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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to a
5 demolding arrangement for demolding cast lens mold
assemblies wherein a molded assembly, comprising a
frontcurve, a spaced backcurve, and a molded lens
formed therebetween, are separated or demolded in a
manner which improves the simplicity and efficiency of
10 the demolding operation.

.More particularly, the subject invention
pertains generally to an arrangement for producing
ophthalmic contact lenses in cast contact lens mold
assemblies, and providing for the improved removal of

15 molded ophthalmic contact lenses from the molds in
which they are cast. The present invention is
particularly well suited to molded ophthalmic lenses
such as hydrogel contact lenses, although it also has
applicability to other small, high-precision

20 ophthalmic lenses such as intraocular lenses.

Prior to the demolding operation in the
casting of soft contact lenses, typically one of the
lens mold surfaces is heated so as to cause the mold
to release easily from the lens. The present

25

invention describes a conductive method of heating the
noncritical side of a backcurve mold. The method
entails the use of a convex contoured heated probe,
either rigid or compliant, which contacts the
noncritical side of a backcurve mold having a

30 similarly contoured concave shape. The present
invention introduces a well defined heat pattern with
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manner which inproves the sinplicity and efficiency of 10 the denol ding

oper ati on. More particularly, the subject invention
pertains generally to an arrangenent for producing opht hal m ¢ cont act
“lenses in cast contact |lens nold agsenbl i es, an@ wpkEsGidag s Okn 2@

| nproved renoval of 15 nol ded ophthal m ¢ contact | enses fromthe nolds in
whi ch t hey 85ef@%fabIéetpmpaeatuiravgma'd&antswhich papriesdndd anwel | suited

to nol ded op halmc | en a r I tact although
't also nagaevanfhge; SUBF orner RAEMR"Br ikl A9 HEUEAE ladEt
phthalﬁ1c | s ecashek - as |ntraocular | enses. Prior to the

denvol di ng operation |n2theDlS;uS§§§®|%& Qhes@EﬁxﬁPQ%ﬂPt | enses, typically
one of the | ens I"d cause the ol d
to rel ease easily fronPsh&heepphthadmjcedems ZQdUSQKMHRQ%NSQR¥RW|bes a

conductive nghhodnobakedcinart ke indud@RES |r‘é|l(‘a&_|e§|t§te Afpg yekeur ve nol d.

The net hod entails the e.of a conv oured heate robe,
h? contact lenses w%ich are proJi Igbr perfhégc P

frequent replacement, the number of contact lenses

required to be produced has increased dramatically.

This has spurred manufacturers to strive for automated

methods and apparatus which are adaptable to automated
10 practices and consistent performance.

It is generally known in the prior art to
make ophthalmic lenses, such as soft hydrogel contact
lenses, by molding a monomer or monomer mixture in a
mold such as one made from polystyrene or
15 polypropylene.

Examples of this prior art can be found in
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 lens or to each other. 1In contrast to the above
polystyrene molds, another example is the use of

polypropylene or polyethylene molds as described in
25 . y.s. patent 4,121,896.

20

The mold assembly to mold an ophthalmic
contact lens typically includes a lower concave mold
portion referred to as a frontcurve and an upper
convex mold portion referred to as a backcurve. The

30 concave surface of the lower frontcurve and the convex
surface of the upper backcurve define therebetween a

35 This Sheet Has Been Replaced

(MNP

(T30S SHEET HAS BEEN

REPLACED



either rigid or conpliant, which contacts the noncritical side of a
"backcurve nold having a 30 simlarly contoured concave shape. The present
i nvention introduces a well defined heat pattern with 35
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mold cavity for a contact lens. A particular problem
in the prior art is that the frontcurve and backcurve
molds are usually surrounded by a flange, and the
monomer or monomer mixture is supplied in excess to
the concave frontcurve mold prior to the assembly of
the molds. As the molds are placed together, defining
the lens and forming an edge, the excess monomer or
monomer mixture is expelled from the mold cavity and

rests on or between the flange of one or both mold

"portions. Upon polymerization, this excess material

forms an annular ring around the mold assembly which
resists separation of the mold portions during a
demolding operation.

In such contact lens manufacturing
processes, lens defects such as chips and tears as
well as missing lenses are believed to result, in
part, from the demolding operation. Much-development
has been taken place on different mechanical
approaches for separating the mold halves. However,
the mechanical technique is only part of the process.
The method of heating the backcurve mold prior to
separation of the mold halves is also very critical.
In an ideal case, one wants to have concentrated heat
at the backcurve mold/lens interface and reduced heat
at the backcurve mold flange/polymer ring interface
and reduced heat at the frontcurve mold/lens
interface. Because the polymer (lens material)
releases easier from the polystyrene mold when heated,
an ideal system has the excess polymer ring attached
to the removed backcurve mold and the undisturbed lens
attached to the frontcurve mold.

One known prior art process for separating
the mold portions applies heat to the backcurve mold
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2. . a favorable tenperature gradient which represents an - advant age
over other known prior art heated denolding 1 approaches.

2. Discussion of the Prior Art As the ophthalmc |ens
i ndustry has grown, and in particqll ar the |ndus,t\(“yk\J;ZQJuq\_gq“Lqﬂm\m
supplying 5 contact | enses which are provided for periodic frequent

repl acement Xt Hygeté%f Ay AR, | ON§ESheated &1 s€Fes@ P8 produced has
i ncreased dramatically This has spurred manufacturers strive for

aut omat ed diregtath FILRP A fRE RELETHPENC r%h%dgﬁ?E%PEV?omagﬁonated 10
practi cks amd-caPRiidieHedrerfiraomdigcted to the upperléurﬁagenefally known
D ihe PO L0 nedes PILSLILE heaoRne el SRt o ouel
such as one tmatadgh athpdatgurne wold, the molded lens, and the
frontcurve mold. The heating of the backcurve mold
5 can be performed in two sequential steps, a preheat
stage and a heat/pry stage. In the heat/pry stage the
mold is clamped in place, and pry fingers are inserted
under the flange of the backcurve mold. A force is
then applied to the backcurve mold by the pry fingers
10  during a heating cycle. When the required temperature
has been reached, the backcurve mold breaks free and
one end thereof is lifted by the pry fingers. After
the backcurve mold portion has been detached from the
frontcurve mold portion on at least one side, the mold
15 exits the heater. The backcurve mold and annular
flashing are then totally removed. Several notable
disadvantages of this approach are a slow heat up
time, a poorly defined application zone, and an
inconsistent, inaccurate cavity-to-cavity energy

20 transfer rate.

While the aforementioned method has some
efficacy in assisting in the removal of a lens from
between opposed mold portions, the temperature
gradient achieved from the heated backcurve mold

25 . across the lens to the frontcurve mold is relatively
small. This prior art method has not been entirely
satisfactory because the induced thermal gradient is
not sufficient to fully and repeatedly separate the
mold portions.

30 Accordingly, a second prior art method has
also been developed wherein the backcurve mold portion
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15 pol ypr opyl ene. Exanples of this prior art can be found
“in " U'S. Patents 5,039, 459, 4,889,664 and 4, 565, 348. These patents .
di scuss therein the requirenent for a pol ystyrene nold in which the
materials, chemstry and 20  processesgare control | gd, guch,that,. b he.nol d
portions do not require undue force to separate by sticking to

the lens or 4@ ¢3ghdAh@a wilth @HJEBTmddhdtic aYfation ARANSEYRENE

R L R USRI TN (R
assenbl ylt o gobétamtdpll ainferature efdicnd mwy@xhcaﬂa%ybwﬁwﬂeé a | ower
convex ol d BEME SRR AT (e earhsii RS BeARg RO averer f ace of
the | ower fr aempernsrarel greediconty ccauses sudifbereftide eppansbeskcurve
define there%ﬁﬁ“@ﬂlf&ing of the surface of the heated backcurve
5 mold portion relative to the surface of the lens to
lessen the adhesion therebetween to assist in the
separation of the mold portions, while leaving the
lens in the frontcurve mold porticn. The backcurve
mold portion is preferably irradiated by a laser
10 producing radiation with a wavelength between 1 um and
20 pm. The separating fingers are joined together to
form a U-shaped separator, and the laser beam is
directed through the U opening in the U-shaped
separator to irradiate the backcurve mold portion.
15 The one notable disadvantage of this approach is the
cost of the laser units.

Steam heated demolding was also previously
used in a production process. Notable disadvantages
of this approach were issues surrounding the handling
of condensate on the backcurve mold and in the
equipment, a long equipment heat up time, and
complexity.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the

25 . present invention to provide an improved demolding
arrangement for cast lens mold assemblies which can
easily and repeatedly separate the lens mold portions
without damaging the lens formed therebetween.

20

A further object of the subject invention is
30 the provision of an arrangement for separating a
backcurve mold from a frontcurve mold of a contact

35 This Sheet Has Been Replaced

[ THIS SHEET HAS BEEN

i REPLACED

are s mmarmemsen s e e ot




35

nold cavity for a contact lens. A particular problem

“in the prior art is that the frontcurve and backcurve 1 nol ds are usually
surrounded by a flange, and the
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lens mold assembly which improves the simplicity and
efficiency of the demolding operation. In a preferred
embodiment, a substantial temperature gradient is
created between the backcurve mold and the contact
lens formed in the cavity of the contact lens mold
assembly.

Another object of the present invention is
to provide an automated apparatus and method for
demolding contact lens mold assemblies in a consistent
and reliable manner, to thereby enhance the production
of defect-free contact lenses, and minimize tearing of
the lens and breakage of the lens mold parts.

The present invention presents a simple,
easy to clean, low-cost, very repeatable, and unique
conductive probe heating approach for assisting in
separating or demolding cast contact lens mold
assemblies. The conductive heating arrangement for
contact lens demolding represents a distinctly unique
approach relative to other prior art approaches used
for similar purposes. Hot air and steam heating
represent a convective heat transfer principle. Laser
and infrared heating represent a radiation heat
transfer principle. Thus, a concept representing a
conductive heat transfer principle is unique.

In accordance with the teachings herein, the
present invention provides apparatus for demolding a
mold assembly, which includes a frontcurve mold having
a central mold section with a surrounding flange, and
a corresponding backcurve mold alsoc having a central
mold section with a surrounding flange, with a contact
lens being molded therebetween. The flanges of the
frontcurve and backcurve molds are spaced apart and
parallel to each other. The demolding apparatus
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nononer or nononer mxture is supplied in éxcess to t he concave
frontcurve nold prior to the assenbly of the nolds. As the nolds are
pl aced together, defining 5 the Il ens and form ng an edge, the excess
nononer or mononmer nixture is expehl ed fromthe fld ARt @R ccrent
rests on or between the flange of one or both nold portions. Upon

pol yneri zati @Ac1tBes axeeadudttioe deating fprdbe athidhuwaitadty theound t he

nol d assenbl ich 10 r,esi.s separatian, of the yyold portions during a
denol di n opé?ggFBﬁye mo16°Se° the i%ﬂ?:ﬂﬁ%?(ﬁﬁﬁe LY & manuf act uri ng
processes, | enaddetdskdysheatashehibasckandweamsldis Heat wed| as ni ssing

Moo Gean opbehRtet etOpketuldl padhclive Mg {4 ABIdE HCBAg oper ot ! on.

Much devel oprfen been ace on different nechanic
appr oaches f grasépatabetyeeme ths dankousve fywed eand the lewrs npehnagi cal

techni que isd%mox_d@@r.t ahd hend¥eiSfre gradildier "®4hess 04 heating the
backcurvg nold prior to_20 séparation of the nold halves is also very
critical-: differential expansion and shifting of the surface of

the backcurve mold relative to the surface of the lens

to lessen the adhesion therebetween to assist in

separation of the molds, while leaving the lens in the

frontcurve mold.

10 In greater detail, The conductive heating

‘probe includes a convex heating surface which contacts

and is the same general shape as a concave surface on

the backcurve mold. The conductive heating probe can

also include a compliant heat conductor to conform to
15 the concave surface on the backcurve mold. The
compliant heat conductor can comprise a thin element
positioned on the end of the conductive heating probe.
The conductive heating probe can be spring mounted in
a support plate to spring bias the conductive heating
prbbe against the backcurve mold. Moreover, a spring
preload adjustor can be provided for adjusting the
preload bias on the spring of the conductive heating
probe. Alternatively, the free weight of the
conductive heating probe can provide the force to bias
25 . the conductive heating probe against the backcurve

20

mold. The conductive heating probe can also include a
cartridge electrical heating element and a
thermocouple for detecting and controlling the
temperature of the conductive heating probe.

