Apparatus for the thermal curing of a lens-forming material

FIELD OF THE INVENTION

The invention relates to an apparatus for the thermal curing of a lens-forming
material contained in a lens mold to form an ophthalmic lens, in particular a contact

lens, such as a soft contact lens.

BACKGROUND OF THE INVENTION

Production of ophthalmic lenses, in particular contact lenses such as soft contact
lenses, is typically performed with the aid of molds comprising two mold halves, a
male mold half and a female mold half. A lens-forming material is introduced into one
of the two mold halves, for example into the female mold half, and the mold halves
are then mated. The lens-forming material is thereafter cured to form the contact

lens, which is subsequently demolded for further handling the contact lens.

One way to efficiently produce contact lenses is to use inexpensive mold halves.
Inexpensive mold halves may be produced through injection-molding. Materials
which are particularly suitable for injection-molding are injection-moldable plastics,
such as polyolefines, for example polypropylene. However, polypropylene mold
halves may deform as the lens-forming material shrinks during curing, so that the
mold halves cannot be reused. Also, during curing of the lens-forming material no
excess lens-forming material is allowed to flow into the mold cavity. Therefore, the
extent of shrinkage of the lens-forming material must be kept small in order to
produce contact lenses having the desired geometry and optical power. This is why
curing of the lens-forming material in the mold cavity must occur only gradually,
which is achieved by exposing the mold (the mated mold halves) and the lens-

forming material contained therein to heat of a predetermined temperature and over



an extended period of time, for example as much as one hour or even more. To
nevertheless ensure that production of contact lenses with the aid of inexpensive
single-use mold halves is efficient, it is mandatory that a very high number of mated
mold halves containing the lens-forming material are simultaneously exposed to

heat.

It is therefore an object of the invention to suggest an apparatus allowing for
simultaneous exposure of very high numbers of inexpensive single-use molds
containing the lens-forming material to heat while at the same providing for a
constant high quality of the contact lenses produced and while allowing for an

automated handling of the molds.

SUMMARY OF THE INVENTION

These and other objects of the invention are achieved with an apparatus as specified
by the features of the independent claim. Advantageous aspects of the apparatus
according to the invention are the subject of the dependent claims.

As used in the specification including the appended claims, the singular forms “a,
“an”, and “the” include the plural, unless the context explicitly dictates otherwise.
Also, whenever features are combined with the term “or”’, the term “or” is to be
understood to also include “and” unless it is evident from the specification that the

term “or” must be understood as being exclusive.

In the present specification, the terms “upper/above” and “lower/below” are defined in
relation to a tray on which a mold support and a lens mold are arranged.
“Upper/above” describes a direction away from the tray towards the mold support
and the lens mold, and “lower/below” describes a direction from the mold support
and the lens mold towards the tray.



Generally, different aspects can be combined with each other in any possible

manner unless the specification dictates otherwise.

In accordance with the invention, an apparatus for thermal curing of a lens-forming
material contained in a lens mold to form an ophthalmic lens, in particular a contact

lens, such as a soft contact lens is suggested.

The apparatus comprises:

- a tray made of metal, for example aluminum, the tray having a fixation opening,

- a mold support made of plastic, for example a polyolefine such as polypropylene,
wherein the mold support has a fastener fixed to the tray at the fixation opening and
fixing the mold support to the tray,

wherein the mold support further has a positioning guide configured to guide a lens
mold onto the mold support and into a predetermined position relative to the tray,
and wherein the mold support further has a support surface,

- a lens mold arranged on the mold support, the lens mold having a bearing surface
resting on the support surface of the mold support.

The lens mold is arranged spaced apart from the tray by a clearance distance.

In accordance with one aspect of the apparatus according to the invention, the mold
support is a separate piece and the fastener is a resilient latch removably fixing the

mold support to the tray at the fixation opening.

In accordance with a further aspect of the apparatus according to the invention, the
mold support is a ring comprising an annular ring body and the latch. The latch
extends from the annular ring body into the fixation opening of the tray and fixedly

engages the tray.

In accordance with still a further aspect of the apparatus according to the invention,
the annular ring body has a height and a bottom surface resting on an upper surface
of the tray. The lens mold has a base surface facing the tray. The bearing surface of

the lens mold is arranged at a predetermined distance above the base surface. The



height of the annular ring body is greater than the predetermined distance by the

clearance distance.

Yet in accordance with a further aspect of the apparatus according to the invention,
the support surface is an annular top surface of the annular ring body. The annular
top surface has a top surface inner diameter and a top surface outer diameter. The
bearing surface of the lens mold is an annular abutment surface arranged on an
underside of the lens mold. The annular abutment surface has an abutment surface
inner diameter and an abutment surface outer diameter. The abutment surface inner
diameter of the lens mold is smaller than the top surface inner diameter of the
annular ring body and the abutment surface outer diameter of the lens mold is larger

than the top surface outer diameter of the annular ring body.

