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METHODS AND APPARATUS FOR MANUFACTURE OF OPHTHALMIC LENSES

TECHNICAL FIELD

[0001] The present invention concerns improvements in and relating to the manufacture
of ophthalmic lenses. More particularly, the present invention concerns methods and
apparatus for removing an ophthalmic lens, in particular, a contact lens, from a lens mold

portion.

BACKGROUND OF THE INVENTION

[0002] One method of manufacturing ophthalmic lenses is by cast molding. In a cast
molding process a lens precursor material is introduced into a lens-shaped cavity formed
between lens mold portions. The lens precursor material is then cured and/or polymerized,
thereby forming an ophthalmic lens. It is then necessary to remove the lens from the mold
assembly. First the two mold portions are separated (known as demolding). Typically,
following demolding, the lens remains in contact with one of the lens mold portions, often
due, at least in part, to the material properties of the lens and the lens mold. Consequently,
the next step in the cast molding process involves removing the lens from the mold portion
(known as delensing).

[0003] Lenses at this stage of the manufacturing process are easily damaged, being
susceptible to surface damage and tearing which renders the lens unusable. Moreover, the
optical performance of a lens is strongly dependent on its shape. Therefore, any stretching of
the lens during the demolding sequence may affect the optical performance of the lens, and
therefore impact the ability of the lens to correct vision. Thus, in order to be effective, any
manufacturing method must minimize the risk of damage to, or deformation of, the lens
during removal from the lens mold portion.

[0004] As well as being easily damaged, the lens may be very flexible, i.e., the lens may
have a very low elastic modulus. This is particularly true in the case of silicon hydrogel
contact lenses but also applies to other ophthalmic lenses. In the case of a highly flexible
lens, deformation of the mold carrying the lens may simply result in deformation of the lens,

rather than successful delensing, because the lens does not favor its natural shape in the same
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way as a more rigid lens. Consequently, a more radical deformation may be required to
detach the lens from the mold, thereby increasing the risk of damage to the lens or failure of
the mold.

[0005] Methods for removing a lens from a mold portion may be categorized as
mechanical methods and non-mechanical methods.

[0006] One known non-mechanical method of removing a lens from a mold portion is
to soak the lens and the mold portion in a liquid solution such that the lens floats off of the
mold. However, once hydrated or otherwise swollen with liquid, the lens is much more
difficult to handle, which complicates downstream manufacturing processes. Such methods
also significantly increase production time because of the length of time required for the lens
to absorb the necessary amount of liquid.

[0007] U.S. Pat. No. 7,811,483 describes mechanical methods and systems for
delensing ophthalmic lenses by using gas. A mold portion carrying a lens is radially
compressed, and a gas, such as air, is directed towards the lens. The radial compression of the
mold portion provides a void between the lens and the mold portion near the edge of the lens,
which allows the gas to lift the edge of the lens. However, deforming the mold from the side
can cause the lens to come off of the mold asymmetrically, resulting in difficulties in
downstream manufacturing processes and increased risk of damage.

[0008] U.S. Pat. No. 8,105,070 also discloses the use of gas jets to lift the edge of a lens
carried by a mold portion. This document describes applying a force in a first direction to
diametrically opposed portions of the outer flanges of the mold while applying a force in a
second, opposite direction, to the center of the mold, such that the mold is peeled away from
the edges of the lens and can then be lifted by the gas jets.

[0009] U.S.Pat. No. 8,038, 912 describes a method of delensing a lens by locating a
circular shear ring against the lens-side surface of the mold. A plunger is then pressed against
the back surface of the mold such that the mold is pressed between the shear ring and the
plunger. The diameter of the plunger is less than that of the shear ring so the edge of the mold
is peeled away from the lens as the plunger is pressed against the back of the mold.

