26 Decenber 2003 -1 METHOD AND APPARATUS FOR EDGE FI NI SHI NG SHEET

MATERI ALS FI ELD OF THE | NVENTI ON The present invention relgtgsedir dog¥et hod
and apparatus for edge finishing sheet materials. More particularly, the
present invention relates to a nethod ahd apparatus for grinding and
polishing the edges of sheet materials, such as glass sheets for use in
fl at panel displays which avoid danaging at |east one surface of the
sheet. BACKGROUND OF THE | NVENTI ON Processi ng of sheet of nmaterials that
require a high quality surface finish, for exanple, glass sheets for flat
panel displays, typically involves cutting the sheet into a desired shape
and then grinding and/or polishing the edges of the cut sheet to renove
any sharp corners. The grinding and polishing step is usually carried out
on apparatus known as a doubl e edger or doubl e edgi ng machi ne. Such doubl e
edgi ng machi nes are known_and: avallable from Bando KIkO Co.. Ltd.,

M t subi shi Heavy | MMESEHOBAN ARRARATRLS FQRERGHE FINISHING

Engi neering. During the grlndln%ﬁgiﬂ¥§§iéi@%5 the edges of t he gl ass
sheets on a doubl e edgi ng nachie; typically sandw ched -
bet ween neoprene or rubber belts in contact with both surfaces of the
sheet. The belts contacting both surfaces of the sheet cooperate to hold

t he sheet iF{E!dDe@E’]S‘/HEIIé\NENE@S of the gl ass are ground or polished by
an abrasive gri n}eéng wheel . The belﬁts al so transport the sheet éhrough a

feeding secti onl ¥ PFefenfaARVEHMAOD Felgiesth Adnefh IF RPRETALYSHPHAAE t he
machine,  angh; A L0 SSE4IIRT MAR SRSy 2 FEFRERR inddon relates

to a method and apparatus for grinding and polishing the edges of sheet

materials, such as glass sheets for use in flat panel displays which avoid
damaging at least one surface of the sheet.
BACKGROUND OF THE INVENTION

Processing of sheet of materials that require a high quality surface

- finigh, for example, glass shéets for ﬂaf panel displays, typically involves

cutting the sheet into a desired shape and then grinding and/or polishing
the édges of the cut sheet to remove any sharp corners. The grinding and
polishing step is usually carried out on apparatus known as a double edger
or double edging machine. Such double edging machines are known and
available from Bando Kiko Co., Ltd., Mitsubishi Heavy Industries,
Fukuyama Co., and Glass Machinery Engineering.

During the grinding and polishing of the edges of the glass sheets on
a double edging machine, the sheet is typically sandwiched between
neoprene or rubber belts in contact with both surfaces of the sheet. The
belts contacting both surfaces of the sheet cooperate to hold the sheet in
place while the edges of the glass are ground or polished by an abrasive
grinding wheel. The belts also transport the sheet through a feeding
section of the machine, a grinding or polishing section of the machine, and

an end section of the machine.



-2 Atypical belt arrangenent for a double edging machine is shown in

Figs. 1 and 2. A glass sheet 10, is sandw ched between uppgpdhsehisd@ and a
| ower belts 14. As shown in Fig. 2, there is usually a pair of upper belts
and | ower belts that cooperate to hold the sheet 10. The belts 12 and 14
are driven and supported by pulleys 16. In operation, the pulleys rotate

in the directions sho in Fig. 1, usi e belts to, transport the
Sheet in the. i AcePIGH helioaatenienh dvos dRubIE BAG ARG BleBHR Hy  and
conveyi ng aF%é?eitalﬂi 2. H %SFSBFQHQ@, i@ s&h‘d‘;\gblg&:’{ BQEW@%H HQPEFTBQHQ%Md a
several di sadvant ages. articles generate uring edge finishing can

cont am nat eloart sgltal £h Alshshowed BEBiE e eherdRrtidiellBsa padr 6huppecheight
bet ween t he g‘gﬁ)er belt 12 and the glass sheet 10 can severely danage the

surface of 2n@levesbeltsthat conperaiedo klddde sbeat BE. (Fee belisd2oind1lfmaak
source in subsequent processin nd esul t in.poo rogess vi el ds e to.
Coi cct ed proRtct St g by Rulis 4 drcrsBtRan R RENSEE st i 188N o e
desirabl e JQ.AHON %@nqﬁtﬁfigm,%%sﬁp@%@baﬁs&e&r&%\&ymgsﬁ@éit fiolling a
sheet of material such as grass while the edges of 'the sheet are being

