:e3eV6. Tt Ya s ~u~ Zoo2 TI TLE: ‘METHOD AND APPARATUS FOR PCLI SHﬂI‘&B.ﬂﬂI—I?ﬂﬂQ_M C
LENSES FI ELD OF THE | NVENTI ON *cooooz* This invention pertains to the

pol i shing of ophthalmc | enses, and nore particularly, it pertains to a~
met hod and an apparatus for polishing ophthal mc |enses, using a |apping
tool having a dPHELEcaMETHOBRNND ARRARAFUSTBOR POEHINRGIND OF THE

| NVENTION A primary requirenent in the o tlcal industry in regard to

appar atus for poli shi ng)BHFEHéI[FMJq b Sis the ability to inprove the

surface finish of a lens wthout changi ng the curvat ur

surfaces. ldeally, a lens poI i shing operation is |im tmmm"m%m""mrmw ng of
m nor scratc rks in a lens while ng| ni ng
perfectly thgf@r‘?sqgrﬁlg urvaH}?licljrﬁ It will be appreciat eg&{m%lat any
uncontrol |l ed pressure point in a | apping nmenbrane of a | apping tool head,
or a depletion of polishing slurry at any | ocation over the nenbrane can
cause the poli shi Thisopeeatiom pettainsaouatie polishing off opithalmistienses| and one
region of the |lens, thereby changing 15 - - the prescribed curvature of
that |ens anmocepgnwgllmw,u1&acnw@5é@t%meﬂmwan¢pe§pparmﬁargm lw

appar at us have n, devel oped in the past ,and. wer e, used |ng
degrees of s ggmc'rlﬁ%@’éﬁ]%%étﬁ%m&gemﬂe%?@\}@da ??\r%'? WS br oad
groups. The ilizes a lapping - ---tool head having a
resilient or aIPP Lhorg'ﬂé)l ng nmenbrane which.ds 20 deformabl e upon contact
with the surface of a lens to adapt to the curvature of the |ens. Exanples
of apparatus belonging to this first group are described in the follow ng
US Patests: BACRKIROUND GF THEADEMIONeNt 3,589, 071 i ssued on June
29, 1971 to Hans S. Hirschhorn; US Patent 5,205,083 issued on Apr. 27, 1993
to Dennis R Pettibone; US Patent 5,662,518 issued on Sep. 2, 1997 to

M chael D. Janes et al. The second t of Tens pol.ishi nE apparat us of the
prior art uses a @WWTW‘WW%%@W@ Wlwgﬁc WOANPArYHEdi ent s

ol i shing | algedhEt SRERARREJptses BB ARt EORR BRSoBien i fhar 19 of

Interest herggh.lens without changing the curvature of the lens’ surfaces. Ideally, a

lens polishing operation is limited to the removing of minor scratches and
10 -machining mz;rks in a lens while maintaining perfectly the prescribed
curvatures. It will be appreciated that any uncontrolled pressure point in
a lapping membrane of a lapping tool head, or a depletion of polishing
slurry at any location over the membrane can cause the polishing operation
to remove ore or less material in one re_gion of the lens, thereby changing

15 -~ the prescribed curvature of that lens and causing optical defects.

Many types of lens polishing apparatus have been developed in the

past and were used with varying fiegrees of success. These apparatus are
believed to belong to two broad groups. The first group utilizes a lapping - -

tool head having a resilient or flexible lapping membrane which is

20 deformable upon contact with the surface of a lens to adapt to the

curvature of the lens. Examples of apparatus belonging to this first group

are described in the following US Patents

. AR
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Exanpl es of these apparatus are illustrated in the follow ng Pj%?ﬂﬁ? usS
4,606, 151 i ssued on Aug. 19, 1986 to Erich Heynacher; 10 US 4, 802, -

i ssued on Feb. 7, 1989 to Erich Heynacher; US 4,850,152 issued on Jul. 25,
1989 to Erich Heynacher et al. The |atter exanples describe polishing
apparatus having a plurality of actuators for applying different pressures
at different areas of a polishi na menbrane. The different pressures are

adj ust ed accdddiPatent3.28B07E isusdin Bmedd.eh97d| totldanseS s Himsoliom di f f er ent
| ti | , h t hat li shi . ti. i ffected
mor 6 qut okl y. Uk, 08 b8S St Oh ARE 2 LoD bethiS RS FEibie:T eved o be

great advanc i kshi:ng’ .af opti cal f X r se

appar at us doetﬁgtp}é%ﬂfségéi’ﬁg '?%c? %%gfé-?|lgf??r‘9§ﬁ§%13fmé&888¥§'i on is
normal |y acconpani ed by the accunul ati on or depletion of abrasive slurry at
certain regions of the I ens surface, which can cause nore or |ess polishing
in these regions. Phé Ssdomd tfybES)filéhs?pMﬁTﬁn%apbaramrfSMeWm odesapt i cal
defects in ophthalmc | enses, there is no known prior art apparatus that

of fers & sol yluemslity of phmgeonforaipplying giressuee gradients bversa tensgimlisbing: sl urry
bet ween a polishing nmenhrane and a | ens surface., 8 Ju. Z SUMVARY OF
THE | NVENTI ONnembrare. p Adthoneh; these @pparates ags, desicned far pelipghiyg; a new

met hod for polishing an o hal mc |l ens. There i l.so .provi | appi ng
Fool “head t poiei bR et BRCIsThe uhE o appSialint Biahi€ Bt M@rem ey °on 5
ht hal m c | t Hggéefg}gﬁ [ .hereo f
ggd t he opht ﬁg?%ﬁ@%seogst e|a pgﬁéﬁ%g!&g%%déﬁ/&?ﬁug{é@% angg&\?\tnt%’h one
feature of thgspl666151/i8RAMPAULNENC1986 BS BYicHIdeyiacheRr oved net hod for

pol i shing an ophthal mc | ens surface using an apparatus having a | appi ng
tool heddl, a USekB0O2Z309 idshedesrbFabe7,cio8%r iongrieh Hegpaeigerporti on of that tool
head, and pu and nozzl e neans for punping abrasive slurry over the

| appi ng t ool nﬁ@a‘ﬂSSﬁﬂéZneweldemed. aénbﬁ%)%msEmb Heymachet etrall st ep of
inparting an oscillatory novenent to the |apping tool head and-contacting
the lens surface with the - |apping portion of the Lapping tool head while

an abrasive slurryqi . | .5 over..the,.l i ng_tool, head and t he

| ens. The i nprovem'gh? lcu e%%@géeﬁxﬁegcggapﬂlaﬁgga 83?%6%11?%?53&1?5?1&/

undul ating th e L gg@@ét bt ff?r@ﬂ that the
abrasi ve sl urggf&gglgcﬁﬁgmﬁ;ﬁ% en tﬂ@@%@gﬁgﬁ%ﬁdwﬂé en{saagg%sfsgggé - -
A maj or advanpalshiff mdmhbraneWIte different picdsires A ddjiRed Scddriigtoithe 20
efficiently noved over the entire surface of the Lens for inproving the
qual i ty16f t hemoantsefmpterias trebe tenavddsatdiffereaslocations on Hredehesurfas ur e of

t he present invention, the new nethod also -- includes the step of shaping
the menbrane 8¥ghiaha palishigg opespiomsgitecsdmore quickly. These apparatus

have undeniable merits and are believed to be great advances in the

polishing ‘of optical surfaces.

However, these apparatus do not address the fact that a lens
20 polishing operation is normally accompanied by the accumulation or
depletion of abrasive slurry at certain regions of the lens surface, which

can cause more or less polishiﬁé in these regions. Although thisisavery - —
common source of optical defects in ophthalmic lenses, there is no known
prior art apparatus that offers a solution to the controlling of the movement

25 of abrasive slurry between a polishing membrane and a lens surface.
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and défining menbrane profiles ‘along these axes that are respeﬁ:ﬁi&lﬁl 2002
simlar to and aligned with a base and cross curvatures of the |ens belng
polished. This shaping of the menbrane ensures that a | apping operation F

0 8 JUL 200%qd fdeC ' appl yi ng any pressure point or

rel axed sec%&%ﬁ?h@ﬁwmww t he Lappi ng nmenbrane. In a
further feature of the present invention, there is provided a | apping tool
head for polishing ophthalmc | enses. The | apping tool head 5 conprises a
base pl ate havi ndnnhe pitdsegt ibaemnsionphowever, eheretis phevided atrevametned pol i shing
apparatus, and a plurality of pneumatic fittings nounted in that base
plate. A nadpf pplishingtan pphtheimiclenso Therejaalsapeavadedia lRRINGHECkaL i C

circuits therei,n,wi t.h each pneunati,c circuit cQnmuni c tinH wi th one of the

oneunat i ¢ f PEARnGaL iR 116, Sigulimeansly, contarmdg, e sapg ofedl| 0 to the
i fol I ' ' I Ly-ali

ol nadr s’ AeRnaific 865 MR B o0 Biade Moty HEVEEN SO nlaRE |

W th a respggrile¥eaR@%heb ﬁﬂﬁlﬁﬁ@%tﬂd&iggbﬁkﬁé&- A rigid shield encircles
all the cylinders, an -iﬁdividually enct 0ses a collar end of each cylinder,

opposite the manifold plate. 15 There are also provided an el ongated sl eeve
i movably affixed to the shield in a central region of the circylar array,
and bei ng al i gnedBwiadly.tincacoprdanrer withone Eatyrexdfbthe presentainveréd®ri ng t he