30 The demolding apparatus can include a
support pallet for supporting the mold assembly and a
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In an ideal case, one wants to have concentrated heat - at the backcurve
~nold/1ens interface and reduced heat at the backcurve nold

fl ange/ pol ymer ring interface and reduced heat at the frontcurve
nol d/ | ens 25 interface. Because the golynmer (| ens,BL&kdb@hbes ucrecrant
rel eases easier fromthe polystyrene nold when heated, an ideal system

has the excegsspReh¥iRg Ellstﬁu&tat Fheproviding tah@er;ﬁm\tq@rbez@e@a ve mold and
t he undlsturbed | ens ﬁfgﬁq to th fron%;urve nDId
One known prP8FvwgeR ﬁPScé??CF

heat to X he baekeurve molds of 3&e mold assembly.
The support pallet preferably supports a
plurality of mold assemblies arranged in an n x m
array of mold assemblies. In those embodiments, the
5 apparatus can include a conductive heating probe
assembly having an n x m array of conductive heating
probes which contact each backcurve mold of the n x m
array of mold assemblies, for conductively contacting
and heating the array of mold assemblies. A lift
cylinder raises and lowers the conductive heating
probe assembly relative to the support pallet. During
operation, the weights of the individual conductive
heating probes are maintained on the array of mold
assemblies during demolding to maintain the array of
15 mold assemblies properly positioned in the support
pallet during demolding. A lifting cam is provided to
lift the conductive probe assembly from the pallet
following demolding as an indexer conveys the pallet
past the assembly lifting cam.
20 BRIEF DESCRIPTION OF THE DRAWINGS

i ons applies

10

The foregoing objects and advantages of the
present invention for a wedge demolding apparatus and
method may be more readily understood by one skilled
in the art with reference being had to the following

25 . detailed description of several preferred embodiments
thereof, taken in conjunction with the accompanying
drawings wherein like elements are designated by
identical reference numerals throughout the several
views, and in which:

30 Figure 3 is a diagrammatic
representation of a wedge type demolding arrangement

This Sheet Has B

e G

THIS SHEET HAS BEEN
REPLACED

-



4 by a heated air stream The heated air streamis directed

* agai nst the exterior of the backcurve nold, fromwhich heat is
conducted to the upper surface of the lens. Heat is transferred by
t hermal conduction t hrough the backcurve nold, tdh@iBhdRGed &RisSm:aRd the

frontcurve nold. The heating of the backcurve nmold 5 can be perforned in
two sequent idilicH @RSl ikdd ehadduble-sisddaleramsiyal hefit 4 pbgcktagee I n the

heat/ pry sta%iérma nold is clanped in place, and pry fingers are
[ nserteii

Figure 4 illustrates a first embodiment
of a conductive heat probe for conductive contact
heating of the backcurve of a lens mold assembly
during demolding;

5 Figure 5 illustrates an embodiment of a
free-weighted conductive heat probe assembly pursuant
to the teachings of the subject invention;

Figure 6 illustrates a front
elevational view of another embodiment of a
10 conductively heated demolding apparatus; and

Figures 7 and 8 are respectively front

elevational and top plan views of the same embodiment

of Figure 6 presented in an overall assembly view of
the apparatus.

15 DETATLED DESCRIPTION OF THE DRAWINGS

Referring to the drawings in detail, and in
particular initially to Figures 1 and 2, Figure 1
illustrates a front elevational view of a support
pallet 10 which supports thereon an array, typically a
two by four array, of contact lens mold assemblies 12,

one of which is illustrated in further detail in
Figure 2.

20

Figure 2 is an enlarged side
elevational and sectional view of one contact lens
25 mold assembly 12 which consists of a lower frontcurve
mold 14 and an upper backcurve mold 16, which define
therebetween a mold cavity for a contact lens 18.
The frontcurve and backcurve mold halves 14
and 16 are preferably formed of polystyrene but could
30 be any suitable thermoplastic polymer which is
sufficiently transparent to ultraviolet light to allow
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under the flange of the backcurve nold. A force is then applied to the
- backcurve nold by the pry fingers 10 during a heating cycle. Wen the

required tenperature has been reached, the backcurve nold breaks free
and one end thereof is lifted by tige pry finger s.whbb@hinpeciso doi@ume
backcurve nold portion has been detached fromthe frontcurve nold

portion on airkgaashtesn sheeethireughl arith lighitt £ lperdvedtecthe The
backcurve nol d, and ann | NG e % Sever a

not abl e HP?S&VSH g%gygFrﬁﬁ%§§§Q,roa%h§§#§,%&ﬁﬁéﬂﬁﬁiéﬁ§m’%Q tine, a
poor |y dbflnedlappuec&bﬁ@NODémsthmuﬁwmh as palyshyieneslsg ﬁ&ﬁturate

cavity-to- Cagg nethogﬁ%a%ﬁe ﬁ&aﬂ@i %réﬂéh as being moldabldlideg the

af orenent i oné ficacy 1.n assisting in the renoval of

a | ens fron1Surfa&gﬁmﬂﬁﬁqaﬂaﬁﬂ&jQHﬂk}ﬁﬁn%q(ﬁﬁ#aQ#ﬁﬁ¥¥Hk%&ature
gradi ent achic@yRidfAchdd1e MRARS diatdwisme MW Huracrd@isscide lens to

the fro”écuriidﬂﬁé%éfifﬁgEﬁﬂaﬁgﬂéus during molding, not
crystallizing, and have minimal shrinkage during
cooling.
The frontcurve mold half 14 defines a
central curved section with an optical quality concave
10 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 (edge) for the subsequently molded soft
contact lens 18. A generally parallel convex surface
15 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 dimensions of the
frontcurve (power curve) of a contact lens to be
produced by the mold assembly, and is sufficiently
smooth such that the surface of a contact lens formed
by polymerization of a polymerizable composition in
contact with the surface is of optically acceptable
quality. The frontcurve mold half is designed with a
25 . thinness, typically 0.8 mm, and rigidity effective to
transmit heat therethrough rapidly and to withstand
prying forces applied to separate the mold half from
the mold assembly during a demolding operation. The
frontcurve mold half 14 further defines a generally
30  triangular tab 28, integral with the flange 26 which
projects from one side of the flange. Tab 28 is

20
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prior art nmethod has not been entirely satisfactory

I nduced thernmal gradient is not sufficient to fully and

eparate the nol d portions. 30 Accordingly, a

art nmethod has al so bgen devel oped RG-S LS haskeur ve
35

essentially uniplanar and extends to an injection hot
tip which supplies molten thermoplastic to form the
frontcurve mold half.

The backcurve 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 surfaces 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 backcurve mold half, and is
sufficiently smooth such that the surface of a contact
lens formed by polymerization of a polymerizable
composition in contact with the surface is of
optically acceptable quality. The backcurve 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
separate the mold half from the mold assembly during
demolding. The backcurve mold half 16 also defines a
generally triangular tab 38, similar to the triangular
tab 28, integral with the flange which projects from
one side of the flange. The tab 38 extends to an
injection hot tip which supplies molten thermoplastic
to form the backcurve mold half.

During the process of molding a contact
lens, an excess amount of polymer or polymer mixture
is initially deposited in a frontcurve mold, and then
a backcurve mold is placed over the frontcurve mold
and pressed thereagainst. This results in excessive
polymer in the mold cavity being displaced and
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5 _ is irradiated with el ectromagnetic radiation emanating
froma |l aser, which is absorbed thereby to cause a 1 subst anti al

tenperature gradi ent between the backcurve nol d portion and the
contact | ens being denol ded. The fenperature gradi.ent.KARSESucRicveme
differential expansion and shifting of the surface of the heated

backcurve  @iscARl§e@0thkPBfi-Bhakinge foemifg aw kxeRs@¥f Jgdigmeans to
| essen t he adhesi on thereBetmEen to,assi st .in Bge separation of the
mol d porti onEiNGhfeeCHESIARgOEnEhe kni1te £89Fn22he frontcurve ol d porti on.

The baprurve_ _ nofriep@ltingesi 26paeidesablaye deadigterl] day asdiaser 10
B 0GUCt 10 A Thb Ry b, BniES IR ShE S LU A op 20 eI
separ at or, aodtihel| svxfaigesmangd the kndifeeedas -t hrtheylgadwetUyopzhi ng in
the U-shapedype triangular tabs 28 and 38 serves an additional
5 function in straightening and orienting the assembled
frontcurve/backcurve assembly 12 prior to demolding.
When a frontcurve mold half or curve 14 is assembled
with a backcurve mold half or curve 16, a gap 40 is
formed between the two spaced flanges and projecting
10 tabs which is important for demolding. The gap
between the tabs is preferably in the range of 1.0 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
15  1lens mold assemblies 12 are supported in the pallet 10
with the annular flanges 26 and tabs 28 of the
frontcurve mold 14 recessed slightly below the upper
surface of the pallet 10. The annular flanges 36 and
tabs 38 of the backcurve mold 16 are raised above the
upper surface of the pallet, to allow a mechanical
separating member to be inserted between the spaced

flanges 26, 36 of the frontcurve and backcurve.

20

Figure 3 is a diagrammatic representation of

a wedge type demolding apparatus which utilizes a

25 . double-sided removal of the backcurve mold. The
demolding apparatus illustrated in Figure 3 includes a
schematically illustrated mold pallet 10, a frontcurve
mold 14, a backcurve mold 16, and a demolding cam
wedge 44.

30 The demolding apparatus and process of
Figure 3 operates as follows. e T
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separator to irradiate the backcurve nold portion. 15 The one not abl e
- di sadvant age of this approach is the cost of the laser units.

St eam heat ed denol di ng was al so previously used in a production
process. Notabl e di sadvant ages of; 4 hi s appr oach JWehH d SSHES. wemterest
surroundi ng the handling 20 of condensate on the backcurve nold and in

t he equi pnent, asrmﬁglequrﬁaemblaeabsembuyrm amthicn  conplexity.
SUMMARY OF THE | NVENTI ON

|
obj ect of thinchades the backeuryeopold ﬁPov h@lgg %ﬁﬁhﬁv!sﬂgéﬁﬁig?ﬂé

arrangerient {of métléﬁ@smnhddasherrhbacesswpmmmrlng axadid y and

repeatedly sgpa e, the.l ens,nol.d por |on thou ng the | ens
f or med thereﬁg?gﬁé (preferagl 2ot fu% eFtOE%%éT ]%ﬁpﬁ'ubject

i nvention isprig® tbhetppOWLSI@heoha&¢MMIGH@@ﬁ§ﬂ dQN'anﬁnallng a
backcurve mold {1,0m,a1{" Q0 gvEbye 1m0t Qf HaGPUARinue throughout

5 the entire demolding operation. At the point
illustrated in step 1, the wedge 44 does not stress
the backcurve mold 16 and frontcurve mold 14, but is
fully engaged in between the flanges 26 and 36 of the
backcurve.and frontcurve molds. DNote that the wedge

10 44 does not interfere with the excess polymer ring 42
as such interference would cause a fouling condition
which would render the process ineffective.

STEP 2: As shown in the top view, the
pallet 10 and mold assembly 12 are moved by a product

15 indexer or drive 46 to proceed along the wedges 44.

The slope or cam angle of the wedge and/or the feed

rate determine the rate of backcurve removal. A

nonlinear wedge slope or cam angle and/or feed rate

results in a nonlinear backcurve removal rate. The
heating process also affects the acceptable removal

rate. The amount of excess polymer 42 also influences
the process conditions.

20

STEP 3: At this point, the mold assembly
has been moved by the product indexer 46 to a point on
25 . the wedges 44 such that the backcurve mold 16 with the
excess polymer ring 42 is completely separated from
the frontcurve mold 14 and lens 18.
The required amount of separation or wedge
height for effective demolding is dependent primarily
30  upon the size of the excess polymer ring and the
efficiency of the heating operation. A typical
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6 l ens nol d assenbly

- whi ch inproves the sinplicity and efficiency of the denvol ding
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In a preferred 1 enbodi ment, a substantial tenperature
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embodiment would allow for more wedge height than is
theoretically necessary to ensure complete mold
removal. At this point or directly thereafter, the
now separated backcurve mold 16 and polymer ring 42
are removed by an overhead vacuum take-away system 47
which deposits the backcurves in a waste container for
recycling.