In accordance with a further aspect of the apparatus according to the invention, the
positioning guide comprises a conical surface arranged at an outer peripheral portion
of the annular ring body. The conical surface tapers inwardly with increasing distance
from the tray. The lens mold further comprises a centering flange for engaging the
conical surface of the annular ring body in order to align the annular abutment
surface of the lens mold with the annular top surface of the annular ring body during

arrangement of the lens mold on the ring.

In accordance with still a further aspect of the apparatus according to the invention,
the upper end of the conical surface merges with the annular top surface at an outer
edge thereof having the top surface outer diameter. The lower end of the conical
surface has a lower end conical surface diameter larger than the top surface outer
diameter. The centering flange of the lens mold has a flange inner diameter which is

larger than the lower end conical surface diameter.

In accordance with yet another aspect of the apparatus according to the invention,
the fixation opening of the tray is a disk-shaped mounting hole. The annular ring
body defines a central hole surrounded by the annular ring body. The central hole of

the annular ring body is aligned with the disk-shaped mounting hole of the tray.



In accordance with another aspect of the apparatus according to the invention, the
mold support comprises a plate having a plate base surface resting on an upper
surface of the tray, and the latch. The latch extends from the plate into the fixation

opening of the tray and fixedly engages the tray.

According to a further aspect of the apparatus according to the invention, the plate
has a plate thickness and comprises a plate top surface which is arranged opposite
to the plate base surface. The plate top surface forms the support surface of the
mold support. The bearing surface of the lens mold is a base surface of the lens
mold that rests on the plate top surface. The plate thickness thus represents the

clearance distance.

According to still a further aspect of the apparatus according to the invention, the
lens mold comprises a mold base part and a mold top part. The assembled mold
base part and mold top part together form the lens mold. The mold base part
comprises a centering flange projecting radially outwardly and forming the outer
boundary of the mold base part. The positioning guide comprises at least three
centering pins arranged on the plate top surface at different locations such that they
enclose the centering flange of the mold base part, thereby defining the

predetermined position of the lens mold relative to the tray.

Yet in accordance with a further aspect of the apparatus according to the invention,
the mold base part further comprises a tab extending radially outwardly from the
centering flange. The positioning guide further comprises at least one pair of
positioning pins arranged at predetermined positions on the plate top surface to

determine the angular position of the tab of the mold base part.

In accordance with a further aspect of the apparatus according to the invention, the
at least one pair of positioning pins comprises two pairs of positioning pins arranged
at different predetermined positions on the plate top surface to determine a first

angular position and a second angular position of the tab of the mold base part. The



second angular position is angularly displaced relative to the first angular position by

an angle of 90°.

In accordance with a further aspect of the apparatus according to the invention, the
fixation opening of the tray is a disk-shaped mounting hole and the tray further
comprises an additional disk-shaped passage hole. The plate comprises first and
second disk-shaped passage holes, with the first passage hole of the plate being
aligned with the passage hole of the tray and the second passage hole of the plate

being aligned with the mounting hole of the tray.

In accordance with a further aspect of the apparatus according to the invention, the
tray comprises a passage hole and the plate comprises a through-hole. The through-

hole of the plate is arranged superimposed with the passage hole of the tray.

In accordance with another aspect of the apparatus according to the invention, the

apparatus comprises a plurality of plates adjacently arranged on the same tray.

In accordance with a further, more general, aspect of the apparatus according to the
invention, the apparatus comprises a stack of trays with mold supports fixed to the
respective trays and with lens molds arranged on the mold supports. The trays are

arranged one above the other in the stack and are separated by spacers.

The metal tray of the apparatus according to the invention provides for the necessary
rigidity and stiffness, as the tray may have a considerable size allowing a high
number of molds to be arranged on the same tray. For example, a number of two
hundred and fifty-six molds (arranged in sixteen rows and sixteen columns) or even
more may be arranged on a single tray. Aluminum may be used as a metal, since
aluminum is of comparatively light weight and does not have a high heat capacity, so
that it allows for a comparatively quick heating when the tray with the molds arranged
on the mold supports are heated in the oven and also allows for a quick cooling
when the temperature is cooled down again in the oven (so that the plates can be

quickly handled after removal from the oven). The mold support is made of a plastic



which acts as a thermal insulator. Polyolefines, for example polypropylene, are
plastic materials having the afore-mentioned properties and at the same time allow
for a cheap and reliable manufacturing of the mold supports, for example by injection
molding. As the mold is arranged on the mold support spaced apart from the metal
tray by the clearance distance the lens mold is practically arranged thermally
separated from the tray as there is no heat conductive contact between the les mold
and the tray. Accordingly, when the molds are exposed to heat during curing of the
lens-forming material over extended periods of time, for example in an oven, the
entire mold containing the lens-forming material is uniformly heated through
convection. Any non-uniform heating of the mold through a thermally conductive
contact of the mold with the metal plate is avoided. This leads to a uniform and
homogeneous curing of the lens-forming material contained in the mold. The

fastener allows for a precise and easy mounting of the mold support to the tray.