finished wdirboitién dhowgi ng the quality surface of the sheet. The method and

appar at us shoul d Be capabl e of applgiqi]g a force sufficient to,prevent the
sheet from novi n§Rarkgve depstibrd BE§ROd PHESRPHYE 8¢ B VAN S Shart ¢f ni shi ng

process. SU%?%&%@%WE%%@%%@@B%I?{%%&X . é“ﬁa?%géﬁqﬁtl i d tniggg%sgener ally

provi des a ndrng or polishing t es of a

sheet of nEPgFtidbs geRéfdtbd dudy/edicASRishIRLLEN cOBERMITA 12010 bOILE the
polishing at | east one edge of the sheet using grinding or polishing

devi ce. Theglaes hbeetantaripes andshipsfcaughs hetweanithe unnerthalt Ldcnddde
supporting gqggs 3 Fr;étaf(? chfl s‘texrr]eere yh Sgrtna%g te surface of the glass. Sometimes the

damage can be the cause of a break source in subsequent processing and
result in poor process yields due to rejected product. '
In view of the disadvantages mentioned above, it would be desirable

. to provide a method and apparatus for conveying and holding a sheet of |
material such as glass while the edges of the sheet are being finished
without damaging the quality surface of the sheet. The method and
apparatus should be capable of applying a force sufficient to prevent the
sheet from moving away from the edge finishing device during the finishing
process.
SUMMARY OF INVENTION

Accordingly, the present invention generally provides a method.and

apparatus for grinding or polishing the edges of a sheet of matérial,
particularly glass sheets, comprising grinding or polishing at least one edge
of the sheet using grinding or polishing device. The method and apparatus
of this invention further includes supporting one surface of the sheet on a
conveyor and holding the sheet on the conveyor by exerting a force on the
sheet with a fluid pressure device. The fluid pressure device preferably
creates a force sufficient to maintain the glass on a conveyor having an

‘average coefficient of friction of 0.45 during grinding or polishing of the



conveyor and hol ding the sheet on the conveyor by exerting a force on the
sheet with a fluid pressure device. The fluid pressure devzs®ecanetegmbl y
creates a force sufficient to maintain the glass on a conveyor having an
average coefficient of friction of 0.45-8uring grinding or polishing of the
26 Decenber 2003 -3 glass. In one enbodiment the force to hold the glass is

at | east about 10 pounds,_and preferably at |east 20 pounds,_ which can be
measur ed usgldgs-aln epeiemgbodimenitthgdoge to hpﬁéﬁge&iﬁ%}%]@ agh appyk 10

i nvention, the flui [ @SSkhe Vi f | |_di eis
mai nt ai ned %%ﬁna Séﬁpﬁo‘gfg?%%& aggerafsi?g Igéu?cﬁ%%aglﬁgg:tagh%c%%ra Pﬁ‘%i {lg{n e
aspect of tdgihppaNbu®Baukfe fluid pressure device creates a

sub- at nospheri c pressure, for exanple, a vacuum pressure. In another

aspect, the devibeoxoaplicdéneat pf thiglinvgngbnethenBnidprassachddvice fone

conveyor for creatin e sub-at nospheric,pressure. In another a ct of
the\-/i %vent i@ﬁﬁtlflﬂéthﬁﬂlﬂtlgu}ﬁ' Suted ﬁaé’ée@s,ﬁﬂlﬁ?elﬂﬁﬁﬁﬁi%@qﬁélr gi° %ﬁgl‘?force
creates a Raslh! Ye BLAREUD Snc ARPREL hd BaRBiont ERE AL brbdb sl On, L he
positive flul G pressure~device conprises a yéllfostatlc 5ear| ng. In another

enmbodi ment , crbAgesROshbiater dshHb fic presaireefordarirgples anpicus®s passsageoghat i ¢
bearing positioned adjacent the side of the sheet opposite the conveyor.
Advant ageowaather hepestetlen tevice spmipstsesaopiugelity ofeleveen @iitachnsatoathes f or

R R ORI SR R R
e niiele, toklmae i pion pen.sllopuorsricominl | be
both the fappdsithg lyddargdfordeenmited b st presstioé] dwcoglidetaiohed
description are enpl ary. and explanatory and are_intended to provide
further exAsREst pﬁ?ﬁle invention, the positive fluid pressure device comprises a

hydrostatic bearing. In another embodiment, the positive fluid pressure

device comprises an aerostatic bearing positioned adjaéent the side of the

sheet opposite the conveyor. '

Advantageouslsr, the present invention provides a method and
apparatus for holding a flat article, such as a sheet of glass, while the edges
of the article are being finished, without marking or impairing the surface
of the article. Additional features and advantages of the invention will be
set forth in the description which follows. It is to be understood that both
the foregoing general description and the following detailed description are
exemplary and explanatory and are intended to provide further explanation
of the invention as claimed.