Figure 4 illustrates the basic components of
a first embodiment of a conductive backcurve lens mold
heater, and illustrates a contact lens mold assembly
12 seated in a typical support pallet 10. A spring
loaded heat probe 50 with a compliant heat conductor
52 on the contoured end thereof contacts the mold
assembly from above. Figure 4 shows the assembly in
the heating mode. However, it should be apparent that
when the lens mold assembly 12 and pallet 10 are moved
downwardly, the probe 50 will extend downwardly under
the bias of spring 54 until it hits internal stops at
56.

Figure 4 illustrates a cured contact lens
18 in a contact lens mold assembly 12 comprised of a
frontcurve mold 14 and a backcurve mold 16, and an
excess polymer ring 42. The heat probe S50 includes
the compliant heat conductor 52, a thermocouple 58,
and a cartridge heater 60. The assembly includes a
spring pre-load adjustor 62 for spring 54, and is

-mounted in a top guide plate 64 and bottom guide

fixture 66. The pre-load adjustor 62 is threadedly
engaged to the probe 50 such that its position
thereon, and the amount of pre-load supplied by the
spring 54, is adjustable. The compliant heat
conductor 52 includes a lower convex curved face

having the same general shape as the internal concave
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created between the backcurve nold and the contact l ens formed in the
cavity of the contact |lens nold assenbly. 5 Anot her obj ect
of the present invention is to provi de an aut onmated apparatus and
met hod for denol di ng contact | ens 8Dl d assenbl i &Swrdbrdh: RO Sk bne
and reliable manner, to thereby enhance the production of defect-free

contact |ensfisxrfadel fbphihgectheabasy 6f tRe babkcuewe awddonsakage of the
|l ens nmold p

ts. . Th esent _inwention_presents a sinple, .
easy to clegh? I%ﬂW%%%??th?ﬁtrSﬁgnggPE,lgﬁ%uéﬁfqﬁg a%nuagghductive pr obe
heat i ng lapprimwardby extesding pmojectisspéBawhighofitemiinding cast contact
Lens mold 15.0228508hiehy r{BEaEQRTUEHLYENERLL0E 30 ARASTRM, T OF
contact |ens denording rapresents a disiinctly uni que appr oach
relative to bewer erdopfarheapppPbgachfst@sdg@ck thopgr edigfandsS pur poses. Hot

air and steam§eghifd AlcerBRESSRNEmBOEARLAEE WE el HdANT@bdr i NCipl e.
taser 2G5 and T ol LAl "eRL MnpiRhgithea? LA0LE Y B in which
case of the relatively rigid end of the heat probe 50
would be shaped to the same general shape as the
internal concave surface on the back of the backcurve
mold 16.
10  Functional steps
Step 1 The backcurve meold 14 and compliant
conductor 52 begin the process not in contact. The
cartridge heater 60 is heated by use of an appropriate
electric control device and the thermocouple 58.

15 Step 2 As the lens mold assembly pallet 10
is raised, the compliant conductor 52 comes into
contact with the backcurve mold 14.

Step 3 The lens mold assembly pallet 10
continues rising until the heat probe 50 has moved a
sufficient distance such that spring 54 has supplied a
desired contact force between the compliant conductor
52 and the backcurve mold 14. '
Step 4 The assembly dwells in that position
until such time as sufficient heat has conducted
25 | through the heat probe 50, the compliant conductor 52,
and the backcurve mold 14 to raise the interface
temperature between the backcurve mold and the cured
contact lens to the desired level. The desired
temperature is sufficiently high to allow easy release
30 of the backcurve mold from the cured contact lens

20
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transfer principle. Thus, a concept representing a - conducti ve heat
transfer principle is unique. In accordance with the teachings herein, the
present invention provides apparatus for demolding a 25 nold assenbly,
whi ch includes a frontcurve nold havinge a centralernobdissectitomwwt h a

surroundi ng fl ange, and a correspondi ng backcurve nold al so having a
centr al witdholuts ecauobngi the acvnedogadtagtf Lengetowreheaseofiramt

| ens bei ng q?%gegrég@égpggmﬁgﬂd.The fl anges of the 30 frontcurve and
ol ds

backcurvye are spaced apart and parallel to each other. The
dennldiﬁg appar at us Step3f The lens mold pallet 10 is then

lowered until contact between the compliant conductor
52 and the backcurve mold 14 is broken and there is
sufficient clearance to translate the lens mold
5 assembly pallet 10 with the mold assembly to a demold
station. An optional function is to begin the
demolding operation while the assembly is still in
step 4 above.
Key process related features and options
Heating In the embodiment described above
the source heat is an electric cartridge heater. 1In

10

alternate embodiments, the heat source could be steam,
hot water, RF, etc. Placement of the thermocouple may
be different from that in the illustrated embodiment,
15 and it does not have to be integral with the heater
cartridge. The method of controlling the heating is
important. It is believed that optimal demold
conditions exist in fairly narrow time/temperature
profiles. Therefore, for process consistency, a true
proportional fractional wave control may be
appropriate for the cartridge heater. For consistent
heat flow, potting of the heater cartridge may also be
appropriate. To minimize the temperature loss in the
heat probe between cycles, the thermal mass (C, x
25 Mass) of the heat probe should be maximized. Also,
the heat probe material should have a moderate to high
thermal conductivity.

20

A preferred embodiment of the compliant
conductor 52 comprises a high temperature molded
30 silicone piece with a contour on the external

contacting surface which closely matches the contour
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7 I ncl udes a conductive heating probe which contacts the backcurve
mold of the lens nold assenmbly to 1 conductively heat the backcurve nold.
Heat is conducted by the backcurve nold to cause a tenperature

gradi ent between the backcurve nold andgthe | ens bei AgorxzsGhepdheed. - The
tenperature gradient causes a 5 differential expansion and shifting of
the surface #f the noherbatkalr eerankddeebst the backkerser frede.of the |ens

FoRiEessen tqgtgggegmgodgngﬁggeEgﬁeQnE?uégsthe&Qals other than
1 silicone. The criteria for this component is that it
have a sufficiently high thermal conductivity and
sufficiently high resistance to thermal degradation to
transfer heat to the lens mold assembly effectively
5 while maintaining compliance and dimensional
stability. The degree to which the dimensional
stability and compliance are required is dependent
upon the amount of contact force used. The higher the
contact force, the more important the contouf of the
machined surface on the heat probe 50 becomes and the
less important the contour of the compliant conductor
becomes. To this end, an alternate embodiment can
utilize a rigid conductor in which the lower end of

10

the heat probe S0 is machined to directly match the
15 core side contour of the backcurve mold. 1If
sufficient contact force is utilized, sufficient
compliance exists in the backcurve mold itself to
assure a low thermal resistance contact. Thus, a
compliant conductor is not necessary in this
20 embodiment.

The diameter of the contacting end of the
heat probe 50, either compliant or rigid, is an
important design variable in that the heat should
ideally be directed to the lens 18 and not to the

25 . excess polymer ring 42. If. the polymer ring receives
too much heat it will tend to release from the
backcurve mold during the demolding process which is
undesirable. If the lens edge receives too much heat,
it will tend to separate from the frontcurve during

30 demolding and cause edge defects and/or missing

lenses. Optimization of the diameter along with other

This Sheet Has Been Rep

35 LT

THIS SHEET HAS BEEN
REPLACED



separation of the nolds, while leaving the'lens in the - frontcurve

“nol d. "10 In greater detail, The conductive heating ~ probe
i ncl udes a convex heating surface which contacts and is the sane
general shape as a concave surface on 18 the backcuf we.imsd Ghepecldh@ werrecrome
conducti ve heating probe can al so include a conpliant heat conductor

to conforn1tprb&esaluanithaﬂacanfmaximﬂzarpnlymknurb@gnnéMOvthe
Pt i he cSheEa S FAMGORY Sfad YU E B ccrs 1ROPERLODC] On | he

end of the cORGGGCEiVe eatln e conductrive heating probe can
be spring noemdediissing lepsgmport plate to spring bias the conductive

heating 20  probe aga'i@éoﬁ&‘fn@?}?k%é/ed{%&er '\@f e@H@%oﬁtéEEiﬁ
prel oad adjustor can be provided for adj usting gre oad bias on the

spring of thendomfudthe d19/at¥RPe 50 Biave. bW %%%%%F‘?‘ée 9, PEhéeEFee wei ght
of the @Muaﬁne/&ﬁtmétm @IOé)elé}r@@ mmgd@emdaadé@rszﬂ kembi as 25 the

conduct i e healind fae agaunsl S%PAEEUs YSenes cfiP' diakBEegOBPuCt i Ve

the contacting end of the heat probe 50 might be
greater than the diameter of a lens being demolded.
Moreover, the geometry of the contacting end of the
heat probe 50 might be selected to achieve particular
heat transfer patterns. For instance, the end of the

heat probe 50 might be annular shaped, such that heat

10

is selectively transferred from the annular end to an
annular area of the backcurve mold around the edge of
the lens. Moreover, the heat probe might have a

15 complex construction of several different materials,
each having a selected thermal mass and thermal
conductively, to achieve different heating patterns
and profiles across the backcurve mold and lens. For

instance, the heat probe might be constructed with

20 concentric rings of different materials of different
thermal masses and thermal conductivities to achieve a
desired complex heating pattern of the backcurve mold
and lens.

Figure 5 illustrates an embodiment of a

25

rigid conductor, free-weighted contact lens mold
heater assembly 51 without springs 54. The heat probe
50 illustrated in Figure 4 is normally mounted in an
assembly which includes an array of such heat probes
mounted and positioned to correspond to an array of

30 contact lens mold assemblies positioned in a support
pallet, with such a heat probe assembly being
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cartridge electrical heating elenment and a t her rocoupl e for detecting

and controlling the tenperature of the conductive heating probe. 30
The denvol di ng apparatus can include a support pallet for supporting
t he nol d assenbl Yy and a 35 19 F-rWork\772\94 L4 \spec\ 9414 WIR\Echemt

illustrated in alternative embodiments in Figures 5
and 6-8. In the embodiment of Figure 5, the heat
1 probes 50 are mounted free-weighted with a degree of
lateral movement because the unit is designed to work
with 8-cavity frame molds which preferably have large
center-to-center tolerances.
5 : Figure 6 illustrates a front elevational
view of a conductively heated embodiment of a one
sided wedge type demolding apparatus designed to
utilize molds with reduced excess polymer rings 42.
Figures 7 and 8 are respectively front elevational and
top plan views of the same embodiment of Figure 6

presented in an overall assembly view of the
apparatus.

10

The demolding arrangement illustrated in

Figures 6, 7 and 8 includes a wedge assembly or
15 fixture 80, comprised of a plurality of separating
wedges 81, a moving support pallet 82, a vacuum take-
away hood 84, a heat conductive probe assembly 86
having a 2 x 4 array of heat conductive probes 88, a
heat cohductive probe lifting cam 90, a conductive
probe assembly lift cylinder 92, a pallet drive
hydraulic cylinder 94, a process controller/timer 96,
and hydraulic fluid reservoirs 98.