The plastic mold support can be made as a separate piece which can be easily fixed
to the tray at the fixation opening of the tray, for example by means of a resilient
latch of the mold support, thus enabling an easy and quick mounting or removal of
the mold support to the tray (for example in case the mold supports must be
mounted to the tray or must be removed from the tray, for example during

replacement).

One advantageous design option for the plastic mold support is a ring comprising an
annular ring body from which the latch extends. The ring design allows for an easy,
reliable and cheap production of the mold supports (e.g. through injection molding)
and allows for an easy mounting of the individual mold supports to the metal tray at
the fixation openings by simply having the one or more latches of the ring form a
snap-fit connection with the walls of the tray at the respective fixation openings. The
snap-fit connection can be formed through insertion of the ring into the fixation
opening of the metal tray from above. Also, the snap-fit connection allows for an
easy removal of the rings from the tray, if necessary, for example during

replacement.



Preferably, the lens mold has a base surface facing the tray, and this base surface is
arranged above the upper surface of the tray and spaced apart from the upper
surface of the tray by the clearance distance. This arrangement of the base surface
of the lens mold above the upper surface of the tray can be achieved by the plastic
mold support having an annular ring body of a predetermined height, and this
predetermined height of the annular ring body is greater than the distance at which
the bearing surface of the lens mold is arranged above the base surface of the lens

mold by the said clearance distance.

As has been discussed already, the lens mold may have an abutment surface resting
on an annular top surface of the annular ring body. As the molds are placed on the
ring-shaped mold supports (for example with the aid of a robot), they may not be
absolutely precisely aligned with the ring body. To allow for small positional
misalignments, the abutment surface inner diameter of the lens mold is smaller than
the top surface inner diameter of the annular ring body, and the abutment surface
outer diameter of the lens mold is larger than the top surface outer diameter of the
annular ring body. As a result, even in case of small misalignments the molds can be
properly placed on the ring-shaped mold support, so that the bearing surface of the

lens mold rests on the annular top surface of the mold support.

Placement of the lens mold on the ring-shaped mold support may be further
facilitated in case the ring-shaped mold support comprises a conical centering
surface at an outer peripheral portion of the annular ring body of the ring-shaped
mold support. In particular, this conical surface merges with the annular top surface
on which the bearing surface of the lens mold rests. The lens mold comprises a
centering flange extending downwardly in a direction towards the tray. During
placement of the lens mold on the mold support, in case of a small positional
misalignment the centering flange of the mold may engage the conical surface of the
ring-shaped mold support and thus assists in guiding the lens mold to be aligned with

the mold support, so that the lens mold comes to properly rest on the mold support.



The annular ring body of the ring-shaped mold support defines a central hole. In
case the fixation opening is a disk-shaped mounting hole and the central hole of the
annular ring body is aligned with the mounting hole of the tray, convection is further
improved. This is advantageous with respect to a homogeneous curing of the lens-

forming material contained in the lens mold.

In another advantageous design option the plastic mold support comprises a plate
having a plate base surface resting on the upper surface of the tray. The latch
extends from the plate into the fixation opening of the tray thus fixing the (plastic)
plate to the tray. The plate design also renders production of the mold support easy
and inexpensive due to the simple shape of the plate. For example, the plate may
also be produced through injection molding and can be easily attached or removed
from the tray, which is advantageous when the plate has to be mounted to the tray or
has to be removed (e.g. for replacement). The molds may be directly arranged on
the upper surface of the plastic plate so that the plate thickness represents the

clearance distance C by which the molds are arranged spaced from the tray.

Lens molds typically comprise a mold base part and a mold top part. The mold base
part of the lens mold may comprise a centering flange that projects radially outwardly
and runs circumferentially around the mold base part, thus forming the outer
boundary of the mold base part. For properly centering the mold on the plate-shaped
mold support at the desired position three or more centering pins may be arranged at
different locations on the top surface of the plate such that they enclose the
centering flange. While more than three such centering pins may be arranged on the
plate top surface, at least three must be there to achieve the centering function. The
centering pins may comprise conical surfaces to facilitate centering of the molds at
the desired position in case of small misalignments during placement of the mold on

the plastic plate.

In addition, in order to provide for a proper orientation of the mold on the plastic
plate, the mold base part may comprise a tab and the plate may comprise at least

one pair of positioning pins. The mold is then arranged on the plastic plate such that
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the tab of the mold base part extends between the two positioning pins of the pair.
Thus, the (angular) orientation of the mold is determined, which may be of particular
advantage as a high number of molds is to be arranged on the tray or the plastic
plate, respectively, so that collisions or overlapping of mold portions of adjacently

arranged molds can be avoided.