In the accompanying drawings, like reference characters denote
similar elements throughout the several views. It is to be understood that
various elements of the drawings are not intended to be drawn to scale, but
instead are sometimes purposely distorted for the purposes of illustrating
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a side view of a prior art edge finishing apparatus;

Fig. 2 illustrates an end view of a prior art edge finishing apparatus;



of the invention as clained. In the acconpanying draw ngs, |ike reference
characters denote simlar elenents throughout the several2sVieessher 24031 S tO
be understood that various elenents of the drawings are not intended to be
drawn to scale, but instead are sonetilges purposely distorted for the
purposes of illustrating the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 illustrates a side view of a prior art edge finishing apparatus;
Fig. 2 illustrags. aillestdatbsenside vewrdfa methoddgel dpparsitiagn appar at us; 26
Decenber 2003 -4 Fig. 3 illustrates a side view of a nethod and apparat us

in accor dageesdanes Wikl the pregentiinveiown: Fig. 4 illustrates an end view
of a nethod and pat@t us in: acceordance w.t r ' ntion; Fig. 5
illustrates a tgaégv‘?é]%"%f"aé?s\?%% VbaY O?ﬁ %Sg%ééldgﬁgea%%%t@ht#ﬁeﬁe pr esent

i nvention; 4EiQdafic wihﬁlgﬁé g}&%n@imﬁﬁ@ﬁ;ﬂve view of a nethod and apparat us
in accordance w th the present invention; and Fig. 7 illustrates a
cross-section aFiyi®Wlatratesydtopstiati of Heacunm bar ataotatdavee Withhthae

present invention. DETAILED DESCRI PTI ON The priesent invention generally
provi des aP¥RSemsdnEeRti@Bparatus grinding and polishing the. edges of flat

oriicles, such aig OLRRAlech per RN LG L U dotSent sbpvasia o5, Lhe

article is hel d™1 rinding an ne W t hout
| pai r'ing QkcoRBEKEAY i theBsdse@BnPititiGeeued . t he sheet. The apparatus and

met hod of the present invenhtion can be used in the art of edge finishing
gl ass sheets, pHig.iTillustiateglsagwss-sectional view of a hydrostatic bearing in
accordaﬁce with the present invention.
DETATLED DESCRIPTION

The present invention generally provides a method and apparatus
erinding and polishing the edges of flat articles such as a glass sheet.
According to the present invention, the article is held in place on the
grinding and polishing machine without impairing or marking at least one
surface of the sheet. The apparatus and method of the present invention
can be used in the art of edge finishing glass sheets, particularly glass
sheets used in Hquid crystal displays (LCDs). As discussed above,
conventional edge finishing machines, such és double-edge grinders, utilize
a set of belts which contacts both surfaces of the glass sheet. The set of
belts coopérates to hold the gl;slss while it is being edge finished and to
convey the glass sheet past the finishing device, which is typically an
abrasive wheel. Contacting both sides of the glass sheet with a set of belts,
however, can damage the glass surface.

Accordingly, the presenf invention generally provides a method an
apparatus wherein the glass sheet is held on a conveyor while at least one
edge of the sheet is ground or polished. Holding is accomplished by
exerting a force on at least one major surface of the sheet with a fluid
pressure device.

An exemplary embodiment of the present invention is shown in Fig.

3 and is designated generally by reference numeral 20. Fig. 3 illustrates a



sheets used in liquid crystal displays (LCDs). As discussed above,
conventional edge finishing nmachi nes, such as doubl e- edge 2§Meaeialcs 2003t i | i ze
a set . of belts which contacts both surfaces of the glass sheet. The set
of belts cooperates to hold the glas's-while it is being edge finished and
to convey the glass sheet past the finishing device, which is typically an
abrasi ve wheel , Contacting both sides of the glass sheet with a set of
belts, howe\shing oy wansprrtinga glassshegt Peda. thactiveationybfjarmone 26 whalat

i nvention g rall rQVi a; et hod, an, .appar at wherei n the glass sheet
is held on gpgegﬁbgé%%d%ﬁiogzﬁ%tghrsé eeBhSebe‘é’é@‘)b‘fn%ts‘Fep‘ghg@{& l?%agﬁ% gor
pol i shed. i pblihihg RASQIDS| BREfabible SHAIMANG FLEO! OPhOUpFhrd SRS

maj or surface of the sheet with a fluid ™ pressure device.”An exenplary
enbodi nent iof Fighe® imchsdesta torveyoirowhich shawexemplbhgy embodbdens iglsidgnat ed

