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5% {-:ASER DEMOLDI NG APPARATUS AND METHOD Thi s patent application is a>"

gontinuation-in- part of patent application Serial No. 08/ 257,801, filed 10

June- 10, 1994, for LASER DEMOLDI NG APPARATUS AND METHOD. BACKGRQU

I N\VENTION 1. Field of the Invention The presént gnEACED SHEET®S ge¥feral |}y

to a laser denol di ng apparatus and net hod, ef 8La,:auapl d 15... to@asenbl.y.,

conprising a front curve, a spaced back curv E;@g,a‘ynldgwmgqnpagmagmns .......
rann

fornmed therebetween, are separated or _denold ‘4;.;_(]_ yanne '_..%jf{gh{)iiﬂg@g@)f_ésﬂ
the efficiency of the denol di ng operati on. égggﬁﬁBU[énL - he spdd eet..
3Ll ?

invention 20 pertains generally to nmethods p‘ér&fﬁ§ .or producing
ophthal mic lenses, and in particular to a net{RddEaStt BRTAERL gupgpppa——s
i nproved renoval of nol ded ophthal mic | enses fromthe nolds in which they
are produd%d. In particular, this invention is suited to 25 nol ded

ophthal m ¢ | enses such asLag 0880 Bﬂkﬁchpbﬁﬁﬁﬁﬁ ; hﬁgg obhe nmet hod is
al so appli‘cable to other snagBr—ggg%rprecrsron—opﬁrggpnrc-Eenses such as
i ntraocul ar | enses. The present invention is related to patent 30

application Serial No. O8fp{d, né!éﬁﬁhﬁ@gg{bg,i§994¢Qﬁggnﬁ£§§5h£§§lSTED
DEMOLDING OF OFHTHALM G e applicatros 56N A 888 582577801, filed
10 June 10, 1994, for LASER DEMOLDING APPARATUS AND METHOD.
BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates generally to a
laser demolding apparatus and method, wherein a molded
15 assembly, comprising a front curve, a spaced back curve
and a molded contact lens formed therebetween, are
separated or demolded in a manner which improves the
efficiency of the demolding operation.
More particularly, the subject invention
20 pertains generally to methods and apparatus for
producing ophthalmic lenses, and in particular to a
method and apparatus for the improved removal of molded
ophthalmic lenses from the molds in which they are
produced. In particular, this invention is suited to
25 molded ophthalmic lenses such as hydrogen contact
lenses, although the method is also applicable to other
small, high-precision ophthalmic lenses such as '
intraocular lenses. |
The present invention is related to patent
30 application Serial No. 08/207,443, filed March 7, 1994,
for LASER ASSISTED DEMOLDING OF OPHTHALMIC LENSES.
2. Discussion of the Prior Art
As the ophthalmic lens industry has grown, and -
in particular the industry related to supplying contact
35 lenses that are provided for periodic frequent
replacement, the number of contact lenses that need to.




As th& ophthalmic lens industry has grown, and in particular the industry
related to supplying contact 35 | enses that are provided for periodic
frequent replacenent, the nunber of contact |enses that need to -2- 1 be
produced has increased dramatically. This has required manufacturers to
strive for automated nethods and apparatus which are adaptable to autonated
practices and consistent performance. 5;. It is known in the art to
make ophthal mi c | enses, such as soft contact |enses, by form ng a.nononer
or nononmer mxture in a nold such as one made from pol ystyrene or

pol ypropyieb% e Hifs tilbicTeRised d¥amatdtaldy.oumthiish hl@ U. S. Patents

5,039, 459, 4,8 9 664 and 4, 565, 348. These patents di scuss, therein the
requi rement & e%o "gﬁfaé‘%'é‘rﬁﬁl Sd S%I’Flé'% %&“\a:}l ry and

processes aamhcappaﬂaltmt siilcht e bkiapvablepad |amts>memtpmﬂdes undue
force to seg%ha @&é%ﬂd?‘ Qﬂ%%?h15 | ens or to each other. In contrast

to the above polys yTr ene er exanple is the use of polypropyl ene
or pol yet®yl ene nol ds Idudls dSSXOMBsa.n tde iartUt® nRakee ophthEAmi®06. The nol d

assenbly 103l AN QI 33 Wokt contact lenses, by forming a
' monomer or monomer mixture in a mold such as one made
from polystyrene or polypropylene.
Examples of this prior art can be found in
10 U.S. Patents 5,039,459, 4,889,664 and 4,565,348. These
patents discuss therein the requirement for a
polystyrene mold in which the materials, chemistry and
processes are controlled such that the mold portions do
not require undue force to separate by sticking to the
15 lens or to each other. 1In contrast to the above
polystyrene molds, another example is the use of
polypropylene or polyethylene molds such as described in
U.S. Patent 4,121,896.
The mold assembly to mold an ophthalmic
o0 contact lens typically includes a lower concave mold
portion (referred to as a front curve), and an upper
convex mold portion (referred to as a back curve). The
‘concave surface of the lower front curve and the convex
surface of the upper back curve define therebetween a
25 mold cavity for a contact lens. A particular problem ih
the prior art is that the front and back mold portions
are usually surrounded by a flange, and the monomer or
monomer mixture is supplied in excess to the concave
mold portion prior to the assembly of the molds. After
30 the mold portions are placed together, defining the lens
and forming an edge, the excess monomer or monomer
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20 cohtact lens typically includes a | ower concave nold portion (referred
to as a front curve), and an upper convex nold portion (referred to as a
back curve). The concave surface of the |ower front curve and the convex
surface of the upper back curve define therebetween a 25 nold cavity for a
contact lens. A particular problemin the prior art is that the front and
back nold portions are usually surroungsed by a flange, and the nononer or
mononer mi xture is supplied in excess to the concave nold portion prior to
the assenbly of the nolds. After 30 the nold portions are placed together,
defi ni ng1t heixewse abs éxpelhgdapreomgehe theléxcaeityvanderestsnonooer 35

-3- 1 mxture, is,_ex I h | t n o tween the
fl ange of é% t%ﬁeﬁogﬁén§£%£é§p§%o§§. %goﬁg%%lﬁﬂggggé¥?%§?gfhigpgﬁcess
materi al f apodymeribzatian, f thhgeescess mateviall fommsoaneannyharwhi ch
resists 5 Sfpéﬁ&éiggreinahsraah& eﬁétﬁgﬁegg%ﬂs @nhgenprdsgegperation. The

prior art process | separatln? the nt Il ons and renpving the |ens
consi st s Sof S§PEFREIPA 0L hERe| MYl pPoF hECRHIANERRF o . AEMPLiRIpr ovi des 10
convective deeta€donMECchani cal | everage the prying, and

The prior art process for separating the mold
portions and removing the lens consists of preheating,
heating, prying and removal. Hot air provides

10 convective heating, mechanical leverage the prying, and
the removal is manual. Heating the mold by convection
is not an efficient heat transfer technique, and in the
prior art, from the time a mold enters the heating
apraratus until the back mold portion is completely

15 removed requires on the order of one minute.

The prior art method for removing the lens is
to apply heat to the back mold portion by a heated air
stream. The heated air stream is directed against the
exterior of the back mold portion where it transfers

20 heat to the upper surface of the lens. Heat is then
transported by thermal conduction through the back mold,
the molded lens, and the front mold. The heating of the
back mold portion is performed in two sequential steps,
a preheat stage and a heat/pry stage. - In the heat/pry

25 stage the mold is clamped in place, and pry fingers are
inserted under the back mold portion. A force is then
applied to each back mold portion by the pry fingers
during a heating cycle.

When the required temperature has been

30 reached, the back mold portion breaks free and one end
thereof is lifted by the pry fingers. After the back
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"the renmoval is nmanual. Heating the nmold by convection is not an efficient
heat transfer technique, and in the prior art, fromthe tinme a nold enters

_the heating apparatus until the back nold portion is conpletely 15 renoved
requires on the order of one mnute. The prior art nethod for renoving the
lens is to apply heat to the back nold portion by a heated air stream The
heated air streamis directed againsF4Fhe exterior of the back nold portion
where it transfers 20 heat to the upper surface of the lens. Heat is then

transported t her.mal .,conducti on thr.ough_the hack.nold, nol ded | ens,
and t helf rﬁﬂ%"%&%%ﬁ% ‘gqt?%ecga ?o'ﬁn‘f%e pf0§?+%r{““f’i$]§perfor med in
two sequepkrdics aps ,ata Jrastanstsige anthe ekl /exitstthe hedtex he

heat/ pry S tﬂ?ﬁ#?ﬂ5%. I egh@ fifgers are

I nserted u%g‘ er e bac nnédis%rgr%lon. @%g%f?ss ﬁéﬁ/a%p led to each back
mol d port tetaddx memavedd ngers during a heating cycle. Wen the required

tenperafure has beehnilld aarhoddiferiatdnd®!fediid I RS Digads free and one
end therfeof is lifted by the pry fingers. After the back 35 -4- 1 nold

portion h&EfIEACYHSMARIE S i ¥herienpyal of the lens from

between the mold portions, the temperature gradient
achieved from the heated back mold portion, across the
lens to the front mold portion is relatively small. The

10 shortcomings in this approach result from the manner in
which heat is delivered to the mold portion. The
constant temperature air stream heats the exterior
surface of the back mold portion, while thermal
conduction transfers heat to the lens surface. The only

15 way to increase the thermal gradient is to transfer heat
faster, but this would cause the back mold portion to
become too soft for the lift fingers to engage.

This p:ior art method has not been entirely

satisfactory because the induced thefmal gradient is not

20 sufficient to fully and repeatedly -separate the mold
portions. B

In the technical approach taken in the parent

application Serial No. 08/257,801, during each demolding
operation the separating fixture is rotated about an

25 axis which is quite close to the restraining member to
result in a relative rotational pry movement of the back
curve relative to the front curve to progressively
separate and peel the back curve from the front curve.
This rotational demolding operation requires that the

30 curve to pry finger entry clearance, and also the
position of the rotational pivot point, be very
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‘porti‘on on

the I ens from between the nold portions,

at | east one side, the nold exits the heater. The back nold
portion and annul ar flashing are then totally renoved. 5
the aforenenti oned nethod has sone efficacy in assisting in the renoval of

fromthe heated back nold portion, across the lens to the front nol
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relatively small. The 10 sh®tcomings in this approach r
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with a poor rotational demolding set-up is the resultant

-damage to the lens if the back curve rotates around the

edge of the lens.
SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the
present invention to provide an improved laser demolding
apparatus and method that can easily and repeatedly
separate contact lens mold portions without damaging the
contact lens formed therebetween.

A further object of the subject invention is
the provision of a method and apparatus for separating a
back curve mold from a front curve mold of a contact
lens mold assembly wherein a substantial temperature -
gradient is applied across at least one of the mold
portions. In a preferred embodiment, a substantial
temperature gradient is created between the back curve
mold and a contact lens formed in a cavity between the
two mold portions.

Another object of the present invention is to

provide an automated apparatus to mechanically and
reliably pry the mold halves apart in a consistent and
reliable manner to thereby enhance the production of

is quite

pry
vel y



This rotational denol ding operation requires that the 30 curve to pry
finger entry clearance, and also the position of the rotational pivot

.poi nt, be very 35 -5- 1 precisely controlled in order to prevent point
contact |oading of the denolding forces on the back curve. Point contact

. loading of the denolding forces |eads to back curve breakage and down tine
of the assenbly line. 5 Since the preé§§eness of the rotational denvol ding
set-up is hard to obtain and even harder to maintain, increased |aser heat
and sl ower _.denol d _speeds are.generally requi.red.to prevent b curve

br eakaget ﬂﬁ%?ﬁ@r’ tres Fc\ﬂ%f’ﬁ’ta Fsr'olaéﬁ M%&tﬁq&r@etﬁﬁgxﬁ% t he
resul tant lénsaande breakiage @fs thie llenshaelld gares.ot at es around the edge

of the I ens. SUWARY I [ di Vo) s .nlJ gBry obj ect
of the present i nvenf‘%r‘f-g{ége%%g?:r?éic%g{eoﬁj?égs#erldge%ﬁnn&lgnnﬁS
appar at us petformhsuchhseparatdon Withontr gxsessive sayvdronmendadact | ens

ol d portifRS+¥hkhew WwaddFRdig}d drigeqeont act I ens fornmed therebetween. A
further %b?gétW%PhtEe subj ect inveg§?on i s the provision of a nethod and
appar atus for separaf@fn@cgordance with the teachings herein, the

present invention provides an arrangement for demolding
a mold assembly, which includes a first front mold
portion having a central mold section with a surrounding

10 flange, and a corresponding second back mold portion
also having a central mold section with a surrounding
flange. In a preferred embodiment, the first mold
portion is a concave front curve mold half, and the
second mold portion is a convex back curve mold half,

15 with a contact lens being molded between the first and
second mold halves. The flanges of the front and back
mold portions are spaced apart and parallel to each
other. The demolding apparatus includes restraining
means for restraining the first mold portion of the mold

20 assembly, which includes restraining fingers positioned
between and on opposite sides of the spaced flanges of
the first and second mold portions and against the
flange of the first mold portion. The demolding
apparatus also includes a separating fixture which

25 includes separating fingers positioned between and on
opposite sides of the spaced flanges of the first and
second mold portions and against the flange of the
second mold portion. During demolding, the separating
fixture is subjected to a substantially vertical prying

30 motion relative to the restraining means to separate the
second mold portion from the first mold portion.
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"20 back curve nold froma front curve nold of a contact |ens nold assenbly
wherein a substantial tenperature gradient is applied across at |east one
.of thHe nold portions. In a preferred enbodi nent, a substantial tenperature
gradient is created between the back curve 25 nold and a contact |ens
formed in a cavity between the two nold portions. Another object of the .
present invention is to provide an auttomated apparatus to nechanically and
reliably pry the nold halves apart in a consistent and 30 reliabl e manner
to therepy enhance t producti o ftree contact

| enses, &nd mnimze %aPFﬁﬁlBPstﬁggﬁgﬁgnﬁﬁdﬁﬁﬁgﬁkgﬁ gglPﬁe | ens nol d
parts. A fartangeménectasfdeberibedeinh paventi applacpeibor Sesdalk separation

o e ShUT287 bR TRk kol UERLN A B MRS TROOEaRRCARM | accor dance

with the teachrn I nventron provides an arrangenent
for denvol dPhgiannstepnesemotor dnwn wmchuaegoaatmaalf PSWt 1ol d portion

having ascgahbpliing! QB:?SﬁééﬁEn’éﬂ t8 ans!kbOEHGannéopﬁ.h%ﬂestéﬁﬂe%
correspondl ng secon portion_al so having a _central nold section
with a Sur@g%ﬂg,ﬁﬁlve with a vertical lift pry demolding
arrangement in less than two hours. The relatively
simple conversion entailed replacing the pry pivot link
arm, and locking the pry finger horizontally to the back
10 curve. The pry pivot link arm was replaced with an L-
shaped link with an inserted cam-follower type bearing.
The L-shaped link pivots around the previous demolding
pivot point, causing the wedge pivot platform to rotate
about its pivot point. The pivot point for the wedge
15 pivot platform is a rotational shaft which is a
substantial radial distance from the pry finger (at
least the length of the wedge pivot platform), so that
the pry action. is a substantially vertical pry motion.
The advantages of the vertical pry demolding
20 arrangement are:

a. no point loading of back curves, leading
to lower laser heats, faster demolding speeds, and less
down time caused by broken back curves;

b. exceptional pilot line data from a steam

25 demolding arrangement using a vertical lift demolding
pry motion. A laser demold audit of 672 consecutive
lenses had two hema rings, two edge defects, and one
missing lens (<1%);

c. a much shorter drive distance for the IKO

30 rack and pinion stepper motor drive during demolding,
reducing the demolding time significantly;
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Cflan@e. In a preferred enbodinent, the first nold portion is a concave
front curve nold half, and the second-nold portion is a convex back curve
.moldhalf, 15 with a contact |ens -being nol ded between the first and second
nol d hal ves. The flanges of the front and back nold portions are spaced
apart and parallel to each other. The denol di ng apparatus includes

restrai ning neans for restraining the §7rst nol d portion of the nold 20
assenbly, which includes restraining fingers positioned between and on

