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TI TLE: METHOD AND APPARATUS FOR POLI SHI NG OPHTHALM C LENSES FlI ELD OF THE
| NVENTI ON Thi s invention pertains to the polishing of ophthalmc |enses,
and nore particularly, it pertains to a nethod and an apparatus for

pol i shing ophthal mc | enses, using a | apping tool having a dynam cally
formabl e | appikyigoomsessbr ane. 5 BACKGROUND OF THE | NVENTI ON Apqurid A0&408066
requirenent in the optical industry in regard to apparatus for polishing
opht hal m c | enses, mﬁ!ﬂemmdym'mmmF@m@msmmh of a lens
wi t hout changi ng the curvature of the lens' surfaces. ldeally, a lens

pol i shing operation is |i GRETHAIMEE LENSESng of minor scratches and 10
machining marks in a lens while maintaining perfectly the prescribed
curvatures. It wll be appreci ated that any uncontrolled pressure point in

a | apping nenbrqﬁﬁ ¥ﬁ@hﬁ¢ﬁ§? npead, or a depletion of polishing
slurry at any |ocation over the rane can cause the polishing operation
to remove nore or less nmaterial in one region ofthe | ens, thereby changing

15" the prescribed curvature of that | ens_and causin optlcal ef ects.
Many types of |ens p&]ﬁ%ﬁﬁﬁgli’@mgﬁﬂ%}ﬁmmdlﬂéw@%ﬁ eRivRAlmielinies, 8% past and

d wth f. i dt
bel ong o two brGURE TG, JoRsri 40 & G m%@ﬁ%@ﬁ%ﬁ%ﬁfsﬁm%ﬁoi “head

having a resili ehidlimid R¥id! Bsih 2R Mg RITD hia¥leg whiytlimically Gormabltef or mabl e
upon contact With the surface of a l'éns to adap? to the curvature of the

| ens. Exanpl es dbppipparcathrandoel onging to this first group are described in
the following US Patents: 1

5 BACKGROUND OF THE INVENTION

A primary requirement in the optical industry in regard to apparatus

for polishing ophthalmic lenses, is the ability to improve the surface finish

of a 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 marks 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 more or less material in one region 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 degrees 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:
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US Patent 3,589,071 issued on June 29, 1971 to Hans S. Hirschhorn; US

Pat ent 5, 205,083 issued on Apr. 27, 1993 to Dennis R Pettibone; US Patent
5,662,518 issued on Sep. 2, 1997 to Mchael D. Janes et al. The second type
of | ens polishing apparatus of the prior art uses a 5 plurality of

pl ungers for supdopessy pressure gradients over a | ens pol i shrewCApsREne.

Al t hough these apparatus are designed for polishing | arge tel escope
mrrors, this is the type of apparatus that is of interest herein. Exanples
of these apparatus are illustrated in the follow ng US Patents: US

4,606, 151 issued : 9 ' o .4,802, 309

| ssued on Feb. 7@5@3&%@#@&%@@g’&?ﬁé‘%%ﬁ%@ﬁ%@gﬁﬁ% ]‘lmscgil}e >on Jul. 25,
1989 to Erich Heynawphent 205083 itiRdloalA 2EX80PtEDeklas RI PRELORY; | shi ng
apparatus having a plurality of actuators for applying different pressures
at different aredd$S Bitem 5,663,518 guedeoniBepnd, 199 ¢o MitHael Bnianesetslur es are
adj usted according to the 15 anount of material to be renoved at
different locations on the lens surface, such that a polishing operation is
effected nore quickly I ' ' are
believed to be great gggg%%é‘si%ﬁ)%%tfﬁ%gégp%% %@gg#bop tlﬁggﬁ&ls%r??%?:gs.
However, these appaaitywspiigbetfoggivdasprehtrd godietnatera leasolishing

pol i shing operation is nornmally acconpani ed by the accumul ati on or

depl etion of abr dasmlrass.uAdihongh thess appiratay pisrissigned der palisBingupfgce, which

can cause nore or,J ess palishing.i hese reqions, Al though this is a very
comon source of tglﬁ%ciogg%laﬂglf’seg}lglsitﬁebﬂ’lﬁﬁffﬁ%@%?ﬁ%&@%ﬁ%ﬁ% hlmée%ﬁo known
prior art appar atpigmiphdtordhdse bfpRatbohnetiliirated ih R RHOWIY WS Patedfs: t he
novenent 25 of abrasive slurry between a polishing nmenbrane and a | ens
surface. 2 US 4,606,151 issued on Aug. 19, 1986 to Erich Heynacher;

10 US 4,802,309 issued on Feb. 7, 1989 to Erich Heynacher;

US 4,850,152 issued on Jul. 25, 1989 to Erich Heynacher et al.

The latter examples describe polishing apparatus having a plurality

of actuators for applying different pressures at different areas of a
polishing membrane. The different pressures are adjusted according to the

15 amount of material to be removed at different locations on the lens surface,
such that a polishing operation is effected more 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 polishing in these regions. Although this is a very
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 shurry between a polishing membrane and a lens surface.



SUMMARY COF THE I NVENTION In the present invention, however, there is

provi ded a new nethod for polishing an ophthalmc |lens. There is also

provi ded a | apping tool head that is adapted to sinultaneously conformto

t he shape of an 5 ophthalmc lens and to nove abrasive slurry between

t he nenbrane whegeeedseand t he ophthal m c | ens bei ng polishedectBrasadiogs in
accordance with one feature of the present invention there is provided an

i mproved net hod for polishing an ophthal m c | ens surface using an appar at us
havi ng a | appi ng SUMMARIY ORTHEKYBENTION nenbrane covering a | apping
portion of that tool head, and punp and nozzle means for punping abrasive
slurry over the | apping tool head. The new nethod conprises the

conventional step of |Iﬁwﬁé&gh§?%whé@%’ghﬁg 8 ted RnéWendtigii ng t ool

head and contacting the e wmth t g portion ofthe | apping
tool head whil e afor gblistdingy en sphthalnic Enpuffhert id also provided 4 teppirgpohg t ool
head and on the |lens. The inprovenent conprises the a\(;l\g%tional step of
periodi cal |y undureadi gl ishedapser fo sEylEneousba contom donlgshare A" nenbr ane
such that the abrgsi LY. I r and.ddhe |ens
surface. A rrgj or %%’tﬂaef %J Zerngfa"?% ’Elowvagrlé%%?ﬂf@hﬁﬁ%tﬁ ' ae’

|
vantag hi's "'new he  "apping slurry is

20 ef fici ent| yheRwesndie ophihalngdidnk ®efgrdoisieedof the lens for inproving
the quality of the | enses polpi shed by this process. In another feature of

the present invention, the new method also includes the step of shaping the
al ong these axes | nat BIPely e AsEoRotie S ORF et PLIBG ISR AR iMEd wi t b a
base and cross cumyalighesyidd ADBnireNal RefmbE BopdIRNRE an dHhthathReAg of the
menbr ane ensures that a | apping operation 3
surface using an apparatus having a lapping tool head, a flexible
10 membrane covering a lapping portion of that tool head, and pump and
nozzle means for pumping abrasive slurry over the lapping tool head. The
new method comprises the conventional step of imparting an oscillatory
movement to the lapping tool head and contacting the lens surface with the
lapping portion of the lapping tool head while an abrasive shurry is pumped
15 over the lapping tool head and on the lens. The improvement comprises the
additional step of periodically undulating the membrane for imparting a
wave in that membrane such that the abrasive slurry can flow between the

membrane and the lens surface.

