 25 surface will have the required Shore D hardness at room femperature
of between 30 and 55. _
In pracﬁce, the pulling rolls of the invention have been fotu;d to ‘.
ac:hie've.a long service life without applying excessive force to the glass
" ribbon or generating high levels of particﬁuiate conta;minétion. In
30 practice, the service life of a rbll can often be prematurely shortened by |
' oﬁtside evenits that damage the roll (e.g., a fractﬁre of the glass ribbon).

However, in the absence of such evénts, the pulling rolls of the




* WD 03/0827-55 PCT/ US03/ 07080 -5- invention easily achReSeptéroiy 2888 vi ce
~lives, e.g., /i _ )
‘75 days, ‘gﬂd]:”ﬁﬁ%"ﬁ-‘preferabl y in excess ~of 100 days. Addi #CIARINEEE ures

service lives in excess of 40 days, preferably in excess of

and advantages of the invention are set Lorth 5 in the detailed

~ _description which follows, and in part Wil be readily apparent to those

skilled in the art fromthat description or.recognized by practicing the

T oregoi ng QENETOLEERY Befiche e S R S BT S AT are

merely exenpdatayfpreherably i eeotsof 75aiay$rand niestoetit iy oui dieeas
overview or framework for wunderstanding the nature and character of the:

invention aef tPRiIdASE+ The acconpanying drawings are included to provide a-

o

const i tute a parnebfopth b ERE Ao Rl o AIRERRB i S  oue

15 enbogj et & Hekdliged Ae8AEHEON WAILH QIRERS] aiiltih pdie witiske reAdnp -serve =~
~to explain the principles and operation of the invention. BRI EF DESCRI PTI ON

OF THE DRAWMNGS dRifgier thase skillegdnsihecart/iront ghatdeovimptioneonugsoghizad | i ng
rolls constructed in-accordance with the ipyention to pull a ribbon of
newy 20 ?%Y@Eﬁ ﬂﬁ%%%%‘{ﬁlgl%% J;??Cgﬁfﬁdlgigﬁﬁlﬁ- ew of the left hand

~ portion of Figurgilto e GRiRrstdod @lh iRty tewidleobhi: Hﬂléfé]gier&!riﬁiﬁi‘?

glass ribbon of Figure 1. Figure 4 is a front cross-sectional view of a

. pul ling roldnd 2hedoilstuingtdetailed desorigiioceand niereheexemetddyoof the gure 5 is |
"~ a- perspectiyve vi___e'w,“_paiti allly in section,, of - a pulling roll cqnstructed in -

ccor ddfce HHvER iRy ent 1 aDToNgds 3 RXEOREY OLRaMeEWEgife 6 is a

front v ew GhaPrauelding the'rlat‘ag@%&f&lgﬁgpa&far%qctaeqﬁeeﬁﬁoﬁ%svv&faﬁl%;@t o

~invention a (
~places where theThelddcompaiingairesviagstaet inctded be pgbeiske a further

vin m-conpliant discs only 1tn the vicinity

understanding of the invention, and are incorporated in and constitute -
a part of this specification. The drawings illustrate various

15 embodimen.tsof the i_nventiér}, and together with the description serve
to explaingthe.principles and Voperation of the invention. ‘
BRIEF DESCRIPTION OF THE DRAWINGS |

Figure lis a perspectiﬁe view showing the use of pulling rolls
constructed in accordance with the invention to pull a ribbon of newly

| 20 formed glass.

Figure:2 is an expanded view of the left hand portion of Figure 1.

Figure 3 is an end view of the pulling rolls and glass ribbon of
Figure 1.

' lFigure 4 is a front cross-sectional view of a pulling roll
25 constructed in accordance with the invention.

Figure S is a perspective view, partially in section, of a pulling roll
cénstructcd in accordance with the invention and having a h.exagonal '
shaft.

. Figure 6 is a front view of a pulling roll constructed in accordance
30 . with the invention and having semi-compliant discs only in the vicinity
. of Vt'he places where the pulling roll makes contact with the glass

ribbon.




_ri'bbon. 21 Septenber 20Q6 - WD 03/ 082755 PCT/ US03/ 0708Q1 Sépteriba 206 er ence
‘nunbers used i.n the drawi ngs correspond to the folloewi ng: 11 glass ribbon
13 pul'l i 400#P§275% 15 di sc 17 shaft 19 beari ng surface 2pCraisaiaosy ring -
-23. groove 10 25 outer collar 27 gl ass-engagi ng portions of roll surface 29
" non-gl ass-engagi ng portions of roll sur F&ce 31 inner collar 33 roll g
surface 15 DETAI LED DESCRI PTION OF THE | NVENTION Wth reference now to the

~ draw ngs, wherei I|k referenc char Ie S nate |ike or -
cor r espondi ng pa %IBﬂﬁﬁ&}erﬁ‘?é— & %H%S%@PE'QS?%%EH% Figure
-1 a perspecfdlmlﬂbew of a pair -of pulli ng ‘rol'ls 13 engagi ng a gl ass ribbon
11, e.g., a new y- “formed ribbon of LCD 20 gl ass forned by an overflow -
downdr aw processl1Fi gglass l‘iZblatml 3 show the engagenent of the pulling rolls-

with the glass rj bon Iﬁ detall As can be seen nost clearly in
Figure 4, each p i ncludes a shaft 17 which carries a .
pIuralle of disgs gjgglch are held in place by collars 25. Collars 25
are preferably Iocke In place on-25 shaft 17 by spllt retaining rings
(snap rings) 21 Uhichslsefat in grooves 23 formed i'n the shaft. Although
retaini‘ng rings are preferred, other mechani snms known in the.art for
attaching a col | ¢ tcb??ﬁ?ﬁ%ﬁ%“fﬁﬁ? used i f desired. Also, although

~collars are prefgerre Ype of flttlng whi ch can apply an aX|aI
~ conpr essi ve forcéeaftoqieh ﬁ at-r%S| stant discs -