20

In operation, the heat conductive probe
assembly 86 is lifted vertically by the lift cylinder
25 . 92 via the lifting cam 90 such that a mold frame
assembly 64 can be placed into the support pallet 82
without interfering with the conductive probes 88.
The conductive probe assembly 86 is then lowered by
the lift cylinder 92 via the lifting cam 90 so that
30  the conductive probes 88 are resting under their own
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8 _ separating fixture for providing a separation force - bet ween t he
spaced flanges of the frontcurve and 1 backcurve nolds of the nold

assenbl y. The support pallet preferably supports a
plurality of nold assenblies arranged izpan n X m  sa@h{r@¥ OfpecVOL. @rvecrame
assenblies. In those enbodinents, the 5 apparatus can include a

conducti ve heaighg prnohhe lensapeetdilonshafi rreamanorimiaralaysisie cohducti ve
heat i ng ro ' tac ach backcurve nold of the n x m
HRecBaRELeER FRIUEC

array of_ nol I "conductively contacting and heating the
array oflnold assenbli &. thils poing, heat ridercondugtediidydiah hae

conductive hgghiii@rive phicbRe awsamiy vl aldne déd hessamppids pal | et.
Duri ng operation, the weights, of the |nq;V|duaI conductive

heating probd8 SPETA&LAG &P GPRREHYPIAPSH §P have 5 cantridEe during
denol di ng t oheBBkBL@ WHikéh &ivedynsdintained at a specific

5 temperature. After a period of time programmed into
the process controller/timer 96 has elapsed, the
pallet 82 is moved in a right to left direction by the
hydraulic cylinder 94 which is fed from the reservoirs
98. The conductive probe assembly 86 is moved
simultaneously with the pallet 82 such that the weight
of the conductive probe assembly 86 remains fully on
the backcurve molds 16. After a given travel

10

distance, the backcurve mold excess polymer rings

begin separating by the cam or wedge profiling
15 associated with the wedge assembly 80. At a point
before full backcurve mold separation, the cam profile
on the conducting probe assembly lifting cam 90 lifts
the conductive probe assembly 86 and conductive probes
88 clear of the mold assewmblies. As the pallet 82
continues leftward, the backcurves 16 separate
completely from the frontcurve frame 64 and are
vacuumed away by the vacuum take-away hood 84. The
pallet 82 then reaches its leftmost point and the
frontcurve mold frame 64 with lenses 18 is removed.

20

25  The unit is then reset and is ready for the next cycle
of operation.
One purpose of maintaining the conductive
probes 88 in contact with the backcurve molds 16
while the molds 16 are engaging the wedge assembly 80
30 is to provide and maintain a normal force on each
backcurve mold 16 to counteract a shear force
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15 nol d assenblies properly positioned in the support pal | et during

denmol’ding. Alifting camis provided to lift the conductive probe
assenbly fromthe pallet foll owi ng denol di ng as an i ndexer conveys the
pal | et past the assenbly lifting cam 20 BRI EF DESCRIRELGN: .Gt THE
DRAW NGS The foregoing objects and advant ages of the

present invegenerated bywetige parerfilldingg angler anushenavedge amd hod may be
more readily, pgﬁ;%ﬁogr@y Qe iy tieased 1 arfhgwﬁ{afaﬁifwnce bei ng

had to the d éscription of several erred
enbodi neht s drivet nyﬂeoﬂert SMefunetionumad dF wasd i Rabppbmya ng

draw ngs whegghgrhhkemakamRl e Qﬁﬁla@tpeaql(tj&t mmcnéiea&f&ééléﬁference

nuneral s throughout the several . Vviews
Figure 3 is 8fdtzgvadnktegeot. r%r%s"é?ﬁ%?ﬁ’ﬁn TR defex €5 pl BeWS ! di ng
arrangenent the pallet 82 to slow down or speed up depending upon

5 how much resistance is encountered during the
separation of the backcurve. This feature helps to
compensate for process variations due to temperature
variations, excess polymer ring sizes, etc.

While several embodiments and variations of
10 the present invention for conductive probes for
heating contact lens mold assemblies during demolding
are described in detail herein, it should be apparent
that the disclosure and teachings of the present
invention will suggest many alternative designs to
15 those skilled in the art.

20
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35 which utilizes a.doubl e-sided renoval of a backcurve

mol d; 1 Figure 4 illustrates a first enbodi nent of a
conductive heat probe for conductive contact heati ng of the backcurve
of a lens nold assenbly 22 P:\Work\772\94 14 apec\ 9414 .WCR\ tc\ame

WHAT IS CLAIMED IS:

1. Apparatus for demolding a lens mold
assembly, comprising a frontcurve mold which has a
central lens mold section with a surrounding flange,
and a corresponding backcurve mold which has a
central lens mold section with a surrounding flange,
5 and a molded ophthalmic lens which is formed between
the frontcurve and backcurve molds, and wherein the
flanges of the frontcurve and backcurve molds are
spaced apart relative to each other, comprising a
conductive heating probe which contacts the backcurve
10 mold of the lens mold assembly to conductively heat
the backcurve mold, in which heat is conducted by the
backcurve mold to cause a temperature gradient between
the backcurve mold and the lens being demolded, with
the temperature gradient causing a differential
expansion and shifting of the surface of the backcurve
mold relative to the surface of the lens to lessen the

15

adhesion therebetween to assist in separation of the

molds, while leaving the lens in the frontcurve mold.
2. Apparatus for demolding a mold assembly

as claimed in claim 1, wherein the conductive heating

probe includes a convex heating surface which contacts

20

and is the same general shape as a concave surface on
the backcurve mold.

3. Apparatus for demolding a mold assembly
as claimed in claim 2, wherein the conductive heating
probe includes a compliant heat conductor to conform
to the concave surface on the backcurve mold.

25

4. Apparatus for demolding a mold assembly
as claimed in claim 3, wherein the compliant conductor
30 comprises a thin element positioned on the end of the
conductive heating probe. e
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during denolding; 5. Figure 5 illustrates an enbodi nent of

a free-wei ghted conductive heat probe assenbly pursuant to the

t eachi ngs of the subject invention; Figure 6
illustrates a front el evat i onal vipgw of anot her @gqugmqggﬂgnﬂqﬂLQ
conductively heated denol di ng apparatus; and Figures 7

and 8 are respectivel ysfronh pparatfke¥aki aeablandgt apmphan aisewh19f the
same enbodi nment e 6_pre ented an over II 2 senblg_V|eW<ﬁ
t he appar at S E%almE%TAPL%%aﬁﬁséRlﬂ%FEHIEF $ﬁEc eat

Referriﬁg t opt-bBediawspgingnmdaenaeli, iand bnpport paatecmbasprnmg1ally to

Figures 1 ang 3FIgbgu Wéugﬁlve kegé&k t §o% %gangle¥ﬁ§|onal view of a

support JGpports ehBF86R &F array, typically a 20
two by four hachyprwﬁ moAdact | ens nold assenblles 12, one of which is

illustrated in further gdetapbpbBarus fBr9Weho?ding a mold assembly
5 as claimed in claim 5, including a spring preload
adjustor for adjusting the preload bias on the spring
of the conductive heating probe.
7. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
10 probe includes a cartridge electrical heating element.
8. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
probe includes a thermocouple for detecting and
controlling the temperature of the conductive heating
15 probe.

9. Apparatus for demolding a mold assembly
as claimed in claim 1, including a support pallet for
supporting the mold assembly and a separating fixture
positioned between the spaced flanges of the

20 frontcurve and backcurve molds of the mold assembly.
10. Apparatus for demolding a mold assembly
as claimed in claim 9, wherein the support pallet
supports a plurality of mold assemblies.
11. Apparatus for demolding a mold assembly
25 . as claimed in claim 10, wherein the support pallet
supports an n x m array of mold assemblies.

12. BApparatus for demolding a mold assembly
as claimed in claim 11, including a conductive heating
probe assembly, having an n x m array of conductive

30 heating probes therein, which contact each backcurve
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Figure 2 is an enlarged side

el evati onal and secti onal

vi ew-of one

contact lens 25 nold assenbly 12 which consists of a |ower frontcurve

nold 14 and an upper backcurve nold 16, which define

nold cavity for a contact |ens 18.

backcurve nold hal ves 14

24

t her ebet ween a

Th e fk@Ofth Eikhegve . QLRE - .ame

and 16 are preferably fornmed of polystyrene

but coul d 30mollé aify tdd trabt en teherappifastalcd e semerl ivis chfos
sufficiently transnargnty, bt {5Vl &l rdd P e LAY | Q¥ emb1188.
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13. Apparatus for demolding a mold assembly
as claimed in claim 12, including a lift cylinder for

raising and lowering the conductive heating probe

assembly relative to the support pallet,

and wherein

the weights of the individual conductive heating
probes are maintained on the array of mold assemblies

during demolding to maintain the array of mold

assemblies properly positioned in the support pallet

during demolding.

14. Apparatus for demolding a mold assembly
as claimed in claim 13, including a conductive probe
assembly lifting cam which lifts the conductive probe

assembly from the pallet after demolding as an

indexing means conveys the pallet past the conductive
probe assembly lifting cam.
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10 i rradiation therethrough with light to pronote the subsequent
pol yneri zati on of a soft contact lens. A sui tabl e thernoplastic such
as pol ystyrene al so has ot her desirable qualities such as being

nol dabl e to

surfaces of optical gRality at rel atwaehasio@aagsisas wrreerant

t enper atures, having excellent fl ow characteristics 5 and remai ni ng
anor phous dwys ISCLOS stallizing, and have m ni nal

shrinkage durlngentral CurJﬂ%lseé%paratus for The1ia8MyCyhye ol d half 14

deflnesla

10
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20

25
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35

lon wth an optical " quality cqoncave
repeatedly mechanically separating contact lens mold

assemblies without damaging the contact lens formed
therebetween. The mold assembly includes a frontcurve
mold having a central mold section with a surrounding
flange, and a corresponding backcurve mold also
having a central mold section with a surrounding
flange, with a contact lens being molded therebetween.
The demolding apparatus includes a conductive heating
probe which contacts the backcurve mold of the lens
mold assembly to eonductively heat the backcurve mold.
Heat is conducted by the backcurve mold to cause a
temperature gradient between the backcurve mold and
the lens being demolded. The temperature gradient
causes a differential expansion and shifting of the
surface of the backcurve mold relative to the surface
of the lens to lessen the adhesion therebetween to
assist in separation of the molds, while leaving the
lens in the frontcurve mold.

The conductive heating probe includes a convex heating
surface which contacts and is the same general shape
as a concave surface on the backcurve mold, and can
also include a compliant heat conductor to conform to
the concave surface on the backcurve mold. 1In one

embodiment, the apparatus includes a conductive

. heating probe assembly having an n x m array of

conductive heating probes which contact each backcurve
mold of an n x m array of molds assemblies positioned
in a support pallet.
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10 surface 20, which has a circular circunferential knife edge 22
extendi ng therearound. The knife edge 22 is desirable to forma sharp
and uni form plastic radius parting line (edge) for the subsequently
nol ded soft contact lens 18. A generally parallel convex surface 15
24 is spaced fromthe concave surface 20, and an annul ar essentially
uni pl anar flange 26 is forned extending radially outwardly fromthe
surfaces 20 and 24. The concave surface 20 has the di nensions of the
frontcurve (power curve) of a contact lens to be 20 produced by the nold
assenbly, and is sufficiently snoot h such that the surface of a
contact |ens forned by pol ynerization of a polynerizable conposition
in contact with the surface is of optically acceptable quality.
The frontcurve nold half is designed with a 25 t hi nness, typically 0.8
mm and rigidity effective to transmt heat therethrough rapidly and
to withstand prying forces applied to separate the nold half from
the nold assenbly durlng a denol di ng operation. The -

38~
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frontcurve nold half 14 further defines a generally 30 triangular tab 28,

integral with the flange 26 which projects fromone side of the
flange. Tab 28 is 3R
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essentially uniplanar and extends to an injection hot tip which
supplies nolten thernoplastic to formthe 1 frontcurve nold hal f.

The backcurve nold half 16

defines a central curved section with an

optical quality convex surface 32, a generally parallel concave

surface 34 spaced 5 from
essentially uni pl anar

outwardly fromthe surfaces 32 and 34.| The convex
di mensi ons of the rear curve (mhlch

of a contact lens to 10
sufficiently snooth such
pol ymeri zati on of a pol ym
surface is of optica
I's designed with a thinne

t he convex surface 32, and an annul ar

radi ally
? surface 32 has the
rests upon the cornea of the eye)
=EERe_ DacECrve nold half, and is
enfizlt 5| lens formed by
on | *gontact w th the

[ backcurve mol d hal f 15

flange 36 formed extendin
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rigidity effective to transmt heat therethrough rapidly and to

‘Wi thstand prying forces applied to separate the nold half fromthe
nol d assenbly during denol di ng. The backcurve nold half 16 al so
defines a 20 generally triangular tab 38, simlar to the triangul ar

tab 28, integral with the flange which projects from one side of the
flange. The tab 38 extends to an I njection hot tip which supplies
nol ten thernopl asti co-. to formthe backcurve nold half. 25

During the process of {nol ding a contact | ens, an excess anount of

pol ymer or qqhyner m Xt ure érl‘_iﬁglv.i‘;minit'iaIIy deposited in a frontcurve
N F F

nol d, and a pbackcurvern I's placed over the frontcurve nold

and pressedfi:ag B30 ]ngg?.Tﬁ' Hqﬁﬁ'Hﬂé in excessive 30 polymer in the nold
cavity bei n%g; r{Is 2 ‘@'ﬁu_‘? hj l_.._.-t'.-'F=====‘='-=:-_;:‘1’
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12 di schar ged pherefrom

and form ng an excess pol yner ring 42 outside of the RTif 1
The flanges 26 and 36 are designed to assi st ﬂﬁﬂﬁﬁﬁ}f‘sl’{ﬁ_{
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CONDUCTIVE PROBE FOR HEATING CONTACT LENS MOLD
ASSEMBLIES DURING DEMOLDING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a
demolding arrangement for demolding cast lens mold
assemblies wherein a molded assembly, comprising a
frontcurve, a spaced backcurve, and a molded lens
formed therebetween, are separated or demolded in a
manner which improves the simplicity and efficiency of
the demolding operation.