Mo the sl 4BV S ATOKEISHLAT SBRFRtPY Tt BoCpekgin ]”‘ L S
di bl LGN . | 11b

hapi ng t he e Satah- BB TS Y tholfink. (1 hEaEr R FeREIE "

connecyged tqnembmﬂeeé@%grfa I%ﬁgfncge%ﬂ{o@bf tlﬁ{tet%%l’héad,tﬁkfd%hip"ﬂﬁds are

I ndi vidual ly controllable Tor Shapi he menbrane accordi to the
curvat ures afozaie Meanpfirpimping abrasivtlaeryt dvernie tuppireg iool headigThe i n
contact with an ophthalmc lens, a central portion of the nenbrane is
usabl e as a mey sreshed comprises the convertianah step obunparting amposeitlatony ng t he

menbrane agai nst the ophthalmc l.ens with a sel ected pressure,bejween the
nenbr ane and?PH%"“FBWé’tB§ %Foqlﬁeé‘é%ﬁ&ﬁﬁﬂwmlﬁﬁgﬁ ACe WILIRE of the

arr 1 ses. anappiigeoriiin 3 hi1aBbisfob Nl whfle b Bor N iy IEPuBEl. s
when tie cylsngenélapPirifodl head and on the lens. The improvement comprises the
additional step of pé;'iodically undulating the membrane for imparting a
wave in that membrane such that the abrasive siurry can flow between the

membrane and the lens surface. --

- = A major adva;ntage of this new method is that the lapping slurry is
20 efficiently moved over the entire surface of the lens for improving the
quality of the lenses polished by this process.
In another feature of thcl:\‘present invention, the new method also ——.
includes the step of shaping the membrane along a pair of right angle axes
and defining membrane profiles along these axes that are respectively
25 similar to and aligned with a base and cross curvatures of the lens being

polished. This shaping of the membrane ensures that a lapping operation

-
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circles are periodically actuated separately, the nenbrane is UﬂCBHJEULe
circular waves for advantageously noving | apping slurry over the surface of
the lens. In yet another feature of the present invention, the array of -
cylinders 10 is divisible in four dianetrically opposite segnents of the
tool head, and the cylinders in each pair of opposite segnents are operable
in a group for td ' rhnt‘fhﬁ. Fg[]:grpy’nﬁ[ Lhed se of
novi ng | appi nés gﬁgg{esl %\\y/%rw?ﬂtelﬂisul}\r@g@ngf hee ens. Iln {)/lgiela fuﬁt{tlgr) aspect
of the presentovenuslapping poricH 6fthedbppitig mdaitiade.S conprises two
concentric circles. Each cylinder has an extendi ble end, and the extendible
ends on the cylinders in the outer circle have D shaped pads nounted

thereon, with a shart segpent, of the pad extendi ng al Qqng a circunference of
the circular array, “a‘hcfuggg%%%eb g BWSP%HW&‘?%Q“'( dg iR’i%"@ffieandi bl e

Cireutar o ayioag e Med R eoRafiee iRl sy e BMBaToRlRE ) o

h td ON- omiorised R '
ave Sucly on- com ns%'é%b%i}.eme%%gﬁg@ugﬁﬂ thedrR%er sé;%??eﬂéﬁﬁ erk?eé’la_fbs are

optionally connection to"a sourc vacuum as we as t cylinders in

the inner circlens potisking sppadetas| diri & pluradiey of | ﬂedxﬁ@ti@ﬁtﬁﬁ?hfdtﬂn@ecﬁr e
e

connected to a 25 source of pressure and the cylinders int I nner circle
and the sucti an thaipsase pla®. SAJiuanifQlg-phate is affinert tadthechasesplatecandhas
vacuum this array of ¢ylinders is usable for shaping the nenbrane
according to WF%Q%‘%“&&WM‘QS%&P@%%“W“é’&@’@ﬁé“‘@fmgN\é’dbresent

Substant i al |y Ot o pRbbdiS hstes, 1 Rl G ebBResRRR TR "L c

The arr ayy of I 4 g t ' t aﬁ@f _ Wsize
and t_hatyol S aggpt%l gg‘ﬁéﬁlttgmcg%\%n?goﬁgfﬂﬁﬁsaﬁ%%?%ga%ﬁgtppo |eslﬁf %g appar at us,
for retrofittigyindersy)with eddh dyditlep bbinp\¢otthebdtbined skalédcominiitatiod her eby
maki ng such lapping tool head econonically available to the optical

i ndustry. BRI BrAthESSHdeTivenelf thep . vinigiid steietd exfcitdi¢ssall
invention is illustrated in the acconpanyi ng draw ngs, in which |ike
nuneral s denottBe|qyliadgrs, tand; indivignally encloses\a callay ead<of earh cylindgren: FI G
lis asinplified illuystratj f _a |l ens polishing apparatus according to
the preferred WSHF&EH“%’FH}&@?%FE%M i nvention. For nore clarity, the
apparatus is shown w thout the usual drive notor,

15 There are also provided an elongated sleeve immovably affixed to
the shield in a central region of the circular array, and being aligned with
the cylinders, and a flexible membrane covering the cylinders and the
shield. The membrane has a stem extending therefrom and into the sleeve
and being secured into the sleeve. Each cylinder has an extendible end

20 which is movable against the flexible membrane for shaping the

membrane.

When the pneumatic fittings are adapted to be connected to --—
respective sources of air pressure, the cylinders are individually
controllable for shaping the membrane according to the curvatures of an

25 ophthalmic lens. When the membrane is brought in contact with an

ophthalmic lens. a central portion of the membrane is usable as a reference

4



contt-ol equi pnent, cabinetry and other equi pnent common to tkﬂiﬂs JULpgg
machines; FIG 2 is a side view of an ophthalmc | ens nounted on a suppord
block; 1 FIG 3 is a closeup view of the |apping tool head conprised in the
|l ens s. polishing apparatus; FIG 4 is a partial perspective view of the
polishing station inside the |lens polishing apparatus; 6 ~ B JUL 20p2 _

FIG 5is ap 1 gl Si e ] i | 1,541 stigtion; FIG
6 is an enl arcgdélgé%é)roz*ﬁggri %Y{é?%@v%o%eﬁﬁ%&l%éﬁ%eﬁ%ﬁﬁ%oﬁmhdgyg‘h gl?mt% hlgﬁ% ens

pol i shing st akiAm selédiéd b sGRYBEWEEn TRE PicBrane endGhe $13M3utfacd cut - anay
view, FIG 7 shows the I|apping tool head w thout the covering nenbrane;
FIG 8 shows a plan view of the |apping tool head wi thout the covering _ _
menbrane; FIG 9 is a cross-section view through the |apping tool head as
seen al ong |ine 9-I pecardancewithy anothecfeatore of dhe present invention, the

T e SRR s LRIt S i e © 2
~head; FIG _ 12.is: ici i - :

e T8 g RS e R e 7
plan view of el appietbdienty RSThell efaiial 08 hBhpraR NBIBLS T

opposi te sect girGilarwaves forddvanegeotsiGmvingdappiagsturs obentkisarfatan vi ew
of the lapping tool head illustrating the various pressure zones therein

when the presefithe lenpsies are operable in concentric circles. 5 DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBCDI MENT While this invention is susceptible
of enbodinments in many different forns, there is shown in the draw ngs and

ill be d i bed {n - d ils h i i fi di f th
\glppar ate usezgglor gi n&gl Yg apﬁg%ﬁrfg%tgﬁ{gftﬁsgﬁqqsegﬁﬁfgﬁhﬁgggggﬁ%g??#cﬂ@eﬁ t he
fus. o D ; ; ULooe
cohet deia assdiviNolkin U URARSIcANy daBoskd SeihERS e e BoTRALand 1D D°
ipair dfoppmite eARHre bpbiadld aat@%m%u@oror

i nt ended to- I ¥ dylinkders iRtk ipa
described. _ Reférence will firstly be madé to FIGS. 1, 2 an

il lustrating genembngeamdialewayes irsithplmémbrhnee formptet purpose eof nfoving
apparatus according to 15 a preferred enbodi nent of the present invention,
for carrying HPPIRE perhRYFdhe surfapePf the légSopht hal nic | enses, a typi cal
opht hal m ¢ | ens nount ed

In yet a further aspect of the present invention, the array of cylinders
15 comprises two concentric circles. Each cylinder has an extendible end, and
the extendible ends on the cylinders in the outer circle have D-shaped pads
mounted thereon, with a short segment of the pad extending along a
circumference of the circular array, and each pad being pivoted on a
respective extendible end, along an axis which is also aligned with the

20 circumference of the circular array.