23. groove .
10 . 25  outer collar
27  glass-engaging poi‘ti_bins‘, of roll surface
' 29 non-glass-engaging portions of roll sufface
31 inner'coﬂér '
33  roll surface
15 DETAILED DESCRIPTION OF THE INVENTION
With reference now to the drawingé, wherein like feference
| characters designate like or corresponding parts ﬂi_roughout the several
views, there is shown in Figuré 1 a perspective view of a pair of pulling
rolls 13 engaging a glass ribbon 11, e.g., a newly-formed ribbon of LCD
20  glass formed by an overflow downdraw process. Figures 2 and 3 show
(" . the engagement of the pulling rolls with the glass ribbon in more detail.
As can be seen most clearly in Figure 4, each pulling roll 13
includes a shaft 17 which carries a plurality of discs 15 which are held
in place by c'oll_ars 25. Collars 25 are preferably locked in place on -
25  shaft 17 by split retaining rings (snap rings) 21 which seat in grooves
- 23 formed in the shaft. Although retaining rings are preferred, other.
- mechanisms known in the art for attachiﬁg a collar to a shaft can be
used if desired. Also, although collars are preferred, any type of fitting
* which can apply an axial compressive force to the heat-resistant discs
30  when affixed to the shaft can be used in the practice of the invention.
It should be noted that for each pair of fittings, only one of thé fittings

has to be removable to allow discs 15 to be assembled onto shaft 17.




- 30 when affixed to the shaft can be used in the pract 2t 8egémbdn@sdénvent i on.
- .1t '"should be noted that for each pair of fittings, only one of the -
~fittings whas/osishe renovable to allow discs 15 to be ass®GBUSH/HE8D shaft
17. 21 Septenber 2006 WO 03/082755 PCT/ _L§03/ 07(180 -7- The other fitting
can be permanently attached to the shaft or can be integrally fornmed as
. part of the shaft. The word "affixed as used herein is intended to cover

~pul 1 ng v ol 1 LR A E SarBe T dyly BURRet & (A ENAR e BT IR 2
Al t hough varhessallgeberict] asqatthd theathdfor Theewshal affard " beansad heweimces,

‘preferred materials_ include a cast stainless steel alloy for the shaft,
e.g., a censintenfdd tasevepthesaVpppusialtern@tiviesti on with stainl ess steel

.~ bearing surfaces . d.. 330Q.stainless,st .10 i{lustrat the -
- right gnd | ef t hrﬂ‘isd&ﬁ%m %gI@I% i}ﬁ‘?’ethf,ﬁfﬁéﬁ %%%erﬁgle%?ﬁﬁﬁgﬁﬂ%gu ted on
shaft 17s5prehenahl YesdtihgheHaces 18 &t hd ente JTaMft U7e ARMRUGhaVEEEhs (See

the right hand portion of Figure 4) with an overall ‘contour subsequently - |

bei ng cut i materialsseg: be weed for His elaltarndbeating syrfazeangrafemedsed areas
29 (see the left.hand portion of 15 Fiqure 4 sho I p, -for exanple, :
Figure 1, oﬁP?“t-erréﬁ%éHCﬁ%‘é%? %sqc %ﬁ?]gég S@‘F%{s%uqyf%)ﬂoﬁ“élﬂgha&r Py Bise of the

- pulling roll . A-khaiah &hap 411109 ik Qbhihishewn i Beibiaw &8eBYgriag! v
two rai sed areas wo gl ass engaging portions), additional areas can be
used if desiswafhces, @¢.g., 3O standess st@pl.be used, with two areas being

" grouped at one end of the ro|ll 20 and the ofher two bein .ouped at the
Q%[ heP ehfl. | ndeeds ]é]‘%%ﬁﬁﬁlogﬁ ep?&fﬁéﬁpgdﬁhﬂﬁ%n‘érﬁ%ﬁ’ﬂn@g? p@ %racti ced

: ith a roll ' ' ' ' 5 n
alternate cc(){%g'%lér Egt‘?ig%ﬁf%g%plﬁg}]?ﬁéd?g??gﬁglmé%fgggﬁg%ﬁ?{ﬁﬁégg& %Iﬁ o
non- ci r cul artotiDRs theadrng diapeset i(sal the righthadirk poetieh offkigarsaftiitn in

~this figure. Such a non-circu]ar cross- section can be used If excessive
anount s of roat avershl epnwcsubseapetly boag cul mdhsudligcpdoderes vaigedn a -

~ particular %g'g.lals ?ﬁgés?@fgnﬁhlgec%ﬂgéé @eas 29 (see thé‘ left hand portion of

15 Figure 4). As shown in, for,gi:ample, Figure 1, only raised areas 27
| éontact glass ribbon 11 during use of the ptilling roll: Although the
pulling rolls shown in the ﬁgﬁfes have only two raised areas (two glass
engaging portions), additional areas can be used if desired, e.g., four
areas can be used, with two areas being grouped at one end of the roll
20 and the other two being grouped at the other end. Indeed, although
( . not _preferred, the invent_ion can be practiced with a roll having only one
glass-engaging portion.
| Figure 5 shows an alternate construction for pulling roll 13
~ where .shaft 17 has a non-circular cross section, specifically, a
25 hexagonal cross-section in this figure. Such a non-circular cross-
 section can be used if excessive amdunts of rotaﬁon_ of discs 15 about
shaft 17 should be observed in a parﬁcular application of the pulling
roll of the invention. In such a c'as_e', disc 15 will include a central |
‘aperture whose shape Cofresponds to that of the non-circular shaft,
30 .i.e., the central éperture instead of being round will have the same non-~
circular shape as the shaft. A non-circular cross section can be formed

in the shaft by starting with a ciréular shaft and then machining the




- t he packl

~roll of the invention. I'n such a case, disc 15 will J 2cBeglember@eot r al-
 aperture whose shape corresponds to that of the nontcircul ar shaft, 30
i.e., th&WQeH¢RZAS aperture instead of being round will hamertbesesme non-