More particularly, the subject invention
pertains generally to an arrangement for producing
ophthalmic contact lenses in cast contact lens mold
assemblies, and providing for the improved removal of
molded ophthalmic contact lenses from the molds in
which they are cast. The present invention is

-particularly well suited to molded ophthalmic lenses

such as hYdrogel contact lenses, although it alsoc has
applicability to other small, high-precision
ophthalmic lenses such as intraocular lenses.

Prior to the demolding operation in the
casting of soft contact lenses, typically one of the
lens mold surfaces is heated so as to cause the mold
to release easily from the lens. The present
invention describes a conductive method of heating the
noncritical side of a backcurve mold. The method
entails the use of a convex contoured heated probe,
either rigid or compliant, which contacts the
noncritical side of a backcurve mold having a
similarly contoured concave shape. The present
invention introduces a well defined heat pattern with



in denol di ng and part handling, and al so protect the optical surfaces

- and the knife edge. The geonetry of the triangul ar | —~38ur
serves an additional 5 function in straightening and o REELgagaE‘é §HLET
assenbl ed frontcurve/ backcurve assenbly 12 prior toj{dénol din
When a frontcurve nold half or curve 14 is assenbl ed wﬁﬂhSaAgﬁdBELr/e
nold half or curve 16, a gap 40 is formed between thejtwo spaced
fl anges and projecting 10 tabs which i s inportant for {lenolding. The gap
between the tabs is preferably in the ré%ge of 1.0 mMm 3.0 mm and is

required to assist _in.th ' 0 | O Lped in greater
detail hereifib Fgﬁfagle %émggyéyd¥%%§€§$*%§¥féﬁ??%u?%ggégéﬁggzgnthe
contact 15 aHeastagled cvesediiliess Kriovn epsipporredheatefdedemndlading0

wi th thel anny Llcaages 26 and tabs 28 of the frontcurve nold 14
recessed sligh?F? bel ow th%)upper ) surface of the pallet 10." The
Diggussionfof hehe Rrier Arkp

annul ar flanges 36 and?2- LEpl d 16 are raised
above the 20 upper surfaehdfogiindBhictiedd BhdQ¥teyNREBAGEERH,

and in particular the industry related to supplying

5 contact lenses which are provided for periodic
frequent replacement, the number of contact lenses
required to be produced has increased dramatically.
This has spurred manufacturers to strive for automated
methods and apparatus which are adaptable to automated

10 practices and consistent performance.

It is generally known in the prior art to
make ophthalmic lenses, such as soft hydrogel contact
lenses, by molding a monomer or monomer mixture in a
mold such as one made from polystyrene or
15 polypropylene.

Examples of this prior art can be found in
0.s. Paten;s 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

précesses are controlled such that the mold pbrtions
do not require undue force to separate by sticking to
the lens or to each other. 1In contrast to the above
polystyrene molds, another example is the use of
polypropylene or polyethylene molds as described in
25 y.s. patent 4,121,896,

' The mold assembly to mold an ophthalmic
contact lens typically includes a lower concave mold
portion referred to as a frontcurve and an upper
convex mold portion referred to as a backcurve. The

30 concave surface of the lower frontcurve and the convex
surface of the upper backcurve define therebetween a

20
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Separating nmenber to be inserted between the spaced fl anges 26, 36 of

the frontcurve and backcurve. Figure 3 i

representation of a wedge type denol di ng appar at us \Mﬁﬂﬂﬁ\ﬁmﬂ\imt t&T
doubl e- si ded renoval of the backcurve nold. The de |ng appar at u
illustrated in Figure 3 includes a schematical ly il u gg; qug
pallet 10, a frontcurve nold 14, a backcurve nold 1p,} a a denol diing
cam - wedge 44. 30 The denpl di ng apparatu

Figure 3 operates as foll ows. 35

mold cavity for a contact lens. A particular problem

in the prior art is that the frontcurve and backcurve
1 molds are usually surrounded by a flange, and the

monomer or monomer mixture is supplied in excess to

the concave frontcurve mold prior to the assembly of

the molds. As the molds are placed together, definind
5 the lens and forming an edge, the excess monomer or
monomer mixture is expelled from the mold cavity and
rests on or between the flange of one or both mold
portions. Upon polymerization, this excess material
forms an annular ring around the mold assembly which
resists separation of the mold portions during a
demolding operation.

10

In such contact lens manufacturing
processes, lens defects such as chips and tears as
well as missing lenses are believed to result, in

15 ‘part, from the demolding operation. Much development
has been taken place on different mechanical
approaches for separating the mold halves. However,
the mechanical technique is only part of the process.
The method of heating the backcurve mold prior to
separation of the mold halves is also very critical.
In an ideal case, one wants to have concentrated heat
. at the backcurve mold/lens interface and reduced heat
at the backcurve mold flange/polymer ring interface
and reduced heat at the frontcurve mold/lens
25 interface. Because the polymer (lens material)
releases easier from the polystyrene mold when heated,
an ideal system has the excess polymer ring attached
to the removed backcurve mold and the undisturbed lens
attached to the frontcurve mold.

20

30

One known prior art process for separating
the mold portions applies heat to the backcurve mold

35



STEP 1: The nold assenbly 12, which I ncl udes the backcurve nold 16, the

frontcurve nold 14, the lens 18 and the excess polyn¢ o L?gEﬁﬁﬁgl%Hﬁﬁﬁl
i 3

heated (preferably fromthe top) at or imrediately p! !

heati ng process can occur exclusively at step 1, or {t|my continue :
throughout 5 the entire denolding operation. At the ppint® 5 AUG 1997 |
illustrated in step 1, the wedge 44 does not stress t he backcurve n?l

16 and frontcurve nold 14, but is

4

——re ) e

by a heated air stream. The heated air stream is
directed against the exterior of the backcurve mold,

1 from which heat is conducted to the upper surface of .
the lens. Heat is transferred by thermal conduction
through the backcurve mold, the molded lens, and the
frontcurve mold. The heating of the backcurve mold

5 can be performed in two sequential steps, a preheat
stage and a heat/pry stage. 1In the heat/pry stage the
mold is clamped in place, and pry fingers are inserted
under the flange of the backcurve mold. A force is
then applied to the backcurve mold by the pry fingers

10 during a heating cycle. When the required temperature
has been reached, the backcurve mold breaks free and
one end thereof is lifted by the pry fingers. After
the backcurve mold portion has been detached from the
frontcurve mold portion on at least one side, the mold

15 exits the heater. The backcurve mold and annular
flashing are then totally removed. Several notable
disadvantages of this approach are a slow heat up
time, a poérly defined application zone, and an
inconsistent, inaccurate cavity-to-cavity energy.

20 transfer rate.

While the aforementioned method has some
= efficacy in assisting in the removal of a lens from
between opposed mold portions, the temperature
gradient achieved from the heated backcurve mold

. 25 across the lens to the frontcurve mold is relatively

small. This prior art method has not been entirely
satisfactory because the induced thermal gradient is
not sufficient to fully and repeatedly separate the
mold portions.

30 Accordingly, a second prior art method has
also been developed wherein the backcurve mold portion

35



fully engaged in between the flanges 26 and 36 of the ~packcurve _and
frontcurve nolds. Note that the wedge 10 44 does not int é’(*ffél;’)@EMth OMEET
excess polymer ring 42 as such interference woul d caus Fout-hg
condi tion whi ch woul d render the process ineffective.
STEP 2: As shown in the top view, the pall et 10 and r@ldi£§53#§I§BZZ
are noved by a product 15 indexer or drive 46 to proceed 4l crg—the wedges |
44, . The sl ope or cam angle of the wedge and/or the fged rate
determne the rate of backcurve renoval . A nonl i near Wedyge Stope—o+
cam angl e and/Soriyradiaged with ?EgﬁFF?mFﬁ“SChSnFPﬂééFlﬁgb@@GP@§1F€ana
rate. The 20 fyead laﬂglﬁ@ﬁﬁsﬁhﬂtﬁolaf aangbéaetaeeemyabJoe datizev al rate.

condit1ofs. _ suBEe P21 EEimg£a sy, SPaRESRE Recvmes Hieh Ak RaYs

has been novewlsy pdwec pondand thdezxentdbert beaspbeingoniedmlided .wedfes 44
such that the hag %§¥£¥§eﬂgégd%§n@‘89uggg a dif®Leeet A Wiianiag 42 1S

conpl etely separa
and shifting of the surface of the heated backcurve

5 mold portion relative to the surface of the lens to -
lessen the adhesion therebetween to assist in the
separation of the mold portions, while leaving the
lens in the frontcurve mold porticn. The backcurve
mold portion is preferably irradiated by a laser

10 producing radiation with a wavelength between 1 um and
20 pm. The separating fingers are joined together to
form a U-shaped separator, and the laser beam is
directed through the U opening in the U-shaped
separator to irradiate the backcurve mold portion.

;5 The one notable diSadvantage of this approach is the
cost of the laser units.

Steam heated demolding was also previously
-used in a production process. Notable disadvantages
of this approach were issues surrounding the handling

20 of condensate on the backcurve mold and in the
equipment, a long equipment heat up time, and
complexity.

= SUMMARY OF THE INVENTION

. Accordingly, it is a primary object of the
25 present invention to provide an improved demolding
arrangement for cast lens mold assemblies which can
easily and repeatedly separate the lens mold portions
without damaging the lens formed therebetween.
A further object of the subject invention is
30 the provision of an arrangement for separating a
backcurve mold from a frontcurve mold of a contact

35




the frontcurve nold 14 and | ens 18. The required._amunt of

.~separation or wedge height for effective denol ding i $PERPANEIENT SHEET
primarily 30 upon the size of the excess polynmer ring andithe
efficiency of the heating operation. A typical 35
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lens mold assembly which improves the simplicity and
efficiency of the demolding operation. In a preferred
embodiment, a substantial temperature gradient is
created between the backcurve mold and the contact
lens formed in the cavity of the contact lens mold
assembly.

Another object of the present invention is
to provide an automated apparatus and method for
demolding contact lens mold assemblies in a consistent
and reliable manner, to thereby enhance the production
of defect-free contact lenses, and minimize tearing of
the lens and breakage of the lens mold parts.

The present invention presents a simple,
easy to clean, low-cost, very repeatable, and unique
conductive probe heating approach for assisting in
separating or demolding cast contact lens mold
assemblies. The conductive heating arrangement for
contact lens demolding represents a distinctly unique
approach relative to other prior art approaches used
for similar purposes. Hot air'and steam heating
represent a convective heat transfer principle. Laser
and infrared heating represent a radiation heat
transfer principle. Thus, a concept representing a
conductive heat transfer principle is unique.