general ly refere nuneral 20, Fig. 3 .illustrates a 26 Decenber 2003 -5
machi ne folr)gﬁlf;saggﬁ’(??‘igﬁg’ ey Sswhitkerrexdrivan byea mater (narsksiwa.r ow 24,

while at |east : of,. the gl ass sheet ig bein round. or. pol.i shed by
a grinding or p%F(i%g ﬁﬁ%todze%ﬁ 1eesgg?np6ern é%rﬁ)ﬁgugpb%sﬂﬂ? Hﬁv’vﬁﬁééluf%ﬂiﬂ‘?
appar at us sfadysld the gfhgs skkdtm &hﬁﬁﬁg%rﬁﬂﬂi’l@)&ﬁ'g}soﬁ@ﬂiﬁ of ThéBIAXEIRbLET Y

enbodi ment include belts 26 held by pulleys ich are driven by a notor
(not shown)As ngedheteiy, fluid pregsues davicemeans ardevacd thatdutplisssgasorevi ce i s
utilized t0 hgld the glass sheet 22 during grinding or, poljshing of the

gl ass sheetlAUAPIGESHTEHO et a&P{ﬁecPrb?EL%?gém&éWl% Shakiee %ftié\gléés t hat

utilizes g hRY # far | 8 | or
sur face of e &7 Sl BIEREF bl e e the el I e iRhe BIRREL
the gl ass ila diei agpelket of shethverltivrosieows pe @igsf 3 bhd 4, Ruedhiidprebawwe i n Fi gs.

3 and 4, the fluid pressure device may utilize subatnospheric (vacuum
pressure t eﬁyqedn@ﬁéltglp%gul?q{mospherm vacuum) pressure to hold the glass in

place while it is being finished by grinding or polishing wheels 25. As
shown in Fig. 3, such a device can comprise a plurality of elements 32
which are designed to provide a vacuum pressure on surface of-tlie glass
sheet facing the belts 26. The elements 32 may comprise a bar of material
having opening 34 that can be releasably connected to a coupler 38 that can
be connected to a vacuum pump (not shown).

Referring now to Fig. 5, the openings 34 are in fluid communication
with at least one vacuum port 40 designed to apply a vacuum pressure to
the surface of the glass sheet 22 facing the belt 26. It will be appreciated
that a plurality of vacuum ports in fluid communication with the openings
34 may be utilized to apply a vacuum pressure of to the surface of the glass
sheet. In one aspect of the invention, the coupler 38 may be engaged with
the opening 34 of the element 32 to hold the sheet prior to grinding of the
sheet edges. After grinding of the sheet edges, the coupler can be
disengaged to release the glass sheet so that the sheet can be transported
for further processing and packaging.

Referring now to Fig. 8, in another embodiment of the present
mvention designated generally as reference numeral 50, a positive fluid

pressure is utilized to hold and transport a sheet of material 52, such as a



place while it is being finished by grinding or polishing wheels 25. As
shown in Fig. 3, such a device can conprise a plurality of26&ecesriet 30032

whi ch are designed to provide a vacuum pressure on surface of the gl ass
sheet facing the belts 26. The el enents-82 may conprise a bar of material
havi ng opening 34 that can be rel easably connected to a coupler 38 that can
be connected to a vacuum punp (not shown). Referring nowto Fig. 5, the
openi ngs 34haee of gldssyirdtloodiraciicat! arrowbdhVWatild Basshenids\betng helsort 40
designed to apply a vacuum pressure t the surface.of the,.gl ass,sheet 22
facing the amé{) €r8%90¥‘19dv%i1| theysliregh i S RY 5%??5187:151%&%%["9{1&% dEetRim.

ports in fl conmuni cat i ony.wi e ' . Idd to apply
a vacuum p Sg(&rr gx%l?lp;leogt%%ncgalg%}ééeeq’ogﬁ?ﬁpébg?%ggﬁéss %ggefﬁ%loﬁeoérg gtgpect of
the inventigpet 5ne IR0 £Epeds offie HveabdagEHe \giriﬁﬂinghﬂ pdishimg dddicei2st he

el ement 32 to hold the sheet prior to grinding of the sheet edges. After
gri ndi ng ofis amealstasite gdndmg wheek duptxamplena déamiondrgrindiag Bheel ease t he
gl ass sheet so.that the %h et can be g&gagorteﬁé.for further processing
and packagi'REPIRE RS A $REGIRIIPPSOBmALes SRELMOnS AT FPIRNE of ¢ he

present 1 nvent i, sk AL AR Flg. ¥ %o 1SHSAEE G oNETAwh 1A pSL LT ve

fluid pressure 1S U transport a s of. material 52,

such as a 2&eRgslanpembidiBent indleess, tklgl B held by phdlests 58cwhmh afe arrow 54.
While the sheet is being held and transported in the direction of arrow