. opposite sides of th spgggﬁ flﬁn@es of the firig and second nold portions
and agaimst the flanée 8Tt PR hOPE PEPPV8R? The denol di ng appar at us
al so includes a sepaeati thef wellgeelibtcpn@timandcudesveecpgiahdeg fi ngers

osi tioned tuee n.Qp e c f the first
gnd second” Qﬁ %@ EP%P%%@ 4 dggﬁgéngéhg 1?% QQEO%Pi Eg éhggggéﬁgld portion.
Duri ng denblrdthg IKﬁerge]saaadu pgnimt ateppsrsmpjtect gdive.a Znbstantially
verticals RiyhPgadl ERkERo! Chith'g b@v&h_alrtaahbqamhagamﬁaefnenéeparTﬁt e the

second d portion fromthe first
previ ous rd%atRoRarenksePPiLadtEPRgSaFtahgRen08/2574888,i bBE NEMBar ent

appl i cati opisgriemotial 98/ ebmip8etedV by €REVREHEE Lie®w pRel&riack and

dfive cylinder, making the pneumatic drive cylinder a
critical parameter. With a vertical lift demolding

10 arrangement pursuant to the present invention, the wedge
pneumatlc drive cylinder is used only to raise the back
curve to a scrape off height;

f. since the pry fingers are locked in

position, scrape off can occur while the IKO rack and

15 pinion stepper motor drive is returning to a start pry

position. This allows faster movements to the scrape
off position with a reduction in the cycle time; and

g. the vertical pry demolding arrangement of
the present invention is easier to set up and maintain,

20 while using an acceptable skill and experience level of
personnel.

In greater detail, before demolding, the
second mold portion is irradiated with electromagnetic
radiation, which is absorbed thereby to cause a

25 subsiantial temperature gradient between the second mold
portion and the contact lens being democlded. The
temperature gradient causes a differential expansion and
shifting of the surface 6f the heated second mold
portion relative to the surface of the lens to lessen

30 the adhesion therebetween to assist in the separation of
the mold portions, while leaving the lens in the first
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. pPinion stepper notor drive with a rotational pry 5 denol ding arrangenment to
an | KO rack and pinion stepper notor drive with a vertical |ift pry
.demol di ng arrangenent in less than. two hours. The relatively sinple
conversion entailed replacing the pry pivot link arm and | ocking the pry
finger horizontally to the back 10 curve. The pry pivot |ink arm was
replaced with an L- shaped |link with an inserted camfoll ower type bearing.
The L-shaped link pivots around the p®evi ous denol di ng pivot point, causing
the wedge pivot platformto rotate about its pivot point. The pivot point
for the wedge 15 pivot platformis_a rotational shaft which is a
subst ant} MOkAPRFt PRt ankle { seFPRb ) POREESN (1% PEREerably| ength of the

wedge pi voirfadid€ed) by S& 1&@&:tﬂs»pome{mgtr@@ma@nswbﬁmaatwabéy vertical
pry-. nDtlo Th dvanta es of t rtlcal ry deno EO ar r angenent
are: a. éh %E&ﬁ%% gﬂ”Bd% c & I %lﬁﬁp?ﬁﬁ?ﬁﬂﬁ 189€FSheat s,
fast er dermtelljtgm@@eﬂageiahndrlmsfdmvratm-mhamdedepqrbtokenahdck curves;
. exce 2 rran nt using
2 verti ol S rHEREEre S R PR Sk G "enE BT oP R ER (8BRS
consecut i \lksl’eam $eparakonera irrmdiateothe geecendoneld aparbienni ssing
l ens (<1%; c. shRsidra g%%wﬁgyl§éaggff{éﬁ Epe Iﬁg&fgtrack and pinion

st epper notor drlve uring de
which carries an array of similar mold assemblies, and a

conveyor conveys the pallet into a demolding position in
10 the demolding apparatus. The conveyor conveys the mold
assembly on the pallet into the demolding apparatus, to
insert the restraining fingers and the separating
fingers between the flange members of the mold assembly.
The restraining fingers are positioned against the
15 flange of the first mold portion and the separating
fingers are positioned against the flange of the second
mold portion. The separating fixture is supported by a
first movable base to impart a substantially vertical
prying motion thereto relative to the fixedly mounted
20 restraining means during the demolding operation. A
control system sequentially actuates the conveyor to
convey the mold assembly into a demolding position in
the demolding apparatus, and then actuates a
substantially vertical prying motion of the separation
25 fixture to 1lift the back curve mold portion from the
restrained front curve mold portion, to thereby separate
the back curve mold portion from the front curve mold
portion and the contact lens retained therein.
A plurality of contact lens mold assemblies
30 are carried on a pallet, and the demolding apparatus
includes a plurality of pairs of restraining means and
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, reducing the denolding tine significantly; 35 1 d. Dbetter
hema ring renoval ; e. the wedge lift pneumatic drive cylinder can be
.speeded up since hema ring renoval is conpleted by the 1 KO rack and pinion
stepper notor drive. In 5 contrast thereto, with a pivotal denol ding
arrangenment as in parent application Serial No. 08/ 257,801, the hema ring
renoval is conpleted by the wedge |iftl®neunmatic drive cylinder, nmaking the
pneumatic drive cylinder a critical paraneter. Wth a vertical lift

denol ding 10 arrangenent pursuant_to the present inventjon, the wedge
pneunat i d @SRATaAnNGdEixturesed Bhigne Preferred emiedimente tRea scrape

of f hei ght ;pd11e NEer# 16s PEwo f 1 NS T SE AEGnt K ETeh S MO taSSembTieps of f can
O e AT 208 S50 Py PASPRELs TP Pl e 5er et Ui o o
posi tion wirdstrdaiimg imsans) Al® sepdrating; £ botuges thesieidnedl opry
mai nt a0 20 AT TR g R TRy ANETH ) SR ole et o
per sonnel . dm ayrsaxtand deide |of beierpallketl di ng, the
The separating fixture is mounted on a first

movable base for elevational movement relative to the

fixedly mounted restraining means. The first movable

10 base is pivotally mounted at one end about a rotational
shaft, and the separating fixture is mounted at the
second, opposite end of the first movable base. With
this arrangement, the separating fixture is spaced from
the rotational shaft of the first movable base by at

15 least the full length of the first base such that
rotational movement thereof results in a substantially
vertical prying motion of the separating fixture
relative to the restraining means. The arrangement
further includes a ramp cam driven by a pneumatic motor.

20 The first movable base includes a cam follower roller
positioned on the ramp cam, such that as the ramp cam is
driven by the pneumatic motor, the cam follower roller
rotates the first movable base about the rotational
shaft to raise and lower the separating fixture. The

25 first movable base is mounted on a second movable base
which is mounted for both X and Y translational
movements relative to a fixed base. An X pneumatic
drive motor drives the second movable base in X
translational movement, and a Y pneumatic drive motor

30 drives the second movable base in Y translational
movement relative to the fixed base.
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3

‘secohd nold portion is irradiated with el ectromagnetic radiation, which is

absorbed thereby to cause a 25 substantial tenperature gradi ent between the

.second nold portion and the contact |ens being denol ded. The tenperature

gradi ent causes a differential expansion and shifting of the surface of the
heat ed second nold portion relative to the surface of the lens to | essen 30
t he adhesi on therebetween to assist kBlthe separation of the nold portions,
-while leaving the lens in the first 35 .-9- 1 nold portion. The second
nmol d portion is preferably irradiated by a |aser producing radiation with a
wave- |.angth betmeenThe[sepénatand QEXPere]nnclﬁGQSSepgraPPhggflngers are

| ned LOSRERE E6r | 8f Th1 by 4 28Ed0RRPRE R Opor Al Suhien! f8CT beam | s

di rected through t Int separator to irradiate the
second nol SLPRFALEA. fm @mfara'ss@%dyppsteaan edy 15§c15 Suryetmodfi ch

carries anréméﬁéroisspﬁb$ﬁdednfé 9éﬁ60@|tﬁé bacR eufPaVAyPa conveys the
pallet into a denD I ng ﬁgSltlon | D e denp aratus. The

conveyo® RMER ORpthe SeRABRYLBY fﬁ%tBEFI%%t?ﬁtﬁe aflam| af ng
appar at us, the® m@:&rpothﬁonest rthei sgparaging fidtibe Ssperahsbgtédngers

bet ween thﬁeié@f@é QE”PﬁésbSEthSrGB'PeﬁééSP?'&uring which
translation the back curve mold portion is removed from
the separating fixture. The back curve remover is
10 vertically movable into and out of a back curve removal
position relative to the separating fixture.

The present invention also provides a method
for demolding a mold assembly, which includes a first
front mold portion having a central mold section with a

15 surrounding flange, and a corresponding second back mold
portion having a central mold section with a surrounding
flange. A molded ophthalmic lens is formed between the
front and back mold portions, and the flanges of the
front and back mold portions are spaced apart and

20 Parallel to each other. The method comprises
restraihing the first mold portion of the mold assembly
by restraining fingers which are positioned between and
on opposite sides of the spaced flanges of the first and
second mold portions and against the flange of the first

25 mold portion. Separating fingers are positioned between
and on opposite sides of the spaced flanges of the first
and second mold portions and against the flange of the
second mold portion. The separating fingers are
subjected to a substantially vertical prying motion

30 relative to the restrained first mold portion to

35



The testraining fingers are positioned against the 15 flange of the first
nol d portion and the separating fingers are positioned against the flange
.of the second nold portion. The separating fixture is supported by a first
novabl e base to inpart a substantially vertical prying notion thereto
relative to the fixedly nounted 20 restrai ning neans during the denol di ng
operation. ‘A control systen1sequential?y actuates the conveyor to convey
the nold assenbly into a denol ding position in the denol ding apparatus, and

then actuates a substantially vertical pryi notj on_of the paration 25
i xtur ol PRaa e Recond diois ot Lo8nEFoBt bR LESE BRTRA f1ont curve
nol d portippxtiiond hereby separate the back curve nold portion fromthe
front curve nold porijo 0 : t ai.pe ei Aplurality
of contact |ens nol ﬂés%egg%%%&e%‘g %b%%ﬁ'&’%ﬁgdégneégpgfﬁg ; fand t he

denol di ng seenditneld redxtiben aipl irvadigted withsedéctromagnetig neans and
35 - 10 SARSAL I gidh Xi yr regd dinent, the pallet
carries tdgﬁybms d?'agﬂ%%%ti#eﬁés%%ﬁﬁgggggﬁgﬁfeéﬁ gngpgh% denol di ng

appar at us Sukgtantial temperature gradienti betweensthadsecpadamord fi xtures

positionegd¥tion and the contact lens being demolded. The
temperature gradient causes a differential expansion and
shifting of the surface of the heated second mold
10 portion relative to the surface of the lens, lessening
the adhesion between the lens and the second mold
portion to assist in the separation of the mold
portions, while leaving the lens in the first mold
portion. The second mold portion is preferably
'15 irradiated by a laser producing radiation with a
wavelength between 1 um and 20 um. A laser beam is
directed through the separating fingers to irradiate the
second mold portion.
Pursuant to the method, the mold assembly is
20 carried by a pallet, which carries an array of similar
mold assemblies, and the pallet is conveyed into a
position wherein the restraining fingers and separating
fingers are positioned between the spaced flanges of the
first and second mold portions, with the restraining
25 fingers against the flange of the first mold portion and
the separating fingers against the flange of the second
mold portion. During the demolding operation, the
separating fingers are subjected to a substantially
vertical prying motion. The separating fingers grip a
30 second mold portion which is separated from a first mold
portion. The back curve meold portion is removed from
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"5 atfirst side of the pallet and a second set positioned on a second side

of the pallet. The separating fixture is, nounted on a first novabl e base

_for elevational novenent relative to the fixedly nounted restraini ng neans.

The first novable 10 base is pivotally nounted at one end about a
rotational shaft, and the separating Lgxture I's mounted at the second,
opposite end of the first novable base?"Wth this arrangenent, the
separating fixture is spaced fromthe rotational shaft of the first novable
base by_at .15 | east_the f the first ba e_.such at rotational

J | |
movement T SHPHATANE #’rf’%ege%ng%fﬁ%flﬁ??V@@r??c S i tion of the
separ at i ngpodrtdtanse. reﬂa& im@ld cassemb byt isi comeyednso isent rtmegenent

further i t T, first
novabl e bar};ée%u iégéjoﬁ{ower f?? &%is# |I(E)I%e}9 %‘?\g%%ea?arrp cam
such t hat fabm% mqnhemmf sthe imeld byssemblvievand i themtthe the cam

f ol | owe (# at i tfﬁhééygfaféts@pyg@{gd qaagﬁbgtgﬁﬁa dpigqtional shaft

torais ower the separating f |x1ure 5 first novabl e base is

nmount ed oﬁ’%@é&a‘n@ml@‘b&% P EREE St %JPR%‘EI FYEVYIAPL and Y
rans| ati e fo BTHELVE| € | tife | Pront | S@FvOARGLA MeteREBHMI i C O Ve

T e - e 7 e, TR0 o bl LA R SRR P, o Y
novenent maimte wold pdrt ionx eandaslee contact lens retained _
10 therein. A plurality of mold assemblies are carried on
the pallet in two rows, and a first set of restraining
fingers and separating fingers are positioned on a first
side of the pallet, and a second set of restraining
fingers and separating fingers are positioned on a
15 second side of the pallet.
BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing objects and advantages of the
present invention for a laser demolding apparatus and
method may be more readily understood by one skilled in
‘20 the art with reference being had to the following
detailed description of several preferred embodiments
thereof, taken in conjunction with the accompanying
drawings wherein like elements are des:gnated by
identical reference numerals throughout the several

25 views, and in which:

Figure 1 illustrates a front elevational view
of a pallet which holds therein a two by four array of
contact lens mold assemblies, each of which consists of
a lower front curve mold and an upper back curve mold,