In accordance with the teachings herein, the
present invention provides apparatus for demolding a
mold assembly, which includes a frontcurve mold having
a central mold section with a surrounding flange, and
a corresponding backcurve mold also having a central
mold section with a surrounding flange, with a contact
lens being molded therebetween. The flanges of the
frontcurve and backcurve molds are spaced apart and
parallel to each other. The democlding apparatus



enbodi mrent woul d allow for nore wedge height than is t etically

|
f

necessary to ensure conplete nold removal . At this pq ' )
thereafter, the now separ at ed backcurve nold 16 and p¢ REP'RCEQEQﬁZ_ ET
are renmoved by an overhead vacuum t ake-away system 47 W 'ﬁh deposits

t he backcurves in a waste container for 5 recycling. AUG 1997
Figure 4 illustrates the basic conponents of a first ehbodlnent of
conducti ve backcurve | ens nol d heater, and illustratles a contact Tems
nol d assenbly 12 seated in a typical support pallet’ Q

| oaded heat gh?%ﬁdgg W EBnRuERId HY %ﬁ’% ﬁpgggcﬁgﬁ.ch coni%bove IPI%I gure 4

contoured en ereof contacts the no froma
shows the asbagbkyrve mold ofe theatliens rekd 4ﬂﬁembly te shoul d be apparent

t hat 1 conductively heat the backcurve mold. Heat is
| conducted by the backcurve mold to cause a temperature
gradient between the backcurve mold and the lens being
demolded. The temperature gradient causes a
5 differential expansion and shifting of the surface of
the backcurve mold relative to the surface of the lens
to lessen the adhesion therebetween to assist in
separation of the molds, while leaving the lens in the
frontcurve mold.
10 In greater detail, The conductive heating
‘probe- includes a convex heating surface which contacts
and is the same general shape as a concave surface on
the backcurve mold. The conductive heating probe can
also include a compliant heat conductor to conform to
15 the concave surface on the backcurve mold. The
compliant heat conductor can comprise a thin element
positioned on the end of the conductive heating probe.
The conductive heating probe can be spring mounted in
a support plate to spring bias the conductive heating
prbbe against the backcurve mold. Moreover, a spring
preload adjustor can be provided for adjusting the
— preload bias on the spring of the conductive heating
probe. Alternatively, the free weight of the
conductive heating probe can provide the force to bias
25 the conductive heating probe against the backcurve
mold. The conductive heating probe can also include a
cartridge electrical heating element and a
thermocouple for detecting and controlling the
temperature of the conductive heating probe.

20

30 The demolding apparatus can include a
~support pallet for supporting the mold assembly and a

35



when the |l ens nold assenbly 12 and pallet 10 are noved 15

r-dowawar-dly,  the
probe 50 will extend downwardly under the bias of sp'RhBLB@BUENWISHEET
hits internal stops at 56. Figure 4 i|l bUstrates—acured
contact |ens 18 in a contact lens nold assenbly 12 cpnpr %%59720
frontcurve nold 14 and a backcurve nold 16, and an .e cessggo ring
42. The heat probe 50 includes the conpliant heat cond .
t her nocoupl e 58, and a cartridge heaer 60. The assenbly includes a

spring pre-load adjustor 62 for spring 54, and is 25 nounted 1 n a top gurde

pl ate 64 and SepaeatdmodE ixturd ifdmperHbiditge preeparnat bonubdoce62 is

t hr eadedl y
t her eon, and Pﬁe anou GNUE@Ie
adj ust ablle. ThecksmyMeamolssatof3Ehe ta?s&eblyiel udes

£ &a430 gt%eg %p%:eggqo g@%ﬁ% € gt%é; a,t% ﬁ%ﬁée@?@% L 108

ring 54, is
a | ower convex

curved face havi ng fiae si%,_ggrg&ph@t@@&@&&@ sapgspes goncave
plurality of mold assemblies arranged in an n x m
array of mold assemblies. In those embodiments, the -

5 apparatus can include a conductive heating

probe

assembly having an n x m array of conductive heating
probes which contact each backcurve mold of the n x m
array of mold assemblies, for conductively contacting

and heating the array of mold assemblies.

A lift

10 cylinder raises and lowers the conductive heating
probe assembly relative to the support pallet. During
operation, the weights of the individual conductive
heating probes are maintained on the array of mold
assemblies during demolding to maintain the array of

15 mold assemblies properly positioned in the
pallet during demolding. A lifting cam is

support
provided to

lift the conductive probe assembly from the pallet
' following demolding as an indexer conveys the pallet

past the assembly lifting cam.
20  BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects and advantages of the

"\

25

30

35

present invention for a wedge demolding apparatus and
method may be more readily understood by one skilled
in 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 designated by
identical reference numerals throughout the several
views, and in which:

' Figure 3 is a diagrammatic
representation of a wedge type demolding arrangement
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back of the backcurve nold 16.
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which utilizes a double-sided removal of a backcurve
mold;

Figure 4 illustrates a first embodiment
of a conductive heat probe for conductive contact
heating of the backcurve of a lens mold assembly
during demolding;

Figure 5 illustrates an embodiment of a
free-weighted conductive heat probe assembly pursuant
to the teachings of the subject invention;

Figure 6 illustrates a front
elevational view of another embodiment of a
conductively heated demolding apparatus; and

Figures 7 and 8 are respectively front
elevational and top plan views of the same embodiment -
of Figure 6 presented in an overall assembly view of
the apparatus.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the drawings in detail, and in
particular initially to Figures 1 and 2) Figure 1
illustrates a front elevational view of a support
ballet 10 which supports thereon an array, typically a
two by four array, of contact lens mold assemblies 12,
one of which is illustrated in further detail in
Figure 2.

Figure 2 is an enlarged side
elevational and sectional view of one contact lens
mold assembly 12 which consists of a lower frontcurve
mold 14 and an upper backcurve mold 16, which define
therebetween a mold cavity for a contact lens 18.

The ' frontcurve and backcurve mold halves 14
and 16 are preferably formed of polystyrene but could
be any suitable thermoplastic polymer which is
sufficiently transparent to ultraviolet light to allow



The conpliant heat conductor includes an annul ar I nwa ‘ng
projection 68 which fits into a correspondi ng recessedﬁééEECJﬁ hogHEET

70 near the
together. Alternative enbodi nents of the heat probe 5 50| canQo%i AUSNET7

conpliant heat conductor 52, in which case of the relatively rigid en
of the heat probe 50 woul d be shaped to the sane genefal—shape—as The

| ower end of the probe 50 to |ock those e}epents

i nternal concave surface on the back of ttRe backcurve nol d 16. 10

Functi onal

thernDCOUf|
is raised,
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st eps tep 1 The backcurve nold 14 and conpli ant

conduct or 52 Bégﬂ@#ﬂﬁéﬁﬂwiR§£F?Rﬁ°¥$PcUhFBc%lg?ﬁet° ProgQts jtdife

i s heated by mﬁq@h@m&nﬁﬁéx&iﬁuon ekeat Bb@tC&laffnftQJctdQ\ér{EE argl the
e 58.,

the Lens mold a pall et 10
b AR S RO RRAA Y L8 oS u5fhoas! po Yoty FRn Akt W% ¢ he
backcurve nol dthkr desirable qualteps3stibh henbedmgd medsiabille tpal | et 10

surfaces of optical quality at relatively low
temperatures, having excellent flow characteristics
and remaining amorphous during molding, not
crystallizing, and have minimal shrinkage during
cooling.

The frontcurve 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 (edge)} for the subsequently molded soft
contact lens 18. 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 dimensions of the
frontcurve (power curve) of a contact lens to be
produced by the mold assembly, and is sufficiently
smooth such that the surface of a contact lens formed
by polymerization of a polymerizable composition in
contact with the surface is of optically acceptable
quality. The frontcurve mold half is designed with a
thinness, typically 0.8 mm, and rigidity effective to
transmit heat therethrough rapidly and to withstand
prying forces applied to separate the mold half from
the mold assembly during a demolding operation. The
frontcurve mold half 14 further defines a generally
triangular tab 28, integral with the flange 26 which
projects from one side of the flange. Tab 28 is

heat er

60




e

continues rising until the heat probe 50 has noved a 20 sufficient

di stance such that spring 54 has supplied a desired]

bet ween the conpliant conductor 52 and the backcurv LgﬁﬁﬂﬁﬂﬁchEET
Step 4 The assenbly dwells in that position until sdch time as :
sufficient heat has conducted 25 through the heat prob¢ %00 BhAUGOERY i ant
conductor 52, and the backcurve nold 14 to raise theg iinterface

t enperature between the backcurve nold and the cured contact Téns to
the desired | evel. The desired tenperature is suffidiently highto
all ow easy release 30 of the backcurve nold fromthe cured contact |ens
35 essentially uniplanar and extends to an injection hot

tip which supplies molten thermoplastic to form the

1 frontcurve mold half.

The backcurve mold half 16 defines a central

curved section with an optical quality convex surface
32, a generally parallel concave surface 34 spaced

5 from the convex surface 32, and an annular essentially
uniplanar flange 36 formed extending radially
outwardly from the surfaces 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

10 be produced by the backcurve mold half, and is
sufficiently smooth such that the surface of a contact
lens formed by polymerization of a polymerizable
composition in contact with the surface is of
optically acceptable quality. The backcurve mold half

15 is designed with a thinness, typically 0.6 mm, and
rigidity effective to transmit heat therethrough
rapidly and to withstand prying forces applied to
separate the mold half from the mold assembly during
demolding. The backcurve mold half 16 also defines a

20 generally triangular tab 38, similar to the triangular
tab 28, integral with the flange which projects from

= cne side of the flange. The tab 38 extends to an
injection hot tip which supplies molten thermoplastic
to form the backcurve mold half.

_25 During the process of molding a contact
lens, an excess amount of polymer or polymer mixture
is initially deposited in a frontcurve mold, and then
a backcurve mold is placed over the frontcurve mold
and pressed thereagainst. This results in excessive

30 polymer in the mold cavity being displaced and

35



16 Wi t hout causing the cured contact lens to rel ease from t he

frontcurve nol d. Step 5 The lens nold then
| owered until contact between the conpliant conduct or iﬁgpiéﬁéﬁﬁﬁﬁiﬁgEET
backcurve nmold 14 is broken and there is sufficient jcl earance t0
translate the lens nold 05 AUG 1997

12

discharged therefrom and forming an excess polymer
ring 42 outside of the knife edge 22.

1 The flanges 26 and 36 are designed to assist
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

5 function in straightening and orienting the assembled
frontcurve/backcurve assembly 12 prior to demolding.
When a frontcurve mold half or curve 14 is assembled
with a backcurve mold half or curve 16, a gap 40 is
formed between the two spaced flanges and projecting

10  tabs which is important for demolding. The gap
between the tabs is preferably in the range of 1.0 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
15 lens mold assemblies 12 are supported in the pallet 10
with the annular flanges 26 and tabs 28 of the
- frontcurve mold 14 recessed slightly below the upper
surface of the pallet 10. The annular flanges 36 and
tabs 38 of the backcurve mold 16 are raised above the
upper surface of the pallet, to allow a mechanical
separating member to be inserted between the spaced
= flanges 26, 36 of the frontcurve and backcurve.

20

Figure 3 is a diagrammatic representation of

a wedge type demolding apparatus which utilizes a

25 double-sided removal of the backcurve mold. The
demolding apparatus illustrated in Figure 3 includes a
schematically illustrated mold pallet 10, a frontcurve.
mold 14, a backcurve mold 16, and a demolding cam
wedge 44.

30 The demolding apparatus and process of
Figure 3 operates as follows.

35
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5 assenbly pallet 10 with the nold assenbly to a denvold station.
optional function is to begin the denol di ng operatio AN Y=
assenbly is still in step 4 above. Key PY?P(LAEEMEKB'I %T

features and options 10 Heating In the enbodijmgnt descri bed
above the source heat is an electric cartridge heater.

An

I
al ternate enbodi nents, the heat source could be steam hot wat er,

etc. Placenent of the thernocouple may be different firomtiat—mthe

illustrated
heat er
I nportant. |

05 AUG 1397
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enbodi nent, 15 and it doeb3not have to be integral with the

cartridge. The nethod of controlling the heating is
t is belieYEEPthat Fpei maldaagambly 1omri¢bns exist in

fairly narroydi@ld ePREr BhlkBurve m¥Id 1S cHbeF £EQFSurd el mBiACESS

consi stency,
appropri-ate

a true 20 Eroportlonal fractional wave, control may be
Tor the tanfrt8genfedtEr SRS ARIEIRNRtIINT 4Real st ow,

potting of theabedt epreésetabige fim ad thep) at SPPiMpedaheelyo m nini ze
the tenperature loss int
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prior to step 1. The heating process can occur

exclusively at step 1, or it may continue throughout
the entire demolding operation. At the point
illustrated in step 1, the wedge 44 does not stress
the backcurve mold 16 and frontcurve mold 14, but is
fully engaged in between the flanges 26 and 36 of the
backcurve.and frontcurve molds. Note that the wedge
44 does not interfere with the excess polymer ring 42
as such interference would cause a fouling condition
which would render the process ineffective.