- circular shape as the shaft. A non-circulLar cross section can be forned in
‘the shaft by starting with a circul ar sh&rt and then nachi ni ng the 21 '
Sept enber 2006 WO 03/082755 PCTI US03/ 07080 -8- . shaft to the desired

' configuratl . | haft c . of carbgn steel. Cast
or ‘drawn shﬁg?fg%gg:r?ea SO er&ﬁ)glgggu—gﬁ?’ 1§ A SHEG ¢RIBIOS6H. For

nost appl i caft caaten stiedt iCastodr diSwa skﬂa’?t@?ﬁﬂtalggqjetuggqg[geﬁ Jiot occur to
any ‘subst anti al degree and thus. 5 shafts having a circular Ccross-section

can be used™8RE EP@nﬁr@ft@l&rI@d’enﬂpngLﬂF er fcstoapplacdtiohiafotatiberstaliacgul | i ng -
roll conflgf$glbl g%'t an be,used in the L’actlce of the invention. As
a general reduc ﬂ%s Gt SFCHF 4Rt Sﬁ Stajetiad degrer gard dlausn
central 5r e@fﬁ&dha&h@@a@rdzﬁla&%@é ageoun OB HLSEsLd 283 ég}q' OQstt 3 glvo' di ng

contact, with 10 the glass, such a reduction mninzes a SOIe -

extent the anofiguse tnahewsal futthehelizentes p@ﬂhh@&o[l@dnﬂ%ﬁﬁo?ﬁ” becore
ai rbor ne %gglﬁ dher to the ass ribbon to form defects wever, since
n

5] é3 et AR e duacticedidhg inysndiogaghag gonerzdnslef t he .
rolls' surEeeecﬂﬁﬁt@@%%&eﬁaléﬁ%t%ﬁﬂf?gfgc%%%gqgw tgggtrlzgggggqﬁsegﬁc'eon s

- 15 reduced, even t hough overall there i €ss
area), noeseal% iseaduaam@oumcamd Bf hdlasorh b8 ARG ¢ éltfaet GAEM

K cont anj pat | ng artlclﬁas as ,a_consequence of the“reductronin
acki n prE}s‘ S Heh gy Q%@&%ﬁlwﬁﬁm@m&meﬁmﬂtﬁﬁ integrity

dth aeusen f f |5 the roll lose
i gt egr:JtSy,r t he f%gt?n?%%gﬁlc?ﬁ t?ls %%ﬁ%%@ f she éﬁ’@l‘g’ﬁ %P%i@&pmm@rﬁ%@; ;Son
| ose el astandtqdhmm whthegiddesbbohtteelobrt REALEE. Hii@vﬁ}é’ﬁ}c%ﬂaéé ﬂg@age of the
0 e

gl ass ribbo ot her cases, the integrity of the r I'S7S0 graded

that the’ fP%‘E’élflfePB?ﬁﬁuren%éhe semirp thoglapmsngapghtippostoidiat thee finished
- sheet does;giad s@f&é@agéfgas%s%f OfCH, Qg RES LT SR toli'%ﬂe center section is

15 - reduced even though overall there is less material (less surface area),
more of the:material that is left has the potentlal to form contammatmc
particles.

Also, as a consequence of the reduction in packing pressure, the
flat location becomes more prone to lose integrity and thus reduce the .
20 life of the roll. Typically, as the roll loses integrity, the flat location is
s _ compacted and the discs at*this Iocatien lose elésticity, which
W manifests itself through pronounced shppage of -the glass ribbon. In- -
other cases, the integrity of the roll is so'.degraded that the flats deform
enough to warp the glass ribbon so that the finished sheet does not
25 conform to production specifications.
| The embodiment of the invention shown in Figure 6 addresses
these problems. As shown in this figure, discs.are Compietely removed
from the center of the roll and are only used in the regions of the flats.
With less discs, the chance that particles from the discs will become
30 aj;berne and generate defects on the glass ribbon is reduced. Also,

Wlth less discs, the time required to cut a specific roll profile is redueed,




. The "enbodi'nent of the invention shown in Figure 6.addetSsmembdriessic .
- problems. As shown in this figure, discs are conpletely renoved fromthe
“center of woh®/e821sF and are only. used in the regions of th&@GIV/EI08/0708 th

| ess discs, the chance that particles frgmthe discs will becone 30
ai-rborne and generate defects on the gl ass ribbon is reduced. . Also, wth-
| ess discs, the tine required to cut a specific roll -profile is reduced, 21 .
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material t h&NGREYTHS %%wigﬁ%%ratqr ct?]é"gtrteeﬁsfeto §?1F18§%8a %t %ﬁ@%?%"r‘%h ? he .

- surface: of td'%ﬁhfeﬂl aitBaE M $Reldafase brege oblishaft 17 is conpl etel y exposed
‘throughout the center section of the roll, a coating is preferably applied

" to the shaft 5 Brocededhe serfehanfehadt 13xsdcarnpletay axmosest thr A up

the shaft, e,g., stainless steel. . Suitable coati i ncl ude.vari qu ramc
coatings, sbRh EHIEERAGERRE ?Zéﬁﬁlr Uk ACERaHRg 1?:85?1%%%'3 i%ﬁ’ﬁﬂ%‘a;ﬁg(}hﬁf%ﬁtek '
Limted of Ber hg- | 0 Gk LiROk|di Aaikine @hane sHame, i nner
collars 31 gggQQTB%tP?i%(he ({%ﬁg#@atld%%ug?ng, for exanp eigpspl it retaining
rings of the.dypeainitscesetd Satitalslei coatimgrentdiade watiousuceram | ars 25.
These inner collars enhance the packi r%g p{{essur e. near the f lEFa’riBs aqﬂgw
therefore icaptiogs; FOER a5 CERAR Mdd2e iBagk Gramepic Corting dstiButitddt of
the inventi Lstha ' I ahi gher | evel of cooling of the glass
at the Iocaﬁ']%ﬁﬁ eed agae%?%gb?lo 1s Such additional cooling is of value
since glass tengeygkunetnahet itsgliopaf tloe disdy, etvocimmedrecalarisi Yh ams 800C,
dictaté ™ the ampunt of warp and stress the gl ass rjhbon_ experiences and =
hus the fiaffseredo shadt 1Riusingx Fbexampde, FlltaehoiRBINGS OFREEPE can be