The extendible ends in the cylinders in the inner circle have suction- .
cup-shaped caps mounted thereon. The suction caps are optionally
connectional to a source of a vacuum as well as the cylinders in the inner
circle. Therefore when the cylinders in the outer circle are connected to a

25 source of pressure and the cylinders in the inner circle and the suction caps

5



on a support block, and a | apptng tool head incorporated in tthe Jipp 206 us.
However, before describing this apparatus in detail, it is deened that =,
certain general information should be rem nded in order to afford a cl earer

20 under st andi0ohed 0816 38RL R VLGt T UEaf rcplihge 2 LORIE g 1

| enses referré erein pertains t R Manuf act ur i ng
of opht hal m Csh'agﬂfaetfhe%eﬁfirdﬂeté@n?dlﬁg't6'e€k‘&eh?é“l%n9%ﬁ?ia%ﬁtd§9 apparat us
wherein the final Tcurvature of surfaces is determ ned by a

machi ning process and shall not be altered during the polishing operation.
?5 The polishing of ophthalnc lenses is a |Iight |apping operation which is
optional |y carri edStltanotherdeatuse mfuheme&en@rxnvmtmryls/ttmtn e amayheti ng
defects fromthe |lens' surfaces, in ord gﬁ%goduc | enses of a finest 8

0 8 JUL 2002 YHadeEs's &ﬁ%nwt.angam&m stantallysimlag 0 8RArss i or to
o e Shove ity biRhmth b 25 20HAs BRAK, OOk drklior &R 00 N0

to the above A& appre tha uring suc I'ng operation,

it is inportafbub@blEHPY fodTilcalithht K4sotbighdedise afd tﬁaqg aﬁﬂq_l%bfért%c' se and
controll able manner in order to obtain predictable results

basi cal |y, theovehtionablenet fappiny ahdepsifuhivigiappasings, nforetofiting dinng to the
preferred enmbodi nent: The apparatus according to the preferred enbodi ment
conpri ses | n thstmglalem&)moha ngs kppatatiso o @xamphy| thenebyg makingosuch2 and a
robotic mani pul ator 24 for transportl ng an ophthalmc lens 26 with a
| ens bl ock 2e!aapmgxt9@ fperd esqnomisally avpdakleda the ppticalingwsry.shown) to the
wash station 20; fromthe wash station 20 to the polishing station 22; and
fromthe polishing station 22 back to the wash station and then to a

pl acenent st ?prfgr RW‘H\{ n renove the lens 26 from
the I ~ appara%%zggF(P@'{Sé zdggg e(’:[?g ed that ‘%g pl acenent station (not
shown) nmay be incorporated into the wash station, and the I ens 26 and bl ock
28 may be initially placed in the wash station 20 by an operator of the
apparatus. The roDati enbadimen4 of c dhisr iiaventioryr ippilusaas=hbiny @, for "' 0
engagi ng and hol ding the lens block 28, and a pair of a first and second

| i near act uatasceMEaYHIg dBawiRgsabin é&hl@h kike f gumerals rdenate ke mests assenbl y
40 in transve sal and | on di.nal ectlo s respectively as indicated by
arrow 42' and ﬁ%‘ghoﬁﬁéh? 6%’(9&'? V‘E?"’ék%‘l‘ EhWhécr]’pr eferably al so novable in up
and down directions to grab and release a |l ens block 28. The lens 26 is
preferably introduced in the wash station or in the |ens

FIG. 1 is a simplified illustration of a lens polishing apparatus according

Pl

to the preferred embodiment of the present invention. For more
clarity, the apparatus is shown without the usual drive motor,
conttol equipment, cabinetry and other equipment common to this

type of machines;
FIG. 2 is a side view of an ophthalmic lens mounted on a support block;

) FIG. 3 is a closeup view of the lapping tool head comprised in the lens

polishing apparatus;

FIG. 4 is a partial perspective view of the polishing station inside the lens

polishing apparatus;



pl.acenent station (not shown) by manually orienting a refer engpﬂ sﬂUflthMQ 9

0 s ~u~ zooz Wth a corresponding indentation (not shown) in the chuck of”
one of these stations. Referring back to FIG 1, the wash station 20 "
conpri'ses a first vacuum chuck 60 (sinmlar to 80 in FIG 3), for retaining
the lens block 28. 5 The first vacuum chuck 60 is nounted on the arbor of a
rotary actuator 62 such that the lens 26 is rotatable during the wash
cycle. There is also provided a wash basin 64 nmounted on -a first structure
66 which i s ablGabesaipartigl sadel ctiywtiodi viewtdfdhe lensl polishing statioe; r ot ary
actuator 62 by a third |inear actuator and slide assenbly 68. The first
vacuum chuck 60 has a splash 10 guard plate 70 novably attached thereto,

and a spray n le.72 i s, nounted inside th h basi n .G4. i ng the wash
Cycl o, “the walfChlis in eilareataispediva View Thihe Tanmik elheadatsbERas "ang
encl oses the | ens : i |l etely.
Water or a m xtur egg%lsﬁggésk&gﬁld%ﬁg%g%‘?&?‘g@Egﬁﬂé@g{f%&g@%??ﬁe | ens
while the | ens 26 e@tawgpviewd several turns. Upon conpletion of the wash
cycle, the lens 26 is transferred to the polishing station 22 by the
robotic picker 24. The polishing station conprises a second vacuum chuck 80
for holding the lens 26 during the polishing cycle. The second vacuum chuck
80 is modnt edF&G@VeSl@WSdbsilﬁ@PWdeoﬁb%ﬂ witheyt the eexeringmemtfrares of the 20
|l ens 26 to be polished is oriented downward facing the top portion of the

| appi ng tool head 82. The second vacuum chuck 80 is nmounted on a second

e ng. he £aG R s RPIALYiekt 8 Rac B Bl s 48R noar

actuators and 25 sligdgpassenblies 84, 86 and 88 respectively. These |inear
actuator and sl’ide assenblies are operabie for noving the second vacuum
chuck 80 in three 10 ~ 8 JUL 2002 orthogonal directions indicated by
corresponding arrows 84', 86' and 88'. Such novenents of the second vacuum
chuck 80 are XdGa%iageooss-sestionnviewahtoughabedappinggoolieadasiseen aloag cent er
of the lens to coincide with the vertical neutral axis of the | apping tool
head 82, or for inilmeaﬂ-PynM@;oni ng 5 the lens a nom nal offset distance
relative to the neutral axis of the |apping tool head to accommbdate a
prismangle in that lens for exanples. It is also recommended to

: = . . i . e .
i recti ats. i naGad Sy bERER B BRI bl Rtotb OB T M o ¢ of
t he | appi ng t ool hQﬁQlwﬁQ%él%aggl i shing cycle to prevent

FIG. 11 is a pneumatic circuit diagram used in association of the lapping

tool head;

FIG. 12 is a schematic illustration representing an ideal path of the

15 lapping tool head on an ophthalmic lens;

FIG. 13 is a schematic plan view of the lapping tool head illustrating the
various pressure zones therein when these pressure zones are

operable in diametrically opposite sectors;



10 |l ocal i zed over or under-polishing of the |l ens. The second 96 Wl 2802«
80 and the | apping tool head 82 are preferably nounted inside a seal able-
encl osure 100. The enclosure 100 preferably has a glass wi ndow 102, and the
wash *basin 64 is preferably 15 made of transparent material such that both
operations may be nonitored by an operator standing near the apparatus. A

cont i nuous g0t 4 APRes! Wlatdk: RHARSHQY St IR ARG fodiORkad ead 82

and the | ens by one or nore slurry 'nozzles as I ndi by nuneral 104

in FIG 3. 20 - Thestrappd e Vadbud pacsstre 2bnéstcddiRawhbnIht preparated in a
circular oscillatory novenent by a nechani sm of the type described, for

exanpl e, in US Patzsmes dee operable @bdoriceauecicvaledan. 5, 1993 to John R
Bolton. Rotary power is applied to the mechanismat pulley 106. Referring
particularly to FIG 3, the vacuum chuck 80 and the 25 | apping tool head 82

onry part | y DER A BORESE ooy 16N O T e AR ERRIERND KMHOBIMENY 200,
is also used to maintain the clarity of the drawi ng. However, it will be
appreciated that this chuck 80, as well as the first chuck 60. are operated

by a vacuum and ar@gRNAgSt Behflod RKOYH&Rpabld ofaemBBUANEnAP R QRAMRL €
control valves, by a conduit such as the one illustrated and identified by

| abel 110. | diffeecrafoamna; theraiscsiralvmdn the drewvings faadrwill behdedcribed in t he
vacuum chuck 80 is nmounted on a ginbal 112, which in turn is nmounted on a
vertical braditaiishefeinxedpecificrembodinenti ofcthe apparatusaceerdimpite the ef er r ed
mounting is better illustrateqd in FlIGS and

. 10 The qi. | 112
conprises a fATFSNtCINyeRton ARdLA methpdyatcise Of o, ApRaEatus., g‘"ggr?l]ﬂ%r al ong

shouny 16" natisPirhditedhate bieRRIBLEuF bR HEs B e A NIRRT < enas
respectively mnegﬁfn,%gpltegof e iRPERIGH aﬁ@& AdtliflenHed P&Hﬁﬂhfﬂéﬁ’ﬂ%nﬁod b, al ong
. a second axis of articulation 122 perpendicular 15 -to the first axis 118.

The second C-shhpethbwiihent llRtragsd and ascribedf ace 124 on an upper side
thereof, as illustrated in _ FIG 5. This flat surface is advantageously
used for selectively contacting a stay nenber 126 there_ - against, for
orienting and stabjlizing th i mb 112 during the insertion ?0 of a
support bl ock 28 iRe %En%fh%ﬁ fg@“éﬁ’mq M%@ b 2 @603t 1IYSEatng r om t he

huck. |1 h f d - he.. 126 | fl ded
ciroul ar  mentERP oI SRR REERERURe PV BF U sman sRehiioe (2s.

Tt 9, kg ot SOl eaof P bR R e e o O
method for polishing ophthalmic lenses, atypical ophthalmic lens mounted
on a support block, and a lapping topl head incorporated in the apparatus.
However, before describing this —apparafus in detail, it is deemed that
certain general information shoqld be reminded in order to afford a clearer
26 - understanding of the_diagram of FIG. 1. The polishing of ophthalmic
lenses referred to herein pertains to an optional step in the manufacturing
of ophthalmic lenses on an ultra-precision lens generating apparatus
wherein the final curvature of a lens' surfaces is determined by a
machining process and shall not be altered during the polishing operation.
25 The polishing of ophthalmic lenses is a light lapping operation which is

optionally carried out to remove invisible or hardly visible machining

defects from the lens' surfaces, in order to produce lenses of a finest

8



~0 B JUL 20Q2 The fabric hat 130 is held about the tool head gﬁ a’HLezwgt_i c
band 132 bel ow the enlarged portion of the tool head. The fabric material
of the fabric hat 130 is selected such that it has good endurance and good

char act eri sty Al HofihihBANSAERISY @ifled S Priof odprliARRI0 S! Uy .