STEP 2: As shown in the top view, the
pallet 10 and mold assembly 12 are moved by a product
indexer or drive 46 to proceed along the wedges 44.
The slope or cam angle of the wedge and/or the feed

rate determine the rate of backcurve removal. A

nonlinear wedge slope or cam angle and/or feed rate
results in a nonlinear backcurve removal rate. The
heating process also affects the acceptable removal
rate. The amount of excess polymer 42 also influences
the process conditions.

STEP 3: At this point, the mold assembly
has been moved by the product indexer 46 to a point on
the wedges 44 such that the backcurve mold 16 with the
excess polymer ring 42 is completely separated from
the frontcurve mold 14 and lens 18.

The required amount of separation or wedge
height for effective demolding is dependent primarily
upon.the size of the excess polymer ring and the
efficiency of the heating operation. A typical




heat probe between cycles, the thermal mass (Clerr] x 25 —~Mass)-of-the
heat probe shoul d be maxinmi zed. Al so, the heat probeRERATEMENT RHERET
have a noderate to high t hermal conductivity. A
preferred enbodi nent of the conpliant conductor 52 cpnprjses '
tenperature nol ded 30 silicone piece with a contour on thg Qﬁe‘?@aﬁéﬁ]
contacting surface which closely matches the contour 35
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embodiment would allow for more wedge height than is
theoretically necessary to ensure complete mold
removal. At this point or directly thereafter, the
now separated backcurve mold 16 and polymer ring 42
are removed by an overhead vacuum take-away system 47

- which deposits the backcurves in a waste container for

recycling.

Figure 4 illustrates the basic components of
a first embodiment of a conductive backcurve lens mold
heater, and illustrates a contact lens mold assembly
12 seated in a typical support pallet 10. A spring
loaded heat probe 50 with a compliant heat conductor
52 on the contoured end thereof contacts the mold
assembly from above. Figure 4 shows the assembly in
the heating mode. However, it should be apparent that
when the lens mold assembly 12 and pallet 10 are moved
downwérdly, the probe 50 will extend downwardly under
the bias of spring 54 until it hits internal stops at
56.

Figure 4 illustrates a cured contact lens
18 in a contact lens mold assembly 12 comprised of a
frontcurve mold 14 and a backcurve mold 16, and an
excess polymer ring 42. The heat probe S0 includes
the compliant heat conductor 52, a thermocouple 58,
and a cartridge heater 60. The assembly includes a
spring pre-load adjustor 62 for spring 54, and is
mounted in a top guide plate 64 and bottom guide
fixture 66. The pre-load adjustor 62 is threadedly
engaged to the probe S0 such that its position
thereon, and the amount of pre-load supplied by the
spring 54, 1s adjustable. The compliant heat
conductor 52 includes a lower convex curved face
having the same general shape as the internal concave



of the noncritical core side of the backcurve nol d. Eﬁ?ﬁﬁﬁﬂﬂﬁﬁfigﬂ?ff
can include materials other than silicone. The crit

conponent is that it have a sufficiently high therngl |jconductivity dng
sufficiently high resistance to thernmal degradation to t0 SHUS 19%7at] t
the lens nold assenbly effectively 5 while naintaining conpliance and

di nensi onal

stability and conpliance are required is dependent

stability. The degree to which the di ngnsionar

upon _t he anmpunt of

contact force used. The higher the l¥ontact force, the nore inportant

t he cont our-
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surface forming the back of the backcurve mold 1§.

The compliant heat conductor includes an annular
inwardly extending projection 68 which fits into a
corresponding recessed annular groove 70 near the
lower end of the probe SO0 to lock those elements
together. Alternative embodiments of the heat probe
50 can omit the compliant heat conductor 52, in which
case of the relatively rigid end of the heat probe 50
would be shaped to the same general shape as the
internal concave surface on the back of the backcurve
mold 16.
Functional steps

Step 1 The backcurve mold 14 and compliant
conductor 52 begin the process not in contact. The
cartridge heater 60 is heated by use of an appropriate
electric control device and the thermocouple 58.

Step 2 As the lens mold assembly pallet 10
is raised, the compliant conductor S2 comes into

contact with the backcurve mold 14.

Step 3 The lens mold assembly pallet 10
continues rising until the heat probe 50 has moved a
sufficient distance such that spring 54 has supplied a
desired contact force between the compliant conductor
52 and the backcurve mold 14.

Step 4 The assembly dwells in that position
until such time as sufficient heat has conducted
through the heat probe 50, the compliant conductor 52,
and the backcurve mold 14 to raise the interface
temperature between the backcurve mold and the cured
contact lens to the desired level. The desired

temperature is sufficiently high to allow easy release

of the backcurve mold from the cured contact lens
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52 and the backcurve mold 14 is broken and there is
sufficient clearance to translate the lens mold
assembly pallet 10 with the mold assembly to a demold
station. An optional function is to begin the
demolding operation while the assembly is still in
step 4 above.

Key process related features and options

Heating In the embodiment described above
the source heat is an electric cartridge heater. 1In
alternate embodiments, the heat source could be steam,
hot water, RF, etc. Placement of the thermocouple may
be different from that in the illustrated embodiment,
and it does not have to be integral with the heater
cartridge. The method of controlling the heating is
important. . It is believed that optimal demold
conditions exist in fairly narrow time/temperature
profiles. Therefore, for process consistency, a true
proportional fractional wave control may be
appropriate for the cartridge heater. For consistent
heat flow, potting of the heater cartridge may also be
appropriate. To minimize the temperature loss in the
heat probe between cycles, the thermal mass (C, x
Mass) of the heat probe should be maximized. Aalso,
the heat probe material should have a moderate to high
thermal conductivity.

A preferred embodiment of the compliant
conductor 52 comprises a high temperature molded
silicone piece with a contour on the external
contacting surface which closely matches the contour

-
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of the noncritical core side of the backcurve mold.
Other embodiments can include materials other than .
silicone. The criteria for this component is that it
have a sufficiently high thermal conductivity and
sufficiently high resistance to thermal degradation to
transfer heat to the lens mold assembly effectively'
while maintaining compliance and dimensional
stability. The degree to which the dimensional
stability and compliance are required is dependent
upon the amount of contact force used. The higher the
contact force, the more important the contour of the
machined surface on the heat probe 50 becomes and the
less important the contour of the compliant conductor
becomes. To this end, an alternate embodiment can
utilize a rigid conductor in which the lower end of
the heat probe 50 is machined to directly match the
core side contour of the backcurve mold. If
sufficient contact force is utilized, sufficient

- compliance exists in the backcurve mold itself to

assure a low thermal resistance contact. Thus, a
compliant conductor is not necessary in this
embodiment .

The diameter of the contacting end of the
heat probe 50, either compliant or rigid, is an
important design variable in that the heat should
ideally be directed to the lens 18 and not to the
excess polymer ring 42. If the polymer ring receives
too much heat it will tend to release from the
backcurve mold during the demolding process which is
undesirable. If the lens edge receives too much heat,'.
it will tend to separate from the frontcurve during
demolding and cause edge defects and/or missing
lenses. Optimization of the diameter along with other




18 process variabl es can nmaxi m ze polymer. ring renovgl____ rates while

mnimzing edge rel ated defects in lenses 1 and m ssi ng

Accordi ngly, the dianmeter of the contacting end of th 39,¢] Sbi

m ght be selected to be |ess than the dianmeter of a | eéng bei ng denol
e bf AUS 1gg2 h

in some 5 enbodi nents, and in other enbodi nents the dia
contacting end of the heat probe 50 m ght be greater{than the dianet
of a |l ens being denol ded. Mor eover , .t he geonmetry of the contac
of the heat probe 50 m ght be sele&Ped to achi eve pa%++cuL3L_;Q_ﬂ%§£B§
transfer pat ' e . t 50 m ght.
annul ar shapgg%ﬂ%ﬁ% q%%%?§%§§§_céﬁrmégpgé?écégsgwﬁrtFgﬁgfégbggg%ronlthe
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of Lhe |&pf midsELRYClendde. heat probe mght have a 15  conpl ex
construction of several differeni mat eri al s, L
Accordingly, the diameter of the contacting

end of the heat probe 50 might be selected to be less
than the diameter of a lens being demolded in some
5 embodiments, and in other embodiments the diameter of
the contacting end of the heat probe S0 might be
greater than the diameter of a lens being demolded.
Moreover, the geometry of the contacting end of the
heat probe 50 might be selected to achieve particular
10 heat transfer patterns. For instance, the end of the
heat probe 50 might be annular shaped, such that heat
is selectively transferred from the annular end to an
annular area of the backcurve mold around the edge of
the lens. Moreover, the heat probe might have a
15 complex construction of several different materials,
each having a selected thermal mass and thermal
~conductively, to achieve different heating patterns
and profiles across the backcurve mold and lens. For
instance, the heat probe might be constructed with
20 concentric rings of different materials of different
thermal masses and thermal conductivities to achieve a
= desired complex heating pattern of the backcurve mold
and lens.
Figure S illustrates an embodiment of a
25 rigid conductor, free-weighted contact lens mold
heater assembly 51 without springs 54. The heat probe
S0 illustrated in Figure 4 is normally mounted in an
assembly which includes an array of such heat probes
mounted and positioned to correspond to an array of
30 contact lens mold assemblies positioned in a support
pallet, with such a heat probe assembly being

35
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I such a heat probe assenbly being
probes 50 are mounted free -weighted with a degree of-

lateral movement because the unit is designed to work
with 8-cavity frame molds which preferably have large
center-to-center tolerances.

Figure 6 illustrates a front elevational
view of a conductively heated embodiment of a one
sided wedge type demolding apparatus designed to
utilize molds with reduced excess polymer rings 42.
Figures 7 and 8 are respectively front elevational and
top plan views of the same embodiment of Figure 6
presented in an overall assembly view of the
apparatus.

The demolding arrangement illustrated in
Figures 6, 7 and 8 includes a wedge assembly or
fixture 80, comprised of a plurality of separating
wedges 81, a moving support pallet 82, a vacuum take-

~away hood 84, a heat conductive probe assembly 86

having a 2 x 4 array of heat conductive probes 88, a
heat conductive probe lifting cam 90, a conductive
probe assembly lift cylinder 92, a pallet drive
hydraulic cylinder 94, a process controller/timer §6,
and hydraulic fluid reservoirs 98. | '
In operation, the heat conductive probe
assembly 86 is lifted vertically by the lift cylinder
92 via the lifting cam 90 such that a mold frame
assembly 64 can be placed into the support pallet 82
without interfering with the conductive probes 88.
The conductive probe assembly 86 is then lowered by
the lift cylinder 92 via the lifting cam 90 so that
the conductive probes 88 are resting under their own
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20

weight on the lens portions of the noncritical side of
the backcurve molds 16.

At this point, heat is conducted through the
conductive probes 88 into the lens mold assemblies.
In operation, the conductive probes 88 have cartridge
‘heaters which are maintained at a specific
5 temperature. After a period of time programmed into
the process controller/timer 96 has elapsed, the
pallet 82 is moved in a right to left direction by the
hydraulic cylinder 94 which is fed from the reservoirs
98. The conductive probe assembly 86 is moved
simultaneocusly with the pallét 82 such that the weight
of the conductive'probe assembly 86 remains fully on
the backcurve molds 16. After a given travel

10

distance, the backcurve mold excess polymer rings
begin separating by the cam or wedge profiling
15  associated with the wedge assembly 80, At a point
' before full backcurve mold separation, the cam profile
on the conducting probe assembly lifting cam 90 lifts
the cohductive.probe assembly 86 and conductive probes
88 clear of the mold assemblies. As the pallet 82
continues leftward, the backcurves 16 separate
completely from the frontcurve frame 64 and are
—_ vacuumed away by the vacuum take-away hood 84. The
. pallet 82 then reaches its leftmost point and the
frontcurve mold frame 64 with lenses 18 is removed.