Ao i TR B T < i .
aurfaces 10 SNRREAPOTO FotPRPrGR Vil Sat Rt Re s tpERE BheP s e,
the confi 9'éE)FlTal'Q@ﬁhﬁ?&%h%’bf&l&ﬂ[ﬁgte?re%sﬁr@&le@kﬁﬁé fraefd el rabiaBse now known

or subsequently devel oped), the u mat e success of a roll depends on
: improve roll life. : -

'An additional benefit of this embodiment of the invention is that
15 it aIloWs a higher level of cooling of the gi_ass at the location of the
pulling rolis:. Such additional cooling is of value since glass
tcm.pcratums at this location, which can be és high as 800°C, dictate
the amount of warp and stress the glass ribbon experiences and thus
the finished sheet will exhibit.
20 | The embodiment of Figure 6 can be used with a circular or non-
| vircular shaft-and can employ bearing surfaces 19. _ |
Whatever configuration is used for the pulling rolls (i.e., the -
conficurations shown in Figures 1-6 or other Conﬁg’uratioﬁs now known
ur subscquently developed), the ultimate sﬁccess of a roll depends on

the properties of discs 15 In accordance with the preferred

o
w

embodiments of the invention, discs of a specific compositidn which
have been pre-fired and assembled in a particular manner are used to
form the pulling rolls of the invention. Such discs have been found to
mect the service life, controlled force application, and low
30 ..contamination criteria discussed above. _
| In general terms, the discs need to be substantially non-friable

when subjected to the forces and operating temperatures involved in




25 t'’he' properties of di $Ccs 15.° I'n accordance with t_,heszeﬁtehtneedO%_

- -enbodi nents of the invention, discs of a specific copposition which have
‘been prewa oed2Ead assenbled in a particular manner are us@glubRnrdsg’ Mt he

pulling rolls of the invention. Such discs have been found to neet the
service life, controlled force applicati®n, and | ow 30 .-contanminati on

~-criteria discussed above. In general terms, the discs need to be _
"substantially non-friable when subjected to the forces and operating

t enper at ur B81ing 81 newly-formedgiessbdborgoh apoondrne? veth P/ iusestiongso

-10- pulli r S i bbon., In accordance with the invention,
‘it has beeﬂq?%sui%g%{l% | scspé%%rqoﬁﬁésyg F%@?B‘?%Wc%‘?&f??l& t&’?}'gr Mica, -
~'and a heatahésl Beafkebisbser bhade hhvs tRiOpaiterty! Mn rall te8heBaftaft er
. any non-heat resistant conponents have been burned off, the discs 5

pr ef er abl yaup meri-heabyeaisitght conpauntsdiaecboey marsd offf ithedsscs40- 50%

‘mca a 40- 50%.heat resi st.ant hi,nde br.e rticularly, the disgs are
st pibt PERTARE o BB RE M E 10r 20 rtactoRy seriigdersa R

cel |l 0se §00PHseaBHA(2)-50% 1Az hh¥indLhey exhi bit substantially no

_.conposi tional changes when exposed to 10 the tenperatures associated with a
pul ling roll dueng peséicandriy the dhsss atrendistansiferrddilyy (33 abdemposice

operating conditians. For anple, .t pre-firing ¢ conpri se heating the
P etat 00 Srdewt pnn; elas SHOMT sotsioc BicRer i ts: Pt GHaaq Bres SotBabe0gy
hol di ng thtgpj‘ ,a% %}ﬁ{] : ' £ ' s, and
then cooling”t }%Hnﬁgi%s%%% tog!rl&lo(%l% %é;[h gﬁgﬁﬁ%%bkg%nogés g@%@nﬁ%%?%g&t he

ul 1'i @ r albe €mshefdturePra@sbicidtad wishsuphlliggpelatuwieg €8s Hhaswilhaiug he

isc materjal  experiences, allphase changes prior to use and thereby

reduces i AHBERSIgNAIY slblgairdenpperating conditionst dFardezampledhei ce.

‘ah - £ ELDg L - . b Sene e
or act i Ge. O SB R oRan: FoRtran iRty SretaRure B B3 putling

rol | whoseB0C@ynewfeiasly ZGE00°C @lgl e 760°Ly, herEnat iHgntAnperature. A

~conposite having the _above conposition is comrercially

temperature for a period of at least two hours, and then cooling them
15 back to roomutemperature before assembly onto the pulling roll's shaft.
~ Pre-figing, to such temperatures ensures that the disc material
experiences.all phase changes prior to 1se and thereby reduces
variability of:the material after it has entered into service. Other pre-
-firing times and temperatures can, of course, be used in the practice of
20 the invention.so long as they provide a finished pulling roll whose
compositiems.stable at the rolis' operatiﬁg-temp:ramre. |
- A composite having the above com_ﬁosiﬁori is commércialiy
available from Nichias Corporation of Tokyo, Japan, under the product
designation-SD-115. This product is supplied in sheets having a |
25 thickness of-about 6 millimeters and can be cut into discs having a
circular outer perimeter (e.g., a diameter of 140 mm) and a center
. aperture (e.g., a circular aperture having a diameter of 64 min) using,
for example, a water jet cutter or an appfop‘r'iately sized pimch,
- punching being preferred. |
30 .- Alterhatively, sheets of the composite can be prepared bjf, for
example: (1} forming a water slurry of clay (e.g., GLOMAX LL), mica,
glass fibers [e.g., 10 wt.% A1203'—Si02. fibers), wood fiber (e.g., HIBRITE -




avail abl e from N chi as Corporation of Tokyo, Japan, ugrd@&eptehber@o@tiuct

desi gnation-M 115. This product is supplied in sheets having a 25 thickness
~ of about éququﬁr?éters and can be cut into discs having a PEY/ESW0E800ut er
perimeter (e. , a diameter of 140 mm) de a center aperture (e.g., a
circul ar aperture having a dianeter of 64 nm using, for exanple, a water
jet cutter. or an appropriately sized punch, punching being preferred. 30 -

ot e o s L SRR Pl
(e.g., 10 Wrobtardl dASmSIEXpér heikig" neahihiebEs) dtacking thBRyErs4¢.gSepoenber |