A preferred type 5 rrc-materia In act ng-the fabric
hat 130 is sqfutbrdy tiRabPear resitietodiing torthd¢eriege Vearforce . ~,, "F".
DuPont .r.M E. I. du Pont de Nenours and Conpany, has offices across the
world with its corporate headquarters at: 1007 Market Street, WI m ngton,
DE, 19898, U.S.A 10 It wll be appreciated that, during operatiaon of the
appar atus of the presusiingdo shesbowenit, wilhds apmseciated twitiduring sudyai nst t he
| appi ng t ool f\e d 82 and, when .abrasive slurry is purrgﬁgféal 0{}% fhe, peri phery
of the | ens, PR APCEAUGLGE 47 IBWPOrRBL 1@ femye matqnal S g om an
abundant cir I : : ' : | ons of

t he Iengé for%tﬂeig%gcékt%?)séo&ﬁgym%&t ha %ﬁé&gf%&?‘rtlj%%g@n?&%laﬁaﬁ phase,
normal |y wat @&ult@ha i§,%ds&aﬂg<§§1@ nt4)BP6bjectide BY HeQpparitas akd aRived
particles, normally alum num Oxi de parti’cles, typically of no nore than
five (5) m cacoosding teithe prdfeeredemlosdinehtt he |iquid phase is to carry the
abrasive particles over 20 the entire area to be polished, and to wash away
the abraded particles of plastic or glass fromthe |lens. However, it wll

be appreciated that when the leng is in-full contact with the, | apping tool
head, the slurry fhe agpagiusacc lsatﬁmefmﬁqryecgwgwwrgﬁpmm%m ace of

cover i ng « necOmbRERRATH FOSR Silfef 27 S RBRBkCalPE Y pob S OB ury T
h ' - ' - i shi f

Che Terdr 1 gahlytyatr2a38e Ganidtinin B3 opithaAnROICAE AR SRl | KRELIER [ 27 09 ©

the | apping affiledecct8drarh 4 hlacemehestaron €GOSR tohthe viashlitatesh nenbr ane

134, as illustrated in FIGS. 3 and 6, and a nunber of pneumatic cylinders
136 nount ed 0gdéont tiee neashrsaateort @0 tehthpipudishireg stationa22: ant Grodd the t o t he
curvature of the 5 lens 26, and for maintaining an even pressure

di st ri but i onpplshiagrstatien 23sbadketn theawiash station 30d thendormplacgment 34, and
the entire surface of the |ens 26. The nmenbrane 134 is preferably nade of a
flexibl e rubBeHORdPEr shewnhythere aae&@ratpﬁﬁeamwe,thseiffnspf@ @mit?{@ slurry

bmeurmie. 10 a s JHERE Bh5E R0 HERAE PEREnRAR SRR tshOohL appi ng

tool head 82, ' odi r i tional
functions of p§r| og{lc?gﬁn%téudqngﬁﬁgﬁ %agl?%tea%{r@hg]r‘gﬁgé l@% %gémnn\liﬁcr%g?appi ng
slurry bet weainyt be if’f&iﬂ}rgagﬁacaﬂcﬁntﬂﬁ vapl statfon R205by dRebperdtoy ofiahe

si mul t aneousl yxo FIGS. 6-11, the | apping tool head 82 of the apparatus of

t he preferredppafats. mrent is described-therein in greater details. The

| appi ng tool head 82 conprises eighteen (18) pneumatic cylinders 136

di sposed in a circular or hexagonal array around a central sleeve 138 . The

i | h | B f bly h - - - di lightl
g;%ffg‘?f than a di dr EPOHC ﬁéf%{ﬁégr'egmeﬁge%ai%wpmésggrﬁ%fyr . Lﬁéﬂﬁt c
! i arn et _ ! !
fuel ve Li2)  SOESERE Fnotig BRERA Bok 2B hiEn pall o A R i B or
plungers 142 jinkhRr fH&ﬁJéftstS bRl Qidd Q@séxﬂﬂ'ieshgégﬂicﬁﬁ)r &A60: %ﬁﬁpe‘%w | nder

136 is '?5 a single-action. spring-returne ar-nou and the

stroke | engt Rs¥milFCH0 dRetrassveedat Gindidiongitudidiat dirdctivper Rkpectively agi d- st r oke
regi on thereof 14 -
indicated by arrow 42' and 44'. The robotic picker 24 is preferably also

movable in up and down directions to grab and release a lens block 28.

25 The lens 26 is preferably introduced in the wash station or in the lens

placement station (not shown) by manually orienting a reference slot 50



~ 8 JUL 2002 over the entire range of adjustnment of the Ia&)B m!ﬂkcﬁﬂﬂz head.
In this respect, the curvature of the nenbrane 134 of the |apping tool ~head
of the apparatus according to the preferred enbodinment is preferably

adjustable froma slightly.concaye shape, about m nus sjx (-6) diopters, to
a pl anar 5‘&%??8[&%@9%{1”& %atsprtém}éﬁowsxvafhﬁ@%f( ofijlﬂﬂﬁt"fég‘?@teeen ( 16)
di opters. Thag. rod end of each outer plunger 140 has a D-shaped pad 144, in
whi ch the SK H“SSegmant defines an arc along the circunference of the

circular array. Each D-shaped pad 144 is pivoted to the rod end on a pin
146 (in FIG 9) through the rod end and extending al ong the short segnent

10 nenti oned aboReferrt haeRnbi BIGAL] gt Wash heathad 30 Ibnpsisesdy @irsrageous f or
wor ki ng the menbrane 134 over its entire active area, and especially al ong

t he ci r cunfyacannechuvkr@fsimilhetor8YineKG. B, forretdiningy thp lemsdrdock 282
preferably have vacuum type cup-shaped caps 148. The shape of these caps
148 i s5 advabhafjesiyecusmfahuck 60! iy maypnsed en ghe anbor of Buotagy agiuaipré2sur e under

R
ul 11 gt orrevBlecChafE Rt 2 R B8 o aBSt HELCHRIAR RuRis BeRig LT Pone! M
ot Shing. siuuer 84 F A BldEeriafh Bad Rito ey didiBPGTBYRUTRE ihChr T2V 00

case, the pReuadl afidGlide A9&nebI}368.OTRE FHrkeaduien ChA&K 60/H4 eipiash?2
preferably have holl ow rods comuni cating with a vacuum supply port, and

are ol0t he giardlptate@0imovatly angeleed thogked, dndaespray noizile 73lismonntdae
appreciated that the inner plungers 142 with the caps 148 nounted thereon
are al so comsistetthervedshtbasin 64uPawingf the washueyoleythe svashdiasin 64 ris€s 8 JUL 2002

respective cylinders 136 are coPnectionaI to a source of_air pressure. In

this confi gt AEABNt Ehe P plate 789 nd anelosey the lens 3% therdens 1 he
t, bej ted t | ] I d and th t
bei g connellal T BesPEDaIl: 2 BomBIEED o ardrr ST I Fon. 5
however . hag, iQbddgait is!thest spidyed dgiind?Ghe e OWIRIE the 1ERE 2856485 Skil | ed
15 several turns. Upon completion of the wash cycle, the lens 26 is

transferred to the polishing station 22 by the robotic picker 24.

The polishing station comprises a second vacuum chuck 80 for

holding the lens 26 during the polishing cycle. The second vacuum chuck

80 is mounted above a lapping tool head 82 such that the surface of the

20 lens 26 to be polished is oriented downward facing the top portion of the
lapping tool head 82.

The second vacuum chuck 80 is mounted on a second structure
which is only partly drawn for maintaining the clarity of the drawing. The
second structure comprises a fourth, fifth and sixth linear actuators and

25 slide assemblies 84, 86 and 88 respectively. These linear actuator and slide

assemblies are operable for moving the second vacuum chuck 80 in three

10



i.n pneumatic systens, and would be evident to these per sorpsa |“H‘”‘t @@“Z i ght of
the present specification. The central sleeve 138 is fixed relative the=
i nner and outer plungers 140,142. It has a longitudinal axis extending in a

paraliel alignnent with - 10.the;axes of th neumaty J 1 ndef,s 136. The
P eove 138 doMfaRnabdisiom ndicaled B FopRepeniinE REai e §8\aBl ai o cove
138 has an igsid i i VA N i xt endi ng
fromthe ce_nﬁéa ﬁlrog/lgeﬁgerﬁél ﬁgiﬂgéégﬁ?gﬁen{é%%@g%%ﬂﬁgﬁgb%gﬂﬁ éaﬁéa?gf?égiqufi rmy
retainabl e ingifR $AiShREURe £38mettsdhl cBAter UiFeheSleRNoLESinBIdWWHR $hé
reference point for shaping 15 the menbrane according to the surface to be
pol i shed. Theersitsimelivfl agispfehe fapplyg touddecad 82psd for énitiallvipositionasg f or t he
menbrane 134 itself, and is bonded to or nolded as an jntegral part of the
nmenbran® 134theTers poomingl offset distansetvelabive ie e neviral aximofshe lappiggsi ti onal

agai nst the |lens, thereby providing a fixed base which is preferably
TNt ai ned i 1900 BRRGER SRFOMIMaRBIOR prism SNEiaBdAat leps dor E¥AMPISTd Y Adm whi ch

h nb b f,iled . h th heel i
e b e b e PR Mo S R el ARl L,
reference poiink f QLdd Y HRtEchdS fieied owE 34" gﬁd %%a'ré'l%hv? th§Rs to be