54, a gri ndirikgroby goiotdy (ngt sbowsd 25, for exanple a grinding wheel,
grinds or polishes at. | east one edge of .. she 2. 1ln_on . he
i nvention, the d&fcﬂﬂ‘i&]ﬁ_ﬁ tl?rtthﬁcﬁrieg?ﬁ_ vEBHOR, ag‘%m%]- %#egﬁu’éebg%@?gg&g‘rnﬁ%%?ng
wheel , for tﬁ)ﬁ%'i@ltﬁe 3hdbAFR QA SGh o KeFolisHiBEA RS shieef 52D TAbR

approxi mately 2850 revol utions ‘per mnute. The apparatus_shown in Fig. 6
al so i ncl udepeet efivhecinoentionj the finidapressure device shown in Fig. 61s a

hydrostatic bearing 60 which exerts a downward force on the sheet 52 in

the direction of arrows 62. Hydrostatic bearings are known, snd details of
such devices may be found in chapter 9 the book by Alexander Slocum

~ entitled Precision Machine Design, Society of Manufacturing Engineers

(1992). It will be understood that the fluid pressure device may comprise an
aerostatic bearing.

Still referring to Fig. 6, the hydrostatic bearing includes a water
supply 64, which supplies water to inlets 66 of bearing 60. It willbe
understood that the water supply can be contained in any appropriate
reservoir for holding the water and a standard pump can be utilized to
supply the water to the inlets at the appropriate pressure. It will alsobe
understood that the arrangement shown is Fig. 6 is exemplary only, and a
different fluid, such as hydraulic fluid, or a different number of inlets, flow
rates and pressures can be utilized to hold the sheet of material.

Referring now to Fig. 7, which illustrates a cross-sectional view of a
hydrostatic bearing in accordance with the present invention the bearing 60
includes skirts 70 which protrude from the bearing 60 and create a pocket
72 on the underside of the bearing 60. The underside of the bearing

includes outlets 74 for discharging water onto the surface of the glass sheet



exenpl ary enbodi ment includes, belts 56 held by -pulleys 58 which are
driven by a notor (not shown). According to the present i i¢&zténther2@3f! uid
pressure device is utilized to-hold the sheet 52 during grinding or
pol i shing of the sheet 52. In one aspe€t- of the invention, the fluid
pressure device shown in Fig. 6 is a hydrostatic bearing 60 which exerts a
downward force on the sheet 52 in_ the direction of arrows 62. Hydrostatic
bearings arfe-khBMPE BERGSUER B8RSR &F, insfheldl ERIRAEECRiAON Futh he dydRoRatapt er 9

t he book by Al exan Sl ocu titled | ty of
Vanuf act ur PRGAEaE HBe T Beet e MG BRI S pAE SR ATHRBR 8 PR G
pressure deviCEHEYfI6RTPS LB tHREJRMBILcaddd leul§tp|rbé81ﬁ@flﬁrﬂhbng to
Fig. 6, the hydrostatic bearing includes a water supply 64, which supplies
wat er to i mpoekst 68 vdhchdmﬂdmt;heﬁ@lasbishmﬂ in pkaceuhxtm&tgnmﬂmg\af thdedgext er
supply can he coptained in any appropriate reservoir for holding the water
and- a st an@af Eeﬁglﬁ% ‘can be utilized to supply the water to the inlets at

the appropr at & LSSSHERLabdn Yobindi:0 Db HEIERO Wk ad g AYg angement

shown is Fig. 6 Ky exe eren Stch as

hydraulic Fiouln@s 1@"sumc§ié1f1ffﬁf B3 a[lblH&Qfongflaw%bz@hScon%Wt beRtes/iagAnPr essur es
can be utilized to hold the sheet of material. Referring nowto Fig. 7,

which ill umaa@@cwfﬁcmm;oééucﬂzmaqual @v\ﬁ)éﬁ ‘ahllmthewigaﬁ pEtlb%ah%tganen
accordance,with the hese be rin skirts 70

whi ch pr ot PGURE B Th E’%‘eﬁ ’E:Pté s ap E‘k‘&?tqy the underside
ST szzﬂgr g?ﬁgégm‘/gt gfbngyéo t surlga(}:%f 8‘1&)%?%9&%{ ;g%e éégeé!t‘y%%%lbecengég? %%Ogor 7
52. Anal ogratesefali@iighlge 67 5, piefierfably dbo&trmmtcca.ﬂ metevsihinlie. i§yr obar
measures the ;%stogcree woef mtegg tvlr\gtfg;cevﬂlq%?rerc]lotloddis;{]aﬁzestrﬂ%esfhegiz; o? glafsg%rc?n%l t 6.
. between the belts 56 and the hydrostatic bearings, Wh19h can also be
referred to as the pullout force. The pullout force can be measured using a
spring pullout gauge. Depending on the coefficient of friction of the
- conveyor belt, the grinding wheel type and the amount of force being
applied to the edge of the sheet 52, more or less downward force may be
desired. -
A holding force greater than 10 pounds was achieved by flowing