A major advantage 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 the 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

3



Is effected evenly w thout applying any pressure point or relaxed sector
over the lapping portion of the | apping nenbrane. In a further feature of
the present invention, there is provided a | apping tool head for polishing
ophthal m c | enses. The | apping tool head 5 conprises a base plate having
nount i ng neansd@psgecur enent thereof to a | ens polishing agrarsspemse and a
plurality of pneumatic fittings nounted in that base plate. A manifold
plate is affixed to the base plate and has pneumatic circuits therein with
each pneumatic circuit conmunicating with one of the pneumatic fittings. A

plurality of pne ' |'é{lb$j .S 1.8 ' grg, ' pl at e,
and defines a ci ﬁgg‘ffgéecgﬁé g’?‘?‘s‘%‘ragﬁi@ - aflgrlg%ﬂ‘ﬂéedIS @?/ﬁt‘%}ﬁﬁafé?gd I"é\%\ﬁk h each
cyl i nder being C(}ﬁ;@@ﬂ-knggiﬁgﬁmﬁgﬁibﬁﬂwqwﬁﬁﬁbf&a with a respective one of
the pneumatic circuits. rigid shield’encircles all the cylinders, and

I ndi vidual ly encl oses a collar end of each cylinder, opposite the manifold

plate. 15 There are also proyided an, el ongat.ed sl eeve imovably
affi xed to the shiel d??ﬂ iﬁnggn%eptg{ep?fgtép&gesgpt ioyentan, dhere s BPYEd 3ang bei ng
aligned with the 3 : ' 2 cylinders
and the shield. %@1%%&§%a§ﬁgg&§ﬁ§g§gﬂg§%rgﬁ H?Sg?m%?y ﬁ%%?g%ﬂé%dnto t he

sl eeve and b&i ng wempuisesh bast platdieaviripaavetingandans frisedremén sheasoferot endi bl e
end 20 whi ch is novabl e against the flexible nmenbrane, for shaping the
menbrane. Wen t HelSphRRimaineEppreisnd apluraigapt reumatis Stings moupkd t o
respective sourc [, 1Al es ; WL L el l.ndi. vl y

control | abl e forqgﬁ%gib%gPl%%' n}g%ﬁgﬁgﬁ%%érdl mgﬁﬁ%ﬁiﬁ?%dsgglr%éa ureAsS of an 25
ophthal mi c | ens. pfssmatid@rciiatbemiteyititeabh phditaticairedndorghuniédiing &ithopht hal mi ¢

l ens, a central portion ofthe nmenbrane is usable as a reference 4
one of the pneumatic fittings. A plurality of pneumatic cylinders is affixed

10 to the manifold plate, and defines a circular array of paralletly-aligned
cylinders, with each cylinder being connected in a sealed communication
with a respective one of the pneumatic circuits. A rigid shield encircles all
the cylinders, and individually encloses a collar end of each cylinder,

opposite the manifold plate.

15 There are alsc 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 areference
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contact point for positioning the nenbrane against the ophthalmc lens with
a sel ected pressure between the nenbrane and the lens' surface. In
accordance with another feature of the present invention, the array of
cylinders in the | apping tool head conprises an inner and outer 5
concentric ci mapemsegeound the sl eeve. Thus, when the cyli nderscisosash
circles are periodically actuated separately, the nenbrane is undulated in
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 diamefricall. ' nts of the
t ool head, and tﬁgmé'?}l}?% PEPP%“%’Q’&%“ﬁéﬁ?ma’iﬂngg%‘ﬂgﬁtgg@g@&ﬁéﬁﬁ‘g%gge oper abl e
in a group for geREyAldidied fitistle AYES the nleliBrdRERE ISlchO suifge, pur pose of
moving | apping slurry over the surface of the lens. In yet a further aspect
of the present invention, the array of cylinders 15 conprises two _
concentric circles. Each cylinder_has _an exten?Egle end,, and tqﬁﬁextendible

ends on the cyl i nder sif fecoffangs, With sapther fatug O 51& RSt PUFEORoift ed
thereon, with a t: . i) I K erence of
the circular arr %%{Qﬁgggﬁgg&é 163%6 {?g xﬁgqg?l\?c%‘zg&g%g%%ragg%%%ﬁﬁégﬁg endi bl e
end, along af axicBnydhitd cirdlesthrsonditiegiege Whis,twisenBe cylindercinngéaghence of
the circular array. The extendible ends in the cylinders in gle J nner

circle have suct icHales agpespdisally acipiedsspaated. thtopaprang anduisddn caps are
optionally connectional to spurce of., a v I linders in
the i nner circl e.m‘?ﬁlﬁ"g %?gg@&érﬁn‘%%%’uévw%‘ggwiﬁgtsﬁ}%}@ E%ﬁg‘%e are

connected to a 2%fthe Ipirce of pressure and the cylinders in the inner
circle and the suction caps 5

In yet another feature of the present invention, the array of cylinders

10 is divisible in four diametrically opposite segments of the tool head, and
the cylinders in each pair of opposite segments are operable in a group for
generating radial waves in the membrane for the purpose of moving

lapping slurry over the surface of the lens.

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
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are connected to a source of a vacuum this array of cylinders is usable
for shaping the nenbrane according to extrene |l ens curvatures. Still

anot her feature of the present invention is that the array of cylinders is
a conpact arrangenent that is substantially simlar to an area 5 defi ned
by a common opf fakegeC | ens blank. The array of cylinders iscfBitshsgte in a
tool head that has a conmmopn size and that is adaptable to conventional |ens
| appi ng and polishing apparatus, for retrofitting an existing | ens

pol i shi ng appar amohmar@cambm;cebfmw&hymm&@angyss)lﬁcﬁiﬂdaxspis ngpbledot head
econom cal ly avai| abl e to t he opti c I ndustry, 10 BRI EF DESCRI PTI ON OF

THE DRAW NGS OneSEpigih f0¢ 3¢pQr i%@ﬁﬁﬁ@fﬁe fegs PRVERYTSat ed i n the
acconpanyi ng draw ngs, in Whl ch like nunerals denote |ike parts throughout
the several views, and in which: FIG 1 is a sinplified illustration of a

| ens polishing appar a8tils agsth@r fdatnge dSthe present inventidacisphafthe agdy efrbodi ment
of the present invention. For nore clarity, the apparatus is shown w thout

the usual dri ve Rylinsiers I&éﬁemmct@qanmtthat:xatsubﬁéamyﬁﬁmzkwFfeam ¥§ui prrent

common to t machi Vi ew o ht hal m ¢

| ens nount e § @Eﬁ%‘p re “y ”@R OPEg"%mmr—lFﬁ ﬁ%‘aﬁ dﬁ%\ W%%{;ﬁﬁ\ﬂdg& %f t he

| appi ng tool hea&z&:ﬁiﬁﬁfdlﬁ%%élméa&ﬁmk 85a BRhiSH bR 2P RAf Rldiptablk®® 4 1S a
partial perspective view of the polishing station inside the |ens polishing

apparatus; 6 conventional lens lapping and polishing apparatus, for rewrofitting an

;-.

existing lens polishing apparatus for example, thereby making such

lapping tool head economically available to the optical industry.
10 BRIEF DESCRIPTION OF THE DRAWINGS

One embodiment of this invention is illustrated in the
accompanying drawings, in which like numerals denote like parts

throughout the several views, and in which:

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

15 to the preferred embodiment of the present invention. For more
clarity, the apparatus is shown without the usual drive motor,

control 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;

20 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;



FIG 5is a partial side elevation view of the lens polishing station; FIG
6 is an enl arged perspective view of the |apping tool head ofthe |ens
polishing station, with the covering nmenbrane thereof shown in a cut-away
view, 5 FIG 7 shows the | apping tool head w thout the covering

menbr ane; Fl Gw@Bosssedas a pl an view of the | apping tool headpistvarsosd he
covering nenbrane; FIG 9 is a cross-section view through-t-he-l appi-ng.toQl
head as seen along line 9-9 in FIG 8; 10 FIG 10 is a plan view of the
mani fold plate incorporated in the base of the |apping tool head; FIG 11
is a pneumatic circuit diagramused in association of the | apping tool
head; FIG 12 is a schematic illustration representing an ideal path of the
15 . ohaPPinaG 86l 5 A Ak G4ARRYAA B el Bolillily shilod,s @ schemati ¢
pl an view of the lapping tool head i1llTustrating the vartous pressure zones
t herein when these pressure zones are operable in dianetrically opposite
sectors; 7 FIG 14 is another schematic plan view of the_|apping tool

head i | | ustrati ngtené isareniaigednespsetive viow esthe feppiigioglhend offle fgnessur e
zones are operable in_goncentric ciyales. 5 DETA LED DESCRI PTLON OF THE
PREFERRED ENMBODI MENT ’x’/@}sg}%‘egtsﬁfné’ni Yook e Siverte @8@@?&?5&‘%"%&"%& ments in

many different forms, cith@fag vigw;shown in the drawings and will be described
in .