pol i shed, when a pressure neasuring device 1s used to control the novenent
of the siXt hpéitpAaki?of detiappifk t88 hdad durdig fiRSABhing &cle ke pPevenpear
actuator 88 preferably conprises a pneumatic |inear actuator (not shown)

t hat i $0connkcabded ovemonuipdertdlishimg of the lenssi on pressure regul ator (not
shown). This pneumatic 16 ~ 8 ~UL 2002 ' equipnent in conbination with
the stem 150, allows the operator of the | ens polishing apparatus to

precisely set a basic pressure between_the { ng.t ool .head and t he

| ens surface to bﬁﬁoﬁelcgﬂad’.acguﬁeﬁl%‘t‘?' ﬁb M\Fﬁlﬁpg&ﬂ 5991511?361 gi(%e 7, 9 and
10, the port of, ch,cyl i i t edy i [ d plate
154 and |5 oo Rl f AL SEAEBle enlonie 188 Fhk GofI R 160

mani fold pl a F%ﬁ?&m ' | by a
rigid shiel dbgegé%%‘ﬁgg‘gtﬁr% al so Wef]lc 632243&%%??3@%3&3# E)géa}flcz:%ir;llcﬂqg)r’\eurnatti o
cyl indgs, oppaggleldt tidmepaeniaiitéaidughahat BSth opedtiomiraay b8 endrtiesed cyl i nder s
136 in a spaced-apart and parallel alignnent. The sleeve 138 is al so

af fi xed to t by asropsratot SGanding rearghdapparatupar al | el rel ationship with the

cylinders 136. The shield 155 has one or nore slots 158 on the outside
surface thereof for mating with one or nore simlar ribs (not shown) inside

t he nenbrane 134, ,and for 15 indexing and retaining th nbr.an her eon.
The manifold pi at & Genifieus NorpERbEme ey i3 Sbtors nd BBidl Bsfnect i ng
one or nore gyhigge ' hlﬂ'r? ' LOg With
one of six (g)é%rryeiséﬁdr ﬁb%%l???ﬁﬁ%ﬁ“&% Stlaxt e?g%%lgs%g%ﬁga%‘g&sgypl ate 162
of the tool heatrS2104GeFpgss. pl ate 162 is nountable 20 to the arbor of the
oscillatory nechani sm by neans of bolts through countersunk hol es as

il hastrated. The six {6) circuit grooves 156 connect two or nore cylinders

136 to formwith the central -stem 150, seven (7) pressure zones of the
| appi ng% ool head 8% lapputg toohbead 82 af¢he appanafilsads loperated &y afsicutarom ' A' to

"G as illustrated in FIGS. 8§, 13ad,14.(hé Each , of %’hg upply fittings
160 is conng@t“'% lafory QY eBaD %H@FQ%'&% ‘E‘ﬁﬁYl Pedessribe ,1%4 ’ig g urn
Lheounery Codb U betid RorStTSodt RLEa B 14P 5, 'f " ST R B 1o "

166, a preci qiﬁg%‘p?éswg ﬂ@?@{?dmﬁﬂ%hﬁﬁ% Qﬁ%ll fo6. The pressurizing of

each cylinder 1 by operating one sol’enoi’d val ve 164 at the
time and changi ng the pressure setting of the pressure regulator 1b8 at--
each tinme. The pressure regulator 168 is a conputer

Referring particularly to FIG. 3, the vacuum chuck 80 and the

25 lapping tool head 82 are illustrated therein in a larger scale. The second

vacuum chuck 80 is only partly illustrated therein. The partial illustration

11



5 controlled, fast-response type where the closing and presglqr rjyl—n%[mgf al |
six lines are effected in a very short time and in fact in few seconds.

. The pressure in each cylinder 136 is preferably adjusted repeatedly duri‘hg
the entire period of operation of the | apping tool head. Wen the inner

sed Tor cont Pofird figes 18 68 Erirg 4t e hw e CHowel ! i1 RtBE ape 105
of these pl un%@ﬁr%c&'ied thaP 118 ch€k BoYRIR/eHl a}sétglegﬁgt é}hﬁl&@(ﬂ%ﬁ&ﬁ%aﬁ%er ring

back to FIG a seventh circurt groove a sevent le 172 are
shown in the BRRIfRUGMPhR Grel&dnnebtiddtoCh E6ick ATORARIUNS ard a}apﬁmra_e@t ed to a
pressure supply fitting 160 and to the air pressure 15 supply manifold Ifi6
and regul at or cdfBol Tdieesibycaiconduiosueh 43 thé sne dhrmcited and identdtakby hol e
174 through a central region of the tool head 82 as illustrated in FIG 9.
The nenbdane labelld0preferably seal ed around the shield 155, in groove 176
for exanple as shown in FIGS. 6 and 9. Wien air pressure is admtted

t hrough conduit 174, this pressure is 20 transmtted inside the tool head

and under the nmenb ' - Lokl ositive
pressure inside thl‘?ﬂﬁ@i’ﬁfﬁé‘?ﬁéc%k&bgﬁ%@ \;gt;let&e;)}ga%s glrd%rt’éh%g‘{lén%u ocal i zed
pressure conc e rwikidf iQr LAtk it will
be appreci at egﬂ%ﬂgtsbal@vrggg%d?%%%g@&)ﬁ%gqggpVY ll;lgg lti:;l otu'giﬁgs gﬁ@lﬁ%? déﬁr/ %ove 170
for obtai ni ngveridateaceul MRAEMGs] Rbthiersikihelinedracaneorl$8. Mhis prefonte .
Deferring now to Figure 12, the triple illustrations of zone "A" on this
drawi ng i s r em@semigasibettepillustrated avEIGSt 4tand Sentral area of the tool 18
~ B JUL 2D02 head 82 during the polishing of a lens. Wiile only zone 'A" is
illustrated therein. the illustration is intended to depict the novenent of

and vol oty of ¢ ha SSHRUALLIRCOmsRErR LT Qoo biRLB oS G MBIoD A
amboai ment | < Py GHEh [ BbneF Sl P oRT aciSor RARLRAICE Rla bR BUBHER T | | o

bet ween about o343 BafiAIMGEYRLER) REhIVAHLS il REA] SKisBRoRi Citaphaving 2

di aneter of about 75 n ordef to better appreciate the operation of the
| appi ng tool he&fbdOl APhad ief eidyeSpeRelpoifectRt® the efili$of the firkbCs figure
illustrates a plan view of the | apping tool head 82 and the seven regions
defined by thehapethmehbeadii6fdlenghsegmrdaxidof ddiznldtivm 22 perpendicubtan of
thése regions is such that it is possible to group one or nore zones to
define flour séetly Srdsxid 1l&trated in this figure. Sectors 180 and 182 are
opposite and 15 symetrical. Sectors 184 and 186 are al so opposite and
symmetrical, and disposed at right angle with sectors 180 and Z82. Sectors

180 and 182 are di eZa%o BO@QShtaﬁgiig%férﬁbéxB.{izﬁfh haeﬂéégﬁfo%agé;&?ﬂ (9[{ af lens to

be polished on that or “exa erein-refrerr e Cross curve
axis. Sinilarlypoel Ngds eBeRicT, R4 iMral&P il FId), SPOSerhieOnal Queratbeisbase
curve axis 190. "It wll be appreciated that all zones on one side of the

Cross curve axidval@geaisy pesd fbm&t&tiv&éﬁcﬁwﬁﬁﬁhgia@iy fRfitRr 126 theiece to the
zones of the other side of that axis. Simlarly, the position of the zones

on one side ofagaimst.tas erientiug aaxi ssatiifi@iray diesgimbal 412 aluring thedngetiea of the
other side of that axis. Therefore, each zone on the |apping 25 tool head
i s posi t?bned afra suppeut bleek 28yimtbe chuek 88rorambereemoyiaga supporvblack
comonal ity of_ tha é(l)&](ﬁ( v¥inttnebot or t hogonal tﬁxes 188 and_ 190 of

from the preferred apparatus, the stay member 126 is a flat-
ended circular member mounted on the extension rod of a linear actuator

128.

Referring back to FIG. 3, the lapping tool head 82 is preferably

25 covered by a fabric hat 130 enclosing the active part thereof completely.



19 d 8 JUL 2002 = the |apping tool head. The advantages of t h0§ JUL 2002
configuration ofthe pressure zones on the |apping tool head 82 w || becone
nore apparent in the light of the follow ng description. The pressure
settihgs of the pressure zones defined by sectors 180 and 182 are

adj ust abl e according to the shape of the cross curve of the prescribed | ens
to be polish ey ! i i i ned by
sectors 184,qgﬁ 1@%hgﬁ%M%%?ﬁgfggﬁgwgggggggﬁgs?ghgﬁgﬁgﬁggg1%?%F e base

curve of the tix eslardddgsbrtionsf tHhecdbehd.t The datsri€ aiaterpdl@fihé Eatgiclditent s
along two pairs of opposite sectors has proven to be 10 advant ageous for

shapi ng ri ghtl38nglseltcdofichethat it has govedndndurends8dnd govtehroaitedistnd 82
according to both basic curvatures of a |l ens 26, and thereby obtaining
uni f or m pol i §elategl terthe pbsarprionandirgteationftlapping shory.adt prefRredttPei stic of

he | [ head 82 he .pr ef d enbgodi t s il di G
14 and s 51 88 TobHE Asripiogld iyneabRGriiin e Aot g 1A GSHALYof 1 he
pressure zongs, gt Nealgolnligade nlle WeAMEED ( "H8) BUBYIRL cpGylnders 136

of the tool hea are arranged I n seven zon& as’i pHevi |y

ment i oned f opdRIdd REnidus a§1ﬂ)C§Mi§BB§r,r hER LG ¢rdsd Bk Warld WA #8. The
seven zones are also configured ~to tormthree (3) concentric circles or