30 defining therebetween a mold cavity for a contact lens;
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'35 .1 The separating fixture includes a gripping nmeans for
gripping a second nold portion which is separated froma first nold
portion. A back curve nold renover is provided to renove the back curve
‘mold 5 portion fromthe separating fixture after separation of the nold
portions. The separating fixture is translated relative to the back curve
renmover, during which translation the baaglk-curve nold portion is renoved
~fromthe separating fixture. The back curve renmover is 10 vertically
movabl e into and out of a back curve renmoval position relative to the
separating fiXture. The [fi&B&Rt 2i k% can ianlazpsd $idw ideyabiopahdmds or
derol di hg a Imgl deats6RYL WickhoEhai Eenuitas 1anki h61d faswenbip| d portiond_havi ng
a central nmold s t urg Q | ] a C spondi ng
second back nol &iggo‘%?g%%!q%\#ﬁéﬁéécéefnt‘:;%%t%gfgi%ggﬁ (?nri\g\nwgﬁ gf‘{sngzr roundi ng
flange. A nol deguspatieidriand aRsupPrey draskd cHEYQS®EMdhe front and back nold
portions, andgthe flangesigurens {Inustrat@sbackequdrnte)@ft novemerits spaced

apart and 20 Papgl LeL L0 £36 PYRSL nehiRrTChAON SOTBH hACS £ ARITLAI ND the
e nold as rrb“fy ng g Wh

first nold portion of el y‘resirar ni I NgEFrS Wni ch are
posi ti oned bet wSER2ERELRSh aFPhokriativeide §f Prhtet SHIRRPILLBA GERESON: he first
and an array of front and back curve assemblies; -

Figure 4 is a view of a fixture apparatus for

10 Sseparating mold portions according to one aspect of the

present invention;

Figure 5 is a front elevational view of one
embodiment of a demolding apparatus pursuant to the
present invention;

15 Figure 6 is a top plan view of the demolding
apparatus taken along arrows 6-6 in Figure 5;

Figure 7 is a right side elevational view of
the demolding apparatus taken along arrows 7-7 in
Figure 5;

20 Figure 8 is a top plan view similar to Figure
S, illustrating the demolding apparatus positioned
adjacent to a cohveyor system for the sequential
movement of'pallets containing contact lens mold
assemblies through the demolding apparatus;

25 Pigure 9 is a top planar view of the front
curve retaining means used in the laser demolding
embodiment of the present invention;

Figure 10 is a partially cross-sectional view
of a portion of the laser demolding embodiment of Figure

30 9, further illustrating the front curve retaining
guides;
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‘second nold portions and against the flange of the first 25 nold portion.
Separating fingers are positioned between and on opposite sides of the
_spaced flanges of the first and second nold portions and agai nst the flange
"of the second nold portion. The separating fingers are subjected to a
substantially vertical prying notion 30 relative to the restrained first
nol d portion to 35 -12- 1 separatelbhne second nold portion fromthe
first nold portion. In a preferred enbodi nent of the method, the second
nold portion is irradiated with_electromagneti¢ 5 radiation, which is
absor bed thereby to Eéﬂ§§3a1§ub%i&ﬁFFéFeFeﬁpﬁié?u?ieﬁ?ﬁﬂ?%ﬂ% $E8teen t he

second nol §if parback eddvéheceapenctorepembeing dhevbdek. cuibheescandrature
gradient c uses.gadifLErentiﬁé gx ansiggsﬁnd shifting of the surface of the
r

heat ed secoT°PHOFH0-pEP: 18 EFOR B5 Bhe surface of the Iens,
| esseni ng t he adhesi Bagheewk2nisha Sehematnilct htlustpatlionl df pbheion to

e T o hafaRaREETLoeeg! iUl Sape a0fn. aBLLELE 1R P12 10,
by a | aserappbiicatignr8eriaioNow 08/457,801, showing the previous
rotational demolding action; and _
Figure 13 is a schematic illustration of the
movements of the demolding apparatus pursuant to the
10 present continuation-in-part application, showing the
present substantially vertical demolding action thereof.
DETAILED DESCRIPTION OF THE DRAWINGS
Referring to the drawings in detail, Figure 1
illustrates a front elevational view of a pallet 10
15 which holds thereon an array, typically a two by four
array, of contact lens mold assemblies 12, as
illustrated in further detail in Figures 8 and 9 wherein
each mold assembly is illustrated schematically by a +.
In the laser demolding apparatus, pallets 10
20 containing contact lens mold assemblies are advanced
sequentially in the direction of arrow A, Figures 8 and
9, by a conveyor system into and then through the laser
demolding apparatus. The pallets 10 are advanced by
push blocks on the conveyor system, and are initially
25 incrementally advanced to advance an entire pallet

length, and are then incrementally advanced a smaller
distance equal to the distance between centers of pairs
‘of mold assemblies carried on the pallet 10. This
enables the laser demolding apparatus to demold a pair
30 of mold assemblies after each advance between pairs, and
when the last pair is demolded, a new pallet is then
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. wavel ength between 1 [errJmand 20 [err]m A laser beamis directed

t hrough the separating fingers to irradiate the second nold portion.
,Pursuant to the nethod, the nold assenbly is 20 carried by a pallet, which
carries an array of simlar nold assenblies, and the pallet is conveyed
into a position wherein the restraining fingers and separating fingers are
positi oned between the spaced fl anges16+~ the first and second nold
portions, with the restraining 25 fingers against the flange of the first
nol d portion and the separating fingers against the flange of the second
nmol d port i advamoedngntheaveddidiing ppsikioonint tbesdemoddiing fingers are
subj ect ed t aQti baak nPEY| tion. The separating fingers
grip a 30 é@%%ﬁﬂgﬁﬁrd?%o??Fgﬁ%%ﬁ%%ﬁ_ﬁg gg argggd froma first nold portion.
The back curve nol d B&Buren2i 4sransidg elewagsonal apd seckdoddiarati ng

fingers afyeewsepabati eBnehctheehiB! flol@" As8BMb1YNE 2nphd chis onBl ¥ tkS
conveyed to_insert the restrainin i.ngers gnd separating,fingers between
Che 11 aeSheftbip¥els EERBEGRIVEc0eNd 34 3RE BROHPPRE BACKLEREVEnG {1 nger s
are subj echelldt D63 debihingi aheyebetweeal apmplagcaviitgn18ofbrf & t he back
curve nDIdcontact lens. |
' The front and back mold halves 14 and 16 are
preferably formed of polystyrene but could be any
10 Suitable thermoplastic polymer which is sufficiently
transparent to ultraviolet light to allow irradiation
therethrough with light to promote the subsequent
polymerization of a soft contact lens. A suitable
thermoplastic such as polystyrene also has other
15 desirable qualities such as being moldable to surfaces
of optical quality at relatively low temperatures,
having excellent flow characteristics and remaining
amorphoﬁs during molding, not crystallizing, and have
minimal shrinkage during cooling.
20 The front mold half 14 defines a central
curved section with an optical quality concave surface
20, which has a circular circumferential knife edge 22
extending therearound. The knife edge 22 is desirable
to form a sharp and uniform plastic radius parting line
25 (edge) for the subsequently molded soft contact lens. A
generally parallel convex surface 24 is spaced from the
concave surface 20, and an annular essentially uniplanar
flange 26 is formed extending radially outwardly from
the surfaces 20 and 24. The concave surface 20 has the
”30 dimensions of the front curve (power curve) of a contact
lens to be produced by the mold assembly, and is
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. portion relative to the front curve nold, thereby separating the back curve
nol d portion fromthe front curve nold portion and the contact |ens
,retaiped 10 therein. A plurality of nold assenblies are carried on the
pallet in tw rows, and a first set of restraining fingers and separating
fingers are positioned on a first side of the pallet, and a second set of
restraining fingers and separating fingges are positioned on a 15 second
side of the pallet. BRI EF DESCRI PTION OF THE DRAW NGS The for.egoi ng objects
and advantages of the present invention for a |aser denol ding apparatus and
met hod mmmnemmomdesmmomw the surfaee ofi 20coieactt W th

reference ajlle f severa
preferred 2%‘8% ﬁ%ﬁpé&)t%zr%%f ?ﬁﬂk‘{e&?nﬁc%ﬁ %ngﬁfgﬁépi%%%e acconpanyi ng
dr awi ngs mmmmmw¢sitkeneimnemm3aetewnehughatsurﬁqcedeat¢§a¢pte¢e¢bmce
nureral s thg agée al V. [

illustrates a o%%léhiuatlo %?%mfo*ﬁg gg?? Haaﬁicﬁ %%%ds t erein a two
by four érr"ayﬂbfacb‘h%%%5$en§ym%llbl§s @nd mBs 2aRQCRiIGEAIEY ch consists of a
| over frC”“efE%dfiﬁ@'@oaﬂ?hﬁ%my@pﬁéa@aﬁﬁeféﬁﬁﬁo Oragfd Tt asd Neo

therEbEt“6?91€h£3£3acg¥§{X§fézréééoﬁgp ieéeto sgparate the mold
half from the mold assembly during a demolding
operation. The front mold half 14 further defines a

10 -generally triangular tab 28, Figures 2 and 9, integral
with the flange 26 which projects from one side of the
flange. Tab 28 is essentially uniplanar and extends to
an injection hot tip which supplies molten thermoplastic

" to form the front mold half.

15 The back mold half 16 defines a central curved
section with an optical quality convex surface 32, a
generally parallel concave surface 34 spaced from the
convex surface 32, and an annular essentially uniplanar
'flange 36 formed extending radially outwardly from the

o0 Ssurfaces 32 and 34. The convex surface 32 has the
dimensions of the rear curve (which rests upon the
cornea of the eye) of a contact lens to be produced by
the back mold half, and is sufficiently smooth such that
the surface of a contact lens formed by polymerization

25 of a polymerizable composition in contact with the
surface is of optically acceptable quality. The back
mold half is designed with a thinness, typically 0.6 mm,
and rigidity effective to transmit heat therethrough
rapidly and to withstand prying forces applied to

30 separate the mold half from the mold assembly during
demolding. The back mold half 16 also defines a
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L -14-71 Figure 2 is an enlarged side el evational and sectiona
view of a contact lens nold assenbly, illustrating details of construction
.of a. lower front curve nold and an upper back curve nold; 5

Figure 3 illustrates a sequence of novenents of a separating finger nenber,
mounted on an articul ated separating arm relative to a pallet supporting
thereon an array of front and back cdige assenblies; ' Figure 4 is a view
of a fixture apparatus for 10 separating nold portions according to one
aspect of the present invention; Figure 5 is a front elevational view of
one enbqdigemérally tiebahgubarapakbr 38, ssjpmitanntot théhtrpangubari nventi on;

15 Fi gur | p ' f d . (] r s taken
al ong arrd%%bGé%'iﬁnE$g§?g g?QEiS§€e¥%§¥égaW%?g tsg§hgbg$egg?ﬁo§gg vi ew of
t he denol sixde appatbeutlangen aTbegtabrdfsextends Fpganeisjegbion _
Figure 8 ig,@ 9P 9%?8%Vé§ﬁ%ii€k'ﬁélEQnFtﬂéfﬂoélakk#HsEBaEbPﬂ the denol ding
appar atus posjtioned adjacent to a conveyor systemTfor the sequenti al
novenent5 dPa®k|Peld Bakfai ning contact |ens nold assenblies through the

derol di ng appar at us; TH& flanges 26Fafdr869%aré Aet9§nedaBar a¥sewtof the
front in demolding and part handling, and also protect the
optical surfaces and the knife edge. The geometry of
the triangular tabs 28 and 38 serves an additional
10 function in straightening and orienting the assembled
front curve/back curve assembly 12 prior to demolding.
When a front mold half or curve 14 is assembled with a
back mold half or curve 16, a gap 40 is formed between
the two spaced flanges and projecting tabs which is
15 important for demolding. The gap between the tabs is
preferably in the range of 1.5 mm-3.0 mm, and is
required to assist in the demolding operation, as
explained in greater detail hereinbelow. |
| Referring to Figures 1 and 2, the contact lens
20 mold assemblies 12 are supported in the pallet 10 with
the annular flanges 26 and tabs 28 of the front curve
mold 14 recessed slightly below the upper surface of the
pallet 10. The annular flanges 36 and tabs 38 of the
back curve mold 16 are raised above the upper surface of
25 the pallet, to allow retaining fingers 42 and lifting or
prying fingers 44 to slide between the spaced flanges
26, 36 of the front and back curves. The retaining
fingers 42 are positioned above opposite sides of the
flange 26 around the front curve 14 to restrain the
30 front curve 14 in the pallet and against upward
movement. The lifting fingers 44 are positioned below
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. gurve retaining nmeans used in the |aser denol di ng enbodi nent of the present
I nvention; Figure 10 is a partially cross-sectional view of a portion of
the |l aser denvol ding enbodi ment of Figure 30 9, further illustrating the
front curve retaining guides; 35 -15- Figure 11 illustrates a side

el evational view of a back curve scraper for renoving the back curves and
depositing theminto a receptacle; Fi-gg-e 12 is a schematic illustration of
the 5 novenents of the previous denol di ng apparatus of parent application
Serial No. 08/257,801, showi ng the previous rotational denol ding action;
and Fi guw eopposite sdﬂesabECtMH fdange 36 @raumnd nmmekankscatvehdﬁdennlding

apparal us pyr ygat (e KIS ERPERSKICUGU ISia ikdle kgl it

showi ng t he prf sen y VTt ca ng actlon thereo
DETAI LED DEBCRBPTICN OF THE DRAWNGS Referring to the drawings in det ai |

Figure 1 illustrates R%ffé'r‘i}'lhge't%viﬁl'g% 4V P P aldtall PrylS which hol ds
t hereon an _array, typically a two_by four array of contac{ lens nold
assenbl ipsfingexs 44, which are shown positioned underneath the
back mold portion flange 36, are machined flat on both
sides. The pry fixture 54 rotates about axis 56 so that
after exposure of the rear mold portion 16 to the laser,
the pry fingers 44 pry the back mold portion up.
10 Whereas it was found that merely prying off the back
mold portion in an arbitrary fashion was acceptable,
when the metal fingers are stopped under the flange 36,
and are then tilted back, the overall quality of the
removed lens was as good or better than currently
15 employed techniques. During the demolding separation,
the back curve is physically peeled from the front curve
and molded contact lens therein, similar to the peeling
of a strip of tape from a tape roll, such that the
separation occurs sequentially in a wavefront which
o0 moves across the back and front curves as they are being
separated. '

The lens/mold assembly 12 is positioned in a
fixture shown in Figure 4. A primary requirement of
this fixture, beyond mechanical stability, is not to

25 interfere with the beam 55 of electromagnetic radiation.
The separating fingers 44 of the pry fixture 54 define a
U-shaped opening above the back curve mold 16, and prior
to demolding, a laser beam is directed through the U~
shaped opening 57 to heat the back curve, thus creating