2006 WO 03/ 082755 PCT/ US03/,07080,-11- from Canada), and starch; (2)
forming | ayéa¥eTt soneake & grlpoged ﬁgfnéfﬂ thigls(¢H) draping she miRopsg oveEchi ne:

_(3) stackin ( I |ck
(4) drapi ng%‘%ﬁgﬂ?%@% o gd“p’ 1%9 a& rlgig%é%‘a%‘ﬁuf%%@ (%‘rélaft% gftlg
hours; agd eg&k@haﬁi @gehr@t ﬂlgr@lgor 54&@}51—9 n an oven at 110C for 24 hours
Ot her commercially avail abl e conposites besides.the SD- 115 material - and’

ot her net hods fth@e@dlmnﬁ@rsmily evnpeleteompasitesbesidas g SPeldSed in the
racti ce of ther i rtant than di sc conpositi.on and
e t1 11 ng, AN L GG FOPORRACTFEBa TS SERD SHEPOSERS PAE" Bh 1| ng
roll is C“Ebﬁ%et@eh@%dlw&&eﬁﬁadﬁcéﬁﬁﬂié‘ﬁ%%ﬂ%h In particular, it has

‘been found that the conpression force (pressing force) used in asserrbl ing -
. the discs to forEvenmlqralllmprg‘tant thamshscbeouqnceshtnlohyam@rpreeﬂnmg, t}meachr eve -

| di det bel ow, it
s T oulll | APt OF ShAIUSE GRS SPESTRT § %5 Hlp8rplss Gaeadame
esul ted inga. .o bi r]ﬂ‘lfém‘? '1% &Qil]t)’c dﬁfsdble déqor(.lhdeth E,%Cdays)

vx/mleacorrpressron orce poun resute In aroll
havi ng a nuebmpresgem fdrfce (presr;mgdoﬂm) Mseﬂmaéﬁﬂndbhmg)thd:@rscdltsdsﬂmvr ng
an outside dianeter of about. 5 inches (127 mllinmeters) and an inside

di anet er of tho Papbag rellsmurtisscarsiuBy Gomtrosd ke pchiticse 198 S65VIEST r espond

to axial life. For example, as discussed in more detail below, it was found that

15 acompression force of approximately 33,000 i:)'ounds resulted in a
pulling roll having only a limited life (i.c., 39 days), while a Corrlpression
force of 11,000 to 14,000 pounds resulted in a roll having é much
longer life (i.e., greater than 100 days). For discs having an outside
diameter of about 5 inches (127 millimeters) and an inside diameter of

20 about 2.5 inches (63.5 millimeters), these forces correspond to axial

e pressures of approximately 2,250 psi for the high compressive force
and approximately 750-950 psi for the low compressive force.
Since compression force may vary with such factors as the ‘
composition and number of discs used, a better measure of the amount

25  of compression which should be applied to the discs is the Shore

hardness {specifically, the Shore D hardness) of the outer surface of the
~ assembled roll and, in particular, the portions of the outer sﬁrface that
will come into contact with the glass ribbon during use of the roll. In
accordance with the invention, it has been found that the Shore D
30 _ _:har'dness of these glass-engaging portions of the outer surface of the
| _ pulling roll must be in the range of 30 to 55 and preferably in the range

from 40 to 55 to achieve a long sefvice life. A Shore D hardness in




~ pressures of approxi mately. 2,250 psi for the high coppt&sgémiger2a0ece - and-

approxi mately 750-950 psi for the | ow conpressive force. Since conpression -
force nayWOoaBP8IHIh such factors as the conposition and pefaRfsMessli SCS

- used, a better measure of the anount 25 of conpression which should be

applied to the discs is the Shore hardnelss (specifically, the Shore D
hardness) of the outer surface of the assenbled roll and, in particular,

~‘the portiong of the out(i:r syrface that . will .cone into contact with the

gl ass ri bboRERGr AR RRIQWS the FWrince pf the padlingred ta eomphe Wiy dhei on, it

has been f t é%%’ef ] 1ﬂ.gq$ e -engaging. :
portions o?g!tagtsa %Lg?%%éjgljrfa.e e(l% t Basr pu ‘Tsﬁsﬁginr% ﬁlﬁautgée%ﬁtﬁ Hg?ﬁg&%%e of
30 to 55 arthpSHeedblhaidnedskdsmasgeurdd oRidd cbmfééréiﬁﬂg\g\iﬂ%lé | ong.
service life. A Shore D hardness in 21 Septenber 2006 03/ 0827-55

PCT/ US03/ 0/RSBHPMENL-t hese ranges all ows the surface of the pulling roll to
conply with the [ teduci ng surface dam that results
in checking: The lgﬂoreﬁ]#ﬁg';g%tgggﬁﬁ@iﬁeu&%yemﬁg%ggmﬁﬁﬁqgl ly available