For example, it may be possible to have two pairs of positioning pins which are
arranged at different predetermined angular positions which are angularly displaced
by ninety degrees. This allows for arrangement of the molds in exactly two positions,
and also allows for arranging a high number of molds on the plate for simultaneous
curing of the lens-forming material contained in the molds, thus rendering lens

production particularly effective.

The fixation opening of the tray may be embodied as one or more disk-shaped
mounting holes, and the tray may further comprise one or more additional disk-
shaped passage holes. Correspondingly, the plate may comprises first and second
disk-shaped passage holes, with the first passage hole(s) of the plate being aligned
with the passage hole(s) of the tray and the second passage hole(s) of the plate
being aligned with the mounting hole(s) of the tray in order to improve the flow of

heated air and the homogeneous curing of the lens-forming material.

Regardless of the design of the mold support, it is particularly advantageous to have
a stack of trays with mold supports fixed to the respective trays and lens molds
arranged on the mold supports, with the trays being stacked one above the other in
the stack and being separated by spacers. This further improves the efficiency of the
production process, since such stack of trays further increases the number of lens
molds which can be simultaneously exposed to heat, thus increasing the number of

lenses which can be simultaneously produced.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further advantageous aspects of the invention become apparent from the following

description of embodiments of the invention with the aid of the drawings in which:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

shows a perspective view of a first embodiment of the apparatus

according to the invention;

is an enlarged view of a portion (lower left corner portion) of the apparatus

shown in Fig. 1;

shows a cross-sectional view of the apparatus according to the first

embodiment;

shows perspective view of the mold support (ring) according to the first

embodiment of the apparatus according to the invention;

IS a cross-sectional view of the mold support (ring) shown in Fig. 4;

iIs a detailed cross-sectional view of the lens mold arranged on the mold

support (ring);

shows a perspective view of a second embodiment of the apparatus

according to the invention;

shows an enlarged cross-sectional view of a portion of the apparatus

shown in Fig. 7;

shows an enlarged view of a portion of the apparatus shown in Fig. 7

(lower left corner portion); and

shows a cross-sectional view of a portion of the apparatus shown in Fig. 7.
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DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a first embodiment of an apparatus 1 according to the invention for
thermal curing of a lens-forming material contained in a lens mold 10 (of which only a
mold base part 100 is visible). Lens mold 10 is arranged on a mold support which is
fixed to a tray 30. Tray 30 is made of metal, for example aluminum, or is made of any
other suitable metal. The shape of the tray is generally rectangular, with the edges of
the tray 30 being bent downwardly. At one corner (upper left corner in Fig. 1) the
rectangular tray 30 has a cut-away portion. This cut-away portion forms a reference
for identification of the rotational orientation of the tray 30 which may be helpful in the
automated handling of tray 30. A number of supporting webs are arranged at the
underside of tray 30, some of them being arranged to run in the horizontal direction
(one of them being indicated in Fig. 1 by reference sign 35) while others being
arranged to run perpendicular thereto. These supporting webs serve for increasing
rigidity and stiffness of tray 30 and are secured to tray 30 with the aid of screws (not

shown) screwed through small holes 36 provided in the tray 30.

Tray 30 has an upper surface 32 and comprises a plurality of fixation openings
embodied as disk-shaped mounting holes 31 at which mold supports are fixed to the
tray 30. In addition, tray 30 comprises a plurality of disk-shaped passage holes 34
which are arranged offset relative to the disk-shaped mounting holes 31 at which the
mold supports are fixed to the tray 30. The mold supports are embodied as rings 20
which are manufactured as separate pieces made of plastic, for example a
polyolefine such as polypropylene. In Fig. 1 as well as in Fig. 2 and Fig. 3, at some
of the disk-shaped mounting holes 31 only the rings 20 are shown fixed to the tray 30
(with no lens molds 10 being arranged on the rings 20) while at other disk-shaped
mounting holes 31 a mold base part 100 of lens mold 10 is shown arranged on the
respective rings 20. This is shown only for the sake of better understanding, since in
practice only assembled complete lens molds 10 comprising both the mold base part

100 as well as a mold top part 101 and containing lens-forming material enclosed in
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a mold cavity 102 are arranged on the rings 20 in the manner shown in Fig.6, as will

be described in more detail below.

In Fig. 4 and Fig. 5 ring 20 (the mold support) is shown in more detail. Ring 20
comprises an annular ring body 21 as well as a plurality of downwardly extending
flexible latches 25. Annular ring body 21 has a bottom surface 22 and an annular top
surface 23, and defines a central hole 24 surrounded by the annular ring body 21.
Annular ring body 21 has a height H extending from the bottom surface 22 to the

annular top surface 23.