30 2 substantial thermal gradient across the mold assembly
12 to assist in separating the back curve from the front
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illustrated in further detail in Figures 8 and 9 wherein each nold assenbly
is illustrated schematically by a +. In the | aser denol di ng appar at us,
.pallets 10 20 containing contact | ens nold assenblies are advanced
sequentially in the direction of arrow A, Figures 8 and 9, by a conveyor
systeminto and then through the | aser denol ding apparatus. The pallets 10
are advanced by push bl ocks on the conveyor system and are initially 25
increnental |y advanced to advance an €¥@+re pallet length, and are then

i ncrenental |y advanced a small er distance equal to the distance between
centers of pairs of nold assenblies carried on the pallet 10. This enables
the | aset et nFappdearresentishvieseriked sustEM RLBsERShl i es after

each advangdemad ghiition Ay Whafedted | Beledsidure €eRidiRfhicn new
pallet js en_35 -16- 1 advanced .into an.initial positio n the
denol di ng éﬂ‘ﬁarbaq}s“‘%]a RO R ShinneR than Yhe firent jmold g ge
el evati onalpcatd oreQi4 03l \dkdows iFid o NMdiddsrudl ve Mening d2 whi ch
Const ot oS i, B R BN 9 GG e gt e I 0 216
gradient. The thicker front mold portion containing a
larger amount of polystyrene would not be heated as
rapidly, and thereby not produce the same thermal
gradient without localized overheating problems.
10 The side-by-side assemblies 12 of the front
and back curves are held in the pallet 10 with the
flanges 26 and tabs 28 of the front curves being in
slightly recessed positions and the flanges 36 and tabs
38 of the rear curves 16 being in slightly elevated
15 positions, such that as the pallet 10 travels on an
assembly line towards the demolding apparatus, the
retaining fingers 42 and separating or lifting fingers
44 readily slide between the separated side flanges 26,
36 of the front and back curves.
20 Figure 3 illustrates one sequence of movements
of a pry fixture 54, rotationally mounted on a shaft 60,
relative to a pallet 10 supporting a two by four array
of front and back curve assemblies 12. In a first
position in the upper left portion of Figure 2, the:
25 pallet 10, moving on a conveyor, moves the front and
back curve assemblies 12 in the pallet into the position
illustrated in Figure 1 in which retaining fingers 46
are positioned above opposite sides of the flange 26
around the front curve 14 to restrain the front curve 14
30 in the pallet against upward movement. Lifting fingers
48 are positioned below opposite sides of the flange 36
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."The front and back nold halves 14 and 16 are preferably formed of
pol ystyrene but could be any 10 suitable thernoplastic polynmer which is
.sufficiently transparent to ultraviolet light to allow irradiation
therethrough with light to pronote the subsequent pol ynerization of a soft
contact lens. A suitable thernoplastic such as polystyrene al so has ot her
15 desirable qualities such as bei ng-RdFdable to surfaces of optical
quality at relatively |ow tenperatures, having excellent flow

characteristics_and remaini ng annrghous durln mol di ng, not crystallizing,
and havd ntFPwad §H?|PR§§e°HEVFnQ° gollbngo é@ t and pry the PaGkt nol d hal f

14 deflnescﬁrﬁénhbih Qerfedmstﬁleésﬂthﬁnéﬂ gpbneabustval mblacescave surface
20, which circular, ¢ir unfere tial knife edg 22 ex& ndi ng
t her ear ou #ﬂ%uEﬁFPEeQdQQ sauzeqle £ SI€°PBaF5r ESSHQ § and uni form

pl astic radésémbaiéanZIane stippedyed inrthhepauheequ&nhlyhanlded sof t

concave 3 nanfagoliafiyel B8, naChaBR 4R R EHE Brbhy BEPR RGOS o
formed extkhdregessedasligbtivabelows then uppesusunface20fatte24. The
G o B RRES T phenls SecpLkp o hael o A EibgealPgEer v
he back curve mold 16 ralsed above the upper surface of
the pallet, to allow the retaining fingers 46 and
10 lifting fingers 48 to slide between the spaced flanges
26, 38, as the conveyor moves the pallet into the
position shown in Figure 1.
In the second position in the middle left
_ portion of Figure 3, after illumination of the back
15 curve by a laser beam, the articulated arm 64 rotates
the pry fixture 54 to separate the upper back curve from
the lower front curve, with the rotation causing the
separating finger member to rotate to pry apart and
separate the back curve from the front curve.
20 In the third position in the lower extreme
left portion of Figure 3, the pry fixture 54 is raised
upwardly approximately 10 mm from the pallet.
In the fourth position in the lower middle
left portion of Figure 3, the pallet is moved to the
25 left by the conveyor, the pry fixture is rotated back to
its original position, and the pry fixture 54 is
conveyed in X and Y directions, as described in further
detail hereinbelow, to remove the separated back mold
half from the pry fixture 54.
30 In the £fifth position in the lower middle
right portion of Figure 3, another pallet, with
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. -17-*1 sufficiently smooth such that the surface of a contact |ens forned
by polynerization of a polynerizable conposition in contact wth the
_surface is of optically acceptable quality. The front nold half is designed
5 wth a thinness, typically 0.8 nm and rigidity effective to transmt

heat therethrough rapidly and to withstand prying forces applied to
separate the nold half fromthe nohf%%%enbly during a denvol di ng operation.
The front nold half 14 further defines a 10 generally triangular tab 28,
Figures 2 and 9, integral wt he .fl ange 26 which proj.ects fr one side
of *the 31 ugepararssh Hal s Sk <SS Ahatheid < MR e Y I ect | on
hot tip whthehconveyors imtia an pdsdrtimm agidexr tthef oy tfiecturent amd d hal f. 15
The back | d fes f icne S i ith an opti cal

qual ity cgﬁ\?efr}yurf é‘%gqu,sqaiﬁgr%%ﬁr@dp%\ﬁe&n ;igtnag%ef/msurface 34 spaced
fromthe dimestiomsf dado3za demdlding Peisitionse@s slesenibed dmar f1 ange 36

formed gx b 'dﬁ |¥1 wgwﬁy'l fromthe 20 surfaces 32 and 34. The
&, Ep2theg g t%e:ﬁ-l SHok

convex S i mensi ons of the rear _curve (which rests upon

the cornea of the ey® Sigdh Rosiden da fhey lowede #FM&® back nol d
hal f, andriightuipordion lof FijRire SUChHePryt Fd xturlea s Gfs doweitiedt | ens
formed by ALTRY 13 'khe Geat pAile T epasicid e phy | 1 contact with
' fixture 54 relative to the next pallet 10' for the next
10 demolding operation.
The pallet 10' is then conveyed to the left to
reassume the first position, in the upper left portion
of Figure 3, in which the separating fingers and
retaining fingers are positioned between the spaced
15 opposed flanges of the joined back and front curve
assemblies.
The back curve lens mold 16 is heated by a
laser beam to create a differential expansion of the
heated mold polymer relative to the cooler lens polymer,
20 which shifts one surface with respect to the other. The
resultant shear force breaks the polymerized
lens/polymer mold adhesion and assists in separation of
the mold portions 14, 16. The greater the temperature
gradient between the surfaces of the mold portions, the
25 greater the shearing force and the easier the mold
portions separate. This effect is greatest when there
is maximum thermal gradient. As time continues, heat is
lost through conduction from the back mold portion into
the lens polymer and the front mold portion, and then
30 collectively into the surrounding environment. The
heated back mold portion is, therefore, promptly removed
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. surface is of optically acceptable quality. The back nold half is designed

with a thinness, typically 0.6 mm and rigidity -effective to transmt heat

.therethrough rapidly and to withstand prying forces applied to 30 separate

the mold half fromthe nold assenbly during denol ding. The back nold half

16 al so defines a 35 -18- 1 genenﬂ#Q/triangular tab 38, simlar to the
a

triangular tab 28, integral wth the ange which projects fromone side of

the flange. The tab 38 extends to an injection hot tip which supplies

nol ten ther ti f. t I T n and 36
are desi nggogéigcsél%#il&%r&?&:é&e%ﬁﬁ% ?aljrath%’%rg&qdng?) fgk g’?’sﬁg%'%fot ect the
optical sulkasesayeddimg ithef poseddiliny gfobermadfl decompositdonar t abs 28
and 38 serygsqe 3ddidional 10 function in straightening and orienting the
assenbl ed front curve/back curve assenbly 12 prior to _denolding. Wen a
front nold hal f or cileating jthe,dackCAIvg tif Accemplishedn BT curve 16,

"L U3D pp et it of Sletreiast i nam oy sheserasihs 1 ch
![ﬁe ralngre)oraf %grgooﬂrﬂdg.og:nlﬂ% Q%QGJI g.a%e%, ap\i\ﬁeled to at ieastp one oat' y
the mold portions. The laser is preferably of about 80
watts at a wavelength of 10.6 um. The exposure of the
mold portion to the laser is between one half and one
10 second.

While a CO, laser producing radiation in the
mid-infrared range at a wavelength of 10.6 microns was
used in one embodiment, it is also possible to use a -
high powered UV laser or a high intensity

15 electromagnetic radiation emitter of any type wherein
the radiation produced is absorbed by the mold material
sufficiently to cause an increase in mold material
temperature.

In the case of lasers, both mid-infrared and

. 20 UV, the laser energy is approximately 60% efficient
because the polystyrene mold material is nearly 100%
absorptive and only a tiny fraction of the incident
radiation is reflected or scattered. 1In this way,
little or no energy is lost to atmospheric absorption,

25 So only the sample is heated. .

Also, because of the absorptive nature of the
mold material at these frequencies, most of the laser
energy is absorbed within several wavelengths travel
into the material. From that point, heat is transferred

30 only by conduction from the surface. For that reason,
on initial exposure to the laser beam, a substantial
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. required to assist in the denolding operation, as explained in greater
detail hereinbelow Referring to Figures 1 and 2, the contact |lens 20 nold

, assenblies 12 are supported in the pallet 10 with the annul ar fl anges 26
and tabs 28 of the front curve nold 14 recessed slightly bel ow the upper
surface of the pallet 10. The annul ar flanges 36 and tabs 38 of the back
curve nold 16 are raised above the upp24-surface of 25 the pallet, to allow
retaining fingers 42 and lifting or prying fingers 44 to slide between the
spaced flanges 26, 36 of the front and back curves. The retaining fingers
42 are pfbsrtth@ml Aaradienposs thomett befiween the rgpposedirexkrrior front

curve 14t x‘ilﬁéea'ihé '&é%&fﬂ'&e%’f“&éﬁémdﬁ@r%ﬁ% %Bhiadd NSt upward

novenent . The 1fting fingers 44 are positione | ow 35 -19- 1 opposite
si des of tMdth Fhee B%round the back curve 16 to |ift and pry the back

curve fromthe restr@fﬂbfm llodErbdief®ioxide t (Chi pulssey the thin
el P ST S e S PSR 48 e YRR Nyt Dack oI«
rot at es abauid ;A b splithainto two beams to s:.multaneously heat
' the back curve of two mold assemblies. It has been
found through empirical testing that the laser is
preferably of about 80 watts per mold assembly at a
10 wavelength of 10.6 um. The exposure time of the mold to
the laser is between one half and one second. Lasers of
this power range are available both in flowing gas and
sealed laser types. 1In one embodiment of the laser
demolding apparatus,'a Laser Photonics model 580
15 cw/pulse laser was utilized.

A preferred embodiment was found by
experimentation. While it has been found that a laser
power output of 3 to 4 watts is sufficient to cause
heating of a polystyrene mold portion so that the mold

20 can be mechanically separated, it was determined that a
much higher powered laser, up to 500 watts, is
preferred. Increasing the laser power and decreasing
the exposure duration was found to increase the thermal
gradient and increase the ease and consistency with

25 which the mold portions could be separated.

It was found that if a lens/mold combination
were sufficiently underexposed, the separation forces
would still be high. Lens damage such as tearing and
mold damage such as breaking would result.

30 If a lens/mold combination were overexposed to
the laser energy, separation of the mold portions and
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after exposure of the rear nold portion 16 to the laser, the pry fingers 44
pry the back nold portion up. 10 Wiereas it was found that nerely prying
,off the back nmold portion in an arbitrary fashion was acceptable, when the
nmetal fingers are stopped under the flange 36, and are then tilted back,
the overall quality of the renoved | ens was as good or better than
currently 15 enpl oyed techni ques. Duriygethe denol di ng separation, the back
curve is physically peeled fromthe front curve and nol ded contact | ens
therein, simlar to the peeling of a strip of tape froma tape roll, such

that they sepao#ialloBfoatd IRy wWillidldgaim e AEFiculit WhiMd1d&0 noves -
across the .back and frpnt curves as theé gie .bei n e qfated. The | ens/ nol d

assenbl y 19%%5"["[ FETH S U 4% e Jin8 primary

requi r ement( soff teming)i xtamke,1dss/ ofl mekh anigiaditgt aloulid ruistratte t o 25
interfere Wit a?ﬁﬂ? 5 of |é§§{ nety 'fﬁg g%% arating
fingers 44\9"&1%1 théeé%’pr Y |°3'f'ur & € ﬁ@,ﬁﬂe&%ﬁ% opeg%hr?g a 1(?' e the back
curve nobddegrages dheordens.denol ding, a | aser beamis directed through the

U- shaped openi ng 57 pf¢diededtihd adte B mdld! oot tddd RAtH) thesubstanti al
thermal gradi ent across the pold asse{r;oll yre%nzo t,0 as&_lls I n s%i%ratl ng the

t
back curvelfSEket fe PRefarresd method moving the back m
portion from the front mold portion is to apply a

relative tensile force between the mold portioms. It

10 was determined empirically that such mechanical force
was best applied less than 0.3 seconds after exposure to
the radiation. Although no adverse effects would be
contemplated if there was less time between exposure and
mechanical removal, in practical terms the time between

15 exposure and mold separation would be between about 0.2
and about 1.5 seconds. Beyond a delay of 1.5 seconds
the difficulties in mold separation and lens removal
would be the same as those resulting from underexposure,
as described above.

20 _ A significant quality consideration and
advantage of the present invention is the consistent
retention of the lens in the front mold portion when the
back mold portion is laser heated and removed in
accordance with the above technique.

25 With the optimal exposure time and appropriate
demolding mechanism, the mold portions can be separated
and the lens removed from the mold in approximately 5
seconds.

The above is, by way of explanation, for the

30 preferred polystyrene mold system, and as can be readily
appreciated by one skilled in the art, the radiation
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. ~20-' 1 curve. For the presently described system only the back nold
portion 16 is heated by exposure to radiation. The back nold portion is
,thinner than the front nold portion 14, and allows rapid, non-destructive
heating of 5 the polystyrene sufficient to create a | arge thermal gradient.
The thicker front nold portion contaiﬁing a |larger anount of polystyrene
woul d not be heated as rapidly, and éFeby not produce the sane thermal
gradi ent without |ocalized overheating problens. 1 The

0
e Y BB Sopded 4L Bha et Bae VRS RS SRS L0
slightly rappsoprigoslyiadjushedt accordiggstacthedabave 38 of the rear
curves 16 &5%§§Héfh§i?§$tL§iﬁ%ﬁ?é&@d éé%ﬁgi'Ehg?actéyfgtiéétféf the pall et

10 travel s on an asse yg L owar denol di ng apparatus, the
ret ai ni ng theferkens/mAlABARCELARgSHELEMSting fingers 44 readily slide

betveengthe separ at ofoSagpLyl angens2fe 86reé béewbeAntnanfloback curves. 20
Fi gure il lustrates ope sequenc

rot at i onal ML ¥RRint the 895h%??vgdgéiaFégfggggogélgaELZPiééégégpgfiing a
two by fourllustwaoédfinnFigudesaskandrye, awherbinea pairlofathinst
post L1 O Rt SPEFLn L cRRRLEEN 8] FAUUEE FixkBFy RoBRLLE!afie ™! MO O
track rails 46 and pallet 10 to secure the front curve
10 mold half 14 in pallet 10 during the prying operation.
Retaining finger 43 is an inverted T shaped member and
secures one front curve mold half 14 with one flange 43a
of the inverted'T, and engages a second front curve mold
half with a second flange 43b. The second flange 43b
15 cooperates with a further flange 42b to secure the
second front curve mold half in position.
As the pallet 10 is sequentially advanced
through the laser demolding apparatus, the flanges 42-43
sequentially engage each row of mold assemblies to
oo secure the front curve mold half. The back curve mold
half flanges 36 are engaged by a pry fixture 54,
diagrammatically illustrated in Figure 4, which engages
- both sides of flange 36 as the pallet 1¢ is advanced
into position by the conveyor system. Pallet 10 is then
25 stopped, and a laser beam 55 is directed through the
opening 57 between the retaining fingers 42 and the
prying fingers 44 against the back mold half 16. The
pry fixture 54 is then rotated about axis 56 in the
direction of arrow C in Figure 4 to apply a tensile
30 force to the back curve mold half 16. The upper part of
the pry fixture 54 rotates about axis 56 so that after
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., back curve assenblies 12 in the pallet into the position illustrated in
Figure 1 in which retaining fingers 46 are positioned above opposite sides
.of the flange 26 around the front curve 14 to restrain the front curve 14
30 in the pallet against upward novenent. Lifting fingers 48 are positioned

bel ow opposite sides of the flange 36 35 -21- 1 around the back curve
mold 16 to lift and pry the back curuggoold 16 fromthe restrained front
curve nold 14. As illustrated in Figure 1, the contact |l ens nold assenblies

12 are supported in the pallet with the 5 annular flanges 26 and tabs 28 of"

the fronpt md@f@ldf 1€Ihéemélse@luﬁ+egrhbla bﬁi‘ﬁi\bﬁhmuﬂﬁ)@rlésléfﬁce of the
pal | et es 36 and t he ba.¥%curve nol d

qﬁbmﬁ ul ar K a?a

16 rai sed =@bo 1?$EF%ﬁ€ pg%r?%% F tﬁgrﬁﬁl?% ??FE&?%wﬁ?he ?alnlng
fingers 4temuirdOassénbly is ngren EBftedshppeoth\mnytm mpagsed fl anges
26, 38, “pal ' in Fi

L in tho HSESR NP RS B B pEbui € LOTraRSuL' Ol geg 10, 10
i |1 um ngt iGRree mold eakt completely. a Ihshasbeeen empivicatlyated arm 64

rotates thfeé¥mihdd UERa® Whéh SERE mé€al hSryPELAgOPSKe £ UEYE From
stopped under the flange, and then tilted back
approximately 18°, the overall quality of the lens
removed, and the resultant yield was better than
- 10 currently employed prior art pry techniques which only
l1ift from a single side, and do not control the axis of
the pivot point.