5 F1G. 7 shows the lapping tool head without the covering membrane;

FIG. 8 shows a plan view of the lapping tool head without the covering

membrane;

FIG. 9 is a cross-section view through the lapping tool head as seen along
line 9-9 in FIG. 8;

10 F1G. 10 is a plan view of the manifold plate incorporated in the base of
the lapping tool head;

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;

F1G. 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;



details herein, a specific enbodi ment of the apparatus according to the
present invention and a nethod of use of the apparatus, with the 10
understanding that the present disclosure is to be considered as an exanpl e
of the principles of the invention and is not intended to limt the
invention to GhesasRedi ment illustrated and described. Refeggic@oMiokd
firstly be nmade to FIGS. 1, 2 and 3 illustrating respectively, a S|an|f|ed
perspective view of the apparatus according to 15 a preferred enbodi nent
of the present invention, for carrying out a new nmethod for polishing

opht hal m c Ienses atﬁglcal ophthal mc | ens nmounted on a suegort bl ock, and
a | appi ng tool &6-i Hedy ﬁ@?@?’é(ﬁch‘@mﬂﬁiﬁeﬂ%p‘é@'ﬂt%m

't or mat i on' 2'hiui"‘ﬁpﬁéﬁ%lé%ata@e%@-‘@hé%%%ssuie SRSl Byfeener
under st andi ng of the gdbragaeiopetabid & cohcentfi€ciRd, shing of ophthalmc |enses

referred to herein pertains to an optional step in the manufacturing of .
ophthalmc |l enses on an ultra-precision | ens generating apparatus wherein

brocess and ShanERafLeb bESSRIHORGE 1e FROTPERAED BNoRaBRERE”

polishing of ophthalmc lenses is a light |apping operation which is
optionally carried out to renove invisible or hardly visible machining
defects fromthe IensW}silmr thac émvention ds dascepﬁbharuﬂaméodiiam&simﬁnmyfi nest 8

quality. The polishin the |l enses is carried out, prior to appl yi ng an
optional final @&?reg F‘H% e@b%ﬁiioﬁ@ ipshe ﬁ’@‘ﬁlm"e B the

above, it will bedca@lerh%f-‘e;@t ShebHleafttialdithn H3fe B Mo{%ﬁﬁ%&?ib gn, it is

i nportant to renove materil a from ace preci se and
control | abl e manmeesenn imretidon tandob tradthod ref disset ablti&: appa:ratus, with the

10 understanding that the present disclosure is to be considered as an example
of the principles of the invention and is not intended to limit the invention

to the embodiment illustrated and described.

Reference will firstly be made to FIGS. 1, 2 and 3 illustrating

respectively, a simplified perspective view of the apparatus according to

15 a preferred embodiment of the present invention, for carrving out a new
method for polishing ophthalmic lenses, a typical ophthalmic lens mounted

on a support block, and a lapping tool head incorporated in the apparatus.
However, before describing this apparatus in detail, it is deemed that

certain general information should be reminded in order to afford a clearer

20 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



results. That is, basically, the major objective ofthe apparatus and net hod
according to the preferred enbodi nent. The apparatus according to the
preferred enbodi nent conprises in conbination: a wash station 20; a
polishing station 22 and a robotic 10 mani pul ator 24 for transporting an
ophthalmc | epppsspth a | ens block 28 affixed thereto frorarcobamesent
station (not shown) to the wash station 20; fromthe wash station 20 to the
pol i shing station 22; and fromthe polishing station 22 back to the wash
station and thendudits pihsatishingf ke lersesris casied W) PripCioAnPiY RS8R at or can

renove the lens 26.1r t 15 . apparat.us. i 111 be appreciated that

t he pl acenent st8?&1%????%8?&%%5%30%§§8’§tlgi%eoll;’ésoeyat ed into the wash
station, and the lens 26 and block 28 nay be initially placed in the wash
station 20 by an operator of the apparatus. The robotic picker 24 conprises
a gripper assenbly 40Actading0o the ebgegimgilhbel apmedated thitedurimgssuphock 28,

and a pair of a first. and second.linear actuators and | de.assenpblies -
42,44 for noving pf’h 188 (OBFreHOmsE dhiPRPTI F%r’?‘?‘ﬁ"ﬁsl%ﬁegﬁf hﬁ tthFFbgl t udi nal

di rections respegt : plell A2 b pradi@asieboti c

pi cker 24 isgpre% Eéfr%%%a%?%%ﬁ%gg%ﬁgl%le%&g#ﬁ %g\i/(%&g?}#égﬁrons I%ig grab and
rel ease a | ens blresults.ZBhat A5basicalipahd majr dFettivepf dieappirhys bad methoded i n t he
wash station or in the lens placenent station (not shown) by nmanually
orienting a ref e&sRrding|ipthespelgrred epbedinignt or r espondi ng i ndent ati on ( not
shown) in the chuck of one of these stations. Referring back to FIG 1, the
wash station 20 conprises a first vacuum chuck 60 (simlar to 80 in FIG

3), for retaining theThefashsblt@rdecaBing to the preferred embodiment comprises in

combination: a wash station 20; a polishing station 22 and a robotic

10 manipulator 24 for transporting an ophthalmic lens 26 with a lens block 28

affixed thereto from a placement station (not shown) to the wash station

20; from the wash station 20 to the polishing station 22; and from the

polishing station 22 back to the wash station and then to a placement

station {not shown) where an operator can remove the lens 26 from the

15 apparatus. It will be appreciated that the placement station {not shown)

may be incorporated into the wash station, and the lens 26 and block 28

may be initially placed in the wash station 20 by an operator of the
apparatus.

The robotic picker 24 comprises a gripper assembly 40, for

20 engaging and holding the lens block 28, and a pair of a first and second
linear actuators and slide assemblies 42,44 for moving the gripper
assembly 40 in transversal and longitudinal directions respectively as
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



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 al so
provi ded a wash basin 64 nounted on a first structure 66 which is actuated
in up and down directions relative to the rotary actuator 62 by a third

| i near actuat o 9iagkssl | de assenbly 68. The first vacuum chugg:@Bobamss a

spl ash 10 guard plate 70 novably attached thereto, and a spray nozzle 72
is nmounted inside the wash basin 64. During the wash cycle, the wash basin
64 rises up agai mgthaensrespingéng igdentationl (aes thmmeﬁmcé@égnwfémsens 26, the
| ens bl ock 28 and}ﬁg’.he spray nozzle 72 conpletely. Water or a m xture of

wat er and detergé % then sprayed against the lens while the |lens 26
rotates 15 several turns. Upon conpletion of the wash cycle, the |l ens 26
is.transferred to the polishing station 22 by the robotic picker 24. The
pol i shing station conBefesting hacketwofliG.via dhiei masth statior8 @0 foompnistla figstt he | ens

21 appi ng. 100l hea R UEHROCHN IS BIIn RGeS, F eHBinone oot BAGCRE Lo be
pol i shed i s g1 | enfyach AQAONGE Bl BGYI0b Rl P sRUAA P8 Bl 1S lstRRNO 1 0O

O
head 82. The second vacuum C

)

on a seco structure which

is only partly drsa&mﬁaothemehmeiim-daﬁameeluﬁhg&ﬁémgf cjdie ThawiBaisoThe second
structure conprises a fourth, fifth and sixth linear actuators and 25

slide assenbl i es reaidsl aweshdBsinédprosmniodeiny firfiseyeute Glouhichistoaetsd and sl i de
or thogonal i oot BRE™ SRR 0BTy BUPORAT L LA FORB T and 58
S Toneert b SRS O MSEIR @Yt 0 Achua AN aoBRlatal, 101
10 guard plate 70 movably attached thereto, and a spray nozzle 72 is mounted
inside the wash basin 64. During the wash cycle, the wash basin 64 rises
up against the splash guard plate 70 and encloses the lens 26, the lens
block 28 and the spray nozzle 72 completely. Water or a mixture of water
and detergent is then sprayed against the lens while the lens 26 rotates

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
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vertical neutral axis of the | apping tool head 82, or for initially
positioning 5 the lens a nomnal offset distance relative to the neutral
axis ofthe lapping tool head to acconmpdate a prismangle in that |lens for
exanples. It is also reconmmended to continually noving the | ens 26 back and
forth and si devdessése i n directions indicated by arrows 84perpdtholtiss
relative to the neutral axis of the | apping tool head during the polishing
cycle to prevent 10 | ocal i zed over or under-polishing of the Iens. The
second vacuum chortkogabdidedtions indjwpied by comkspordidy 82 ows 84'p8&faed 88).y nount ed
I nsi de a seal abl %Hencl osure 100. The encl osure 100 preferably has a gl ass
wi ndow 102, and @Wé’é’ﬁm@&@lqgﬂﬁ'ﬂschn%VWﬁhﬁ}Wk B8 are agypataze g“ nspar ent

rater i al ‘such t by KRR hORRMHCREIBIIAN £l BeoRARRLARE" St andi ng

near the apparat us. ow o appi n urry I's punped over the

| appi ngt ool head Mlc%uhbﬁxﬁﬁiﬁheﬂﬁp;ﬁﬁgﬁi&hé&d SlDélefoﬁinﬁtdey posiziahiag as

I ndi cated by nuneral 104 in FIG 3. The | apping tool head 82 of
the apparatu® i st@emmmmﬂﬁwtdmmmb@momwmﬁm apPing mechani sm

f the t d US Pat ept d
Jan. 5, 1903 to SOmcR KERePRRORaBa Y Bl 1t GaL ot FEPREBPRRe S ehani om at

pull ey 106. Refenfdng &A&H'r@&{n?ﬁnhellﬁﬁm%] thé 16 Y3 BRI W&haﬁe and the

25 | appi ng tool head 82 are illustrated ereln 1n a larger scale. The

second vacuum chugle 18@idesin alideytiqrarindigated by atroes 84' b8 irslatiVdi® tharti al
illustration 11 Is alsg used to maijntain the clarity of the draw ng.