[0010] The methods described above can be used to remove lenses from mold portions.
However, severe deformation of the mold over a limited radius, as required in the above
methods, may result in fracturing of the mold, thereby contaminating the lens and rendering it

unusable. The degree of deformation also increases the risk of defects being produced on the
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lens surface. Consequently, it is advantageous to provide improved methods of removing an
ophthalmic lens from a mold portion, which result in a lower rate of rejection of lenses

because of damage caused by the delensing process.

SUMMARY OF THE INVENTION

[0011] The present invention, in a first aspect, provides a method of removing an
ophthalmic lens from a lens mold portion carrying an ophthalmic lens. The method
comprises reciprocally displacing a region of the mold portion and thereby causing an edge
portion of the ophthalmic lens to become detached from the mold portion.

[0012] The invention is based on the realization that repeated reciprocal motion of a
region of the ophthalmic lens can provide detachment of the mold at lower levels of mold
deformation than are achieved using a single movement in one direction, thereby reducing the
risk of lens defects and mold breakage.

[0013] The step of removing the ophthalmic lens from the lens mold portion may be
referred to as a delensing step. Thus, a delensing step may comprise removing a given
ophthalmic lens from a mold portion.

[0014] Reciprocal displacement is a repetitive back-and-forth motion. The
displacement can be linear. Reciprocal displacement comprises a plurality of cycles (for
example, at least 2, at least 3, or at least 5 cycles), each cycle comprising motion in a first
direction, followed by motion in a second, opposite direction.

[0015] The invention, in certain aspects, relates to a method of manufacturing an
ophthalmic lens including cast molding a lens in a mold assembly. The method can include a
step of providing a lens mold assembly including a lens-shaped cavity formed by two or more
lens mold portions. The method may comprise providing a lens precursor material in the
lens-shaped cavity. The mold portions can be coupled together. The method can comprise a
step of curing the lens precursor material. Alternatively, or additionally, the method
comprises a step of polymerizing the lens precursor material. Thus, a lens may be formed in
the lens-shaped cavity. The method can comprise a step of separating the lens mold assembly
into its constituent lens mold portions (demolding). Once the mold assembly has been

separated, i.e., following the demolding step, the lens is carried by a mold portion.
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[0016] After the mold assembly has been separated, the method can comprise a step of
removing the ophthalmic lens from the lens mold potion carrying the lens (delensing), as
described herein. After delensing, the lens can be subjected to other processing steps. For
example, the method can include a hydrating or fluid-swelling step. The hydrating or
swelling step can be carried out after the delensing step. The lens can then be inspected,
packaged, and sterilized, as understood by persons of ordinary skill in the art.

[0017] The step of curing and/or polymerizing the lens precursor material can include
exposing the mold assembly to ultra-violet light. The step of curing and/or polymerizing the
lens precursor material can include heating the mold assembly.

[0018] The mold sections can be formed by injection molding. The mold sections can
comprise polymeric materials. For example, the mold sections can comprise thermoplastic
polymeric materials, in particular, amorphous polymeric materials. The mold sections can
comprise materials such as polystyrene, polycarbonate, acrylonitrile/butadiene/styrene
compositions, cyclic olefin co-polymers, acrylics, and/or polysulfone. The mold sections can
comprise semicrystalline resins such as acetal, polypropylene, polyethylene, nylon,
polyethylene terephthalate, polyether ether keton, other polyolefins, and liquid crystal
polymers. The mold sections can comprise polyethylene vinyl alcohol (EVOH), for example,
injection molded EVOH.

[0019] The lens is of a non-hydrated and/or non-fluid-swollen lens type. Alternatively,
the lens can be removed from the mold portion before being hydrated and/or fluid-swollen.
The lens can be non-hydrated and/or non-swollen after curing until it has been removed from
the mold portion.

[0020] The lens precursor material can be a polymerizable composition. The lens
precursor material can comprise a monomer mixture. The precursor material can include a
silicone-containing monomeric component.