Annular top surface 23 has a top surface inner diameter DI and a top surface outer
diameter DO. A conical surface 27 of the annular ring body 21 merges with the
annular top surface 23 at an outer edge 28 of the annular top surface 23.
Accordingly, conical surface 27 at its upper end has an outer diameter corresponding
to the outer diameter DO of the annular top surface 23, while at its lower end it has a

larger diameter DR corresponding to the outer diameter of the annular ring body 21.

To mount ring 20 to tray 30, latches 25 are introduced from above into the disk-
shaped mounting holes 31 of tray 30, whereupon ring 20 is lowered until the bottom
surface 22 of annular ring body 21 abuts against the upper surface 32 of tray 30.
Latches 25 then form a snap-fit with the tray 30, thus fixing ring 20 to the tray 30 at
the disk-shaped mounting hole 31. In this state, ring 20 projects upwardly from the
upper surface 32 of tray 30 by the height H of the annular ring body 21. This state
where the ring 20 is mounted to the tray 30 at the disk-shaped mounting hole 31 is
shown in Fig. 1, Fig. 2 and Fig. 3 at those locations where only the ring 20 is shown

mounted to the tray 30.

As can be seen from Fig. 6, lens mold 10 comprises the mold base part 100 and the
mold top part 101 mated to the mold base part 100 to form the mold cavity 102
defining the shape of the contact lens to be formed. Before assembling mold base

part 100 and mold top part 101 of lens mold 10, a lens-forming material is dispensed
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into the concave lens-forming portion of mold base part 100. Upon mating the mold
top part 101 with the mold base part 100, excess lens-forming material is displaced

into an annular overflow channel 103 and the mold cavity 102 is sealed.

Lens mold 10 further comprises a base surface 12 arranged on mold base part 100,
and an annular abutment surface 11 arranged on an underside of mold base
part 100. Annular abutment surface 11 is arranged at a predetermined distance D
above the base surface 12 and has an abutment surface inner diameter Al and an
abutment surface outer diameter AO. A centering flange 13 is arranged on the mold
base part 100 and extends downwardly from the annular abutment surface 11 to the
base surface 12. Mold base part 100 is provided with a tab 14 and mold top part 101
is provided with a tab 15, too. These tabs 14, 15 facilitate handling of the mold parts
100, 101. As can be seen best in Fig. 2 and Fig. 3, the distance between adjacent
mounting holes 31 of the tray 30 is chosen such that the tabs 14 of the mold base
parts 100 of the lens molds 10 arranged on adjacent rings 20 cannot collide. This
holds similarly for the tabs 15 of the mold top parts 101 of the lens molds 10

arranged on adjacent rings 20.

During placement of the lens mold 10 on the ring 20, in case of a small misalignment
the centering flange 13 may come into contact with the conical surface 27 which then
guides the lens mold 10 and properly aligns the lens mold 10 with the ring 20. Once
the lens mold 10 is arranged on the ring 20, annular abutment surface 11 on the
underside of mold base part 100 of lens mold 10 rests on annular top surface 23 of
the annular ring body 21 of ring 20 in a manner such that the base surface 12 is
arranged at a clearance distance C above the upper surface 32 of tray 30. For
example, this clearance distance C may be in the range of 0.5 mm to 5 mm, and is
the difference between the height H of the annular ring body 21 of the ring 20 and
the predetermined distance D which the annular abutment surface 11 is arranged
above the base surface 12. Accordingly, the arrangement of the lens mold 10 at the
clearance distance C above the upper surface 32 of the tray 30 can be achieved by a

suitable choice of the height H of the annular ring body 21 of the ring 20 and the
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predetermined distance D between the base surface 12 and the abutment surface 11

of the mold base part 100 of lens mold 10.

As can be seen further in Fig. 6, the abutment surface inner diameter Al of the
abutment surface 11 of lens mold 10 is smaller than the top surface inner diameter
DI of the top surface 23 of the annular ring body 21. The abutment surface outer
diameter AO of the abutment surface 11 of lens mold 10 is larger than the top
surface outer diameter DO of the top surface 23 of annular ring body 21. This allows
for a proper arrangement of the lens mold 10 on the ring 20. Finally, an inner
diameter FI of the centering flange 13 is larger than the diameter DR of the lower end
of the conical surface 27 which corresponds to the outer diameter of the annular ring
body 21 in the embodiment shown. As can also be seen in Fig. 6, the central hole 24
defined by the annular ring body 21 is aligned with the mounting hole 31 of the
tray 30.