It was also empirically determined that the
mechanical prying force was best supplied less than 0.3

15 seconds after exposure to the radiation. Although no
adverse effects would be contemplated if there was less
time between exposure and mechanical removal, in
practical terms the time between exposure and mold

-, separation would be between about 0.2 and about 1.5
" pp Seconds.

A first embodiment of the apparatus for
demolding the back curve mold halves is more fully
illustrated in Figures 5, 6, 7, 8, 9 and 10, wherein
Figure 5 is an elevational view of the apparatus, Figure

25 6 is a plan view taken along section line 6-6 of Figure
5, and Figure 7 is an elevational side view taken along
section 7-7 of Figure 5. Figure 8 is a top plan view
similar to Figure 5, illustrating the demolding
apparatus positioned adjacent to a conveyor system for

30 the sequential movement of pallets containing contact
lens mold assemblies through the demolding apparatus.
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. the.lower front curve, with the rotation causing the separating finger
menber to rotate to pry apart and separate the back curve fromthe front
,curve. 20 In the third position in the |ower extrene |eft
portion of Figure 3, the pry fixture 54 is raised upwardly approximately 10
mmfromthe pallet. Inthe fourth pOS#éIOﬂ in the lower mddle left portion
of Figure 3, the pallet is noved to 1 | eft by the conveyor, the pry
fixture is rotated back to its original position, and the pry fixture 54 is
conveyed in, X an Y, directio as descri urther det ai | herei nbel ow,
Lot enode RIBEE 8, 17 o GO B TAREE NAGV (95 rihdh ERRE (FRETF o 5a. 30
In the flf:tétapmnrtg crilenents, Ivm\ia]:e rﬂ‘:d;ihse ri@ghis pmrpanmmllfl gure 3,

o e il ity i B o, BERLH % L Sl Sty

assenblles 'S nove he conveyor o a posi e pry fixture,
and the pre,mhodammtamf|%1mm63/eoaMk111us¢mmngdthecfr@m into a
derol di gg ApSid | EY i&edbidments st her detail hereinbelow. In the
sixthp S|t|on in t%ﬁé‘f!g@vvesﬁr"liextremaer‘i'il 'I*”Jlt portlon of Figure 3 the pry

fixture 54 is | ower A illustrated in Figure 9, pallet 10 is
the second of a plurality of demolding cycles wherein a
laser delivers intense electromagnetic energy beams 55
directed through laser masks 58 to the second row of
10 mold assemblies in pallet 10. Simultaneously therewith,
the first row of mold assemblies is being demolded by
the pry fixture 54, as illustrated and described with
respect to Figure 4. Pry fixture 54 is rotated by shaft
60 about axis 56 within journal bearing 62 by a pair of
15zlinks 64 and 66 which are illustrated in Pigures 4 and
| 7. As illustrated in Figure 7, link 66 is pulled in the
direction of arrow E by a rack 68 which is driven by a
"pinion on a stepper motor 70. Stepper motor 70 thereby
- rotates shaft 60 in the direction indicated by the arrow
20 C in Figures 4 and 7 through approximately 18° of arc to
separate the back curve mold half 16 from the front
‘curve mold half 14.
After the pry fixture 54 and shaft 60 have
been'rotated, the pry fixture 54 is lifted upwardly in
25 the direction of arrows B, Figures 4 and 7. The pry
fixture 54 is mounted at one end of a platform 74 which
pivots about a shaft 76 at the second and opposite end
of the platform 74 to raise and lower the pry fixture
54. The platform 74 is pivoted about shaft 76, and is
30 driven in rotation by a slidable cam 78 which engages a
roller cam follower 80 mounted on the pivotable platform
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. adj acent to the next pallet to reposition the pry fixture 54 relative to
the next -pallet 10' for the next 10 denvol ding operation. The pallet 10" is
.then*conveyed to the left to reassune the first position, in the upper |left
portion of Figure 3, in which the separating fingers and retaining fingers
are positioned between the spaced 15 ggposed fl anges of the joined back and
front curve assenblies. The back curVé?lens nold 16 is heated by a | aser
beamto create a differential expansion of the.heated nold polyner relative

other: dnefus FEIaRBIKC TR, 2B L0 SdxRBCERCERoR RUFIERE LRSS rer motd
adhesi on anodtass84t toi nagspashafvn60f approrimatedyt L0nmmlige tBatThe greater
the tenperghyr g gaafbANbrher1Eelrb gt 585 rBLrbBEEDEG,POT Li 0N, the 25

greater thé sShearing e easle portions separate. This
effect is ¢isposal wﬁehhehba@ku cur¥Ri moad: halwes ybaafter. theviinme

continu hQ@étbéén|Qéﬁaiaﬁéagfréﬁnéﬂéthemdf&nghﬁiybaCk mol d portion into
the | ens” polyner a and then 30 collectively into

%ont ol ggrtlon
t he surrounding enV|Fﬁﬁheﬂ thecafereRensaPRed CEMBEPERER RYe t heref ore,
prompt |y rgaNeed3én a further movable platform 86 which is

translatable in both the X and Y directions, as shown in
Figures 6 and 8, in order to dispose of the separated
10 back curve mold halves 16, as will be described
hereinafter. The demolding apparatus includes a
stationary base 89, upon which is mounted a stéticnary
tower 90, relative to which the movable platform 86 is
translated in both X and Y directions. Platform 86 is
15 suspended from the stationary tower 90 and is mounted
for reciprocal movement along the X axis along an X
track 92. Once the pry fixture 54 has separated the
‘back curve mold halves 16, and the pry fixture has been
lifted free of pallet 10, platform 86 is shifted to the
20 right along the X axis, as illustrated in Figures 6 and
8, by a pneumatic X drive motor 88 to the position 86°',
shown in phantom in Figure 5. In the right position of
the movable base, illustrated by dashed lines 86' in
Figure 5, the pry fixture 54 is moved to a position
25 adjacent to a back curve scraper 98, Figure 8, which
removes the back curves from the pry fixture 54 and
deposits the back curves in a receptacle ©6. Platform
86 is shifted to the right in the X direction in order
to place the separated back curve mold halves held by
30 the pry fixture 54 over a disposal receptacle 96,
Figures 5 and 8. Simultaneously, the back curve scraper
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7.23:°1 so

that very little energy is transferred to the polyner le

ns,

avoiding the possibility of thermal deconposition of the lens. Heating the
.back_curve is acconplished by the 5 use of a source of electromagnetic

radi ati on,

preferably a carbon dioxide [err] |laser, applied to at

of the nold portions. The laser is preferably of about 80 watts at
wavel ength of 10.6 [err]m The exposugg-of the nold portion to the laser is
bet ween one half and one 10 second. While a [err] l|aser producing
in the md-infrared range at a wavel ength of 10.6 m crons was used in one
enbodi mint9185 iisiéléxlr&@e@mfiblpréém@ﬁscambtch DOWEtGdaUIdobﬁﬁﬁbnO_r a Ei gh
netic ra ion enjiter any _type. wherein the
féié%% bs%? eauﬁéaﬁﬁgoﬁbl ﬁa?%?%% esﬁ% gﬁ?ently to cause

an increasﬁnxﬁummlﬁ4naterial tenperature. In the case of |asers, both

intensity
radlatlon

m d-infrared and 20 dejja [ [ y fi
because the pol styr%%' I%i §?iu§9?£?§snggéfﬂaggOgﬁkgéoﬁg?é%gkan
tiny fr&ct%rwroxclwemmm t@daammtaélremo@nteé 8€rapart ered.

| east one
a

radi ati on

ci ent
d only a
In this

vay, |itt!epfuf® EIE! d¥hich! PStates3EBOSLNET 5RadPSPiPLi OFpe25 so only the

.sanple S

10

heat ed.
scraper fixture 110 is driven by a pneumatic motor 100

and drive shaft 114, to assume one of two positions 98,
110, or 98', 110', as illustrated in Figure 11. The
position 98, 110 illustrated in Figure 11 places the

" back curve scraper 98 in an elevated position to remove

15

20

25

30

35

or scrape the separated back curve molds from the pry
fixture 54 as the platform 86 is shifted along the Y
axis, in a downward direction as shown in Figure 8, to
scrape the separated mold curves 16 from the pry fixture
54 and cause them to thereby drop into the receptacle
96. Platform 86 is shifted in the Y axis by a pneumatic
motor 102 which is fixedly mounted to the platform 86
and the drive shaft of which engages vertical column 94
which extends downwardly from track 92 on stationary
tower 90. Platform 86 has a Y track 104 mounted
thereon, as illustrated best in Figures 5 and 6, such
that the platfo:m 86 and track 104 can translate along
the Y axis relative to vertical column 94.

After removal of the separated mold curves 16
from the pry fixture 54, platform 86 is then
reciprocated back along the Y axes, upwardly as
illustrated in Figure 8, and then back along the X axes,
to the left as illustrated in Figure 8, to its original
position, as illustrated in Figures S and 8. The
slidable cam 78 is then withdrawn by drive motor 84 and



"Al'so; because of the absorptive nature of the nold naterial at these
frequencies, nost of the |aser energy is absorbed within several
wavel-engths travel into the material. Fromthat point, heat is transferred
30 only by conduction fromthe surface. For that reason, on initial

- exposure to the | aser beam a.substan%$fl 35 -24- 1 thermal gradient is
formed between the exposed exterior surtace and the surface of the nold
portion in contact with the lens. Preferably, a carbon dioxide [err] |aser

Pt ot wol bt B & i le S8 4s Natled (Bl & B0l Sy Bkl SP !
assenbl i es abavehgeablen Idunteady ofeth theinext|denslding toperationaser is
pr ef er abl y'I“He qpé)égr BPSV\@ﬂé'? ?Iﬁéer&rr% ?‘?)éﬁﬁ%é?la?é? a?%%wv&l,@r@f h of 10.6

[err]m The exposure tine of etween one half and
one secondMaldassemblies vRallekhgl arand\ed 1t eldoks tBER | owi ng gas

and seal gd jiHmd ¥RERly | AdwaicedDofli tRe L cOhvéPer | €6 plaleanik ng appar at us,
~a Laser Phgtonics nodel 580 15_cw pul se |aser was utilized. preferred
enbodi ment %ﬁ?;]:q(fnﬁﬁf:%d row of mo &l a.ssen?bfles into a emolf‘

' position. Pallet 10 is constrained through the
demolding apparatus on the conveyor by rails 46 which
prevent vertical movement and any pitch, yaw or roll of

10 the pallet during the demolding operation.
The pneumatic drive motors 88 and 102
basically drive the movable base 86 in an L path back
- and forth between end stop positions, and end stop
detectors are employed to sense the end positions and
15 deactivate the motors. One leg of the L translates the
pry fixture 54 in an X direction between the position
illustrated in Figure 5 and the position 86' at which
the pry fixture 54 is positioned adjacent to the back
- curve scraper 98. The second leg of the L translates
o0 the pry fixture 54 in a Y direction as illustrated in
Figure 8 to translate the pry fixture 54, and the rear
curve members supported thereby after demolding, by the
back curve scrapers 98 which remove the rear curve
"members from the pry fingers 44, and the back curve
25 membe:s then fall into a back curve disposal
~ receptacle 96.