‘equi prent . iaviéhtibauwill beandregullp ddsttibed by *tha THIORANE bord fi&-aRfves ent
i nvention will be nore fully described by thhe follow ng conparative )
exanpl es. CIPARIEPI VE EXAMPLE 1 This exanpl e conpares various materials

used to formthe discs 10 of i , || as the conpression
force used to assenble the &@@WM | shaft. The follow ng
materials were tmEsikasarhple c&iﬁ?‘a&ggvm'io%ﬂﬁ&tefﬁl 8PS I fibers:
and anor phous silica pl(icgl | oi d)” sol d by Vesuvi uls ﬁlﬁgﬁgpfg gggg%&ﬁal I's,
A; (2} 0zvymkecrulling rpBr assvdllissdhsiddmpredsion forat hyed/es wssesBleBarel ; (3)

(Ni chias SD 15 115 d at. i mately 33,000 pound it el
2250 poi FitenACITR BHiEe oty e daawenmatT il asresseatet (1) 000 | o
14, 000 poundI(amproxirBieky of 3adRAoRichté Rt s 2RNP Sl ERAR) sl results

were as follows: _ , , _
- (colloid) sold by Vesuvius McDanel of Beaver Falls, PA; (2) ZYAROCK --

a porous fused silica also sold by Vesuvius McDanel; (3) Nichias SD-

15 115 compressed at approximately 33,000 pounds (approxirhately 2,250
psi) (Dense Nichias); and (4) Nichias SD-115 compressed at 11,000 to
14,000 pounds (approximately 750-950 psi) (Less Dense Nichias).

The results were as follows:
(1) ZYALITE -- Rolls made from this material wore noticeably,

20  with the wear particles contaminating the virgin glass surface, i.e., the
material was friable and formed onclusions. It is believed that these
problems result from low surface hardness in combination With. :
anisotropy due to a fibered microstruéture. |

(2)  ZYAROCK -- Rolls of this material caused a gre.at deal of

frictive damage. This problem is believed to be due to the combination |

]
w

of the high penetration hardness and the high elastic modulus of the
- matertal, |
{3} Dense Nichias -- This material performed well compared to
the above materials except roll life was short. The high density of the
30_ | roll scems to encourage damage to the glass ribbon by éollécting glass
- on the roll surface. Relatively high penetration hardness did not allow

adhered glass to "sink" into the surface of the roll. -




(1) ZYALITE -- Rolls made fromthis material wore noti2¢eahémber 2885 ki th the
wear - parti ntam nating the virgin glass surface, i.e., the material.
was fri ablvgbgﬁ(%?%%@r med onclusions. It is believed that theREVUNPHRI0s
result from|ow surface hardness in conhiymgation with anisotropy due to a .
fibered mcrostructure. (2) ZYAROCK -- Rolls of this material caused a

great deal of 25 frictive damage. This problemis believed to be due to -

. ‘the conbination @ theeks Pernenidhaas on NeisdneseriahgetdentidRer! astic

nmodul us of ‘the material, g%% Dense Nichias -- This material performed vveI_I' |
conpared to CAmPanpdie ahpeihapborrcdpdelrred iang gesvishdife withmihi gh :

‘density of t . ¥ age ta.the glass ribbon by
collecting g a%lél?ég%ﬁé)bkesﬁlgﬁcaﬁr‘?‘g%e)&% g}dar"%-\gg]%‘; P‘fﬁ&ﬁoﬁ‘eﬁé} at _nggpdness
did not all ope Hadinerbg aﬁ'lz}a%&rﬁ@uiaﬁ“l tHeory Bf O peariot! itehicdletH! this21
Sept enber_ 2006 WO 03/ 082755 PCT/ US03/ 07080 -13- (4) Less Dense Nichias --
Thi s mat ér i atupeiPBpasormance veasphire o the ahatarial heviagoy dowlefastét i ver ed :
oncl.usi.ori.s ar significant ar of the material. -

| ice life with \
At hough notmeRRGHED e BRSO HrpdnaRt: AR A e va Blscheat | on. 1t

i's believed sURerk eff NS %FE% i al -
havi ng a | ovédglﬁgst i c?Sthrréogul us ﬂﬁ”ﬁoﬁ%&%@?&% | _onsﬁgére%%ggés. E'i%%teri al
was abl e to paditfes ot ghlhswrfbicehseate gblketcabeogmexXeasiseddedtinetise and
"glass particles.on the roll surface were able to becone "enbedded" in the .
mat eri al - wi tREYEIRATENN teCRAHER G § 128 ZBOVPARATI VE EXAMPLE 2 Thin

) exanpl eqin l ustrates the inport y Qﬁg?g?%rﬂd@;pm conpression force:
- applied 1t0|o the discs in the as(gfe)ﬁ@]:y of .t he pulli n%@rol |. Five rolls nade
from the Ni chi as TiSB-ekbanpht Ahisttawsribet espetancEhd doltrslliadiiche fol | owi ng

properties and service |ives where the 15 reference in this table to
conpr essi on GIOPHSSIHNR EQT6h fRPHEYRO fhesligre In dbamssempblysef the pelling of

_ _a-ppr O_Xi mat el %113 3F {0804 RAURIS( ABRL AL RBLEIY sD-115 material were tested.

The rolls had the following properties and service lives where the

15 reference in this table to compression of the discs with high pressure
means a:pressing force of aﬁproximately 33,000 pounds (appfoximateljf |
2,250 psi).and compression with low pressure means a pressing force

of 11,000%te+14,000 pounds {approximately 750-950 psi):

Roll Characteristics Service
Numbeg. Life
' : 1 Discs fired to 640°C; hex shaft of carbon 3 days
steel; discs compressed on shaft with high
pressure.
2 Discs fired to 640°C; circular shaft of cast | 22 days

HP 45 alloy; discs compressed on shaft
with high pressure. : -

3 Discs fired to 760°C; circular shaft of cast | 39 days
: HP 45 alloy; discs compressed on shaft
with high pressure.

4 Unfired discs; hex shaft of carbon steel; 77 days
discs compressed on shaft with high
pressure.

S5 Discs fired to 760°C; circular shaft of cast | >100 days

HP 45 alloy; discs compressed on shaft
with low pressure.