However, it will PEEISKisaEthe lapping ool hepddusing the madishing CWEJF foRr&§Ve™e first
chuck 60, ake Op%&ﬁx‘iéjdWer%rﬁﬁ@éﬂ%:ﬁﬂggaf&eq%nem ed to a source of a

vacuum and appropri at

The second vacuum chuck 80 and the lapping tool head 82 are

preferably mounted inside a sealable enclosure 100. The enclosure 100
preferably has a glass window 102, and the wash basin 64 is preferably

15 made of transparent material such that both operations may be monitored

by an operator standing near the apparatus.

A continuous flow of lapping slurry is pumped over the lapping tool
head 82 and the lens 26 by one or more slurry nozzles as indicated by
numeral 104 in FIG. 3.

20 The lapping tool head 82 of the apparatus is operated in a circular
oscillatory movement by a mechanism of the type described, for example,
in US Patent No. 5,175,961 issued on Jan. 5, 1993 to John R. Bolton.
Rotary power is applied to the mechanism at pulley 106.

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



control valves, by a conduit such as the one illustrated and identified by
5 | abel 110. In the apparatus according to the preferred enbodi nent, the
vacuum chuck 80 is nounted on a ginbal 112, which in turn is nounted on a
vertical brace 114 affixed to the sixth linear actuator 88. This preferred
nmounting i s b@gblessskd | ustrated in FIGS. 4 and 5. 10 peT/CASy@bdgbal 112
conprises a first C shaped nenber 116 which is pivoted at its center al ong
a first axis of articulation 118 passing through a first bearing (not
shown) in the veistdsoalselnaoeidtin. thé claetoofthedsivaipgd Homever, ith#ll feas its ends
respectively connected to the ends of the first C_s d nenber_ 116, al ong

f h
a second axis of 2Rwesialgd Hat Bps sk 88, 35awell %qﬁlgﬁrsighuclqa@?mémemtgdf axis 118.
Th d Csh fl at f i d
e second c'shageg e ind B i ol S B ORI, 10

for selectively M@%hiv@ﬂb?asdcﬁﬁuiﬂmedstﬁéﬁnéi}m@ate@ﬂﬁ ishtifiddisy or i enti ng
and stabilizing the ginbal 112 during the insertion 20 of a support

bl ock 28 in%he khelckl®80 or when renoving a support block fromthe chuck.
In the preferred apparatus, the stay nenber 126 is a flat- ended circul ar
menber nounted on the extension rod of a linear actuator 128. Referring
back to FIG 3, the | | ly | ; red by a
fabric hat 130 encl os@%&#ﬁ%&{gg%ﬁc@gﬂgﬁﬁ% %Iﬁg@e]g? aggﬁ% gt&gtlh?raéli%ﬁ? The
fabric hat 130 i shivkl 80 sheotnteden taaginbale iR, Iwhiein iretuas is motwated oh32 bel ow t he

enl arged portion of the tool head. The fabric material of the facgri c hat
130 is sel ected ¥eriRalimage 134 affisedjiodhe aixth Husas actustar &b odhis REsTEEeEri st cs

mounting is better illustrated in FIGS. 4 and 5.

10 The gimbal 112 comprises a first C-shaped member 116 which is
pivoted at its center along a first axis of articulation 118 passing through
a first bearing (not shown) in the vertical brace 114. A second C-shaped
member 120 has its ends respectively connected to the ends of the first C-
shaped member 116, along a second axis of articulation 122 perpendicular

15 to the first axis 118.

The second C-shaped member 120 has a flat surface 124 on an
upper side thereof, as illustrated in FIG. 5. This flat surface is
advantageously used for selectively contacting a stay member 126 there-
against, for orienting and stabilizing the gimbal 112 during the insertion

20 of a support block 28 in the chuck 80 or when removing a support block
from the chuck. Inthe 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.

12



related to the absorption and retention of lapping slurry. A preferred type
5 of fabric material for use in manufacturing the fabric hat 130 is sold
by DuPont[erer] under the trade nane Wearforce [err] "F'. DuPont [err],E. I.
du Pont de Nenours and Conpany, has offices across the world with its

cor porate heademew®ens at: 1007 Market Street, WI m ngton, REycldffis

US A 10 It will be appreciated that, during operation of the
apparatus of the preferred enbodi nent, when the lens 26 is held against the
| appi ng tool head 82 and when abrasive slurry is punped al ong the periphery

of the lens, they =" P Y-Yo] ANY] om an
abundant circul zlt}%%ﬁ%@kast [rlgﬂs?}gldgi&métgﬁ%igﬁgliaaﬁ%y gﬁéla%gcr%ﬁé?aﬁgp%i ons of
the lens for 15 the o380 b6rtichlof tif sl At T fabR@maledal of thémbaic hirqui d phase,
normal Iy water, and a solid phase conprising mcroscopi c abrasive

particles, norneldbyis atlasted sunhakatdthgsagoodendsrancy midcgdddychefactegistiesr e t han
five (5 mcrons |n size. .The .purppse of t |iqujd phase.is . to carry the
abrasi ve parti cIr@@?ﬁ@ﬁ‘%s‘z’mngﬁé&g’fﬁqmﬁnQlfgﬁp‘fl Siﬁgypg?@#@’&i DH%d t o wash
ay th braded, : | . ' . , It
away the abia e%fggﬁr{i%g{a%\?\ﬁpfor%@ ﬁlﬁm%ct%xgé ?}ﬁf q{a&g% nat 080 SoldRvever, i

wi || be appreciat en thelens 1s i ct wt he | appi ng

tool head, the sDuPdiy;,| sndedthedirderiabie Wdatfolck Qi FY. Dwbnt Rg BNtdw e surface
of the lens. This inconveni ence can cause an uneven wear ofthe fabric hat
130 covering t hePgnt de Nemepse g5 denmrpansabrssofiicanacrosscthe warld withoti i on of

ol | <hing of 1 hoorinele HiatdtatR S Nor Nepn G SR W i SR TF SR8 e oct s

the | appi ng toolUlsead 82 of the preferred enbodi nent has a curved nenbrane
134, as illustrated in
10 It will be appreciated that, during operation of the apparatus of the
preferred embodiment, when the lens 26 is held against the lapping tool
head 82 and when abrasive shurry is pumped along the periphery of the
lens, the central region of the lens 26 may be deprived from an abundant

circulation of slutry, as compared to the peripheral regions of the lens for

15 example.

It is known that the slurry has a liquid phase, normally water, and

a solid phase comprising microscopic abrasive particles, normally
aluminum oxide particles, typically of no more than five (5) microns in

size. The purpose of the liguid 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 the entire surface of the lens. This
mconvenience 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.

13



FIGS. 3 and 6, and a nunber of pneumatic cylinders 136 nounted under the
menbrane for shaping the nmenbrane according to the curvature ofthe 5

| ens 26, and for maintaining an even pressure distribution between the
absorbent fabric hat 130, the nmenbrane 134, and the entire surface of the
| ens 26. The n¥aBWA® 134 is preferably nade of a flexible publgsydimkeri a
that is water-inperneable, for preventing slurry fromdeteriorating the

mechani snms and equi pnent ,associ ated with fhe pneumatic, 10 cylinders 136.