Figure 12 is a schematic illustration of the
demolding movement of the previous demolding apparatus
of Figures 4 through 11, as disclosed in parent

30 application Serial No. 08/257,801,_showing the previous
rotational demolding action thereof. The arm 64 and the
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Jsexperinmentation. Wiile it has been found that a | aser power output of 3 to

4 watts is sufficient to cause heating of a polystyrene nold portion so
_that-the nold 20 can be nechanically separated, it -was determ ned that a
much hi gher powered | aser, up to 500 watts, is preferred. Increasing the

| aser power and decreasing the exposure duration was found to increase the
thermal gradient and increase the easd2and consistency with 25 which the
nol d portions could be separated. It was found that if a | ens/nold

conbi nation were sufficiently underexposed, the separation forces would
still ba rseparating dikxereuss aset fixedgtageather cardnkgkat@ch as breaking
woul d resuldgetiter about shaftaebens/ nold conbination were overexposed to

‘the | aser energy, separatiop_of the | d portions and 35 -25- 1 renoval
of the | ens woul d ag§+$uﬁ% ﬂ?f%?cﬁlFggeﬂﬁgacdéﬂﬂﬁﬁtﬁﬁﬁ}ﬁnrqu €such as

oxi di zi ng meoements NGf (tlhét présgnt aemlolaifgoapparadtus opdrsyaneutd
frustrate | d separ tign .An dgiLlog gver exposur e t her Iix 5 degrades
the | ens %‘? &Hr ?n@ RhE ‘6@1@% Hot-8 BSF |SBP§IH:?| tRB | ﬁgéy, 4 preferred
nmet hod f ortherpresent heebtitabodemolding action thereof. The
previous rotational laser demolding arrangement, as
described in Figures 4 through 11 in parent application
Serial No. 08/257,801, was converted from an IKO rack 68
10 and pinion stepper motor 70 drive with a rotational pry
demolding arrangement to an IKO rack 68 and pinion
stepper motor 70 drive with a vertical 1lift pry
demolding arrangement as illustrated in Figure 13 in
less than two hours. The conversion entailed replacing
15 the pry pivot link arm 64, and locking the pry finger 54
horizontally to element C and pivot platform 74. The
pry pivot link arm 64 was replaced with an L-shaped link
120 with an inserted cam-follower bearing 122, which
contacts and rolls on the movable base 86. The L link
20 120 pivots around the previous demolding pivot shaft 60,
~causing the wedge pivot platform 74 to rotate about its
. shaft 76, as illustrated in Figure 13. The pivot shaft
for the wedge pivot platform 74 is a substantial radial
distance (at least the length of the wedge pivot
o5 platform 74) from the pry finger 54 so that the pry
action is virtually straight up. The pry fixture 54 is
now fixed to mount C and pivot platform 74, and L link
120 pivots relative thereto about shaft 60.
The advantages of the vertical pry demolding
30 arrangement of Figure 13 are a much shorter drive
movement distance for the IKO rack 68 and pinion stepper
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. portion fromthe front nold portionis to apply a relative tensile force
between the nold portions. It 10 was determ ned enpirically that such
.mechani cal force was best applied | ess than 0.3 seconds after exposure to
the radi ation. Al though no adverse effects would be contenplated if there
was | ess tine between exposure and nechanical renoval, in practical terns
the time between 15 exposure and nol d-3eparati on woul d be between about 0.2
and about 1.5 seconds. Beyond a delay of 1.5 seconds the difficulties in
nol d separation and | ens renoval would be the sane as those resulting from
under ex pismo&orad 0désuriinge denodviing’,0 thereby reduicdiimgnithecant quality

' Serati ox . . 2 ont
Cetont on SPmoleelf EXie I i £10BARINAC mdr By el el SRS 0
i-s | aser h@neamafis cdndern 4 cad dencpandead Ur singe heaghriigge. 25

Wth the OpehiRialeiR TénidlldtEd Atd GERRIAMA € e NI vERiesm the
nol d portiops.can be separated and _the |ens renoved from_the nold jn
appr oxi mat EF’?’:SW R .1%%WP¥@,“%?WW%I%$¥WFI@GFQ he 30

preferred pol Figurend 210lthes hemamr ingd rémoval s conblletedbyedhrt ed by one
Skilled'inw%ﬁ%ea%haéfgidwT¥f¥iﬁﬂé gtic drive cylinder 84, making
the pneuamtic drive cylinder 84 a critical parameter.
With a vertical 1lift demolding arrangement pursuant to
10 the present invention as illustrated in Figure 13, the
wedge platform pneumatic drive cylinder 84 is used only
to raise the back curve to a scrape off height. Since
the pry fingers 54 are locked in position, scrape off
can occur while the IKO rack 68 and pinion stepper motor
15 70 drive is returning to a start of pry position. This
allows faster movements to the scrape off position and a
reduction in cycle time.
While several embodiments and variations of
the present invention for a laser demolding apparatus
20 and method are described in detail herein, it should be
- apparent that the disclosure and teachings of the
present invention will suggest many alternative designs
to those skilled in the art.

25

30
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7+26<°1 wavel engths, power |evels, and exposure times must be appropriately
adj usted according to the above considerations to_achieve optinal
.characteristics for other lens/nold material systenms. 5 To apply

a tensile force between the nold hal ves, the fronﬂmﬂu\ﬂﬂumﬂﬂm m is held
in place as illustrated in Figures 9 ﬁgg 10, wher H L nmet a
retaining fingers 42, 43 are fixably fofifited above tréick‘ra'l s 46 and

pallet 10 to secure the front curve 10 nold half 14 in pallet 10 during the

prying opeg§é$£2£§£§LS%ﬁgggﬁé[nger 43 is an inverted T shaped nenber and
secures @n half 14 with one flange 43a of the inverted T,
and engages a second irondpparatusofdrhdemoldingaasmwodddassenhdy43b. The
second fla 15.,CO0 e ' u | @R9en4RAst 9 secure the
second fron% cé?g%}ﬁ%|§ ﬁgfsﬁiﬁr%%gr??%é.ﬁégééﬂ% pa??gtﬁ§8 ?s sequentially
advanced t heenghal yaoldssechian| Wikh appurteusdingefipnggesand- a3

sequenti g Iaoffgégs‘-.&ﬂﬁe §6¥bRA BRER ME3&NBbiesohOowROcheRHECat he front
curve nmold hal f. re en ed by a pry

he f ck curve npld half Tl anges 32 a ag
fixture 54 CeRtERLMALE SPFELON| §LER B oBUFFORRAELRE B1aRAE.  WakBaBos bot h
sides of flmoldedtophthaimpel lehs 1beingafusmeéddbetweenothei épohy t he
oY O SYiAE hafR hla ot 15RET ZRaSLREPETangaY 8! ERE" £PERT BRa' ©

directed t
. back mold portions being spaced apart relative to each

10 other, comprising:

‘a. restraining means for restraining the
first mold portion of the mold assembly; including
restraining fingers which are positioned between and on
opposite sides of the spaced flanges of the first and

15 second mold portions and against the flange of the first
mold portion;

b. a separating fixture including separating
fingers which are positioned between and on opposite
sides of the spaced flanges of the first and second mold

oo Portions and against the flange of the second mold
portion; and

c. means for subjecting the separating
fixture to a substantially vertical prying motion
relative to the restraining means to separate the second

25 mold portion from the first mold portion.

2. Apparatus as claimed in claim 1, wherein
the separating fixture is positioned at a first end of a
pivot platform, which pivots about a shaft at a second
end of the pivot platform, such that the separating

30 fixture is pivoted about the pivot platform shaft
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.‘openlng 57 between the retaining fingers 42 and the prying fingers 44
agai nst the back mold half 16. The pry fixture 54~+s-+¢m¥F4QLaLed_about

.axis 56 in the direction of arrow Cin Figure 4 t atensile 30 force
to the back curve nold half 16. The upper part oq@l ﬂﬂ !l "Hl ﬂﬂ
rotates about axis 56 so that after 35 -27- back curve

nold portion to the |aser, the fingers3gi4 pry the back curve *mol’d portion
up. The entire assenbly is then lifted approximately 10 mm as i ndi cated by
arrows B-B in Figure 4 to renove the back 5 curve nold part conpletely. It
has beem enfhirioui lay daiedr e df B Mayt tthe MRmYthpof fthgeivokt are

st opped ung e flange, and then tilted back approximtely 18[err], the
overal | 5ﬁﬁ§fh5F‘the | ens renoved, and the resultant yield was bet t er
than 10 current |y err;il-oy@d:macnusaras rhya imesh ring uedsa iwhi2oh whenedi ft from a

ZHSPL?CZ:?y gé?ng1ng§P at the #gbhanlc %ﬁ%g%#n oﬁce f%gxﬁégtmgnglfgd
| ess thah BoFors ang: giaek aquntes sis sadd (Plt"ﬁ?é: Al t hough no
~adverse effects woul ¢ be agiaiRIAtR] difa itnfed %ﬂ"’%‘iéﬁns%, wherein
said pivot platform is pivotally mounted on a movable
base.
5. Apparatus as claimed in claim 4, wherein

iO an L link with a roller is pivotally supported at the
first end of the pivot platform, with the rack pivotally
connected to one leg of the L link and the roller
connected to a second leg of the L link, with the roller
resting on the movable base.

15 6. Apparatus as claimed in clalm 4, wherein

. said movable base is translationally driven for X
translation by an X pneumatic drive motor and is
translationally driven for Y translation by a ¥

. pneumatic drive motor.

20 7. Apparatus as claimed in claim 2, further
including a ramp cam driven by a pneumatic motor,
wherein said pivot platform includes a cam follower
roller positioned on said ramp cam, such that as the
.ramp cam is driven by the pneumatic motor, the cam

25 follower roller pivots the pivot platform about the
pivot platform shaft to raise and lower the separating
fixture.

8. Apparatus as claimed in claim 1, including
means for irradiating the second mold portion with

30 electromagnetic radiation, which is absorbed by the
second mold portion to cause a substantial temperature
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Jstime between exposure  and nechani cal renoval, in practical terns the tine
bet ween exposure and nold separation would be between about 0.2 and about ,

, 1.5 20 seconds. A first enbodi mrent of the apparatus gmmﬁlﬂﬂlm m back

curve nmold halves is nore fully illustrated in Figur lﬂﬁ'" Lnd
10, wherein Figure 5 is an el evational view of the apparétus, Fidure 25 6
is a plan view taken al ong section |-3e 6-6 of Figure 5 and Figure 7 is an
el evational side view taken along section 7-7 of -Figure 5. Figure 8 is a

top plan view simlar to Figyre 5, illustrating the denol ding - apparatus
posi t i chegradiigadnbetyegnc $hee pecond mohds porydonhande fhencontadtyenent of

pall ets cqgnd @Jéi@xgca@.»&n%qaehqnmm ¢1RS TRMYdraturd guaiehe denl di ng
appar.atus. 35, - 28-, Figure 9 is a top planar ,view of the front curve
retai ni ng CAVSHY% & %#%Fée%ltéégee@ai@lé"b i Shiftdngs ofg onal vi ew of
a portionseirfiake bFsthedpealtédn sectndd nitld porthiopreldtislesad | | ustrating
(e, {1 BS che Bt 34R8 G800l SERUY B WA St 0ure O
the lens and the second mold portion to assist in the
separation of the mold portions, while leaving the lens
in the first mold portion.
9. Apparatus as claimed in claim 8, wherein
10 the irradiating means includes a laser producing
electromagnetic radiation having a wavelength between
1 um and 20 um.
10. Apparatus as claimed in claim 1, wherein
the mold assembly is carried by a pallet, which carries
15 an array of mold assemblies, and further including a
conveyor means for éonveying the pallet into a position
in the demolding apparatus wherein said restraining
fingers and separating fingers are positioned between
the spaced flanges of the first and second mold portions
20 With the restraining fingers against the-flange of the
first mold portion and the separating fingers against
the flange of the second mold portion.
11. Apparatus as claimed in claim 1, wherein
said separating fixture includes a gripping means for
25 gripping a second mold portidn which is separated from a
first mold portion.
12. Apparatus as claimed in claim 11, further
including a back curve mold remover to remove said back
curve mold portion from said separating fixture after
'30 separation of the mold portions, and means for moving
said separating fixture relative to the back curve
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"kaser delivers intense electronmagnetic energy beans 55 directed through

| aser nasks 58 to the second row of 10 nold assenblies in pallet 10.

Simul taneously therewith, the first row of nold assenblies Is being

denol ded by the pry fixture 54, as illustrated andgy [ | respect
to Figure 4. Pry fixture 54 is rotated by shaft aglmﬂmlmﬂuml i thin
journal bearing 62 by a pair of 15 I Lgls 64 and 66*whv ch are Flltustrated in
Figures 4 and 7. As illustrated in. Figure 7, link 66 is pulled in the
direction of arrow E by a rack 68 which is driven by a pinion on a stepper

notor 7Q. SEROVEE AREhg/GhibRr €Ay batk! earvBanbl80pbhtiba fsrection
' nd 7 through approxi mately

I ndi cat ed Qémthe aérOWIgg C.in Figures 4 2

18[err] of &reved £Epl, 5he FRBAFALAPELFIEHBEY half 16 fromthe front curve
nold half 14. After 1Be phppératusecaS4ciaimetiain 6Qlahmva2hefurtheat ed, the
pry fixturg ) [ u r ' t | Leglign a B, Figures
4 and 7. Th%éﬁ?éf?éx@%5555gg?sg%%ﬁ%€%§§¥tRgﬁghénggéﬁ 28% aépgp%174 mh?ch
"pivots #@oremavehaintdcand out ofcanbagkdcuppesremovad pbsikaopl atform 74
to raise aﬂgﬁ£?£6%o£§esaia géﬁhyggiﬁéhfggeupggtforn174 i s pivoted about

shaft 76, an rrven irnrotati .a slidable cam 78 which engages a
rol ler cam fol | ower 88-npodRPaYatHStAE pladmed| énpripisr idzswherein

said pivot platform is mounted on a movable base which
is mounted for X translational movement relative to a

10 fixed base.

' 15. Apparatus as claimed in claim 14, wherein
an X pneumatic drive motor drives said movable base in X
translational movement relative to the fixed base.

16. Apparatus as claimed in claim 15, wherein

15 said movable base is also mounted for Y translational
movement relative to a fixed base.

17. Apparatus as claimed in claim 16, wherein
" a Y pneumatic drive motor drives said movable base in Y
. translational movement relative to the fixed base.

20 18. Apparatus as claimed in claim 1, wherein
the first mold portion is a concave front curve mold
half and the second mold portion is a convex back curve

- mold half, with a contact lens molded between the first
and second mold halves.

25 '19. Apparatus as claimed in claim 1, wherein
said separating fingers are joined together to form a
U-shaped separator.

20. Apparatus as claimed in claim 19, further
including means for directing a laser beam through the U

30 in the U-shaped separator to irradiate the second mold

portion.
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".-29- 1 74. Slidable cam 78 is advanced by a pneéumatic drive notor 84 to
rai se shaft 60 approximtely 10 mm so that the attached pry fixture 54 may

, be retracted for disposal of the back curve nold;k hey 5
have been separated fromthe nold assenbly. Eachlm‘ul "\l[‘ﬂiﬂg'ﬁ‘“f oned
conmponents are nounted on a further novable platf hChs | S
transl atable in both the X and Y dired®tons, as shown in Figures 6 and 8,
in order to dispose of the separated 10 back curve nold halves 16, -as will

be described hereinafter._The denoldin éatus nclu es a stationary
base 89 upon which #%- nDﬁHPQHaEn§t%§|éhE$£E tative to which the

novabl e plisﬁém:mz&@ d:éniréf@ﬂﬁé&ﬂsl ﬁob%dm%gangtﬁermmomsseﬂbmf orm 86
is 15 suspended fromth sta% ary f 90 and is moun 5@ for reciprocal
movenent AOMPTHEE EaARs P bhGLaINY F1aeers ARG REPEREELY (3t ure b4 has
separ at ed fingémskbeumeen uhédfhangesmémbensdofhehgrmoldxaasemhbx.been

lifted fr JB€# §1d&gan lf££O§E%§§n%f%ff%fégguéglﬁ rlght al ong the

X axi s, as | I'n Fi gures an neunat | drlve not or 88
to the posﬂQﬂYﬂY@é megnsv\hmﬁomembheumot:ig%#%e@blymnhe &i ght position of

]Ehe mvab'@eﬁmmliiaaéie.%ﬁdlaytﬁés&@ﬂcidfﬁ? %atatﬁsguaﬁd&héﬂe pry
I xture 54 1s noved I on 25 adj aceni .to a back cuer scraper 98,
Figure 8, aftyaring sald orm £o {11€ said Dack curve mo
portion relative to the front curve mold portion to
10 thereby separate said back curve mold portion from said
front curve mold portion and the contact lens therein.

22. Apparatus as claimed in claim 21, wherein
a plurality of contact lens mold assemblies are carried
on a pallet by said conveyor means, and said demolding

15 apparatus includes a plurality of pairs of restraining
means and separating fixtures.

23. Apparatus as claimed in claim 22, wherein
said pallet carries two rows of contact lens mold
assemblies, and said demolding apparatus includes first

20 and second sets of restraining means and separating
fixtures, with a first set positioned on a first side of
said pallet and a second set positioned on a second side
of said pallet.-

24. Apparatus as claimed in claim 23, wherein

25 the first mold portion is a concave front curve mold
half and the second mold portion is a convex back curve
mold half, with a contact lens molded betwveen the first

" and second mold halves.