[0021] Ophthalmic lenses typically comprise an optic portion that provides vision
correction. This can be located in the center of the lens. The lens can comprise a peripheral
portion that is located radially outside the optic portion. The peripheral portion can
circumscribe the optic portion. The peripheral portion can be annular.

[0022] The lens mold assembly can be formed from two lens mold portions. Each mold
portion can include a lens-shaped region. The lens-shaped region can include a surface that

defines a surface of the lens. Each mold portion can include a flange region circumscribing
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the lens-shaped region. One of the mold portions can have a convex lens-shaped region that
defines a posterior surface of the lens. Such a mold portion can be referred to as a male mold
portion. One of the mold portions can have a concave lens-shaped region that defines an
anterior surface of the lens. Such a mold portion can be referred to as a female mold portion.
The mold portions can be configured such that, when placed together, the lens-shaped regions
of the mold portions form a lens-shaped cavity. The mold portions can be configured such
that, when placed together, one or more regions of the surface of the flanges of the assembled
mold sections are in contact with one another.

[0023] The lens-shaped region of the mold portion(s)can include an optical surface that
defines the optic portion of a lens. This region of the mold portion can be referred to as the
optic region of the mold portion.

[0024] The mold portions can be “universal” mold portions. Thus, a single mold
portion can have both a convex lens-shaped region and a concave lens-shaped region on
opposite sides such that two universal mold portions can be assembled together into a mold.
[0025] The lens precursor material is can be placed on the concave surface of a first
mold portion. A second mold portion can be placed in contact with the first mold section to
form a lens-shaped cavity with the lens precursor material contained therein.

[0026] The ophthalmic lens can be a cast-molded lens. The ophthalmic lens can be a
corneal inlay. The ophthalmic lens can be a corneal onlay. The ophthalmic lens can be an
intraocular lens. The ophthalmic lens can be a contact lens.

[0027] A contact lens applicable to the invention can be a hydrogel lens, for example, a
lens made of a silicone hydrogel material. The lens can be an extended wear silicone
hydrogel contact lens and/or a daily wear silicone hydrogel contact lens.

[0028] The amplitude of the reciprocal displacement can be defined as the
distance moved by the region of the mold portion in the first direction in a cycle. The
distance moved in the first direction in a first cycle is not necessarily equal to the distance
moved in the first direction in a second, subsequent, cycle. That is to say, the amplitude of
the reciprocal displacement can vary from cycle to cycle. The amplitude can be at least 0.5
mm, for example, at least 1.5 mm. The amplitude can be less than 7 mm. The amplitude can
preferably be about 5 mm. The initial amplitude can be 1.5 mm. The maximum amplitude
can be 5 mm. Thus, the amplitude of the reciprocal displacement can vary with respect to

time. The method of removing the ophthalmic lens from the lens mold portion can comprise
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varying the amplitude of the reciprocal displacement with respect to time. The distance
moved in the first direction in an earlier cycle can be less than the distance moved in the first
direction in a later cycle. The distance moved in the first direction in the first cycle can be
less than the distance moved in the first direction in the second cycle. Thus, the amplitude of
the displacement can increase with time. It has been found that gradually increasing the
amplitude of the reciprocal displacement during delensing reduces the risk of the mold portion
fracturing. Accordingly, the invention relates to molds and apparatus in which the amplitude
of the reciprocal displacement in later cycles can be of an extent which would risk fracture of
the mold portion if applied to the mold portion immediately without being preceded by lower
amplitude cycles of displacement.

[0029] The amplitude of the reciprocal displacement can increase with time from an
initial displacement to a maximum displacement during the delensing step. The amplitude of
the reciprocal displacement during a subsequent delensing step can vary in substantially the
same manner with respect to time as the amplitude varies in a previous step. The amplitude
of the reciprocal displacement does not necessarily vary between every cycle in a delensing
step. For example, a first set of cycles can all have a first amplitude. A second set of cycles
can all have a second, different, preferably larger, amplitude. The first set of cycles can be
followed by the second set of cycles during a single delensing step. There can be three cycles
in a single delensing step. There can be more than three cycles in a single delensing step. For
example, there can be four, five, or six cycles in a single delensing step. Each successive
cycle can have a larger amplitude.