The pneumatic cyli ndﬁé’“ﬁé"Bﬁev?‘ﬂé}@%\m%h@gtdégmﬂéﬁ&%@géﬁ@&e $% to the
referred enbodi L1 i af. . Lodi.cal |

3ndu| ating the maﬁﬁkgﬁéﬁ%@%@%ﬂn%g%é&gg%‘?’fr‘%g’?@{a&??% aétll\%e%g%%gﬁrg me?/mrane

and the | ens 26. FIGS. 3 and 6, anBefRiitenof pivmsti o by in@eRssotenidder 6- 11, the
| appi ng tool head 82 of the apparatus of the preferred enbodinent is

descri bed t her ei Heimenfrang &r shfping thememhbeane apioirdins tobe clrvagr@@ thonpr i ses
ei ghteen (1 n I C | i nders .136 di sposed in. a..ci.rcul ar or, hexagonal
ar ?ay ar ofm alocgelrfligrE §1 a%q.cgo&;gm&égm:lg %8""61%’3%“5? EEF‘WQQ%Z}WH&P? ay °
preferably has aam@rbent ShATRLE30S edhihdras P4 F'nﬁc}] %%%Hti&fg{'%%@éﬁﬁe of a

standard | ens blank. The array of pneumatic cy rs 1 nprises two
concentric circl kss 26heTheinsmieaid 134 & prferiblehpie(df2d flowibds nidbepgers 140
and the inner circle Ea six (6) i.nner plungers 142. In one version of the
tool head 82, eatRhaeultatie &AsTrimpermesble, sfors prevepting ngluay adtomon,

spring-returned, 460kl-as oI roke lLengt:h of each one is
sel ected such tha%\taji“%rg%n%}r? a %%ﬁalxm lga%&%y Esd?lr?eggéssg%gt%ﬁgﬁmﬁp@ﬂmﬂe over
t he entire Yangecyiindagjidst nent of the |apping tool head. In this

The preumatic cylinders 136 of the lapping tool head 82 according
to the preferred embodiment perform the additional functions of
periodically undulating the membrane 134 for moving lapping shurry

between the membrane and the lens 26.

15 Referring now simultaneously to FIGS. 6-11, the lapping tool head
82 of the apparatus of the preferred embodiment is described therein in
greater details. The lapping tool head 82 comprises eighteen (18)
pneumatic eylinders 136 disposed in a circular or hexagonal array around
a central sleeve 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
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respect, the curvature of the nenbrane 134 of the | apping tool head of the
apparatus according to the preferred enbodi nent is preferably adjustable
froma slightly concave shape, about mnus six (-6) diopters, to a planar 5
configuration and to a convex curvature of about sixteen (16) diopters. The
rod end of eawboomiser plunger 140 has a D-shaped pad 144, ipoTxabsdvodshe
short segnent 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 (|n FIG 9)
through the rod E¥RF BEFEDERE mrﬁwwhgem@tbhéam@mma@oln ifrent i oned

above. This confj tion of th ads fo rking the
menbrane 134 ovefe%ﬁ?cg téﬂﬂlrlyg 5&:? %msfﬁ‘é Ziﬁaﬂéﬁg“‘@?%ﬁq@aﬁ%%ﬁ fe _
ci rcunference thgp@Rbus I&%rd:ﬁgt&ﬂg?re@érréd@nﬁdaﬂﬁém% prefeedly ddjdstpief erably -
have vacuum type cup-sha caps The shape of these caps 148 is
advant ageous 15 fronfmshgp‘rqupnmgfeeshawabmmrmnustmt(+6()|d1cmﬁqrs,ees®maunder t he
menbr ane when t he eumatic C\él I nders 136 of tgese | u g@ri are actuated
outwardly. The sREPREWFIGANIIO @ GEDGFAHEYRIESOE 290 sixteeq BRIEt ageous for
optionally applying a vacuumthereto and a correspondi ng pulling force on
t he nenbrane for shaping the nmenbrane into a flat configuration for
exanmpl e, 20 or f or Thenebdl eatliofl gachiviterpiitigene4d iz aByhdped pad 144iing slurry
t hereunder, as will be explained later. In this |latter case, the pneumatic

cylinders 136 op&hieh the shpg seament dsfinesyen grcmqng)ﬂw@fcéncwf@rem thel | ow r ods
comuni cating wth vacuu .d ar t act I on
spring- extenged ﬂ"f) ar iy, rﬂafﬁ'if@%p%gpadl sgva? zi{‘]ee@%teﬂg 'Wni nner

pl ungers 142 WIth46nﬁm@pmﬁ&:%gﬁme%&al&éiﬁre%ﬁdﬁwo%%sﬁ@ﬂ@@gﬁaﬁnal to a

source of a vacuum while their
10 mentioned above. Thzs conﬁguranon of the pads 144 is advantageous for

working the membrane 134 over its entire active area, and especially along

the circumference thereof.

The rod ends of the inner plungers 142 preferably have vacuum-

type cup-shaped caps 148. The shape of these caps 148 is advantageous

15 for applying an even distribution of pressure under the membrane when the
pneumatic cylinders 136 of these plungers are actuated outwardly. The

shape of these cup-shaped caps 148 is also advantageous for opticnally
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. Itwill 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

15



respective cylinders 136 are connectional to a source of air pressure. In
this configuration each cylinder has a vacuum and pressure ports; the
vacuum port being connected to a holl ow plunger rod and the pressure port
bei ng connected to the piston outside that rod. This configuration, 5
however, has @eisshses il |l ustrated for being conmmon to the persansssds || ed

I n pneumatic systens, and woul d be evident to these persons in the |ight 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

parall el alignment with 10, tgg axes of, the pneumati.c . cylinders 136. The
sl eeve 138 def i n&&SPECHe Ryfnders |36 argreoppgetiond)|to gsgurcg of eSBIS M8 sl eeve

138 has an insi d‘?hxgic@ﬁﬁé&rﬂﬂmf 9*%‘[@@%%%@&%&%' %&gg%g%%}%eext endi ng

fromthe central Tregion~inside is firmy
retainabl e i nsi desatinen SbreBoleg dodBeqtodtd dhollowiphgst AWk thepiayvirdgsrta
reference point for shaping 15 t he nmenbrane according to the surface to
be polished. The bsingncameied lor Skepisiohyoutside that rassi Thiesonfigypéen, as for
the menbrane_134,itself, and.is .hond or nol ded an int | part of
the menbr ane’ 134 oL SRS R RERAdhE P SRats (8o Bftatf sElefs

posi tional agai NS4 phé@ndRNYstefnbomaRYoUM BY kHidBst t@tﬁés&‘ﬁ&s&iﬁﬁ ﬂ’{@li?ﬁ I'S
preferably maintained in contact with the 20 surface of the Tens, and
from whi ch the nafthepresantigpeoificptiant.i | ed to match the curvatures of the |lens
bei ng polished. The portion of the nenbrane near the stem 150 al so provides
a reference point for noving the |apping tool head 82 against a lens to be

pol i shed, when a_pr esqyg g iEASHe 98 UK cBSolu Sy HAE fobAridflid Bludhig moverent

of the sixth linear 2 respec e sl | i near

actuator 88 pref ei48lil4p. ddnpuiegiudinpnaiv@itémlingd Neafardlel aéigrenent with shown)
that is connected to an adjustable high precision pressure regulator (not
shown) . Thi 30 pnedh@dies of e pneumatic cylinders 136. The sieeve 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 1o be polished. The stem 150 is
preferably 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 pressure regulator (not shown). This pneumatic
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equi pnent in conbination with the stem 150, allows the operator of the |ens
pol i shing apparatus to precisely set a basic pressure between the | apping
tool head 82 and the | ens surface to be polished. 5 Ref erri ng now
particularly to FIGS 7,9 and 10, the ported end 152 of each cylinder 136 is
seated in a naodomssiopl ate 154 and is sealed in a respecti vECH@AIBLP6G N t he
mani fold plate. The manifold plate 154 and the pneunatic cylinders 136 are
surrounded by a rigid shield 155. The shield al so encloses a collar end of
each pneumatic cwhum&m‘; 1m‘pmnfsnatmmmmhﬂmgtem ABhiallowd the @]@%ﬁt@sﬁf theor

retaining these %{ il‘ 136 in a ace gt h and ar al lcﬁw @gnrrent. The
sl eeve 138 is al SOSHPISRDE nparanes r@?’ﬁF Y 58 2 hee P ﬁ‘&fgq “AFal | el

| ati hi it Q‘t@ Enf;ﬁ | ot
r1§8aolno?ﬁel gu}Msi g%&gﬁﬁ%ch er eof leiliglmal | hg&%ﬁﬁgﬁ%sognﬁn% rsrﬂnel Zrorlsbs