< 2,250 psi),: and corrpreqsu)n Wi th.1ow pressure means. a1 ﬁemsbang()(fﬁorce of
: 11 000-to 14 000 pounds (approximately 750-950 psi)* Rol| Characteristics _
Service WwWomwbes7Eife i . 1 Discs fired to 640C,  hex shaf tpcafusagnagyp 3 days
steel ; discs conpressed on shaft with hi ?h pressure. 2 Discs fired to ,

- 640C, circular shaft of cast 22 days 45 al oy, discs conpressed-on
shaft with high pressure 3 Discs flred to 760C, circul ar-shaft of cast 39

days - HP .45 al | oy diys ed on shaf th res ure 4 Unfired
di xos: hex shaf t T8F SaFpi %gfs gﬁsﬁeﬁsb’é’g}é t%?ﬁm&}%e&%ﬁ%? ¢ Saloras pett with
hi gh pr essub?ema'iu&ﬁzcﬂléftéﬁ@dt@r £8R%neblis C%ﬁes%%a ot Zgﬁ‘%tl @égﬂcg ys HP

- 45 alloy; discs conpressed on sHaft wth pressure pte :
2006 WD 03se877siifeof WUB(BAS)E@:SI@I}tﬂemTﬁﬂsctab&e thus hilastraltirg gesunes t hat

‘the life of.the roll not turely ortened by extraneous process
anage.  ThelTBAREHENP SEERS PLesTNEOHFe Hob Gy S sBIRT 1ot RISmss o

-~ thus il lgust (@kF NG gg%fth@p@gﬂﬁ%c 1of the pressing force used during
assenbly to the u etlmate us 1E]?ness of the pulling roll. Roll 4 is’

bel i eved to haveRo#d4 as behigeed sortvaveehbilfeldiger sabvice Gfedthdieegusg -8l t hough
this roII V\,g ress wi th high pressure, it was not pre-fired, and as a '
result, 525%1 Ugh s Wﬁ&LI?I‘eSFﬁ@ wihshigh praaswoet itamds not

concom tant 1035 ﬁ-faﬂ@ﬁis@%sﬁlicitsé ng y, 15?% t%r%g 1g‘alq,ha g ed%ut ion i n

~the effect|8e pressing torce cor
burnout:and concomitant loss of non-heat resistant material produced '

10  a reducfiomin the effectlve pressing force. Accordmgly, roll 4 behaved
o ' as if it had undergone pre firing and had then been pressed with a low
_ pressing force. ,
Rolls 2 and 3 are believed to have had ldnger'service lives than
roll 1 because these rolls used stainless steel, rather than carbon steel,
15 shafts. THe stainless steel sl;afts' had higher CTE's than the carbon
steel shaftrand thus produéed a greater reduction in the effective
pres.sing force on the discs as the roll was heated to operating
temperature: That is, in both cases, the shaft expé.nded more than the
-dises, but in-the case of the stainless steel.shafts more expansion'
20  occurred and thus the discs were under less compression durmg use,
o “which enféanced their serv1ce Iife.
| Altfough speciﬂc embodiments of the invention have been -
described and illustrated, it will be apparent to those skilled in the art
| that modiffeations and variations can be made without departing from
25 the inventiem's spirit and scope. The following claims are thus intended
to cover the specific embodiments set forth herein as well as Such

modifications, variations, and equivalents.




as if it had undergone pre-firing -and had then been petSgeemhdrtinéa | ow
pressing force. Rolls 2 and 3 are believed to have had | onger service lives
than roll 1 because these rolls used stainless steel, rather thdn carbon.
steel, 15 shafts. The stainless stek?~shafts had hi gher CTE's than the
carbon steel shaft and thus produced a greater reduction in the effectl ve .

" pressing force on the discs as the roll -was heated to operating:

~ tenperature. Giaamsi.s, in- both cases, the shaft expanded nore t han the..
discs, but in.the.case of the stai nl ess st eel shafts, nore expansion 20

occurred and thus the discs were under less conpression during use, which
enhanced their service life. C Al though specific enbodi ments of the
invention have been .described and illustrated, it will be apparent to
those skilled i'n the art that nodiations and variations-can be nade. - .
wi t hout departi ng rbidsn gRlinkae: glayefibbeicdnSPéinkt and scope. The fol | owing
clains are thus j tended to cover the speC|f| c enbodi nents set forth
herein as wel | a® sudnshathBaringa fixshsnd padissecersdendind equi val ent s.

oot nge () "Dy SR oty Akl SubolpoRild 0. OLB05, L0 bon

-plurality of heat -res:ofa@rnondacspsm&dnmbhdvmg dirvelshafter periplagtes to face

“ contact, said discs h VI cu er er| heries . which tgget her form

" aroll surface, one OF™ ehBen Ié?r%“é‘ﬁ’éept"é”(ﬁmfl%o

ontact the
glass ribbon during l=f'§ﬁcl"?far(13 Q&apt@&lto cor?tﬁbtdthg'gi&% IQI%H?{& uéeeofrtﬁgt Or y

ceramic fibers, rica, and a heat- resistant binder; a palr

' '(;I ttings. affi xed toro%,esaedadiace C@apdsmgtrefnaqyrbe&mgnsﬁ@emImta,cmdone

not her al'ong the shaft a di stance. ch causes an axial conpreSS|ve.
force to be applledt etaﬁés(:ff ?b d S

(¢  apair of fittings. affixed to the shaft, said fittings being spaced '

inder; a

from one another along the shaft by a distance which causes
an axial compresswe force to be applied to the dlSCS:

: wherem when the discs are subject to said axial compresswe foroe,
the one or more portlons of the roll surface that are adapted to
contact the glass ribbon have a=Slrore D hardness at room
temperature of between 30 and 55.