[0030] The displacement of the mold portions in accordance with aspects of the
invention causes an edge portion of an ophthalmic lens to become detached from the mold
portion. The displacement and the apparatus used for providing the displacement can be
arranged so that the greatest displacement is applied to the mold portion in the region on
which the edge of the ophthalmic lens is held. For example, the greatest displacement can be
provided to an annular ring on the mold portion, which is in the region on which the
ophthalmic lens is held. The displacement can be applied to the mold portion opposite the
mold portion attached to the lens. For example, the lens can sit on the upper surface and the
displacement can be applied from below.

[0031] A suction head can be used to remove the lens from the mold portion. A

portion of the suction head can contact the lens. The suction head can be connected to a
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robotic arm. The robotic arm can move the suction head in three dimensional space, i.e,. in
three orthogonal directions. Thus, the robotic arm can move a lens attached to the suction
head from a first location to a second location that is spaced apart from the first location.
[0032] The method of removing the ophthalmic lens from the lens mold portion can
comprise moving the suction head synchronously with the reciprocal motion of the mold
portion. As a result of moving the suction head synchronously with the reciprocal motion of
the mold portion, the lens carried by the mold portion is continually exposed to suction,
thereby minimizing the risk of the lens being dislodged. Moving the suction head
synchronously with the reciprocal motion of the mold portion can maintain a substantially
constant distance between the suction head and the lens, even as the lens is displaced
reciprocally during delensing.

[0033] The method of removing the ophthalmic lens from the lens mold portion can
comprise blowing gas towards the edge portion of the ophthalmic lens. Gas can be directed
towards a single location on the outer circumference of the lens. Gas can be directed towards
a portion of the outer circumference of the lens. Gas can be directed towards a plurality of
locations spaced circumferentially around the edge of the lens. Once the edge portion has
been lifted, the gas can penetrate between the lifted edge portion and the mold portion,
thereby facilitating the separation of the lens from the mold. The gas can be air. The gas can
be blown towards the edge portion of the ophthalmic lens before reciprocal displacement of
the mold portion begins. The gas can be blown towards the edge portion of the ophthalmic
lens while the mold portion is being reciprocally displaced. The gas can be directed as a
continuous stream of gas. The gas can be directed in a pulsatile manner. For example, the
gas can be directed in a series of short pulses.

[0034] The gas can be blown towards the edge portion of the ophthalmic lens before the
edge portion has become detached from the mold portion by the reciprocal displacement of
the mold portion. The gas can be blown towards the edge portion of the ophthalmic lens after
the edge portion has become detached from the mold portion.

[0035] According to a second aspect of the invention, there is provided a method of
manufacturing an ophthalmic lens using lens mold portions, wherein the method comprises
removing the ophthalmic lens from a lens mold portion in accordance with the first aspect of

the invention.
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[0036] According to a third aspect of the invention, there is provided an apparatus for
removing an ophthalmic lens from a lens mold portion. The apparatus can comprise:(i) a
platform for retaining the lens mold portion; and(ii)a reciprocating member arranged to
reciprocally displace a region of the lens mold portion when the lens mold portion is retained
by the platform. The reciprocating member can contact the mold portion on the side of the
mold portion opposite the lens. Contact between the reciprocating member and the mold
portion can be maintained during the reciprocal displacement.

[0037] The reciprocating member can move a first distance in a first direction and then
the reciprocating member can move a second distance in a second direction that is opposite
the first direction. The movement through the first distance followed by the movement
through the second distance constitutes a cycle. The number of cycles, their timing, speed,
amplitude, and variations thereof, may be as described above in reference to the first aspect of
the invention.