t hree concentcorporafe Ixexiagarnters dowo0? Marfket Somer)t Wiltingtdd)eDE] 89898, of the
text, reference will be nmade to concentric circles. The first circle 192
conprises a $¥gfhe zone ' A having a fixed stem 150. The second circle 194
conprises two zones; 'B and' E having respectively four and two pneumatic
cylinders 136. The third circle 196 conprises four zones; D, '"F and

c.
"G havjhg ?5 respectively twe cylinders, four cylinders, four | i nders
and tvxofd;yl i nder sa?gégﬁec%ﬁ)ﬁcd%ﬁe&f%%’ ﬁﬁnggmeﬁl%@ge.agpa{agusg s

di anetrical | V. 4 I I i thya sane
one. o PERESHB R WHERAREILR 26 SRR T Mtihe habiG 7O

al ong each ciHeate82184d ¥énlHiasi9t sliigy Y@?uﬂiﬁbaeﬁlbb@%é PeRpHEGSHthe42 in
circle 194, may be periodically reduced from or increased above their
prescri bed sdens,nlys centmalTegrmsef thedeme2® neayebd déptived frex ah abondamil | ed

| ocations and to cause_the nmenbrane to undul ate against the surface of the
|l ens 26. The Cemu&qncm0%$lugysa819mnamd19eh%\pwpmmgmgeo@%@%ml@wfqnd in
sequean\Sto RYID iln a nom nal quantity of abrasive slurry toward the center
of the t%ens & Cto expel slurry fromthe central region of the |ens
toward the periphery of the 10 lens. This controlled undul ati on of the
menbrane 134 and the punping action created thereby is advantageous for

mai ntai ning a consy {knSwWRRhYt theYlurfP has hIRudd Bhade, AHAAA Wifte£ il ©
surface of the Lens. Because the zones conprised In eac Xl rcle are
dianetricall ya solid phase comprising microscopic abrasive particles, normally

aluminum ¢xide particles, typically of no more than five (5) microns in
size. The purpose of the liquid phase is to carry the abrasive particles over
20 the entire area to be polished, and to wash away the abraded particles of
plastic or glass from the lens.. However, it will be appreciated that when
the lens is in full contact with the lapping tool head, the slurry is not
distributed uniformly over th;: entire surface of the lens. This
inconvenience can cause an uneven wear of the fabric hat 130 covering the
25 lapping tool head 82. The uneven distribution of slurry across the entire

surface of the lens can also cause an uneven polishing of the lens.



. . . . U8 JuL 2002
symmetrical in relation to the conftguration of the |apping tool head, and
15 because each zone nmay be actuated for a specific time duration, the =

polishing effect of the tool head during the undul ation of the nmenbrane is
controllable to ensure a uniform polishing action across the entire surface

of the lens. It wilnprdgsteppevent thesq polishingidefenisghe lppping ol bpaddy of

dul ating 20.the nmenb in, pul sat | i rcul b f d b
some Users wAEHS PIETETRY SBPAIBINGHAS ARIRPAREEranE 430 TS RARAVA  ue.  When
the | ens' i Ly flat, oh ) i i h
e | one, SRRl SR Yyl o IR S DRBE RSBl o
generat! ng, P Akiriah el Shalfihe brh Barkeitko At iftheaividre bl at | no

the ?5 nmenbrane 134 1n a swe e manner to e in and spread the
abrasi ve sl uféns Deeind fier ARintathifg rano@eeroprdsihgrel disgibution betwednkbe 2002 It
has been found that whether the nmenbrane Is periodically undulated in a
circul ar wavabsartbenpfabiric haad38l, thewrembrdee 18Acand thecintine yurdiice dfthpol i shi ng
action is enhanced significantly. It will be appreciated that the pul sating

undul ati ng adensoR6of Theemambisaathd 3dsisppreferably masgpef anflesible sukhert he

prescri bed pressure settings of each cylinder. Hence,. the progranmed
curvature of M§enak nés 1?&%@%&%}%“& f‘f‘g"éi REY piing, slumy ™ 4remar ¢ he

formation of t . . t

pul sat i ng or CERFTOpEE e tanlsih FRERIReRASHIRER RIS | on

pol i shing opeb?,ﬁhhgﬁ,ljdjose who are famliar with |lens polishing processes
w | appreciafe that the pul sating effect described herein does not
necessarily obviate conpletely the need to periodically raise the | ens off
the | apping tool head to renew the | ayer of l|apping slurry there-between. |
S-As to a nore- el abw panaumatenedindsts 13@gtherldppingrtaol lwad82 adverdipgar at us
according to the preferred enpodi nent, the sanme shqul d be apparent fromthe

above descri g0i the Risteread sirabogiment yperfermyithe (additiangle funetiens @ft he
manner of usage. and erati an uld be consider.ed redundant. acid i s not
provi ded. 20 l%ﬂq%écad euﬂmﬁpﬁgﬁf‘ B‘F“ﬁ“@n?)ﬁégeiﬂr MRVERE i BPPIRgsS IBE¥N
illustrated i ] 1 nd descri bed herei nabove, it wll
be appreci at eﬁ(}t%’e&tl ﬂﬁészlgl SEI %ggn?%ﬁ%"%@g;zp? t hat various nodifications,
alternate constructions and equival ents may be enpl oyed w t hout departing

fromthe-true spirit and scope ofthe invention. Therefore, the above

descri ption and ?%Refeering hostsimuitansowsiptd FIGS! 6414, deriappingdoakhdadni t i ng
t he scope of -the _
82 of the apparatus of the preferred embodiment is described therein in

greater details. The lapping tool head 82 comprisés eighteen (18)
pneumatic cylinders 136 disposed in a circular or hexagonal array around
a central sléeve 138 . The circular or hexagonal array preferably has a
20- ~ diameter slightly smaller than a diameter of a standard lens blank. The
array of pneumatic cylinders 136 comprises two concentric circles; the
outside circle has twelve (12) outer plungers 140 and the inner circle has

six (6) inner plungers 142.

In one version of the tool head 82, each pneumatic cylinder 136 is
25 a single-action. spring-returned, collar-mount type. and the stroke length

of each one is selected such that it operates in a mid-stroke region thereof

14



i nventii on which is defined by the appended clains. .0 8 JUL GZB)OJU'.CLZMZ\/!S I
claim 1. An inproved nethod for polishirig an ophthalmc lens surface
usi ng an apparatus having a |l apping tool head, a flexible nenbrane covering

a | apping pob%?@h@fenﬁ?égaﬁﬂ%bfhﬁﬁgstgﬁﬂﬂ otftmeslgpgin{;g%x X2 gl punpi ng

abrasive slurry over sal ping to ead; thod conprising the

conventi onal rgdpeRt.Phe EdRARIrE T e meaiirhh@ 1 34 ¥ f FRMAPBiNg thel Réddof @epi ng t ool
head and contacting said |lens surface with said | apping portion of said

| appi ng tool apearhtwhadoerdingabrhs prefeatdembddimentrisgteforablysalijuktalppi ng

tool |l ~ead and on said | ens, and wherein the inprovenent = conprises the
addi ti onal stfegmaorslighshi eencase shapsdboat migus sixi(-m dinmiess. fof Plagkdrti ng a
wave in said menbrane such that said abrasive slurry c | ow bet ween said
menbr and and ORIGURRIRN A fose EONVEX Curvaig afabRubsiress A ONAIOREe i m 1,
wherein said tool head is circular and said step of periodically undul ating
said nenbrane for inparting a wave in said nenbrane conprises the step of

inmparting a radialt é éﬁé&h@ﬁb{ﬁmgemﬂhss H@-Qﬂé’péﬁ%ﬂd piqEd in claim

I, wherein said tool head is circular and said step of periodically

undul ati ng savklichehbrshogt fepmertpdefines ginrarvealong the sidcdniferdcarns thenpri ses
the step of inparting a circular wave in said nenbrane. 23 . 8 JUL 2002
4. The met hodimslar|aarayedEach Drshiaped padtetdeispivated to dipprotiendoh apad has a
neutral axis, and said nethod further includes the step of noving said

opht hal i ¢ | itd @ FIGe?) haenshuthe rod end and gxtanding alosp e shorasegreento sai d
tral, axis. 5..The, meth | ai med in ¢l ai i i d i

Fool el haamitieutics ahovky, S ipfiitatond Btbads 1448 HNemwagats I 5 ops of

hapi i d | i Lo of 1] | : i cyl ar t

S8 nout ol SOIRIBE T BBt P54 Syttt 0GR dich HARSPEGRRTAORE T 0

simlar to afjascafifefengsth&byat ures of said Iens respectively. 6. The

nmethod as clainmed in claim5, wherein said nmenbrane profiles are maintained
before and after each said wave, and at a node of each said wave. 7. The
method as clained in claim5, wherein said step of shaping said nenbrane

i ncl udes t he step Blie sodrehdsniné ths innep piungeys 442 prefdrably kaysi vasuugai d
menbrane relative to_said | apping_tool head. 8. The nethod as clained in
clai m 5, wher®Pg cynishaped gapy 148 adneshaps of thesscans 148 ds adeantagroust ep of

SRR ERE A RN e TR N T
vave in sai d SRIBARECHRRES 198 Jf e Shurlrs QU'dCAURL bulRLRNP! R0 2
shape of these cup-shaped caps 148 is also advantageous for optionally
applying a vacuum thereto and a corresponding pulling force on the
membrane for shaping the membrane into a flat configuration for example,
20 or for undulating the membrane for moving polishing slurry thereunder, as

will be explained later.