(not shown) inside the nenbrane 134, and for i ndexi ng and ret ai ni ng
the nmenbrane thereon. The manifold plate 154 has Si_ X 6) Clcé;niél grooves
156 therein &onnecti néle Smringpowprgicelarly &GS 1, 9and 40 EP%‘FE“ 1%@) hol es

158 communi catin [ eSSyl | n

ext endi ng from a%xfa?g‘éh f}ﬁﬁ’etégr i%élsﬁg?%gpf'ml ﬂ@a‘gé{gglsx %ti eggaﬁ%ate 162 is
nmount abl e 20 ; t Ani3an sy anegas of bolts
t hr ough countersuni?elgﬁvfes a lﬁﬁiéﬁlgggiak#h?%?@?%)%l rcuit grooves 156
connect two or nomeumytic aydinkiers36 atesutroundadityt rigié sideldt158| The shielf50, seven

(7) pressure Zoncﬂiﬁ of the | appjing tool head 82. Each éone Is. . aheled with a
| etter symbol o gnclpsgs accollar end of epch sReumAtie) exdinder, opROsify f4 25

pneurmt i ¢ vaPve PG bRHCLSH Rl RBIREE Bl aE EopldugBEAed
mani fol d 166. Theyaealie$ aRimiérdedhoRlebRe1 I RRIY affikdd foahé Blaem ¥S5mndssure 17
extends in a parallel relationship with the cylinders 136. The shield 155
has one or more slots 158 on the outside surface thereof for mating with
one or more similar ribs (not shown) inside the membrane 134, and for

15 indexing and retaining the membrane thereon.

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 arbor of the oscillatory mechanism by means of bolts through
countersunk holes as illustrated. The six (6) eircuit 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
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supply mani fold 166, a precision proportional pressure regulator 168. The
pressuri zing of each cylinder 136 is effected by operating one sol enoid
valve 164 at the tinme and changing the pressure setting of the pressure
regul ator 168 at each time. The pressure regulator 168 is a conputer- 5
control |l ed, fwovssgemponse type where the cl osing and pressecraasgpoest al

six lines are effected in a very short tine and in fact in few seconds. The
pressure in each cylinder 136 is preferably adjusted repeatedly during the
entire period of Suppbirasaitnd éﬁﬁ,ta@éecnwmrngemamlpmaaerm&ﬁml@- %bfher

pl ungers 142 are_used. und vacu .Sim| circul.t (not.shown) is 10
used for controlPﬁ’eﬁsémrzﬁ@ %@ﬁ%ﬁ?’%ﬁﬁglﬁ ?ff(‘%ﬁﬁ%{s‘@’ W%ﬁgﬁé‘}c ?q]ﬁe"ﬁ‘fnncaps 148
of these plunger ' : ef erring
back to FIG 10,$§Qiéggg?ﬁk2F$€E??hgggg%gh%§§m§%§Sgﬁg 3@%@%&%0 38172 are
shown in the mantrdgalatorpl 68t & ¢hbid timehi Fhecpriessuld regulacnrel 68sis al computgpnected to a

pressure supply fitting 160 and to the air pressure 15 _ suf(%ply mani f ol d
166 and regul at ofontedled fag-resnoass ypejvhers therkpingand presswtizns olleix access

hol e 174 throughy.a central regiqn of, the tool.head.82 as ilLustyated in
HG o The newoblscesaored $F afdnanold Gmt ARk o PR ol Secomi Hhse” | 1
groove 176 for exampleifsch bpntuch 1363 iRted WSty ddn@SReIr € i s

adm tted throughﬁcondu%t f74, tﬁgsplrggs&éfﬁég@{hgj%tgd tran)rsm'tged i nside the
t ool head and unémiretpeeiodefomraion3ef the lapfibate!thead reWhemtlee intes| i ght
positive pressure,insi ge the nenbrane is at ting advant@ggsus fqQr reducing

| ocal i zed pr essuPBREHR 4R EFSEICHINGCR 8 YA AHIHAY FiEfst VRS
Simlarly, | i ' .8 yed to th
i reurt o oo biedGr BARRRANE dadilleclink HUR PRNeGR A oRcaBPRAS B0 L0 |0

134 forA exanpl e. ofRgiksy plifigero omintdtiihe Phtgbsd 140 ad kHd dpe 148 ust rati ons of
zone '"A on

Referring back to FIG. 16, a seventh circuit groove 170 and a
seventh hole 172 are shown in the manifold plate 154. This circuit groove
is also connected to a pressure supply fitting 160 and to the air pressure

15 supply manifold 166 and regulator 168. The circuit groove 170 is
connected to an access hole 174 through a central region of the tool head
82 as illustrated in FIG. 9. The membrane 134 is preferably sealed around
the shield 155, in groove 176 for éxample as shown in FIGS. 6 and 9.
When air pressure is admitted through conduit 174, this pressure is
20 transmitted inside the tool head and under the membrane 134 to inflate the
membrane. A slight positive pressure inside the membrane is at time
advantageous for reducing localized pressure concentration areas at each
plunger 140 or 142. Similarly, it will be appreciated that a vacuum may
also be applied to the circuit groove 170 for obtaining extreme curvatures

25 in the membrane 134 for example.

Referring now to Figure 12, the triple illustrations of zone 'A’ on

this drawing is representative of the travel of the central area of the tool
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this drawing is representative of the travel of the central area of the
tool 18 head 82 during the polishing of a lens. Wile only zone "A" is
illustrated therein, the illustration is intended to depict the novenent of
the entire tool head 82 against the surface of the |l ens 26. The di aneter
and vel ocity wo%Magssescil |l atory novenent is preferably adj FEE&NO0008%
satisfactory 5 dianetrical setting on the apparatus of the preferred
enbodi ment i s between about 10 to about 20 nmand a preferred velocity is
bet ween about 300 and 600 cycles per mnute for polishing a | ens having a

di aneter of abou . r : r reei ; . ion of the
| appi ng t ool heagle%%sg%%égfh%é]g ggl}a’%@g{aﬁa‘iﬁhw %eo?%%gél%t %qgil}gﬁﬁé%[i Thi s
figure illustrat eBerginDliRTIMRINOA S MEenldB@ RS B&pitiaRt nReMeRofaRslefthe seven
regions defined by the stem 150 and the plungers 140, 142. The configuration
of these regions tosl head B2 apainstithe susfapoefithb fas 26. Tradigmetaeandrvelnsity zones to
define four sectorfs as i.It‘I ustrated in,thig figure. ectors. 180 and 182 are
opposite and 15 ©f &§ latogy, moveeRty jsspregaabli pdiustbis: o A SEHRENIsi te and

symmetri cal , cand gl | | 2. Sectors
180 and 182 %re |sp§§g§dsae&%nr%bgﬁge ggg%:ﬁﬁéé;@fﬁ%&g%&%ﬁ@ee&o alens to
be polished on thsetwdeaabohpll exabmit @0 mer sidz pefersdedkidotyds betweear oss curve
axis. Simlarly, the sectors 184 and 186 are dj sposed 20 al ong t he base
curve axis 190. 14bow300 apd6Gnyclss perraigutefat palishing giess havingadiagei® of t he

Cross curve axi sc&ggo)%rﬁ sitioned in a symmetrical manner relative to the
zones of the other "side that axis. Simlarly, the position of the zones
on one side of the base curve axis 190 are symetrical to the zones of the

other side of that axis. Therefore, each zone on the | apping
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 atong 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
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25 tool head is positioned in a four-way symetrical arrangenent
relative to the commonality of that zone with both orthogonal axes 188 and
190 of 19 the | appi ng tool head. The advantages of this configuration of
the pressure zones on the | apping tool head 82 will becone nore apparent in
the |ight of woessgdst owi ng description. The pressure setti rRES/@HH0AG6S5
pressure zones defined by sectors 180 5 and 182 are adjustabl e according

to the shape of the crpss rv f the presgcrjbed. |ens taq be polished.
Sinilarly the préE%l@P@mgé@éiflﬁ T&lﬁa@%tﬁgéb?%’&%ﬁ%@&?%%ﬂ?é&g%% 184, and
186 are adj ust abl 11 0d.. f o -Lahe
prescribed | ens. ﬁ)ﬁgggtgﬁ%ilﬁgmﬁ%mépgegg?B@gggﬁéﬁgg?g%mg%ééyétgénlglél?m pairs
of opposite sect asfshdasiloNify Bekctipdie 10 advant ageous for shaping
right-angled profiles in the nmenbrane 134 ofthe tool head 82 according to