[0038] The apparatus can comprise a clamp for clamping the mold portion in a fixed
position on the platform. The clamp can act on the outer circumference of the mold portion.
The clamp can contact a flange portion of the mold portion. The clamp can contact the flange
on the same side of the mold portion on which the lens sits. The clamp can contact the flange
portion around all, or the majority, of the circumference of the mold portion. The clamp can
compress the outer circumference of the mold portion.

[0039] The clamp can define a circular aperture. In use, the circular aperture and the
mold portion can be concentric. In use, the circular aperture and the lens can be concentric.
The clamp can comprise a plate. The clamp can be a plate defining a circular aperture. The
diameter of the circular aperture can be less than the diameter of the mold portion. The
diameter of the circular aperture can be greater than the diameter of the optic region of the
mold portion.

[0040] The reciprocating member can comprise an end portion arranged to
contact the retained lens mold portion so as to provide the reciprocal movement of the region
of the mold portion. The reciprocating member can comprise a non-planar end portion shaped
to complement the mold portion. The end portion can be circular when viewed in plan. The
end portion can be formed monolithically with the reciprocating member. The end portion
can be cup-shaped. The end portion can be concave. The end portion can be convex. The

diameter of the end portion can be less than the diameter of the circular aperture.
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[0041] The reciprocating member can be arranged such that in use the end portion
contacts the center of the mold portion. The diameter of the end portion can be greater than
the diameter of the optic portion of the mold.

[0042] The end portion of the reciprocating member and the circular aperture can
define an annulus on the mold portion. The annulus can be the region of the mold located
radially outside of the end portion of the reciprocating member but within the circular
aperture. The annulus can be outside the optic portion of the mold portion.

[0043] The apparatus can further comprise a suction head wherein the suction head is
arranged and configured such that in use the suction head is located on the side of the mold
portion opposite the reciprocating member and moves substantially synchronously with said
reciprocating member.

[0044] The suction head can comprise an end surface including at least one vacuum
port. The end surface can be convex. In use, the negative pressure produced by the at least
one vacuum port can be used to hold the lens against the end surface. The suction head can
comprise a flexible contact element. The flexible contact element can be resilient. The
flexible contact element can include the end surface. The flexible contact element can be
made from an elastomeric material. Theflexible contact element can be made from silicone
rubber. The suction head is a vacuum head.

[0045] The apparatus can further comprise a robotic arm. The suction head can be
attached to the robotic arm. The robotic arm can be arranged and configured to move the
suction head substantially synchronously with the reciprocating member.

[0046] The apparatus can further comprise a blower arranged to blow air towards an
edge of a lens attached to the mold portion.

[0047] The blower can comprise one or more air ducts. The blower can be arranged to
move with the clamp. The blower can include one or more air ducts located within the clamp.
The blower can include one or more air ducts attached to the clamp. The blower can include
one or more air ducts located within the clamping plate.

[0048] The platform can comprise a recess in a substantially flat surface. The mold
portion can sit within the recess.

[0049] The reciprocating member can pass through an aperture in the platform to

contact the mold portion.
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[0050] The apparatus can be used for delensing from a female mold portion. The
platform can comprise a concave recess within a substantially flat surface. The reciprocating
member can pass through an aperture in the center of the concave recess, to contact the mold
portion.

[0051] The apparatus can include a controller to control the reciprocating member.
The controller can be arranged and configured to move the reciprocating member through a
predetermined number of cycles for each delensing step. The controller can be arranged and
configured to move the reciprocating member until a control signal indicates the lens has been
removed from the mold.

[0052] According to a fourth aspect of the invention, there is provided a delensing
station comprising an apparatus for removing an ophthalmic lens from a lens mold portion in
accordance with the second aspect of the invention.

[0053] The delensing station can be positioned adjacent to a conveyor for conveying
mold portions to the delensing station for delensing. The conveyor can comprise a
substantially flat surface containing a recess. The substantially flat surface can contain a
plurality of recesses. The conveyor can be linear. The conveyor can comprise a turntable.
The turntable can rotate to bring a recess into alignment with the delensing station. The
turntable can rotate to bring a recess into alignment with the reciprocating member. The
turntable can rotate to bring a recess into alignment with the clamp.