In this latter case, the pneumatic cylinders 136 operating the inner
plungers 142 preferably have hollow rods communicating with a vacuum
supply port, and are of the single-action spring-extended type. It will also

25 be appreciated that the inner plungers 142 with the caps 148 mounted

thereon are also connectional to a source of a vacuum while their



menbrane in contact with said ophthalnmic lens surface. 24 8 ﬂel Jukozm210.
A | appi ng tool head for polishing an ophthalmc |ens, conprising: a base-x
pl at e havi ng nmounti ng nmeans for securenent thereof to a | ens polishing
apparatus, and a plurality of pneumatic fittings nounted therein; a

mani fold plate affixed to said base plate and having pneumatic circuits

fitting in sacapaedivibitety PRFHT umeliof ol FRIEUBEALEREME. M0 ger s
affixed to saipgk é%@{ag H'@atcﬁc_\@ﬁfaeg‘?x‘;]ak@ psclﬁuﬁiaha%,%ss‘ﬁeeg@:hsgf the

parall el ly-aligne ers, w'th each said cylinder bein onnected in a
seal ed commn@fmmhepbmbéihlga:omeaedm ¥ hotlow slingéd rdd hadpinepressure portr cui ts; a

shield encircling all said cylinders, and individually enclosing an
extrenmty of leciop exinecead itadde pisparsiqussidai thatrenoidi ollis ptenféguratiorl ongat ed
Shrils NIGHRCRCE TR IO TN LR E N T
St em ot endi nf PRI §HAMGARCTPIEBE Sy BleoF Wt eSEntregBt o HRELERK T o
agai nat sai d 1] et R 7sal d menbrane. 25 8 July 2002
11. The lapping tool head as clained in claim 10, wherein said array of
cylinders conprises an inner and outer concentric circles around said
sl eeve. 5 12. The Thppemgaltshedve38ds fixedlrelativd theninaknand ddter phmgersn sai d
Do ot | nolahdiae Tuaghn longitudinal abis exiending in a paraliel alignment with
- 10 the axes of the pneumatic cylinders 136. The sleeve 138 defines a neutral
_ axis of the tool head 82. The central sleeve 138 has an inside dimension
for receiving and holding a stem 150 extending from the central region
inside the membrane 134. The stem 150 is firmly retainable inside the
sleeve 138 such that the stem 150 provides a reference point for shaping
15 the membrane according to the surface to be polished. The stem 150 is
iareferably made of resilient rubber, as for the membrane 134 itself, and is
bonded to or molded as an integral part of the membrane 134. The portion
of the membrane near the stem 150 is positional against the lens, thereby
providing a fixed base which is preferably maintained in contact with the
20 . ~ surface of the lens, and from which the membrane may be profiled to
match the curvatures of the lens being polished. The portion of the
membrane near the stem 150 also provides a reference point for moving
the lapping tool head 82 against a lens to be polished, when a pressure
measuring device is used to control the movement of the sixth linear
25 actuator 88. In that respect, the sixth linear actuator 88 preferably
comprises a pneumatic linear actuator (not shown) that is connected to an

adjustable high precision ;_Jressure regulator (not shown). This pneumatic

16



menbr.ane for inflating said menbrane. 10 13. The | apping toolnéegHLagﬂnz .
claimed in claim 10, wherein said array is grouped into zones to define .
four sectors in two opposed pairs, and said pneumatic circuits are comonly
connect abl e teaugﬁhéhtﬁﬂ%ﬂﬁ%i'nﬁ_tiﬁﬁ'Wiﬂl@'@ﬁésﬂeﬂl £86 a1t sl tiRabperaldr dfitheThe

| appi ng tool head as clainmed in claim1l, wherein said array is grouped
into zones t derbepolishihguppaeatusrte precisely sqpDbasicppressyrealetweandhpneunat i c
circuits are comonly connectable to said pneumatic cyli-nders in each said
pair. 20 15. lappeng sppl epdt&banddaalleas sutfacertaibe pobisbédn 14, wherein said
pneumatic circuits are also commonly connectional to said pneunmatic
cylinders in each said circle. 16. The lapping tool head as clained in

Circle Sach has & FSICTAERORaoUATER FRGSCHY atg fih heRRbRe <Bd3Ran: “of °
and sai d pad ooy ESHGAR R T S0l i€ piAMKRRRG Bpa ARuds LR, O 00

with said ci rré&ﬂ?cﬁb@%@it?ﬁn Ré %aﬁiifcﬂ&'p@éte?‘rﬂ'tfbyma%ﬁold glalé”mﬁé?ﬂzthy- The
| appi ng tool head as clainmed in claim16, wherein said extendible ends in

sai d cyl i ndergheumasiai oy lindesy 136 &l surfvamded bgta @ﬁid@h@elﬂhzﬂsedr}fmﬁelﬂnunt ed
thereon. 5 18. An apparatus for polishing an ophthalmc |ens, conprising: a
| ens pol i shi rdscsteatioses RaepHgr endappisagh t pridunhaticd cylinders éppositapduet i ng an
oscillatory novenent to sai gwpltq%{)pi ng tool head, neans for retaining an

opht lhfu Hc |éﬂ@imddﬂﬁsal§5f£ ?amg théfiﬁﬁYrU@ldFEﬁ)l3§1ié’a%IS%da?@&ﬂr@§ﬂ 3ai d
. : . ! . e
 appi g Cool TREIE Aigntnsy Sk siets LAl Ao Hhed % s Shie? YSRaAane

nmount ed t her ader: [ f iezal | y
undul ati ng sgc?‘ger?rde}'q Eﬁ%ﬁug@f%&%@@ S@?‘f@'ﬁ?‘@ﬁ ggf)sgra 'ugﬁggﬁg gﬁ'rsrg’d in

cl aim 18, whe{RidgheSeH Hof®41BEs 158 oHAY balsidsnRhct HRARITIBE nERIHY WHES Means
for form ng radial waves in said nmenbrane. 20. The polishing apparatus as
clained in claigod@orewienidamribai(motshawn)finsidéthe nesthbianed Bk shdvforbr ane
conprises neans for formng circular waves in said nenbrane. 27 8 July
2002 2115 The ipdéxiagiang retaining the membtanertbereon. cl ai m 18, wherei n sai d neans
for undul ating said nmenbrane conprises neans for shaping said nmenbrane

al ong a pair of perpendicul ar axes. 28

The manifold plate 154 has six (6) circuit grooves 156 therein

connecting one or more cylinders 136 to one of six (6) holes 158
communicating with one of six (6) pressure supply fittings 160 extending

from a base plate 162 of the tool head 82. The base plate 162 is mountable

20 to the arbar of the oscillatory mechanism by means of bolts through
countersunk holes as illustrated. The six (6) circuit grooves 156 connect

two or more cylinders 136 to form with the central stem 150, seven (7)
pressure zones of the lapping tool head 82. Each zone is labeled with a

letter symbol from 'A' to 'G' as illustrated in FIGS. 8, 13 and 14.

25 Each of the supply fittings 160 is connected to a solenoid operated
pneumatic valve 164 which in turn is connected to an air pressure supply

manifold 166. There is provided on the supply port to the air pressure

17
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this drav%mg is representative of the travel of the central area of the tool
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& : 1094 & () -hBWBEdwiad $l5é-98‘mlﬁng)ofa lens. While only zone 'A’ is illustrated

“3810%4| & () - 90! 10%4| & 90! 1094 & ()-1.5! 10948 ()- & MLOY| & () -
, N~_ @y 10% & tb):FeuS m@%u&sr@adm% diténded3(al Gefic( }heSmb@4émeh06f the entire

104] &Y710%4| & (); :13¥szX7~
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5 diametrical setting on the apparatus of the preferred embodiment is

between about 10 to about 20 mm and a preferred velocity is between

about 300 and 600 cycles per minute for polishing a lens having a diameter

of about 75 mm.

In order to better appreciate the operation of the lapping tool head

10 82, reference may now be made to FIG. 13. This figure illustrates a plan
view of the lapping tool head 82 and the seven regions defined by the stem

150 and the plungers 140,142. The configuration of these regions is such

that it is possible to group one or more zones to define four sectors as
illustrated in this figure. Sectors 180 and 182 are opposite and

15 symmetrical. Sectors 184 and 186 are also opposite and symmetrical, and

disposed at right angle with sectors 180 and 182.

Sectors 180 and 182 are disposed along the axis 188 of the cross
curve of a lens to be polished on that head for example, herein referred to
as the cross curve axis. Similarly, the sectors 184 and 186 are disposed

20 along the base curve axis 190. It will be appreciated that all zones on one
side of the cross curve axis 188 are positioned in a symmetrical manner
relative to the zones of the other side of that axis. Similarly, the position
of the zones on one side of the base curve axis 190 are symmetrical to the
zones of the other side of that axis. Therefore, each zone on the lapping

25 tool head is positioned in a four-way symmetrical arrangement relative to

the commonality of that zone with both orthogonal axes 188 and 190 of

19
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shape of the base curve of the prescribed lens. The ability to create
pressure gradients along two pairs of opposite sectors has proven to be
advantageous for shaping right-angled profiles in the membrane 134 of the
tool head 82 according to both basic curvatures of a lens 26, and thereby

obtaining uniform polishing of the lens surface.

Another important characteristic of the lapping tool head 82 of the
preferred embodiment is illustrated in FIG. 14 and is also directly related
to the symmetrical arrangement of the pressure zones on the tool head.
The eighteen (18) pneumatic cylinders 136 of the tool head 82 are arranged
in seven zones as it was previously mentioned for forming four (4)
symmetrical sectors 180,182,184,186. The seven zones are also
configured _'to form three (3) concentric circles or three concentric
hexagons. However, for maintaining the clarity of the text, reference will
be made to concentric circles. The first circle 192 comprises a single zone
‘A" having a fixed stem 150. The second circle 194 comprises two zones;
'B'and'E' having respectively four and two pneumatic cylinders 136. The
third circle 196 comprises four zones; 'C', 'D', 'F' and 'G' having
respectively two cylinders, four cylinders, four cylinders and two cylinders.
Each cylinder 136 in each of zones 'B' to 'G' is diametrically and

symmetrically opposite from another cylinder in a same zone.