both basic curvatures of a lens 26, and thereby obtaining uniform polishing
of the lens surface. %not her i

t h teristi f. the | [ t ool
head 82 of the pref er ré PEREYES '@hgsa&lsthgp%ra@%gqrz):vggd{aﬁpq%lbése%grsml Ing af)go

directly related J3 182 ! q;mgg F@asure zones
on the tool head. The e%%ﬁ?@gtgﬁ%é%?&ginﬁr%@%ﬁ%l I'n e?@gslélg@%P f'ﬁz t ool
head 82 are arrangestribad dewers Eopelished. iSimilady piepressint gettingd irotted f or
formng four (4) symetrical sectors 180, 182,184,186. The _seven zones are

g . .
al so confi gured t1§218s definaddy setore B8 and 186 atq sdivssable pecordiag W Bcent ri c 20
hexagons. However r ' I 0 bt t : ence wl |l
be nade to concen Pﬁ%og;ﬁ?écpé%&{fﬂgofitar?esﬂegﬁbgﬁeig%zl?g%kgﬁységsg%g%i ngl e zone
"A having a fixesteshfprhfRnts HehoSO&Oprs O oppBsieMectofy s ipe6vent t9bezones; ' B
and E' havi n% respectively four and two pneuimatic cylinders 136. The

] advantageous for shaping righi-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

15 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)
synunetrical sectors 180,182,184,186. The seven zones are also
configured to form three (3) concentric circles or three concentric

20 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

25 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.
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third circle 196 conprises four zones; 'C, 'D, '"F and 'G having 25
respectively two cylinders,four cylinders, four cylinders and two
cylinders. Each cylinder 136 in each of zones 'B to 'G is dianetrically
and symretrically opposite fromanother cylinder in a sane zone. 20 The
pressure in alwopHzssgneumati c cylinders along each circle 19éreaashobste, or
the vacuum setting in plungers 142 in circle 194, may be periodically
reduced from or increased above their prescribed settings, to 5 cause
the menbrane 134 to flex at controlled | ocations and to cause the nenbrane

156 are vor kapi e separdeatyelitdn Al e il Eymmaibne BREHTRIR vanc 1y
of abrasive s urrand DI thi9asiaf Bl i BRnk89943Gn lcld MEXRIps! ur Ty

fromthe central region of the |ens towar e periphery o | ens.
This control | ed upstipdinaiiy reduted frempenihereased alveair proscribedpéttingsatt i on

created thereby is adyant ageous r I ntaining a constant supply of
abrasive slurry atd%% et‘ﬂg‘%é"ﬁ%l‘f’ Fé‘? Qﬁg’%@éﬂﬁ?’mﬂ%of’@ms apddagase e zones

conprised in each,gi ' Leall rical.d Nfelati.on to the
configuration of ?H%Bﬁggﬁ?%gd@g%%%@e%ﬁ{%&éB%@a%ﬁseT %Eﬁmﬁl%e may be
actuated for a Spﬁfﬁﬁiﬂ%bﬁd@%&t&%ﬁbleM&aﬁ@jmﬁﬂIh@Q?ﬁhﬁéﬁipxﬁﬁp ihe tool
head during the undul ation of the nmenbrane is controllable to ensure a

uni f or m pol i shi ngieginElsandyes sbrasiye shuriyrtowstdrthacantarfof thedehss2G or ot wi | | be
appreci ated that th unpkn ction, by, way .of undul atjng 2 t he nmenbrane
in pul sating ci rcéﬁpg}ﬁmﬁ‘gl%ﬁﬁ@caggralprpép&o% the Lo tgﬂﬁét{{’%&@?‘ﬁﬁéﬁ thene

curvature ofiot he RRSIOTASEoloIRE HndRlalE bEME A Hine ﬁ‘ﬁﬁ%‘%ﬂr@ pufBfhg CUTVature

is nearly flat, however, the pressure gradient ine
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 diametrically

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 too! head during 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 pulsating 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 pairof

sectors 180-182 and 184-186 may be alternatively varied for generating
pulsating radial waves in the membrane 134 and for undulating the

25 membrane 134 in a sweeping-like manner to take in and spread the

abrasive slurry over the entire surface of the Iens.
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sectors 180-182 and 184-186 may be alternatively varied for generating

pul sating radial waves in the nenbrane 134 and for undul ating the 25
menbrane 134 in a sweeping-like manner to take in and spread the abrasive
slurry over the entire surface of the lens. 21 It has been found that
whet her the nmavdbssmsssei S periodically undulated in a circul arciseasentoesie or
in radial wave node, the efficiency ofthe polishing action is enhanced
significantly. It will be appreciated that the pul sating undul ating action

of the menbrane is préf Besabpsp found thapavhethss shel mpmehranhés pededieallyed

pressure setting h | . ce,. the .progra curvature of the
menbrane 134 is ;\fn\%%/ag&f’ iaﬁcﬂg*‘@gﬁa%%?qga%"%{ﬁ&a‘ﬁﬂ‘%ﬁ fﬂ%egﬁﬁr?g{i?lwyof each
wave and at the nefdespddishigabtioay enhafbddipiseritahie 1PWHIBER dppeeciitddnit descri bed
herein is known to greatly 10 i nprove a | ens polishing operation, those
who are familiar thet hulsging pudilbting gagivocedsde wndrhbrappr scipegferablyat t he

pul sating effect descri bea herej n does rbgt necessarily_.obviate conpl etely
the need to peri cYPERPPYSeRAPEE the prosgried,pressupe SPEpas Rf cpelo YIS t o renew

the layer of |appijfgeshiy @Y%%]r%ﬂg%ﬂbﬁfr%ﬂ} A %e membrane 184 9 AwhR €

el abor at ed manner of usag eration o? the apparatus according to the

preferred enbodi mesihtaidedcheaarnd hfied the Bgmapoaofaich Waosuhd at thb audes
description, and accordingly further discussion relative to the manner of
usage and oper at | JifalbWRYE-be consi dered redundant and is not provi ded. 20
Wi |l e one enbodi ment of the present invention has been illustrated in the
acconpanyi ng draw ngs and descri bed herei nabove, it wll be

Although the pulsating effect described herein is known to greatly

10 improve a lens polishing opération, those who are familiar with lens

polishing processes will appreciate that the pulsating effect described

herein does not necessarily obviate completely the need to periodicaily

raise the lens off the lapping tool head to renew the layer of lapping slurry
there-between.

15 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 deé,criptien, and accordingly further discussion
relative to the manner of usage and operation would be considered

redundant and is not provided.

20 While one embodiment of the present invention has been illustrated
in the accompénying 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 ofthe invention. Therefore, the above description and

25 the illustrations should not be construed as limiting the scope of the

invention which is defined by the appended claims.
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appreci ated by those skilled in the art that various nodifications,
alternate constructions and equival ents nmay be enpl oyed w t hout departing
fromthe true spirit and scope ofthe invention. Therefore, the above

description and 25 the illustrations should not be construed as limting
the scope of tfigoddgy@nti on which is defined by the appendedpgl gl d¥hoosd 2 I
claim 1. An i nproved nethod for polishing an ophthal mc fens surface

usi ng an apparatus having a |l apping tool head, a flexible nenbrane covering
a lapping portion of said tool head, and punp and nozzl e neans for punping
abrasive slurry over said |apping tool head; said nethod conprising the
conventional step of: inparting an OSC|IIatory movenment tq gAPpPi NQ
tool head and contacting said lens surface with sﬁvﬂ;; Eﬁg@@l@@ﬁknon of
sai d | apping tool head while an abrasive slurry i sl ad | appi ng
tool head and on said | ens, and whereigy klmgry nmprovenent conprises the

addi tional step of: periodically undulating said nenbrane for inparting a
wave in said nenbrane such that said abrasive slurry can fl ow between said
menbr ane and salq l,ens surface. 2. The met hod as clainmed in claim1,
wherein said tool ﬂ is circular and said step of periodically undul ating
said nenbrane for inparting a wave in said nenbrane conprises the step of
inparting a radial wave in said nmenbrane. 3. The nethod as clainmed in
claim1, wherein bai d Amahploeed niethad farupalishimgohrs epldhsindp lank spdadeodi cal |y

undul ati ng said nenbrange for
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 conventional 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 tool head and on said lens, and wherein the improvement
comprises 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.

2. 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.