25. Apparatus as claimed in claim 24, wherein

30 the mold assembly is carried by a pallet, which carries
an array of mold assemblies, and further including a
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“renpves the back curves fromthe pry fixture 54—anmd deposits the back

curves in a receptacle 96. Platform86 is shifte i g the X
direction in order to place the separated back ca ”! lil@e“i §s§!!|1el d by 30
I &S as :

“the pry fixture 54 over a disposal receptacle 96,

Si mul t aneousl y, the back curve scraper 35 -30- 1 98 is elevated by a
pneumati ¢ notor 100 to a position pard9-el with, and just below, the
surface of pry fixture 54. Figure 11 illustrates the.back curve scraper 5

98 which is secured to a pivotally nmounted scraper fixture 110, which
rot at es hbegnveysrameans? forheonyexiag the padleto intoja POSIRION pneunati ¢

nmotor. 100 gpdegel aemahafihg,laﬁg_at:at&%smr@iex Faidve epevialinaty 98, 110, or
98', 110', as illustrated in ,bgvge 11. The 1ocﬁPSLtIO 8, 110 illustrated

in Figure $ingpEsecandngeparptyd 10geXSe ATS3 AOF L €ssition to
renove or gheappated fdpagescdfbatle Eirst @rdlsecond Weddpporftiikng e 54 as

shown | 1B FPaLRoth? Fgerk8lpind indtek Tabng che B ¥ (B TN
fixture 54famgtcmodd poetion andr ¢be separatiang fingerspagaiast
' the flange of the second mold portion.
26. Apparatus as claimed in claim 25, wherein
the separating fixture is poSitioned at a first end of a
10 pivot platform, which pivots about a shaft at a second
end of the pivot platform, such that the separating
fixture is pivoted about the pivot platform shaft
through a lever arm of at least the length of the pivot
platform. -
15 27. Apparatus as claimed in claim 26, wherein
the pivot platform is pivotally driven by a stepper
motor and rack mounted on said pivot platform.
28. Apparatus as claimed in claim 27, wherein
said pivot platform is pivotally mounted on a movable
20 base. .
29. Apparatus as claimed in claim 28, wherein
an L 1link with a roller is pivotally supported at the
first end of the pivot platform, with the rack pivotally
connected to one leg of the L link and the roller
25 connected to a second leg of the L link, with the roller
resting on the movable base.

30. Apparatus as claimed in claim 29, further
including a ramp cam driven by a pneumatic motor, and
said movable base includes a cam follower roller

30 positioned on said ramp cam, such that as the ramp cam
is driven by the pneumatic motor, the cam follower
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., 96., Platform86 is shifted in the Y axis by a pneunmatic notor 102 which is
fixedly nounted to the platform 86 and the dri!g_ibgil_gi_ﬂ@Lgh_gngages
svertical colum 94 20 which extends downwardl y"Tromtrack 92 on stationary
‘tower 90. Platform 86 has a Y track 104 nnunted M trated
best in Figures 5 and 6, such that the pl atform ’“ﬁm[“mm‘ can
translate along the Y axis relative tgavertical m 94 *

After renoval of the separated nold curves 16 fron1the pry fixture 54,
platform86 is then reciprocated back along the Y axes, upwardly as

|11 ust raggeﬁo!lﬁlef' QBEStﬁs 2ne E‘.'i%@tbﬁﬁaleaﬂl@”%a%@ abotetne 0 the left as

illustrated 1 n Figure to its qriginal position, as illustrated in
Figures 5 5ﬁ8381°¢ﬂé §h?§§bF9 5&#5?8aF§ ﬂﬁ@ﬁrwﬁhﬁd§£3$3&Fl@ﬂ've not or 84

and 35  f3ktulel MOuntid’ onl the Bécond ewar ed ithieO fi rédMRiovaRdeposi tion
above pallgt 10, ready for the next denol ding operation. The laser is then

energi zed P3Sfieat the second row of nold assenblies in pallet 10, and-
pallet 19 is then 5 Bhcrehppazhtusadsacdadmed tihecdaiwepdr, whepedae the

Const s ar neaRisy SupRkafzhg F1R€URL ERcllhls®a GRLD Y kB £53! ! o1 10 19

constrai ne
gripping a second mold portion which is separated from a

first mold portion.
32. Apparatus as claimed in claim 31, further

10 including a back curve mold remover to remdéve said back
curve mold portion from said separating fixtures after
- séparation of the mold portions, and means for
independent reciprocal movement of said separating
fixture relative to the back curve remover.

15 33. Apparatus as claimed in claim 32, further
including means for vertically moving said back curve
remover into and out of a back curve removal position
relative to said separating fixture. _

34. Apparatus as claimed in claim 33, wherein

20 Said pivot platform is mounted on a movable base which
is mounted fot_x and Y translational movements relative
to a fixed base, an X pneumatic drive motor drives said
movable base in X translational movement relative to the
fixed base, and a Y pneumatic drive motor drives said

25 movable base in Y translational movement relative to
said fixed base.

35. Apparatus as claimed in clalm 34, wherein
said separating fingers are joined together to form a
U-shaped separator.

30 36. Apparatus as claimed in claim 35, further

including_means for directing a laser beam through the U
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1

_denpl di ng apparatus on the conveyor by rails 46 m@gghagigygnL_MELLLeal
novenent and any pitch, yaw or roll of 10 the pall uring the denpl di ng
.operation. The pneumatic drive notors 88 and 102 ba ﬁ \““)mg “

novabl e base 86 in an L path back and forth betmeen and

end stop detectors are enployed to sense the end p05| I enstan

deactivate the notors. one |leg of the4ltranslates the pry flxture 54 in an
X direction between the position illustrated in Figure 5 and the position
86' at which the pry fixture 54 is positjoned adjacent to the back curve
scraper 38inTithesdbwihaned) SIPanatar tqniradate the §ASP04 AWR 54 in a v
direction ppdigtstrated in Figure 8 to translate the pry fixture 54, and
the rear curve nenber su rted t hereby. afte din by the back curve
_scrapers 98 which re Fratus 3% }ﬁﬁﬁﬁé 33 %y fingers 44,
and t he baa]ncﬂurddm@&amé;m:s ndans ffor cdmzelmrigac&he:umhd A sseEmbly

rovenent Soitd S AR AR, £iogere S pad iy OT0 1Y
di scl osed |ﬁ1mm1tbatw®1plﬂmtﬂcnn®mmbets o/ ey suld assambly i he
previous r b I r SEMEHL FAC dRud e £LTy Jé‘@uﬁﬂé“sﬁlﬁ the 35

conveyor means to convey the mold assembly into a
demolding position in the demolding apparatus, and then

10 actuating said platform rotating means to sequentially
1ift said back curve mold portion relative to the front
curve mold portion to thereby separate said back curve
mold portion from said front curve mold portion and the
contact lens therein.

15 38. Apparatus as claimed in claim 37, wherein
a plurality of contact lenses and mold assemblies are
carried on a pallet by said conveyor means, and said
demolding apparatus includes a plurality of pairs of
restraining means and separating fixtures.

20 39. Apparatus as claimed in claim 38, wherein
said pallet contains two rows of contact lenses and mold
assemblies, and said demolding apparatus includes first
and second sets of restraining means and separating
fixtures, with a first set positioned on a first side of

25 said pallet and a second set positioned on a second side
of said pallet. _

40. A method for demolding a mold assembly,
comprising a first front mold portion which has a
central mold section with a surrounding flange, and a

30 corresponding second back mold portion which has a

central mold section with a surrounding flange, and
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e

e r———————

°.-32- 1 separating fixture 54 are fixed together and rotate together about
shaft 60. Figure 13 is a schematic illustratio f the

. present denol ding apparatus pursuant to 5 the present continuation-in-p
-application, showing the present vertical denol o““ﬂlﬁmnl“ ugﬁ w: The
previ ous rotational | aser denol di ng arrangenent Figures 4
through 11 in parent application Serial No. 08/[257, g01,” was converted from
an 1 KO rack 68 10 and pini on stepper-4mtor 70 drive with a rotational pry
denol ding arrangenent to an | KO rack 68 and pinion stepper notor 70 drive
with a vertical lift pry denolding arrangenent as illustrated in Figure 13
in |eSSlthavlhgoahmoldedprhmhnﬂmmn(mensnﬁmﬁmed bewaenndhes firoatpry pi vot
i nk arm 64 I My . Oh gt nt C and
pi.vot plaf?% ﬁggﬁ 8%Eh g?%Q%F@E¥ ﬁgﬁéfﬁég%'&gé ?e%kgéédgﬁft %ﬁn L- shaped
l'i nk -120 ﬁrontaandnbeckemoddnppmﬂhgnﬁfaBGaﬁPﬁgeﬁzzpawﬁiGﬁléGﬁWEtts and

roll's on theq HEMaﬁkﬁe?aséoﬁﬁrlgﬁﬁgL Ilnk 20 120 plvots around the previous
denol di ng pivot s t , causingt e pivat atforn174 to rotate

about i®s shaft 76,3as FESIRLRIRS tllileFl S& weldr ofhdhe for the

wedge pi vigb18! ak&enBl¥4blS restaindhg ingedisawhdcht aa@e (at | east the

ength of he 1edag BLYOhes® ok Cliphbh o' 3Tab1° o Yold Med? 50 Lt

flanges of the first and second mold portions and

against the flange of the first mold portion;

‘10 b. positioning separating fingers between and
on opposite sides of the spaced flanges of the first and
second mold portions and against the flange of the

 second mold portion; and
' c. subjecting the separating fingers to a

15 substantially vertical prying motion relative to the
restrained first mold portion to separate the second
mold portion from the first mold portion.

41. A method as claimed in claim 40,
including positioning the separating fingers at a first

20 end of a pivot platform, which pivots about a shaft at a
second end of the pivot platform, such that the
separating fingers are pivoted about the pivot platform
shaft through a lever arm of at least the length of the
pivot platform.

25 : 42. A method as claimed in claim 41,
including pivotally driving the pivot platform with a
stepper motor and rack mounted on the pivot platform.

43. A method as claimed in claim 40,
including irradiating the second mold portion with

30 electromagnetic radiation, which is absorbed by the
second mold portion to cause a substantial temperature
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Jaction is virtually straight up. The pry fixtur?rgﬁ_L§dgggLLLLQd_Lo nount C
and pivot platform74, and L link 120 pivots relative thereto about shaft
.60. The advantages of the vertical pry denol ding Eﬂmu Fi gure
13 are a nuch shorter drive m)verrent di stance forDmﬂmmum ain
pi ni on stepper 35 -33- 1 notor ggrlng denol drkngs tther'eby redu0|ng t he

demol ding tine significantly. Nbreove the wedge lift pneumatic cylinder
84 can be speeded up since hema ring reanaI is conpleted at denolding. It

shoul d e 2oL 8fcRe! BaLwUEhNcAePLuabah TR Uope18p" aRACURE! cBALRELUSt T at ed

in Figu ring rendva e wedge plratformlift
pneumati c HensebeyngndemogdednaWihg the pnmnanaturargved¢9ntnder 84 a

criitical PEKGEERS! s WiERefokelnl oakphhtiofegRUTLRTERERGNGETERE PUr Suant o

10 the present 1nvention as illustrated in ure e platform
pneunat i c w¥rfaceypfngbe Beared seqopd| pold P9F§é°PhEeE§EkV€u Qe to a

Scrape Qéftﬁélgﬁkfa§bn§§ the Déﬁsf'mégﬁéniﬁgatﬁe|aahé§1bﬁ BeswbeAN, SCrape
of f can Occur er notor 15 70 drive is

t
returni ng thea §P§r?n8ftb?ysﬁsgpglHﬂigTﬂggtéggoagegg§%§F MvER€nts to the

scrape of fsgparatdonaof ehe mold portions, while leaving the lens
' in the first mold portion.
44. A method as claimed in claim 43, wherein
10 the irradiating step utilizes a laser producing
electromagnetic radiation having a wavelength between
1 um and 20 um. |
45. A method as claimed in claim 40,
including carrying the mold assembly in a pallet, which
- 15 carries an array of mold assemblies, and conveying the
' pallet into a position wherein the restraining fingers
and separating fingers are positioned between the spaced
flanges of the first and second mold portions, with the
_'_restraining fingers against the flange of the first mold
o0 bPortion and the separating fingers against the flange of
the second mold portion.
; 46. A method as claimed in claim 40, further
including removing the back curve mold portion from said
- separating fingers after separation of the mold
25 portions.

47. A method as claimed in claim 40, wherein
the first mold portion is a concave front curve mold
half and the second mold portion is a convex back curve
mold half, with a contact lens molded between the first

30 and second mold halves.
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_reduction in cycle tinme. Wile several enbodinentgagﬂg’%QLLgLLgns—gL—the
present invention for a | aser denol di ng apparat us nd nethod are
.described in detail herein, it should be apparent tq m“l‘mm\‘mu\e and
teachi ngs of the present invention will suggest nan EB % gns to
those skilled in the art. 25 30 35 -34- 1 VWHAT | Al MED"I SP 1.
Appar atus for denolding a nold assenbly, conprising a first front nold
portion which has a central nold sect#4nm with a surrounding flange, and a 5
correspondi ng second back nold portion which has a central nold section

with a surrounding flange, with a nolded ophthalnmc |ens being f or med
bet ween X he front anfi8back methofoasi ehaimeddirnnelaimndls &urtheriront and

back 1ol d pReii@isgb&irecepPaged 2R8et behmt tMeolighC8Rl 3BpaAtheing
conprising:.,a. res raLnlnaﬁneans for restralnlngo%ge first nold portion of

the nol d oE4RISFF, tPniFhadhgtecthraFRFRBA PRLS, +eR-are positioned

bet ween and on 49. A method as claimed in claim 40,

5 including conveying the mold assembly to insert the
restraining fingers and separating fingers between the
flange members of the mold assembly, and then subjecting
the separating fingers to a substantially vertical
prying motion to sequentially lift the back curve mold

10 portion relative to the front curve mold portion to
thereby separate the back curve mold portion from the
front curve mold portion and the contact lens therein.

50. A method as claimed in claim 49,
including carrying a plurality of mold assemblies on a

15 pallet during said conveying step.

51. A method as claimed in claim 50, wherein
said pallet contains two rows of contact lenses and mold
assemblies, and positioning a first set of restraining
fingers and separating fingers on a first side of said

20 pallet, and positioning a second set of restraining
fingers and separating fingers on a second side of said
pallet.