[0054] According to a fifth aspect of the invention, there is provided a manufacturing
line for the production of ophthalmic lenses, wherein the manufacturing line comprises a
delensing station in accordance with the third aspect of the invention.

[0055] The manufacturing line can comprise a curing station upstream of the
delensing station. The lens precursor material contained within a mold assembly can be cured
at the curing station.

[0056] The manufacturing line can comprise a demolding station upstream of the
delensing station. The mold assembly can be separated into its constituent mold portions at
the demolding station. The lens can be retained in the concave mold portion after the mold
assembly is separated at the demolding station. The lens-carrying mold portion can be located
in a recess in a conveyor for the demolding step. The demolding station can be located
adjacent to the conveyor. The lens carrying mold portion can be transported between the

demolding station and the delensing station by the conveyor.
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[0057] The manufacturing line can comprise a hydrating station downstream of the
delensing station. The lens can be hydrated at the hydrating station after it has been removed
from the mold.

[0058] The manufacturing line can include a packaging station downstream of the
hydrating station. The hydrated lens can be packaged at the packaging station.

[0059]

[0060] Any features described with reference to one aspect of the invention are

equally applicable to any other aspect of the invention, and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] Various embodiments of the invention will now be described, by way of

example only, with reference to the accompanying schematic drawings, of which:

[0062] FIG. 1 1is a schematic cross section of an apparatus for removing a lens from a
mold portion according to a first exemplary embodiment of the invention;

[0063] FIG.2 1is a schematic plan view of a mold portion carrying a lens when
positioned in the apparatus of FIG. 1;

[0064] FIG. 3 1is a delensing station in accordance with a second exemplary
embodiment of the invention;

[0065] FIG. 4 1is a flow chart depicting the process for manufacturing a cast-molded
lens according to a first exemplary method of the invention; and

[0066] FIG.5 1is aflow chart showing the step of removing a lens from a mold

portion, in accordance with the process shown in FIG. 4, in more detail.

DETAILED DESCRIPTION

[0067] FIG. 1 shows, in cross-section, an ophthalmic lens 2 carried by a mold portion
4. Mold portion 4 has a concave lens-shaped region 6 and peripheral flanges 8. Ophthalmic
lens 2 is carried in concave lens-shaped region 6 on the top side of the mold portion. Mold

portion 4 rests in a recess 10 formed in a flat horizontal surface 12. A clamping plate 14



10

15

20

25

30

WO 2016/097736 PCT/GB2015/054048

- 12 -

contacts the top surface of flanges 8. Clamping plate 14 has a circular aperture 16 located
concentrically with mold portion 4. Air vents 29 are located on the portion of plate 14
forming aperture 16. A reciprocating member 18 is located beneath a recess aperture 20
formed in the center of the bottom of concave recess 10. End portion 22 of reciprocating
member 18 is concave and, in this example, matches the shape of the underside of mold
portion 4. A vacuum head 24 is positioned above lens 2. The end of vacuum head 24
comprises a convex contact element 28 and includes a vacuum port 26.