2. .Theroll of Claim 1 wherein:
(@)  the shaft comprises a pair of grooves,
() the pair of fittings comprise a pair of collars and a pair' of
' retaining rings, and | .
) the pair of collars is affixed to the shaft through engagement of
.the retaining rmgs with the grooves and collars, one retalmng
" ring engagmg one of the grooves and one of the collars and the
. other retaining ring engaging the other groove and the other
| collar. | ' ' .
- 3. " The roll of Claim 1 wherein: .
| (@)  the plurality of heat-resistant discs comprises a first plurahty
of discs in the region of first end of the shaft and a second




wherein when the discs are subject to said axial conpeeSeitanshef 2006e, -the
one or nore portions of the roll. surface that are.adapted to- contact the
gl ass ri bbon have a Shore D hardness at room tenperature of between 30 and

. 55. 2. The roll - of daim!| wherein:~Y%) the shaft conprises a pair of

. grooves, (b) the pair of fittings conprise a pair of collars and a pair of -

retaining rings, and (,c) the ir of collars, is affixed to the shaft :

t hrough engagenent _of‘gl_”%?lléty ‘gffg?qsfilﬁéh? reeien of the sependpmsbeidbeshattcol | ar s,
one retaining -ring efypgi ng one of the grooves and one of the collars and.
the other retaining ring engaging the other groove and the other collar.’

. 3. The roll -of dbdi mthewnBrempriseajwo hddiplonnbfittingspbndetwhichsingbgest di scs .
conprises a first . pluytali of discs jn t.he regi.on qf first end of the .
shaft and a second 2%5%5%%%&?0%0%%" Of{tﬁ%gﬁﬁ?t@l ity Ogldlsd‘ﬁ§8 th# the region”

of the second end of dther shhich engBgbd thh ihbrE thdst QREBUrIRE Sedop addi ti onal

fittings, one of which ,ﬂgages' the i nboard-nost disc of the first -
plurality of discs arrduxaldy ofdisse. of whi ch. engages the inboard nost disc of

t he second ,4pl ursy it v of ~di 4. .The:.roll o im1l wherein the
heat-resi st ant d?iééé}s&ﬂa(?éec%lrl%- et lggﬁ ¢ P%aa%trefﬁgf‘gefgﬁ(islﬂrf’ P§ﬁt§'§‘f"£ﬁ?i ally no
~conposi tional changéseyddribitexpssadiallp tokempesgRnal thakedivhohi ch the roll

pulls the glass ribbon. i The roll of C aim4 wherein the heat-resistant

di scs are pre-f 588584t tofhetamperaugesatorhigh the self prlethe glesaripbeniod of at

| east two hgurs. ' i ' LA, Dy absence. of o

external |y gqause%}@"lggggcg?hhﬁpge# E%%hégeﬁérg\%%ééﬂllécg gmg? %%E‘% “Tde%ts? 40 days.

7. A nmethod for tpmpdratiome obat pabt T&) Cdot & pagod ofhkast ivabboueonpri si ng:

€10 1m 1 wherein in nce o

] ((a)_ pr ovi:di_lg.g a,ﬁ]haf o 1 fittings,. aﬁ% a%s_gl ur ei.l ity of heat -dr esi st ant

' externally caused o
da-mage, the roll has a service life of at least 40 daysr. . -
7. A method for producing a roll for pulling a glass ribbon comprising:
(a) providing a shaft, two ﬁttingé, and a plurality of he.af:-'resistant
disqs, said disc_s‘ corx;priéing‘reﬁ“actory ceramic ﬁbeirs, mica,
~ and a heat resistant bindeﬂ _ _ , _ | _
(b) assembhng the plurality of ileat-resistant discs on the shaft
and_compreséing the discs betwee’ﬁ'the fittings; and
() monitoring the amount of forcé_u_sgd in step (b) to cofnpresé the
discs éhd adjusting the number of discs 1f said force is outside
a predetermined range; |
wherein: _

(1) the roll has a roll surface, one or more portions of which
are adapted to contact the glass ribbon during use of the
roll; and o S '

(i} the predetermined range in step (c) is selected so that
the one or more portions have a Shore D hardness at
room temperathx;eof between 30 and 55.

8.  The method of Claim 7 whefeix_l prior to Steﬁ (a), the heat-resistant
discs are pre-fired so that they éxhibit substantially no compositional




“at least 700C fo

di scs, sai d discs corrprl Si ng refractory ceramc f| ber 21 Sentemat;erzmw a heat
resi st'ant binder, (b) assenbling the plurality of heat-resistant discs on
t he shaft and corrpress_i ng the discsipetween the fittings, and (c) _
‘nonitoring the anount of force used in step (b) to conpress the discs and
~adjusting the nunber of discs if said force is outside a predetermned

~range; - wherein ol] 'surf rtions of =~
 -.whi gh are. adapt eg)i{l%&%% ’tqﬂ’t %%% %‘Hﬂfeﬁﬁ %BFWE‘&?M@@ ”Bﬁﬂ"‘&é ilPoll and
(ii) the predet ergﬂnasaﬁbboange in step (c) is selected so that the one:.or

nore portions haye a Shore D har dness - at room tenperature of between 30
and 55, 8. %ne rréj%ﬁdﬁe‘glp dof Slamy8 Rrhwreinthe hiest resistant giscapre pmeﬁﬁedat

resi stant discs E exhlb nt| no
- conposi tienal - 21%%3? 121 grgﬂu%gg%&%%g}af%aggéga \Rﬁnﬂ g(%tu]g@%t d’
" tenperat ur edOat Wﬂmechetﬂnbé of cudmpmmumg thgkdsiidniabbep of%smE%e%BhOd of
. Claim8 whereln% rlres sta lﬁas are pre-fired at a tenperature of
O Rgu é‘r F@E st#Bdapeirs. 10. The nethod of Caim:
- T i ncl udi ng t-he additi onal st_ep of using the roll to pull a glass ribbon -
- for at |east 40 days. : ' : ' : -