3. 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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inmparting a wave in said nenbrane conprises the step of inparting a
circular wave in said nenbrane. 23 4. The nmethod as clainmed in claim
1, wherein said | apping tool head Hma&“ 4kl s, and sai d net hod
further includes the step of novi $5ili 104} | ens surface back and
forth and si deydé@sgisse rel ative to sai'd feufral axis. 5. Adecambdes as
claimed in claiml, wherein said |apping tool head has a neutral axis, and
said nethod further includes the steps of shaping said nenbrane al ong a
pair of right angl ed axes perpendicular to said neutral axis, and form ng
profiles in said nbrane al o aid axes, simlar ta.a base d .cross
curvatures of saiY le e@&@%i“\%ﬂ?‘?‘%ﬁ”’“i’h@‘%ﬁ lappipg WO Berd 1y | ai m
5, wherein said nmenbr rOf.L1l i ' fs each said
wave, and at a node o Q%%(%ﬁe{éééli%ﬁ%%g.swﬁg%ﬁ%ﬁ@?ﬁgﬂﬁg%n%ﬁgliﬁg in claim
5, wherein said step afovidpapiidophtistinivelehy aurtick hadkiges forihcansit stfe of

si mul t aneousl y pushing, and pul ling agai nst said nenbrane relative to said

| appi ng tool head. 8. sideTplativastiorseid nestral axisred in claim5, wherein said step
of “shapi ng said nmenbrane includes the step of slightly inflating said

menbr ane. 9. The method as clainmed in claim5, wherein said step of
periodical ly undu§ati nhepdikbd RELIABE i Qhinh TPRRérbMGard 1MEPILg tdd! Bedd nmembrane

conprises the step of continually maintaining a portion of said menbrane in
contact with said ophthaskmestrilens, sod sgsidenethod 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 5, 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 & portion of said

membrane in contact with said ophthalmic lens surface.
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24 10. A lapping tool head for polishing an ophthal mc |ens,
conprising: a base plate having nounting neans for securenent thereof to a
| ens polishing apparatus, and a plurality of pneumatic fittings nounted
therein; a manifold plate affixed to | : H“ havi ng pneunatic
circuits therewoowgsho each of said pnepiirs i ﬁv,;:.; COMMUpicgatabdshossi t h
one fitting in said plurality of fittiHg 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
extrenmity of eachl8ai dAdapiniien! RRETsH fdtishink dn GPRIARYE ldak dloBiprBmge! ongat ed
sl eeve imovably affixed to said shield in a central region of said
circular array, and bed bagepldtehadngimonntiag teans fonskenement therxifbicea menbr ane

covering said cylinders and said.shield, said nmbr.ane haying a stem :
ext endi ng from sai d menbr an®si H&@i% ﬁpgqr%%@"gﬁﬂ ekl §gd{ﬂ%g{l}ﬂﬁl?]t o said

sl eeve; and said cylinders rRaed hewiighani£xt endi bl e end novabl e agai nst
said flexible menbrane for shaping sald nenbrane; such that when said
fittings are adapted tzombeifeldmpiae aéfikeddo saidipest plae mmdinelg mkumitic pressure,

said cylinders are individually controll able for shaping said nenbrane
circuifs therein with each of satrd pneumatic circuits

i}

T
e

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 paralleily-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;

such that when said fittings are adapted to be connected to
respective sources of air pressure, said cylinders are
individualiy. controllable for shaping said membrane
according to a curvature of an ophthalmic lens, and when
said membrane is brought in contact with an ophthalmic

lens, a central portion of said membrane is usable as a
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according to a curvature of an ophthalmc |ens, and when said nenbrane is
brought in contact with an ophthal mc |egg g umﬁmmorti on of said
menbrane is usable as a 25 referencel EEMEHEB or positioning said
menbr ane agai nst said ophthalmic | ens withta sel®ct¥®ed *pressure between said
menbrane and s@ébgggthal mMc lens. 11. The | apping tool hepgdasosbss med in
claim 10, wherein said array of cylinders conprises an inner and outer
concentric circles around said sleeve. 12. The |apping tool head as
claimed in claim10, wheretafersnied cpntactnpsine fori positiomng rsaghingbnsterarief ol d pl at e
conprises one circuit communicating inside said ngnbrane for inflating said
menbrane. 13. The | appi ng2gait W@g(PI’a@a@‘&i 8 With 3 é&ﬁ?‘?g,l’rﬁﬁ‘é‘feei n said
array is divisible in two i . and said
pneumatic circuits are conﬁ%hlre?}n g%%%%@?%%aﬁ%%ﬁ;@?‘ﬁ&gﬁéﬁ%n c cylinders in
each said pair. 14. The lapping tool head as clained in claim 13, wherein
said pneumatic circuits are also commonly connectional to said pneumatic
cylinders in eachtbai d'heilapytieg toobhead Ehelaimadin plgim 6/ whesein said asprnpfed in
claim 10, wherein said.extendibl.e ends an aai c%%IIi nggprs LN sai d, outer
circle each has a D <HHPEHS SAUPHSHS A0 AR B OFFFT SRRGH ?W&?starg'élbdnent of
said D- shaped pad extgpdidgeal ong a circunference of said circular array,
and said pad being pivoteé on said extendi ble end along an axis aligned
with said circunference of said circular array.

12. The lapping tool head as claimed in claim 18, wherein said
pneumatic circuits in said manifold plate comprises one circuit

communicating inside said membrane for inflating said membrane.

13.  The lapping tool head as claimed in claim 10, wherein said array is
divisible in two pairs of opposed segments thereof and said
pneumatic circuits are commonly connectional to said pneumatic

cylinders in each said pair.

14. The lapping tool head as claimed in claim 13, wherein said
pneumatic circuits are also commonly connectional to said

pneumatic cylinders in each said circle.

15. The lapping tool head as claimed in claim 10, wherein said
extendible ends on 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.
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26 16. The lapping tool head as clained in claim15, wherein said
extendi ble ends in said cylinders in said.inner circle have suction-

cup-shaped caps nounted thereon. o us for polishing an
it -%@“%@ation havi ng an | appi ng

ophthalmc |l ens, conprising: a |{ém

t ool head; negpsodREsgl Nparting ark vement to saitchsppisag t ool
head, neans for retaining an ophthalmc lens in contact wth said | apping
tool head and agai nst said oscillatory novenent; and nmeans for punping

| appi ng slurry over said |apping tool head; said |apping tool head having a
fl exi bl e menbr ane unt ed thereon, and, means. myunt ed, under sai.d ngnbrane for
periodical |y unduﬁé?i ﬁg‘es PRINgRBt gﬁ%d a§£ﬂ“§ﬂa¥1 aﬂg’h ai"&hqr%lﬁﬁgﬁg t ool
head i s adapted to be o : : ah. AR halisd.c | ens,
when | apping slurry ig%gg%%%agéfﬁéﬁlﬁgg%lﬁgéégﬁg%ﬁ%nﬁgane,l and when
sai d menbrane is adaptap-shapelleaganomdedetgpnundul ated, said slurry is able
to nove between said nenbrane and said surface for efficiently polishing
said surface. 18. The polishing apparatus as clainmed in claim 17, wherein
said nmeans for u | ati n ' , 0 |.$€s .nean . f.orm ng radi al
waves in said _rregg}r:'anén %ﬁ@@%&@%%@%ﬂﬁﬁlﬁ?’ %imér_?séﬁ%d in claim
17, wherein said nmeang Ry psiRdidoadtaiiin ik BR MHARCIOBPRENEL BREndEGNS for
formng circular waves in said menbrane.

imparting an oscillatory movement to said lapping tool head,

means for retaining an ophthaimic 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 sald membrane for
periodically undulating said membrane;

such that when said lapping tool head is adapted to be oscillated
across a surface of an ophthalmic lens, when lapping shurry
is adapted to be pumped over said membrane, and when said
membrane is adapted to be periodically undulated, said
slurry is able to move between said membrane and said

surface for efficiently polishing said surface.

18.  The polishing apparatus as claimed in ciaim 17, wherein said
means for undulating said membrane comprises means for forming

radial waves in said membrane.
19.  The polishing apparatus as claimed in claim 17, wherein said

means for undulating said membrane comprises means for forming

circular waves in said membrane.
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27 20. The polishing apparatus as clainmed in claim17, wherein said

means for undul ating said nenbrane conprises neans for shaping said

menbrane al ong a pair of perpjtl‘\@g““@a8

WO 99/38650

PCTHCA99/00066

20. The polishing apparatus as claimed in elaim 17, wherein said
means for undulating said membrane comprises means for shaping

said membrane along a pair of perpendicular axes.
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