[0068] In use, end portion 22 of reciprocating member 18 contacts the bottom of mold 4
via recess aperture 20. End portion 22 moves upwards, thereby exerting a force on the bottom
of mold 4 and vertically displacing a central region of the mold (see FIG. 2). End portion 22
then moves downwards while maintaining contact with the bottom of mold 4 such that the
displaced region of the mold moves back towards its original position. In use, convex end
portion 28 of vacuum head 24 sits just above the lens. Vaccum head 24 mirrors the
movements of the end portion. As the bottom of mold 4 is displaced upwards, vacuum head
24 moves upwards, and as the bottom of mold 4 moves downwards, vacuum head 24 moves
downwards. Consequently, the distance between lens 2 and vacuum head 24 remains
substantially constant during a cycle. The resilient end portion 28 of the vacuum head
accommodates any misalignment as the vacuum head moves in synch with the reciprocating
member, thereby reducing the risk of damage to the lens. This cycle is repeated, with the
distance moved by member 18 (and therefore suction head 24) in each cycle increasing with
time until an edge of lens 2 lifts from mold 4. During the movement of reciprocating member
18, air vents 29 direct gas towards the edge of the lens, which accelerates the process of
detachment once the edge of lens 2 has lifted. Once lens 2 is detached, the negative pressure
generated by vacuum port 26 holds lens 2 in contact with vacuum head 24.

[0069] FIG. 2 shows a plan view of lens 2 when clamping plate 14 is in place. Plate 14
defines a circular aperture 16 through which lens 2 is visible. An optical region 2a of the lens,
which appears circular when viewed in plan, is located in the center of lens 2 and is
surrounded by an annular peripheral region 2b. Circular dashed line 30 denotes the outer
circumference of end portion 22 when in contact with the mold. End portion 22 appears
circular when viewed in plan in this figure. The outer circumference of end portion 22, as
shown by line 30 in FIG. 2, is outside optical region 2a. Circular dashed line 32 denotes the

outer circumference of flange 8 of mold portion 4. The radius of mold portion 4 is greater
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than the radius of circular aperture 16 and therefore line 32 is located radially outside the
aperture.

[0070] In use, the outer edge of end portion 22, as denoted by dashed line 30, and
aperture 16 as delimited by plate 14 (edge portion 14a defines the edge of aperture 16), define
an annular region of the mold portion. When the center of mold portion 4 is moved by end
portion 22, the annulus is repeatedly stretched and then allowed to relax by the cooperating
action of reciprocating member 18 and clamp 14. As the annulus is stretched, the edge of lens
2 lifts from mold portion 4.

[0071] FIG. 3 shows a delensing station 100 adjacent to a circular turntable 134 that
contains a plurality of circumferentially spaced recesses 110 in which mold portions 104 are
located. In FIG. 3, a clamp 114 is shown clamping a mold portion 104 at delensing station
100. A reciprocating member 118 can be seen beneath turntable 134. Also located adjacent to
the turntable is a demolding station 101 which is spaced apart from delensing station 100
around the circumference of the turntable 134. A lens pallet (not shown) containing a
plurality of recesses is located adjacent to delensing station 100.

[0072] In use, mold assemblies 104, each containing a cured lens (not shown), are
deposited in respective recesses 110 at location A. The turntable 134 then rotates counter-
clockwise until recess 110 is aligned with demolding station 101. The mold assembly is then
separated and concave mold portion 104 carrying the lens remains in recess 110 while the
convex mold portion (not shown) is removed. The turntable 134 then rotates counter-
clockwise until recess 110 is aligned with delensing station 100.

[0073] FIG. 4 shows a flow chart of the manufacturing process. The process comprises
a step 200 of providing a mold assembly containing lens precursor material, a curing step 202,
a mold separation step (demolding step) 204, a step 206 of removing the lens from the mold
(delensing step), a hydrating step 208, and a packaging step 210.

[0074] FIG. 5 shows a flow chart of the method for removing a contact lens from a
mold portion, according to the present invention. With reference also to FIG. 3, first, lens
carrying mold portion 104 is aligned in step 206a with reciprocating member 118 of delensing
station 100 by rotation of turntable 134. Mold portion 104 is clamped in step 206b, in
position, by clamp 114. The vacuum head is aligned in step 206¢ with mold portion 104.
Reciprocating member 118 and the vacuum head then move synchronously in step 206d. The

synchronous reciprocal movement in step 206d continues until the annulus of mold portion
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104 (see FIG. 2) is sufficiently stretched so that an edge portion of lens 102 detaches in step
206e from mold 104. During and after the synchronous movement in step 206d, air blowers
direct air in step 206e under the edge of lens 102, increasing the separation between lens 102
and mold 104. Once the lens is sufficiently detached, it is lifted in step 206f from the mold by
the vacuum head. The robotic arm then moves the vacuum head carrying lens 102 to a recess
in the lens pallet and deposits lens 102 therein in step 206g. Once full, the lens pallet can be
moved to another station for further processing.