25 The unit is then reset and is ready for the next cycle
' of operation.

20

One purpose of maintaining the conductive
probes 88 in contact with the backcurve molds 16
while the molds 16 are engaging the wedge assembly 80
30 is to provide and maintain a normal force on each
backcurve mold 16 to counteract a shear force

35
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Fi gures 6, %e%%ﬁa%e?ngruges g,megg'éq{g;%(ﬂlea%% é]‘c%%(%u{rgi 80, conprised
of a plural@€ying aBphhgt PRFLLallawieased lenfoyvi e dpraukit et 82, a

vacuuml akedrive cp1@udeeod484unzti@is RIUE P abanassein Va 86
having a 2 x 4 array of  heat COﬂdUCtIV%epl’Oti s 88, a . heat_ conductive
pallet in the di

probe |iftiAgREEANEOMAIPYRYFOESR On ¢ rection

of travel thereof. This constant maximum force allows
the pallet 82 to slow down or speed up depending upon
5 how much resistance is encountered during the |
separation of the backcurve. This feature helps to
compensate for process variations due to temperature
variations, excess polymer ring sizes, etc.
While several embodiments and variations of
10 the present invention for conductive probes for
heating contact lens mold assemblies during demolding
are described in detail herein, it should be apparent
that the disclosure and teachings of the present
"invention will suggest many alternative designs to
15 those skilled in the art.
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20 probe assenbly lift cylinder 92, a pallet drive hydraul i ¢
cylinder 94, a process controller/tinmer 96, and hyd ﬁ ' EMEN SHEET

reservoirs 98. In operation, the heat con

assenbly 86 is lifted vertically by the lift cylinder 25 92 viguégg
lifting cam 90 such that a nold frane assenbly 64 can b8 §I $ht
t he support pallet 82 wi thout interfering with the q¢omductive probe
88. . The conductive probe assenbly 86 is then | owered by the lift
cylinder 92 via the lifting cam90 so thas 30 the cond ' -
are resting under their own 35

WHAT IS CLAIMED IS:
1. Apparatus for demelding a lens mold

O

1 assembly, comprising a frontcurve mold which has a
central lens mold section with a surrounding flange,
and a corresponding backcurve mold which has a
central lens mold section with a surrounding flange,
5 aﬁd a molded cphthalmic lens which is formed between
the frontcurve and backcurve molds, and wherein the
flanges of the frontcurve and backcurve molds are
spaced apart relative to each other, comprising a
conductive heating probe which contacts the backcurve
mold of the lens mold assembly to conductively heat
the backcurve mold, in which heat is conducted by the
backcurve mold to cause a temperature gradient between
the backcurve mold and the lens being demolded, with
the temperature gradient causing a differential
15 expansion and shifting of the surface of the backcurve
mold relative to the surface of the lens to lessen the
- adhesion therebetween to assist in separation of the
molds, while leaving the lens in the frontcurve mold.
2. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
probe includes a convex heating surface which contacts
and is the same general shape as a concave surface on
the backcurve mold.

10

20

3. Apparatus for demolding a mold assembly
25 as claimed in claim 2, wherein the conductive heating
probe includes a compliant heat conductor to conform
to the concave surface on the backcurve mold.
4. Apparatus for demcolding a mold assemblf
as claimed in claim 3, wherein the compliant conductor
30 comprises a thin element positioned on the end of the
..-conductive heating probe.

iy

35
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5. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
probe is spring mounted in a support plate to spring-
bias the conductive heating probe against the
backcurve mold.

6. Apparatus for demoiding a mold assembly
as claimed in claim 5, including a spring preload
adjustor for adjusting the preload bias on the spring
of the conductive heating probe.

7. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
probe includes a cartridge electrical heating element.

8. Apparatus for demolding a mold assembly
as claimed in claim 1, wherein the conductive heating
probe includes a thermocouple for detecting and
controlling the temperature of the conductive heating
probe.

9. Apparatus for demolding a mold assembly
-as claimed. in claim 1, including a support pallet for
supportin§ the mold assembly and a separating fixture
positioned between the spaced flanges of the
frontcurve and backcurve molds of the mold assembly.

10. Apparatus for demolding a mold assembly
as claimed in claim 9, wherein the support pallet
supports a plurality of mold assemblies.

11. Apparatus for demolding a mold assembly
as claimed in claim 10, wherein the support pallet
supports an n x m array of mold assemblies.

12. Apparatus for demolding a mold assembly
as claimed in claim 11, including a conductive heating-
probe assembly, having an n x m array of conductive
heating probes therein, which contact each backcurve

* [ L ] S *



pallet 82 is noved in aright to left direction by the

cyl'inder 94 which is fed fromthe reservoirs 98.

assenbly 86 is noved 10 simul taneously with the palle .

wei ght of the conductive probe assenbly 86 remai nsifllly on

backcurve nolds 16. After a given travel di st ance, {t he Bb8c ‘
excess polyner rings begi n separating by the cam or 5
associated with the wedge assenbly 80. At a point

backcurve nold separation, the camprotale on the chnd v
assenbly lifting cam90 lifts t he conductive probe assenbly 86 and .

conducti ve mpoddesf the 88 xlmearwHy tdfe mpldl assemiblies, forthe pallet 82 20

continues | gLhuRicds Joie Wiy Shd anplpI ot Tnotd, asSaBLELEY rom Lhe

frontcu ve rane are vacu ﬁ%@ vacuum f ake- away hood
84. T pal | et ézithewn%m £95 deme hdiRg pdi RPldnassaebly

frontcurve gal ¢i1fyiadE 6h Widid e5eSid8ludidg®Vedfe cylinder for
raising and lowering the conductive heating probe
assembly relative to the support pallet, and wherein -
5 the weights of the individual conductive heating
probes are maintained on the array of mold assemblies
during demolding to maintain the array of mold
assemblies properly positioned in the support pallet
during demolding.
10 14. Apparatus for demolding a mold assembly
as claimed in claim 13, including a conductive probe
assembly lifting cam which lifts the conductive probe
assembly from the pallet after demolding as an
~ indexing means conveys the pallet past the conductive
15 probe - assembly lifting cam.
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25 The unit is then reset and is ready for the next cydiéitHvCliggsl vitili
opérati on. One purpose of maintaining the{cgnductive

probes 88 in contact with the backcurve nolds 16 whill § th #ii5d18926
are engagi ng the wedge assenbly 80 30 is to provide and jmgi ntain a norngl
force on each backcurve nold 16 to counteract a shedr TOTce 35

25
CONDUCTIVE PROBE FOR HEATING CONTACT LENS MOLD
ASSEMBLIES DURING DEMOLDING

ABSTRACT OF THE DISCLOSURE
Demolding apparatus for reliably and

repeatedly mechanically separating contact lens mold
assemblies without damaging the contact lens formed
therebetween. The mold assembly includes a frontcurve
mold having a central mold section with a surrounding
5 flange, and a corresponding backcurve mold also
having a central mold section with a surrounding
flange, with a contact lens being molded therebetween.
The demolding apparatus includes a conductive heating
probe which contacts the backcurve mold of the lens
mold assembly to conductively heat the backcurve mold.
Heat is conducted by the backcurve mold to cause a
temperature gradient between the backcurve mold and
the lens being demolded. The temperature gradient
causes a differential expansion and shifting of the
.15 surface of the backcurve mold relative to the surface

of the lens to lessen the adhesion therebetween to

assist in geparation of the molds, while leaving the

lens in the frontcurve mold.

10

The conductive heating probe includes a convex heating
surface which contacts and is the same general shape
as a concave surface on the backcurve mold, and can
also include a compliant heat conductor to conform to
the concave surface on the backcurve mold. In one
embodiment, the apparatus includes a conductive
heating probe assembly having an n x m array of
conductive heating probes which contact each backcurve
mold of an n x m array of molds assemblies positioned
in a support pallet.
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22 VWHAT |S CLAIMED I S:
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t he backcurve nold, in which heat is conducted by the backcurve nol d
“t0 cause a tenperature gradi ent between “ the backcurve nold and the
| ens bei ng denol ded, with the tenperature gradi ent causing a
differential 15 expansion and shifting of the surface of the backcurve
nmold relative to the surface of the Iemgééglessen t he adhesi on

A

t her ebetween to am%sia%ﬁig&zo G Wﬁ%ﬁ%@ﬁ#gfﬂ%: gigngh:
e

lens in the frofP
conductive heating

nol d assenbly 20 as clm|ﬂ§?$ﬁM§H£EﬁJPU§E§rMQ$

probe includes apeqpuenr Beairyed pTwdigemhi ch contacts and is the sane
general shape aS a concave surface on . the_backcurve. nol d,

3. Apparatus for denol di R§™RLIGHG ARRMATPSEAE FehiaklYi andl ai m 2,
wher ei n t helcongegidatedisamettanicaliohseparatiies eonvapti hehs heald

o O R e, 4 W C AR ST LGSR ARE PARLCHEYRLE™!
therebetween. The mold assembly inclpdes a frontcurve
mold having a central mold section with a surrounding |

5 flange, and a corresponding backcurve mold also '
having a central mold section with a surrounding
flange, with a contact lens being molded therebetween.

The demolding apparatus includes a conductive heating

probe which contacts the backcurve mold of the lens

mold assembly to conductively heat the backcurve mold.

Heat is conducted by the backcurve mold to cause a '

temperature gradient between the backcurve mold and

the lens being demolded. The temperature gradient
causes a differential expansion and shifting of the

15 surface of the backcurve mold relative to the surface

10

of the lens to lessen the adhesion therebetween to
assist in separation of the molds, while leaving the
lens in the frontcurve mold.
The conductive heating probe includes a convex heating
surface which contacts and is the same general shape
as a concave surface on the backcurve mold, and can
also include a compliant heat conductor to conform to
the concave surface on the backcurve mold. 1In one
embodiment, the apparatus includes a conductive
. heating probe assembly having an n x m array of
conductive heating probes which contact each backcurve

mold of an n x m array of molds assemblies positioned
in a support pallet.
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as ctlained in claim3, wherein the conpliant conductor 30 conprises a thin
el ement positioned on the end of the conductive heating probe. 35
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23 ° 5. Apparatus for denolding a nold assenbly as
elaimed in claiml, wherein the conductive heating probe is spring

nounted in a support plate to spring bi as the COﬂdUC}+#%h*KHﬁﬁﬁTﬁEﬁﬁ¥ﬁ;
agai nst the backcur ve nol d. 6. Appar §RERLAGEMaY

a nold assenbly 5 as clained in claimb5, including a spji "Preroad
adjustor for adjusting the preload bias-8n the spring th egeT 1997
conductive heating probe. 7. Apparatus fon de ding a nolid
assenbly as claimed in claim1, wherein the conductiJe '

probe includes a cartridge electrical heating el enent. 8.
Appar atus for denol ding a mapd asseM& as clainmed inTcrarm 1, wherein
t he conductive heating M®rovye_i ncl udes_a thernocoupl e for detecting and

e heating

controlling the tenperature qL t Neq coggluc
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15~  probe. 9. Apparatus for denolding a nold assenbly

.as claimed in claiml1, including a support“pallet for supporting the

nol d-assenbly and a separating fixture posi tioned betpeen-the-spacet—
flanges of the 20 frontcurve and backcurve nol ds of theiwfﬁdﬁa§é%H%ISHEET
10. Apparatus for denolding a nold assenbly as clainedin craimag, |
wherein the support pall et supponﬂé:a plurality of I $§sqng1@ﬁz

11. Apparatus for denolding a nold assenbly 25 as clained in clam10,

wherein the support pallet S n X marray o :
12. Apparatus for denolding a ;enﬁgy as claijred in claim 11,

I ncl udi ng a conductive heating probe assenbly, having an n X marray
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mold of -the n x marray of nold assenblies, for
the array of nold assenblies. 1 - 18.

nol d assenbly as claimed in claim12, including a |iftf

rai sing and | owering the conductive heating probe

the support pallet, and wherein 5 the weights of the ingiyidual”
conductive heating probes are mai nf4ined on the arrayio '?#(ECT 1997
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during denolding to maintain the array of nold

.positioned in the support pallet

Apparatus for denolding a nold assenbly

i ncl udi ng a conductive probe
conductive probe
I ndexi ng neans conveys the pallet pas
lifting cam 20

assenbly lifting cam wh
assenbly fromthe_pallet after denojd

+—2he

assenbl i es properly

duri hg denol di ng. 10 . 14.
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