25
30
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‘opposi te sides of the spaced flanges of the first and 15 second nold
portions and against the flange of:the first nold portion; b. a separating
fixture including separating fingers which are positioned between and on
opposite sides of the spaced flanges of the first and second nold 20
portions and agai nst the flange of the second nold portion; and c. neans
for subjecting the separating fixture to a substantially vertical prying
motion relative to the restraining means to separate the second 25 nold
portion fromthe first nold portion. 2. Apparatus as clainmed in claiml,
wherein thetseparating fixture is positignedat a first end of a pivot
platform which pivets about a shaft at & cond endof —thexpi vot platform
such that tihe separating 3D fixture is pixoted abbout the pivc\gplatform

o]

shaft 35 -35- 1 ghrough; a=fever afith of at Iea%téﬂhe'lengtk f the pivot
platform 3j Apparajus as clgimgd in clg@m2, wherein [he piyot\ platformis
pivotally d§iven Qy a steppeﬂ.5|nnmqr afil. s@ack nmpung ed, o saild ?ivot

pl at f orm -+ Ne—i| YR S !

heet Has Been Replaced

i




A, Aﬁparatus as clainmed in claim3, wherein said pivot platformis
pi votally mounted on a novabl e base. 5. Apparatus as clainmed in claimdé4,
is pivotally supported at the first end

wherein 10 an L link with a roller
of the pivot platform wth the rack pivotally connected to o -of the
i nk, wi
resting on the novabl e base. 15 : par atws B
in claim4, wherein said novahle base is trdnslational
translation by an X pneq:rat' \&\\\

; rFve notor. 20 W PAppar at us as
claimed in claim?2, furthX udimg a ranp camdriven by a pneunatic
nmotor, wherein said # _

/uc at @s the ranp camis driven by the
RN

L link and the roller connected to a second |eg of t
roll er 6 Y
risge motor and is transl al
Y translation by a Y pney
orm"’nclydes a camfollower roller

| ower the separating fixt ure.ff,8. 1

pneumatic notor, t
t hg_sdcon

t he pivot platforry .
Appar at ug @S_cl ai,ned?if udi ng nmeans for irradiati
mol d portion v\t ) adi ation, which is abs hT
second.nnlqg i t esperature 35 :
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, -36-~ 1 gradient between the second nold portion and the contact |ens being
denol ded, with the tenperature gradient causing a differential expansion
:and shifting of the surface of the heated second nold portion relative to 5
the surface of the lens to | essen the adhesion between the |ens and the
second nold portion to assist in the separation of the nold portions, while
| eaving the lens in the first nold portion. 9. Apparatus as clained in
claim8, wherein 10 the irradiating neans includes a |aser producing

el ectronmagnetic radiation having a wavel ength between 1 [err]mand 20
[err]m- 10. Appar at uUg Zdned in claim1, wherein the nold assenbly is
carried by a palle Ihgghrries 15 an array of nold assenblies, and
further includin means for conveying the pallet into a position
o)zl Zerein said restraining fingers and separating
fingers are posi-jEERiD en t He spaced flanges of the first and second

- At raining fingers against the flange of the

ppar ating fingers against the flange of the

<3
first nold portl
second nol d port
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sai,d separating fixture includes a gripping neans for 25 gripping a second
nmol d portion which is separated froma first nold portion. 12. Apparatus as
¢lairmed in claim11l, further including a back curve nold renover to renove
sai d back curve nold portion fromsaid separating fixture after 30
separation of the nold portions, and neans for noving said separating
fixture relative to the back curve 35 -37- 1 renover during which the
back curve nold portion is renoved fromthe separating fixture. 13.
Apparatus as clained in claim12, further including neans for vertically
novi ng said back curve 5 renover into and out of a back curve renova

~position relative to said separating fixture. 14. Apparatus as clained in

claim12, wherein said pivot platformis nounted on a novabl e base which is
nounted for X translational novenent relative to a 10 fixed base. 15.

"Apparatus as clained in claim 14, wherein an X pneumatic drive notor drives

said novabl e base in X translational novenent relative to the fixed base.
16. Apparatus as clainmed in claim15, wherein
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*15 said novabl e base is also mounted for Y translational novenent relative
1o a fixed base. 17. Apparatus as clained in claim16, wherein a Y
Ppneumatic drive notor drives said novable base in Y translational novenent
relative to the fixed base. 20 18. Apparatus as clainmed in claim
1, wherein the first nold portion is a concave front curve nold half and
the second nold portion is a convex back curve nold half, wth a contact

‘Il ens nol ded between the first and second nold hal ves. 25 _ 19.
Apparatus as clained in claim1, wherein said separating fingers are joined
together to forma U shaped separator. 20. Apparatus as clainmed in claim
19, further inpgtydi ng/ I for directing a | aser beamthrough the U 30 in

t he U shaped p? at gir \\ rradi ate the second nold portion. 35 -38- 21.
L med i
/

;

Appar atus. me im1, including conveyor neans for conveying the

mol d asser t o ¥nser i d restraining fingers and separating fingers

bet ween the Vlang \ y of the nold assenbly, 5 and control means for

sequentj al | y fact ugty 3 [
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* cogveyor

‘sets of

means to convey the nold assenbly into a denolding position in the
denol di ng apparatus, and then actuating said platformto |lift said back
curve nmold portion relative to the front curve nold portion to 10 thereby
séparate said back curve nold portion fromsaid front curve nold portion
and the contact lens therein. 22. Apparatus as clained in claim2l, wherein
a plurality of contact |lens nold assenblies are carried on a pallet by said
conveyor means, and said denol ding 15 apparatus includes a plurality of
pairs of restraining neans and separating fixtures. 23. Apparatus as

claimed in claim?22, wherein said pallet carries two rows of contact

| ens
nol d assenbl i es

, and sai d denol di ng apparatus includes first 20 and second
restrai ning nmeans and separating fixtures, with a first set

positioned on a first side of said pallet and a second set positioned on a
second si de_of sa;ﬂ pal l et. o24. Apparatus as clained in claim23, wherein
25 the firstanol d&ortion igé concave front curve nold half and the second
mol deporti o is atonvex ba urve nold half, with a contact |ens nol ded
bet Ethegl i rst @ secongigrld hal ves. 25. Apparatus as clained in claim
24, aBEIncBO th 1 d ass y is carried by a pallet, which carries an

arra e& no ass | es, g? urther I ncl uding a 35
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-39- 1 conveyor neans for conveying the pallet into-a position in the

* denol di ng apparatus wherein said restraining fingers and separating fingers

are.positioned between the spaced flanges of the first and second nold
portions 5 with the restraining fingers against the flange of the first
nol d portion and the separating fingers against the fiange of the second
nol d portion. 26. Apparatus as clained in claim25, wherein the separating
fixture | GASEBSDEMOLRENG APPARATUS SNDMEJHBR a 10 pivot platform which pivots
about a shaft at a second end of the pivot platform such that the
separatlngBSmmwmmaoﬁsﬂHEMDRSﬂEﬂSHREthe pi vot platforn1shaft t hrough a

| ever armof at |ea "%M‘%%%’\X or - 27.
Appar atus as cl ai ne 41%Ialm erel‘%t eppl vo'{ #Bﬁformls pivotally

driven bymcmg@rlhﬁbtmmkwkcqmﬁredlms Jenld mquqn%tqﬁ)ran 28.
rpparal USmaiq C'ags'aﬁa% Clid"micfia V&Eééﬁﬁlfaiﬂbﬂidég IR Beoypi votally

nount ed on novabl e base. Paratus as cl al ned alm 28, wherein

an L Ilﬁkﬂmﬁhp&rﬁdiqurt@‘b‘-’iﬂ \R)tcoﬁ‘? SEChiMIEth & end of the
pivot pl agherBundiny ek dhd“&éﬁdﬁtespondlng second back mold

portion also having a central mold section with a
surrounding flange, with a molded contact lens being
formed between the front and back mold portions. The

10 demolding apparatus includes restraining fingers
positioned between and on opposité sides of the spaced
flanges of the first and second mold portions and
against the fiange of the first mold portion. A
separating fixture includes separating fingers

15 positioned between and on opposite sides of the spaced
flanges of the first and second mold portions and
against the flange of the second mold portion. Before
demolding, the second mold portion is irradigted by a
laser beam, which is absorbed thereby to cause a '

20 substantial temperature gradient between the second mold
portion and the contact lens being demolded. The
temperature gradient causes a differential expansion and
shifting of the surface of the heated second mold
portion relative to the surface of the lens to lessen

25'the adhgsion therehetween to assist in separation of the
mold portions, while leaving the lens in the first mold
portion. During demolding, the separating fixture is
subjected to a substantially vertical prying motion
relative to the restraining fingers to seéeparate the

30 second mold portion from the first mold portion.
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_ qUoT72-2
connected to one leg of the L link and the roller 25 connected tesa second
leg of the L link, wit-h the roller resting on the novabl e base. 30.
"Appar at us as claimed in claim?29, further including a ranmp camdriven by a
.pneumati ¢ notor, and said novable base includes a camfollower roller 30
positioned on sald ranp cam such that as the ranp camis driven by the
pneumati c notor, the camfollower 35 .11 roller rotates the first novable
base about the rotational shaft to raise and | ower the separating fixture
mount ed on the second end of the first novable base. 5 31.
Apparatus as clainmed in claim30, wherein said separating fixture includes
a gripping neans for gripping a second nDI‘Agortion whiclh is separated from
a first nolld portiQn__32_ _Apparatius_as ki aj din claim3 further 10
I ncl udi ng % back cfrve nol d renpver to f bve said baeck curde nol d portion

fromsaid geparati pg fixtures after +3€Py ation of ghelnnld tions, and
means for §ndependént rect procdl movenefit of saild Sephratin 'xture
relative t$ the bagk curvb rlemdver . 15f 41 ) ‘§ ‘Agpar u% as clai ned
in claim'3p, furgh ) U A - ’3}/ y .




I ncl udi ng nmeans for vertically noving said back curve renover into and out
of a back curve renoval position relative to said separating fixture. 34.
Apparatus as claimed in claim33, wherein 20 said pivot{ iatformis nounted
on a novabl e base which is nounted for X and Y transl atfi ¢ifat*novenent's:
relative to a fixed base, an X pneunaLBc.drlve not or drfi es sai d’ anabIe
base in X translational novenent relative to the fixedfbase)gayge ag?(‘
pneumatic drive notor drives said 25 novabl e base in Y|t ansl| atlo ’
novenent relative to said fixed base. 35. Apparatus asgcl
wherein said separating fingers are joined together t gorma U shaped
separator. 30 36. Apparatus as clained in tlaim3
i ncl udi ng nmeans for dlrectlng a |l aser beam through the U 35 -41- 1 in
the U- shaped separato; t g\ adi ate the second ol d portion. 37. Apparatus
: nmeans for conveying the nold
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and control neans for sequentially actuating said conveyor neans to convey
“the nold assenbly into ‘a denol ding position in the denol di ng apparatus, and
then 10 actuating said platformrotating neans to sequentially |ift said
back curve nold portion relative to the front curve nold portion to thereby
separate said back curve nold portion fromsaid front curve nold portion
and the contact |lens therein. 15 3 38. Apparatus as clained in
.claim 37, wherein a plurality of contact |enses and nold assenblies are
carried on a pallet by said conveyor neans, and said denol di ng apparat us
includes a plurality of pairs of restraining neans and separating fixtures.

20 39. Apparatus clainmed in claim38, wherein said pallet
contains two rows $f jcongad il enses and nol d assenblies, and said denol di ng
appar atus incl udesyffif argjsecond sets of restraining nmeans and
separating fixturep, ha Irst set positioned on a first side of 25 said
pall et and a Sec p I onegd on a second side of said pallet. 40. A
nmet hod for denold ssenbly, conprising a first front nplLd '
whi ch has a cen¥f ion with a surrounding flane
correspondi ng se d portion which has a centria
W th a surroundin d 35
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-42- 1 having a nol ded ophthal mic | ens fornmed between the front and back
nol d portions, and wherein the flanges of the front and back nold portions
.are spaced apart relative to each other, conprising: 5 a.
restraining the first nold portion of he mol d assenbly by restraining
fingers which are positioned between -afte-on opposite sides of the spaced
flanges of the first and second nold portions and agai nst the flange of the
first nold portion; 10 b. positioning separating fingers between
and on opposite sides of the spaced flanges of the first and second nol d
portions and against the flange of the second nold portion; and c.

subj ecting the separating fingers to a 15 substantially vertical prying
notion relative to the restrained first nold portion to separate the second
nold portion fromthe first nold portion. 41. A method as clained in claim
40, including positioning the separating fingers at a first et -0

pi vot platform which pivots about a shaft at a second end ¢ e i v WP
platform such that the separating fingers are pivoted about Yhe'p|VOt"“w~ ,

pl atform shaft through a | ever arnlof at Ieast the length off t I N@
pl atform 0B ek 96

12




25, 42. A nethod-as clainmed in claim4l, including pivotally
“driving the pivot platformwith a stepper notor and rack nounted on the
pivot platform 43. A nethod as claimed in claim40, including irradiating
the second nold portion with 30 el ectronmagnetic radiation, which is

absorbed by the second nold portion to cguse a substanti al é‘pper\ature 35
-43- 1 gradient between the second nold portion and the co tééti’,r"&,e; bei ng
. Iim . .

denol ded, with the tenperature gradient causing a differe
and shifting of the surface of the heated second nold porfi
the surface of the |lens, |essening the adhesi on between
k.t I n the separation of the

second nold portjion to ., X
| eavi ng t he Iegg:LT\‘;n t hé \. nol d portion. 44. A netho

#%5

B oa d thew
"o&srggrgmi/l
. I ,
\\t adiating step utilizes a |aser
N ving a wavel ength between 1 [err]ma

cl ai m 43, wher &g 10 Pl NN
el ect rongwé%#r- adiat i '}Q\\\“
_ med in claim4Q, including carrying the

[err]m 45. ¢ t ho N
assenbly in Q gglle‘- ‘\§~\\E 15 carries angarray of mldfasggnblies, and
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pal let into a position wherein the restraining fingers and separating
fingers are positioned between the spaced flanges of the first and second
nold portions, with the restraining fingers against the flange of the first
nel d-20 portion and the separating fingers against the flange of the second
mol d portion. 46. A nethod as clained in_€laim40, further including
renovi ng the back curve nold portion from said separating fingers after
separation of the nold 25 portions. 47. A method as clained in claim40,
wherein the first nold portion is a concave front curve nold half and the
second nold portion is a convex back curve nold half, with a contact |ens
nol ded between the first 30 and second nold hal ves. 35 -44- 1

48. A method as clained in claim40, further including directing a | aser
beam t hrough the separating fingers to irradiate the second nold portion.
49. A nethod as claioed in claim40, 5 including conveying the nold
assenbly to inSert t restraiﬁﬁng fingers and separating fingers between

t he flagge me rs og§the'nold§§%§enbly, and then subjecting
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1y lift the.back curve |d 10 portion relative to the front
|d portion to thereby separate the back curve nold portion fromth
f r XIT OFrPHEABSTRACTon and the contact lens therein. 50. A nethod as
cl _
15 pallet during sal d conveying step. 51. A nmethod as cl.ai rred incl ai m 50,
‘wherein said pallet contains two rows of contact |enses and nold '
assenbl ies, and. poEASEBRPEMOQLBINGARPARATUSAND i ngers and
separating fingers on a first side of said: 20 pallet, and positioning a
s econdusaitométed detmokling apparitng)far snexhahisallyseparatimg ¢antapt tens orold pestivosidf si de
of sai tholdhdseinbly?2 Thdthodd assembly includes a first front mold portion having a central mold
section with a surrounding flange, and a corresponding second back mold portion also having
a central mold section with a surrounding flange, with a- molded contact lens being formed
between the front and back mold portions. The demolding apparatus includes restraining
fingers positioned between and on opposite sides of the spaced flanges of the first and second
mold portions and against the flange of the first mold portion. A separating fixture includes
* separating fingers positioned between and on opposite sides of the spaced flanges of the first -
and second mold portions and against the flange of the -second mold portion. Before
demolding, the second mold portion is irradiated by a laser beam, which is absorbed thereby
® to cause a substantial temperature gradient between the second mold portion and the contact
lens being demolded. '
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