20
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nominal quantity of abrasive slurry toward the center of the lens 26. or to
expel slurry from the central region of the lens toward the periphery of the
10 lens. This controlled undulation of the membrane 134 and the pumping
action created thereby is advantageous for maintaining a constant supply

of abrasive slurry across the entire surface of the lens.

Because the zones comprised in each circle are diamet}ically

symmetrical in relation to the configuration of the lapping tool head, and

15 because each zone may be actuated for a specific time duration, the
polishing effect of the tool head duﬁng the undulation of the membrane is
controllable to ensure a uniform polishing action across the entire surface

of the lens.
It will be appreciated that the pumping action by way of undulating
20 the membrane in pu_lsating circular waves may be preferred by some users
when the curvature of the membrane is near a maximum value. When the
lens' curvature is nearly flat, however, the pressure gradient in each pair of
sectors 180-182 and 184-186 may be alternatively varied for generating
pulsating radial waves in the membrane 134 and for undulating the
a5 membrane 134 in a sweeping-like manner to take in and spread the

abrasive slurry over the entire surface of the lens.



10 YA 1096&

1 1096G& ()-9! 1096G& () - 3109G () M 109G () - S10%G8: () - S YGBALAAABIEVK@ !

10, 3 10968 () - , 21008 ()- 90° 10U () -, 10%G& ()-* ! 1098 () -

& 810%C&' ()- BBBB 0

oG 10568 % ) - @108@@9%:)%%& %‘6}&'{%4 E@F@ﬁ“&?@%%ﬁ%‘a&d‘fi‘l—%loty&' () -
y MOY% () -! d08®iafekt inYa diféBaf Wav¥ mdd6 in) rati e mbdé zhe bEridfency

7' 109%: ()- @ ! 10% () - SIMLOY&! () - :

| C t110%& () of (' HolisB9E dctic s bhHAEd Glgnifieddtly. 15wl ¢ KEprdiated that

0- 08 JuL 2002

7'1L9' 10%& () - &Y: 10%& ()- ! 10%a& ()- & 10%& ()-t" 10%& ()- 10
10+KvKKKLL4MIBK@ulsating : undulating- action’ (of- the' membrane 'is preferably

0, 0, 0, 0,
lioigéf/‘& %)&5&%8; Qgé%\{%&gé&l_ p(r%socé pres'vgr'\é'vgclz\ltlt\lur\llgs oEngach cylinder.

1098 ()-'s'1

109& ()-!1>'S

10

15

k) 50 WA MFRCRP UL RMTAL B () a0 100

maintained before and after the formation of each wave and at the nodes

of each wave.

Although the pulsating effect described herein is known to greatly
improve a lens polishing operation, those who are familiar with lens
polishing processes will appreciate that the pulsating effect described
herein does not necessarily obviate completely the need to periodically
raise the lens off the lapping tool head to renew the layer of lapping slurry

there-between.

As to a more elaborated manner of usage and operation of the
apparatus according to the preferred embodiment, the same should be
apparent from the above description, and accordingly further discussion
relative to the manner of usage and operation would be considered

redundant and is not provided.

While one embodiment of the present invention has been illustrated
in the accompanying drawings and described hereinabove, it will be
appreciated by those skilled in the art that various modifications, alternate
constructions and equivalents may be employed without departing from the
true spirit and scope of the invention. Therefore, the above description and
the illustrations should not be construed as limiting the scope of the

invention which is defined by the appended claims.
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An improved method for polishing an ophthalmic lens surface
using an apparatus having a lapping tool head, a flexible membrane
covering a lapping portion of said tool head, and pump and nozzle
means for pumping abrasive slurry over said lapping tool head; said
method comprising the conveﬁtiona[ step of:

imparting an oscillatory movement to said lapping tool head and
contacting said lens surface with said lapping portion of said
lapping tool head while an abrasive slurry is pumped over said
lapping toolhead and on said lens, and wherein the improvement
compris;:s the additional step of:

periodically undulating said membrane for imparting a wave in said
membrane such that said abrasive slurry can flow between said

membrane and said lens surface.

The method as claimed in _claim 1, wherein said tool head is
circular and said step of periodically undulating said membrane for
imparting a wave in said membrane comprises the step of imparting

a radial wave in said membrane.

The method as claimed in claim 1, wherein said tool head is
circular and said step of periodically undulating said membrane for
imparting a wave in said membrane comprises the step of imparting

a circular wave in said membrane.
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5. The method as claimed in claim 1, wherein said lapping tool head

has a neutral axis, and said method further includes the steps of

shaping said membrane along a pair of right angled axes

perpendicular to said neutral axis, and forming profiles in said

membrane along said axes, similar to a base and cross curvatures of

said lens respectively.

6. The method as claimed in claim S, wherein said membrane profiles
are maintained before and after each said wave, and at a node of

each said wave.

7. The method as claimed in claim 5, wherein said step of shaping
said membrane includes the step of simultaneously pushing and

pulling against said membrane relative to said lapping tool head.

8. The method as claimed in claim 5, wherein said step of shaping
said membrane includes the step of slightly inflating said

membrane.

9. The method as claimed in claim 5, wherein said step of periodically
undulating said membrane for imparting a wave in said membrane
comprises the step of continually maintaining a portion of said

membrane in contact with said ophthalmic lens surface.
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a manifold plate affixed to said base plate and having pneumatic circuits therein
with each of said pneumatic circuits communicating with one fitting in

said plurality of fittings;

a plurality of pneumatic cylinders affixed to said manifold plate, and defining a
circular array of parallelly-aligned cylinders, with each said cylinder being
connected in a sealed communication with a respective one of said

pneumatic circuits;

a shield encircling all said cylinders, and individually enclosing an extremity of

each said cylinder opposite said manifold plate;

an elongated sleeve immovably affixed to said shield in a central region of said

circular array, and being aligned with said cylinders;

a flexible membrane covering said cylinders and said shield, said membrane
having a stem extending from said membrane into said sleeve and being

secured into said sleeve; and

said cylinders each having an extendible end movable against said flexible

membrane for shaping said membrane.
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comprises an inner and outer concentric circles around said sleeve.

12.  The lapping tool head as claimed in claim 10, wherein said pneumatic circuits in
said manifold plate comprises one circuit communicating inside said

membrane for inflating said membrane.

10 13.  The lapping tool head as claimed in claim 10, wherein said array is grouped into
zones to define four sectors in two opposed pairs, and said pneumatic
circuits are commonly connectable to said pneumatic cylinders in each

said pair.

15 14.  The lapping tool head as claimed in claim 11, wherein said array is grouped into
zones to define four sectors in two opposed pairs, and said pneumatic
circuits are commonly connectable to said pneumatic cylinders in each

said pair.

20 15. The lapping tool head as claimed in claim 14, wherein said pneumatic circuits are
also commonly connectional to said pneumatic cylinders in each said

circle.

16.  The lapping tool head as claimed in claim 11, wherein said extendible ends on

25 said cylinders in said outer circle each has a D-shaped pad mounted
thereon, with a short segment of said D-shaped pad extending along a

circumference of said circular array, and said pad being pivoted on said

extendible end along an axis aligned with said circumference of said

circular array.

26



BUaB~_@ 10. 10% & () - @ MLO% & () -s*&10% & () -

| +@&10%& () -

109% & ()- 10% & ()-1~ @ 10910%& () - #yml0%& ()- 10: 10: 10:;

109% & ()-710% & ()-! & &O&L0Y%& () -f I\ xdE~_@ 1010%& () - @O0%& () Y#10%8& () -
109%& ()-f' 10%& ()- 109%& ()- ZqFdE~_@ 10Y10%& () - 10%& () -
109%& () - 109%& () - 310%& () - 310%0&' () -F}/ zdE~_@ 10* 10%& Ogﬂ%% ()- &
109%0& () - %10%9&' ()-#$10%& ()-! 10%& ()- FHbC 10Ys10%0& () ()-

10PF109 () TPEGORBM Jook 18ua e g A oAl it edile s o

10, &$10%D& "1 der$ Bl G4 FERIKA 0 ># dYNC
10 100 100 (ﬁ)q @M@&yﬁh er DSk o (shotfohlOQKapdd cARUSirdd

10908; () - / GLOYDE: (hereom 10908 () -, | 10%08' () - 310%0& () - S8"<YNC

10! 9$10%& () -

:1$109@e () -: $10%@X& () -

100/@()-l|1100/&() f#ymloo/@() meg{\ = 101 1 10% 0& () - @ 10% 0& () -

10@ 509@8. () A

10

15 19.
20.

20

DIBEEp§l)shing an ophthalmic lens, comprising:

a lens polishing station having a lapping tool head; means for imparting an
oscillatory movement to said lapping tool head, means for retaining an
ophthalmic lens in contact with said lapping tool head and against said
oscillatory movement; and means for pumping lapping slurry over said
lapping tool head;

said lapping tool head having a flexible membrane mounted thereon and means

mounted under said membrane for periodically undulating said membrane.

The polishing apparatus as claimed in claim 18, wherein said means for
undulating said membrane comprises means for forming radial waves in

said membrane.
The polishing apparatus as claimed in claim 18, wherein said means for

undulating said membrane comprises means for forming circular waves in

said membrane.
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along a pair of perpendicular axes.
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