water into the inlets 66 sized approximately 0.5 inches in diameter at about

30 gallons per minute and 30 pounds per square inch creating a hydrostatic

pressure in pocket 72 of between about one and two pounds. The bearing

was positioned approximately .010 inches from the upper surface of glass

sheet 52. A plurality of outlets approximately 0.095 inches in diameter,

spaced apart approximately 1.25 inches on center aloﬁg the length of the

hydrobar provided a sufficient holding force. In an exemplary, non-limiting

experiment a hydrobar containing 64 outlets along the length of a bar 82.25

inches in length was used successfully to hold a sheet of glass while it was

ground on its edges.

It will be apparent to those skilled in the art that various

modifications and variations can be made in the practice of the present



The water flowi ng through the outlets 74 creates a fluid pressure in the
pocket 72 which holds the glass sheet in place during grirdilegemter 2008 edges
of the sheet. Experinentation has indicated that a holding force of at
| east 10 pounds is sufficient to hold #-sheet: of glass on a conveyor belt
having an average coefficient of friction equal to 0.45 while the edges of
the sheet are being . ground b a di anpnd wheel rotatjng at approx tely
2850 r evo}ru‘fqrm@l Wé?h%tm@r ipg fr%nfgx@ﬁ@rlrlﬁ@ﬁtsgom AEthy myenfion. tJFgB R&port ed
at a rate; Q.t I ters/ mnute.
it 1ﬁP&ged4that t?le%{gs?ﬁr ﬁn%rn%ny co%%? L\ﬁle éigd@agogﬁ%

By hol di ng Torce, we fea orce require eet of

gl ass fromyafiativesnfiths 19&'9h§105§)1@$£ﬁéd1ﬁ1éwwxﬁétvﬁthﬁx firagdopeof thli ch can
also be referred to as the pullout force. The pullout force can be

neasur ed usppended elpiinsgpUticoneqyimadentsDependi ng on the coefficient of
friction of the conveyor belt, the grinding wheel type and the anmount of
force being applied to the edge of the sheet 52, nore or |ess downward
force may be desired. A holding force greater than 10 pounds was achi eved
by flowng water into the inlets 66 sized approximately 0.5 inches in

di aneter at about 30 gallons per mnute and 30 pounds per square inch
creating a hydrostatic pressure in pocket 72 of between about one and two
pounds. The bearing was positioned approximtely .010 inches fromthe
upper surface of glass sheet 52. A plurality of outlets approximtely
0.095 inches in dianeter, spaced apart approximately 1.25 inches on center
al ong the I ength of the hydrobar provided a sufficient holding force. In an
exenplary, non-limting experinment a hydrobar containing 64 outlets al ong
the length of a bar 82.25 inches in |length was used successfully to hold a
sheet of glass while it was ground on its edges. It will be apparent to
those skilled in the art that various



nodi fications and variations can be made in the practice of the present 26
Decenber 2003 -8 invention without departing fromthe spirit or scope of
the invention. Thus, it is intended that the present invention cover the
nodi fications and variations of this invention provided t co 'ézhi n
the scope of the appended clains and their equival ents. cglélﬁ%@% 003
-9 Cdainms: 1. Anethod for grinding or polishing at | east one edge of a
sheet of material conprising: grinding @ polishing the at |east one edge
of the sheet using a grinding or polishi'ng device; supporting one surface
of the sheet on a conveyor; and holding the sheet on the conveyor by
exerting a @Eﬁ%:on the sheet with a fluid pressure device, wherein the
fluid pressure device creates a force sufficient to maintain the sheet on
the conveyor durl.ng tAenghoddongridimpbi polisigingfattlbastaine ddpesdt dsipeatdge of
the sheet. 2. The nethod of claim1l, wherein the sheet is a glass sheet
for use in0§m¢tﬁ€ﬁaélcémiséngdi splay. 3. The nmethod of claim2, wherein the
force is at |east about. 1dO pounﬁls 4, The[ matthod o@gcl ?i m 11,1 €ﬁ/nerei n the
fluid pressure devi ce 5 TR ORPIISBINE HGTSASIME Slgy QLG PhesdiRE | 5
The nethod efinghid 8 folivhiapRicviddie fluid pressure device creates a
sub- at nosphéri c pressure.

supporting one surface of the sheet on a conveyor; and

holding the sheet on the conveyor by exerting a force on the
sheet with a fluid pressure device,
wherein the fluid pressure device creates a force sufficient to
maintain the sheet on the conveyor during the grinding or polishing of the at
least one edge of the sheet.
2. The method of claim 1, wherein the sheet is a glass sheet

for use in a liquid crystal display.