Assembly of the apparatus 1 according to the first embodiment is performed as
follows. First, tray 30 is provided having a number of, for example, two hundred and
fifty-six mounting holes 31. Next, a corresponding number of rings 20 are fixed to the
tray 30 at the mounting holes 31 with the aid of the latches 25. Thereafter, on each
of the rings 20 a lens mold 10 containing lens-forming material is placed, and in case
of small misalignments during placement of the lens molds 10 on the rings 20 the
centering flange 13 may come into contact with the conical surface 27 of the annular
ring body 21 of ring 20. The lens mold 10 is thus guided onto the ring 20 and is
properly aligned with the respective ring 20. Once a lens mold 10 is arranged on
each of the rings 20, the tray 30 is ready for being placed in an oven for thermal

curing of the lens-forming material.

For increasing the efficiency, it is advantageous to arrange a plurality of trays 30 with
rings 20 mounted to the mounting holes 31 and with lens molds 10 arranged on the
rings 20 in a stack. For example, the apparatus according to the invention may
comprise a stack of trays comprising between twenty and thirty individual trays 30.

The individual trays 30 of the stack are arranged spaced apart from each other with
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the aid of spacers 38 which are mounted to the respective tray 30 and which allow
for easy stacking of the individual trays 30. Any suitable spacers known in the art can
be used for this purpose and, accordingly, the spacers 38 are not described in more
detail. Once the stack of trays has been formed, it is placed in an oven for thermally

curing the lens-forming material contained in the lens molds 10.

Fig. 7 shows a second embodiment of the apparatus 2 according to the invention.
Some aspects discussed in connection with the first embodiment also hold for the
second embodiment, so that these aspects are not discussed here again. In the
second embodiment a tray 40 comprises a frame 400 and a number of supporting
webs (not shown) on which metal sheets 401 (see Fig. 8) are arranged, which are
supported by the frame 400 and by the webs (not shown), and which are retained
thereon with the aid of screws 402 and washers 403. Frame 400, the supporting
webs (not shown) as well as the metal sheets 401 may be made from aluminum to
provide for sufficient rigidity and stiffness while at the same time being of light weight.
When the metal sheets 401 are arranged in place, an upper surface 42 of the tray 40

is formed that extends in a common plane.

Tray 40 comprises a plurality of fixation openings embodied as disk-shaped
mounting holes 41 (formed in the metal sheets 401) for fixing the mold support to the
tray 40 at the mounting holes 41. In addition, tray 40 comprises a number of disk-
shaped passage holes 44 (also formed in the metal sheets 401) which — in the
embodiment shown - are larger in diameter than the mounting holes 41. By way of
example, two hundred and fifty-six disk-shaped passage holes 44 may be provided
in the tray 40.

Unlike the mold support of the first embodiment which is embodied as a ring, the
mold support of the second embodiment of the apparatus according to the invention
is embodied as a plastic plate 50, and a plurality of such plastic plates 50 may be

adjacently arranged on the tray and are fixed to the same tray 40. By way of example
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only and as can be seen in Fig. 7, sixteen such plastic plates 50 may be adjacently

arranged on the same tray 40 and are fixed thereto.

Plastic plate 50 has a plate base surface 51 and a plate top surface 52, as can be
seen best in Fig. 8. The plate base surface 51 rests on the upper surface 42 of the
tray 40 and has a plate thickness T. Plate 50 further comprises a plurality of first
disk-shaped passage holes 54 and a plurality of second disk-shaped passage holes
58. At the walls of some of the second disk-shaped passage holes 58, latches 53

extend downwardly from the plastic plate 50.

To mount plastic plate 50 to metal tray 40, the latches 53 of plate 50 are introduced
into the mounting holes 41 of tray 40, whereupon plate 50 is further moved
downwards towards tray 40 until the plate base surface 51 comes to rest on the
upper surface 42 of tray 40. The latches 53 engage the tray 40 at the mounting
holes 41 through a snap-fit connection, thus removably fixing the plate 50 to the
tray 40. This state is shown in Fig. 8, and it can also be seen there that the first disk-
shaped passage holes 54 of plate 50 are aligned with the passage holes 44 of tray
40 while the second disk-shaped passage holes 58 of plate 50 are aligned with the

mounting holes 41 of tray 40.

As can be seen further from Fig. 8, four centering pins 55 are arranged on the plate
top surface 52 around each of the first disk-shaped passage holes 54. The centering
pins 55 project upwardly from the plate top surface 52 and may have a conical
surface 56. In addition, near each of the first disk-shaped passage holes 54 two pairs
of positioning pins 57 are arranged on the plate top surface 52 at different first and
second angular positions, these angular positions being different by 90° (ninety
degrees). The positioning pins 57 may also have a conical surface. The function of
the centering pins 55 and of the positioning pins 57 will be described in more detalil

below.
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As can be seen best from Fig. 9 and Fig. 10, the lens mold 60 again comprises a
mold base part 600 and a mold top part 601 which are mated and enclose a mold
cavity 602 containing a lens-forming material to be cured to form a contact lens. Mold
base part 600 comprises a centering flange 64 projecting radially outwardly and
forming the outer boundary of mold base part 600. A base surface 61 of mold base
part 600 rests on the plate top surface 52, so that plate top surface 52 of plate 50
forms the support surface of the mold support and base surface 61 of mold base
part 600 forms the bearing surface of the mold 60. The plate thickness T thus
represents the clearance distance C by which the lens mold 60 is arranged spaced
apart from the tray 40. Mold base part 600 further comprises an elongated tab 65
which helps in placing the lens mold 60 in a well-defined rotational orientation on

plate 50, as is discussed in more detail below.