[0075] While the present invention has been described and illustrated with reference
to particular embodiments, it will be appreciated by those of ordinary skill in the art that the
invention lends itself to many different variations not specifically illustrated herein.

[0076] For example, although in the example embodiment described above only one
reciprocating member 18 is provided, in alternative example embodiments a plurality of
reciprocating members are provided, allowing delensing of lenses from a plurality of lens
mold portions simultaneously.

[0077] Where, in the foregoing description, integers or elements are mentioned which
have known, obvious, or foreseeable equivalents, then such equivalents are herein
incorporated as if individually set forth. Reference should be made to the claims for
determining the true scope of the present invention, which should be construed so as to
encompass any such equivalents. It will also be appreciated by the reader that integers or
features of the invention that are described as preferable, advantageous, convenient, or the
like, are optional and do not limit the scope of the independent claims.

[0078] All patents and publications cited herein are incorporated herein by reference in

their entireties.
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CLAIMS

1. A method of removing a contact lens from a lens mold portion carrying a contact lens,
the method comprising reciprocally displacing a region of the mold portion to thereby cause
an edge portion of the contact lens to become detached from the mold portion.
2. The method according to claim 1, wherein the reciprocal displacement has an
amplitude, the method further comprising varying the amplitude of the reciprocal
displacement with respect to time. '
3. The method according to any preceding claim, further comprising moving a suction
head synchronously with the reciprocal displacement of the mold portion.
4. The method according to any preceding claim, further comprising blowing gas
towards the edge portion of the contact lens.
5. A method of manufactufing a contact lens using lens mold portions, the method
comprising removing the contact lens from a lens mold portion in accordance with the method
of one of claims 1 to 4.
6. An apparatus for removing a contact lens from a lens mold portion, the apparatus
comprising:
a platform for retaining the lens mold portion; and
a reciprocating member arranged to reciprocally displace a region of said lens mold
portion when the lens mold portion is retained by the platform.
7. The apparatus according to claim 6, further comprising a clamp arranged and

configured such that, in use, the clamp acts on an outer circumference of the mold portion.

8. The apparatus according to claim 6 or claim 7, wherein the clamp defines a circular
aperture.
9. The apparatus according to any of claims 6 to 8, wherein the reciprocating member

comprises a non-planar end portion shaped to complement the mold portion.

10.  The apparatus according to claim 9, wherein the reciprocating member is arranged
such that, in use, the end portion contacts the center of the mold portion.

11.  An apparatus according to either claim 9 or claim 10, wherein the clamp defines a
circular aperture, and the end portion of the reciprocating member and the circular aperture

define an annulus on the mold portion.
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12.  The apparatus according to claim 11, wherein the annulus is outside an optic portion
of the mold portion.

13.  The apparatus according to any of claims 6 to 12, further comprising a suction head,
wherein the suction head is arranged and configured such that, in use, the suction head is
located on a side of the mold portion opposite the reciprocating member and moves
substantially synchronously with the reciprocating member.

14.  The apparatus according to any of claims 6 to 13, further comprising a blower

arranged to blow air towards an edge of a lens attached to the mold portion.

.15.  The apparatus according to any of claims 6to 14, wherein the mold portion is a female

mold portion.

16.  The apparatus according to claim 15, wherein the platform comprises a recess in
which the female mold portion is supported.

17. A delensing station comprising an apparatus according to any of claims 6 to 16.
18. A manufacturing line for the production of contact lenses, comprising a delensing

station according to claim 17.