3. The method of claim 2, wherein the force is at least about 10
pounds.
4. The method of claim 1, wherein the fluid pressure device is

maintained adjacent one surface of the sheet.

5. The method of claim 4, wherein the fluid pressure device
creates a sub-atmospheric pressure.

6. The method of claim 5, wherein the device comprises a
plurality of elements attached to the conveyor for creating the sub-
atmospheric pressure.

7. The method of claim 4, wherein the fluid pressure device
creates a positive pressure.

8. The method of claim 7, wherein the fluid pressure device
comprises a hydrostatic bearing.

9. The method of claim 8, wherein the hydrostatic bearing is

positioned adjacent the side of the sheet opposite the conveyor.



6. The nethod of claim5, wherein the device conprises a plurality of
el ements attached to the conveyor for creating the sub- atnospheric
pressure. 7. The nmethod of claim4, wherein the fluid pressure device
creates a positive pressure. 8. The nethod of claim7, whe&ﬁ%encEmi erﬂ)é” d
pressure device conprises a hydrostatic bearing. 9. The ne oa Of 8 ai m 8,
wherein the hydrostatic bearing is positioned adjacent the side of the
sheet opposite the conveyor. 26 Decenber 02_003 -10- 10. The nethod of claim
9, wherein the hydrostatic bearing exert]s a pullout force of at |east 10

pounds. 11. The Ikt hdbh@methed of tlainhOr ailivréirethiel ydtoptagRsheirtlerx €rts
conprises an aerostatic beari nggposi ti oned adjacent the side of the sheet

opposi t e t Apwhnitdpses of at lf;ﬂﬁF s for grinding or polishing at |east
one e0e o o, B! PR B TAERY, Syl A BBl lgl 0, vt
for suppor hRgth/ R &HEER ?atﬂicbésﬂﬁn ft'cqlﬁa'd EBst 1R diadigFdhesheef | shing;
and a fl uig gg)essure %ev?ce for o???ﬁglt e s get on t%eggggvgﬁoreeé during
the grindi mgpositpthe striveyorl3. The apparatus of claim 12, wherein the fluid

pressure device _creafes a sub-atnospheric pressure. 14. The apparatus of
claim 13, whereilth ABP3TAES far EFBGINGIOr RafisaRE AdRastonfecdee Pha sheot

sheet of material comprising:
a grinding or polishing device for grinding or polishing the at
least one edge of the sheet;
a conveyor for supporting one surface of the sheet during the
grinding or polishing; and
a fluid pressure device for holding the sheet on the conveyor
during the grinding or polishing.
13.  The apparatus of claim 12, wherein the fluid pressure device
creates a sub-atmospheric pressure.
14.  The apparatus of claim 13, wherein the pressure is created
adjacent one side of the sheet.
15.  The apparatus of claim 14, wherein the fluid pressure device
creates a pullout force of at least 10 pounds.
16.  The apparatus of claim 15, wherein the fluid pressure device
comprises a plurality of elements attached to the conveyor.
17.  The apparatus of claim 12, wherein the fluid pressure device
creates a positive fluid pressure adjacent one side of the sheet.
18.  The method of claim 17, wherein the fluid pressure device
comprises a hydrostatic bearing.
19.  The method of claim 18, wherein the hydrostatic bearing is
positioned adjacent the side of the sheet opposite the conveyor.
20.  The method of claim 19, wherein the hydrostatic bearing

exerts a pullout force of at least 10 pounds.



15. The apparatus of claim 14, wherein the fluid pressure device creates a
pul l out force of at l|east 10 pounds. 16. The apparatus of claim 15, wherein
the fluid pressure device conprises a plurality of elenments attached to

t he conveyor. 17. The apparatus of claim 12, wherein the f]luid essure
device creates a positive fluid pressure adjacent one si Vmg-gzéﬁ%et.
18. The nmethod of claim 17, wherein the fluid pressure device conprises a
hydrostatic bearing. 19. The nethod of claim 18, wherein the hydrostatic
bearing is positioned adjacent the silde of the sheet opposite the
conveyor. 20. The nethod of claim 19, wherein the hydrostatic bearing

e>r<]erts ﬁ Sul | out or ¢ %meéhoqi@zf@&am?llaom@lnzt@e epsurgateviae - 21,
2orost ati ¢ U bépraBEb G gt el FACER: BRER oL TREBBESST 2" e
conveyor. ogit@ﬁiél@@hxf@rorgri ndi ng or polishing at | east one edge of a