Upon placing lens mold 60 on the plate top surface 52, mold base part 600 must
have a rotational orientation such that the elongated tab 65 fits between one of the
two pairs of positioning pins 57, so that the positioning pins 57 determine the first
and second angular positions of the elongated tab 65. In addition, the mold base part
600 must be placed on the plate top surface 52 such that the centering flange 64 is
enclosed by the centering pins 55. In case of a small misalignment, the conical
surfaces 56 of the centering pins 55 assist in centering the mold base part 600 (and
thus in centering the mold 60) so that it comes to rest at the desired predetermined
position. Similarly, the elongated tab 65 may be guided by the conical surfaces of the

positioning pins 57.

Once lens molds 60 are placed at each of the desired predetermined positions on
the top surface 52 of each of the plates 50 fixed to the tray 40 (in the embodiment
shown, once two hundred and fifty-six lens molds 60 are placed on the plates 50
fixed to the tray 40), tray 40 is ready for being placed in the oven for curing of the
lens-forming material contained in the mold cavities 602 of the lens molds 60 to form

the contact lenses.
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For increasing the efficiency, it is advantageous to arrange a plurality of trays 40 with
plates 50 mounted to the mounting holes 41 and with lens molds 60 arranged on the
top surfaces 52 of plates 50 in a stack. For example, the apparatus according to the
invention may comprise a stack of trays comprising between twenty and thirty
individual trays 40. The individual trays 40 of the stack are arranged spaced apart
from each other with the aid of spacers 43 (see Fig. 7 or Fig. 9), which are mounted
to the respective tray 40 and which allow for easy stacking of the individual trays 40.
Any suitable spacers known in the art can be used for this purpose and, accordingly,
the spacers 43 are not described in more detail. Once the stack of trays has been
formed, it is placed in an oven for thermally curing the lens-forming material

contained in the lens molds 60.

While embodiments of the invention have been described with the aid of the
drawings, it is obvious that many changes and/or modifications are possible without
departing from the teaching underlying the invention. Therefore, such changes or
modifications are intended to be within the scope of protection which is defined by

the appended claims.
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CLAIMS

1. Apparatus (1, 2) for the thermal curing of a lens-forming material contained in a
lens mold (10, 60) to form an ophthalmic lens, in particular a contact lens, such as a
soft contact lens, the apparatus comprising:

- a tray (30, 40) made of metal, for example aluminum, the tray having a fixation
opening (31, 41),

- a mold support (20, 50) made of plastic, for example a polyolefine such as
polypropylene,

wherein the mold support (20, 50) has a fastener (25, 53) fixed to the tray (30, 40) at
the fixation opening (31, 41) and fixing the mold support (20, 50) to the tray (30, 40),
wherein the mold support (20, 50) further has a positioning guide (27, 55) configured
to guide a lens mold (10, 60) onto the mold support (20, 50) and into a
predetermined position relative to the tray (30, 40)

and wherein the mold support (20, 50) further has a support
surface (23, 52), and

- a lens mold (10, 60) arranged on the mold support (20, 50), the lens mold (10, 60)
having a bearing surface (11, 61) resting on the support surface (23, 52) of the mold
support (20, 50),

wherein the lens mold (10, 60) is arranged spaced apart from the tray (30, 40) by a

clearance distance (C, T).

2. Apparatus (1, 2) according to claim 1, wherein the mold support (20, 50) is a
separate piece, and wherein the fastener is a resilient latch (25, 53) removably fixing
the mold support (20, 50) to the tray (30, 40) at the fixation opening (31, 41).

3. Apparatus (1) according to claim 2, wherein the mold support is a ring (20)
comprising an annular ring body (21) and the latch (25), the latch (25) extending from
the annular ring body (21) into the fixation opening (31) of the tray (30) and fixedly
engaging the tray (30).
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4. Apparatus (1) according to claim 3, wherein the annular ring body (21) has a
height (H) and a bottom surface (22) resting on an upper surface (32) of the tray
(30), wherein the lens mold (10) has a base surface (12) facing the tray (30), and
wherein the bearing surface of the lens mold (10) is arranged at a predetermined
distance (D) above the base surface (12), with the height (H) of the annular ring body
(21) being greater than the predetermined distance (D) by the clearance distance

(©).