Surface, said  fehods BIHPICRRErHnRar P Eipg At LA e G OF B3b8Ch e
Firat o optatiekial efin hastt 56 ARG s RhOH SRbREGP B IR ol o
surface andHCE W BHEEE ", Nositive prossure on sa d second major o
sur e ML, oo il o pALRE o Kasheeme ok e
the sheet emiddigg @PAkbingdevive;t he
supporting the first major surface on a conveyor; and
holding the sheet on the conveyor with a fluid pressure device
which is positioned adjacent the second major surface and which produces
a positive pressure on said second major surface which results in a
frictional force between the first major surface and the conveyor which is
sufficient in and of itself to maintain the sheet on the conveyor during the
grinding or polishing of the at least one edge of the sheet,
wherein the sheet is moved linearly by the conveyor during
said grinding or polishing.
23.  The method of claim 1, wherein the sheet is a glass sheet for
use in a liquid crystal display.
24. The method of claim 2, wherein the fluid pressure device
produces a pullout force of at least 10 pounds.
25. The method of claim 1 wherein the fluid pressure device is a
liquid pressure device.
26. The method of claim 1 wherein the fluid pressure device
produces a pullout force of at least 10 pounds.

27. The method of claim 1 wherein the fluid pressure device is an

air pressure device.



grinding or polishing of the at |east one edge of the sheet, wherein the
sheet is noved linearly by the conveyor during said grinding or polishing.
23. The nmethod of claim1l, wherein the sheet is a glass sheet for use in a
liquid crystal display. 24. The nethod of claim 2, whereinzgbeehbei @03
pressure device produces a pullout force of at |east 10 pounds. 25. The
nmet hod of claim1 wherein the fluid pressure device is a liquid pressure
device. 26. The method of claim1 wherein.fshe fluid pressure device
produces a pullout force of at |east 10 pounds. 27. The nethod of claim1
wherein the flui2g.pr esswppadetvscori ginding or potishiie atl¢adst ne2édfe ednder
2003 -12- 28. An apparatus for grinding or polishing at |east one edge of a
sheet of nsheet af whitehahashizghf hasta niigsor mayorf suefagzedand se csedndajetjor
surface, said apparatus conprising: a grinding or polishing device for
grindi ng omsuplicessaidppasatans camprsingie edge of the sheet; a conveyor for
supporting the first mmjor, surface of the sheet and for npving the sheet
linearly during the grgmading o ppbshisgdeyicamer grindingioppekishing thewatce for
creating a,positive, pressure adjacent the second major surface which
resul ts i nleastone dgeae alﬁé'éee&etv\een the first mmjor surface and the
conveyor which is sufficient |gn and of.itﬁ{al to hold helég]tglet on the
conveyor during the GriRHEYQTIPT SBPPRH NG thegrst¥aa)ox e sbest m 7
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a fluid pressure device for creating a positive pressure adjacent
the second major surface which results in a frictional force between the first
major surface and the conveyor which is sufficient in and of itself to hold
the sheet on the conveyor during the grinding or polishing.

29. The apparatus of claim 7 wherein the fluid pressure device
creates a pullout force of at least 10 pounds.

30. The apparatus of claim 7 wherein the fluid pressure device is a
liquid pressure device.

31. The apparatus of claim 9 wherein the liquid pressure device
creates a pullout force of at least 10 pounds.

32. The apparatus of claim 7 wherein the fluid pressure device is

an air pressure device.



30. The apparatus of claim7 wherein the fluid pressure device is a |liquid
pressure device. 31. The apparatus of claim9 wherein the 26iaerdbaple&EBsur e
device creates a pullout force of at |east 10 pounds. 32. The apparatus of
claim7 wherein the fluid pressure device is an air pressure device.
ABSTRACT OF THE DI SCLOSURE METHOD AND APPARATUS FOR EDCGE FI NI SHI NG SHEET
MATERI ALS A net hod and apparatus for h&l3d| ng a sheet of material during
grinding of the edge of t Lepppar atus conpri ses
supporting one surface of a—CC v X—force is exerted on
the sheet with a fluid pressure deV| ce, either u5| ng sub-at nospheric
pressure or hydr o$FtHGD NES AHIARATHYWOR ®EDGE FINISHING

SHEET MATERIALS

A method and apparatus for holding a sheet of material during
grinding of the edge of the sheet. The method and apparatus comprises
supportmg one surface of the sheet on a conveyor. A force is exerted on the

sheet w1th a fluid pressure device, either using sub-atmospheric pressure or

hydrostatic pressure.

Figure 6