5. Apparatus (1) according to anyone of claims 3 or 4, wherein the support surface is
an annular top surface (23) of the annular ring body (21), the annular top surface
(23) having a top surface inner diameter (DI) and a top surface outer diameter (DO),
and wherein the bearing surface of the lens mold (10) is an annular abutment
surface (11) arranged on an underside of the lens mold (10), the annular abutment
surface (11) having an abutment surface inner diameter (Al) and an abutment
surface outer diameter (AO), with the abutment surface inner diameter (Al) of the
lens mold (10) being smaller than the top surface inner diameter (DI) of the annular
ring body (21) and the abutment surface outer diameter (AO) of the lens mold (10)
being larger than the top surface outer diameter (DO) of the annular ring body (21).

6. Apparatus (1) according to claim 5, wherein the positioning guide comprises a
conical surface (27) arranged at an outer peripheral portion of the annular ring body
(21), the conical surface (27) tapering inwardly with increasing distance from the tray
(30), and wherein the lens mold (10) further comprises a centering flange (13) for
engaging the conical surface (27) of the annular ring body (21) in order to align the
annular abutment surface (11) of the lens mold (10) with the annular top surface (23)
of the annular ring body (21) during arrangement of the lens mold (10) on the
ring (20).

7. Apparatus (1) according to claim 6, wherein the upper end of the conical surface
(27) merges with the annular top surface (23) at an outer edge (28) thereof having
the top surface outer diameter (DO), wherein the lower end of the conical surface

(27) has a lower end conical surface diameter (DR) larger than the top surface outer
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diameter (DO), and wherein the centering flange (13) of the lens mold (10) has a

flange inner diameter (FI) larger than the lower end conical surface diameter (DR).

8. Apparatus (1) according to anyone of claims 3 to 7, wherein the fixation opening of
the tray (30) is a disk-shaped mounting hole (31), and wherein the annular ring body
(21) defines a central hole (24) surrounded by the annular ring body (21), the central
hole (24) of the annular ring body (21) being aligned with the disk-shaped mounting
hole (31) of the tray (30).

9. Apparatus (2) according to claim 2, wherein the mold support comprises a plate
(50) having a plate base surface (51) resting on an upper surface (42) of the tray (40)
and the latch (53), the latch (53) extending from the plate (50) into the fixation
opening (41) of the tray (40) and fixedly engaging the tray (40).

10. Apparatus (2) according to claim 9, wherein the plate (50) has a plate thickness
(T) and comprises a plate top surface (52) being arranged opposite to the plate base
surface (51), wherein the plate top surface (52) forms the support surface of the
mold support, and wherein the bearing surface of the lens mold (60) is a base
surface (61) of the lens mold (60) resting on the plate top surface (52), the plate

thickness (T) thus representing the clearance distance (C).

11. Apparatus (2) according to claim 10, wherein the lens mold (60) comprises a
mold base part (600) and a mold top part (601), the assembled mold base part (600)
and mold top part (601) together forming the lens mold (60), wherein the mold base
part (600) comprises a centering flange (64) projecting radially outwardly and forming
the outer boundary of the mold base part (600), and wherein the positioning guide
comprises at least three centering pins (55) arranged on the plate top surface (52) at
different locations such that they enclose the centering flange (64) of the mold base
part (600), thereby defining the predetermined position of the lens mold (60) relative
to the tray (40).
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12. Apparatus (2) according to claim 11, wherein the mold base part (600) further
comprises a tab (65) extending radially outwardly from the centering flange (64), and
wherein the positioning guide further comprises at least one pair of positioning pins
(57) arranged at predetermined positions on the plate top surface (52) to determine

the angular position of the tab (65) of the mold base part (600).

13. Apparatus (2) according to claim 12, wherein the at least one pair of positioning
pins (57) comprises two pairs of positioning pins (57) arranged at different
predetermined positions on the plate top surface (52) to determine a first angular
position and a second angular position of the tab (65) of the mold base part (600),
the second angular position being angularly displaced relative to the first angular

position by an angle of 90°.

14. Apparatus (2) according to anyone of claims 9 to 13, wherein the fixation opening
of the tray (40) is a disk-shaped mounting hole (41) and the tray (40) further
comprises an additional disk-shaped passage hole (44), and wherein the plate (50)
comprises a first and second disk-shaped passage holes (54, 58), with the first
passage hole (54) of the plate (50) being aligned with the passage hole (44) of the
tray (40) and the second passage hole (58) of the plate (50) being aligned with the
mounting hole (41) of the tray (40).

15. Apparatus (1, 2) according to any one of claims 1 to 14, wherein the apparatus
comprises a stack of trays (30, 40) with mold supports (20, 50) fixed to the respective
trays (30, 40) and with lens molds (10, 60) arranged on the mold supports (20, 50),
the trays (30, 40) being arranged one above the other in the stack and being

separated by spacers (38, 43).



