
Apparatus and method for closure of ophthalmic lens molds 

Field 

[0001] The present disclosure relates to apparatus and methods for manufacturing 

ophthalmic lenses, particularly for closing, and optionally filling before closing, mold 

assemblies for cast molding ophthalmic lenses, including contact lenses. 

Background 

[0002] Ophthalmic lenses, such as contact lenses, made from polymeric materials, can 

be formed in molds comprising pairs of mold halves, i.e. a female mold half and a 

complementary male mold half. Typically, the polymerizable material is inserted into the 

female mold half and the male mold half is then brought together with the female mold half, 

producing a closed, filled mold assembly. In commercial scale ophthalmic lens production 

methods, a plurality of filled mold assemblies can be produced, such that a plurality of lenses 

can be formed simultaneously. In known methods and apparatus for bringing together the 

mold halves and forming a closed filled mold assembly, the position of the mold halves 

relative to one another is what is commonly used in order to verify that the two mold halves 

are acceptably closed. The relative position of the mold halves can, for example, be 

determined by sensing the distance between the mold halves or by bringing the mold halves 

to predetermined positions relative to each other, where the predetermined positions have 

previously been determined to correspond to positions where the mold assembly is known to 

be fully closed. 

[0003] A rapid mold closure method is needed to support high-throughput 

manufacturing lines. It has been found, however, that if two mold halves are brought together 

at a too rapid velocity, imperfections can frequently occur in the final lens cast molded in the 

molds. For example, when the convex mold surface of a male mold half impacts a 

polymerizable composition present in the concave mold surface of a female mold half and the 

impact occurs too quickly, splashing of the polymerizable composition can occur, bubbles 

can be introduced into the lens-shaped cavity, and bubbles can be introduced to the 

polymerizable composition. Often, these bubbles will remain during the curing process, 

creating a bubble defect or a void in the lens body. This is particularly problematic with 

polymerizable compositions for forming silicone hydrogel contact lenses because they have 

been found to have a particular tendency to form bubbles when impacted. It has been found, 
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however, that when the mold halves are moved and brought into contact with each other at 

too slow a velocity, the polymerizable composition can spread outwards on the male mold 

half, resulting in an inadequate volume of polymerizable composition remaining in the 

female mold half. The inadequate volume can cause a void and hence an incomplete lens to 

be formed. Closing the mold halves slowly is also in conflict with the desirability of 

completing the closure process as rapidly as possible. 

Summary 

[0004] As described herein, the present disclosure provides apparatus for manufacturing 

contact lenses, and methods of manufacturing contact lenses, including the use of the 

apparatus in the methods of manufacturing contact lenses. 

[0005] In a first aspect, the present disclosure provides a method of manufacturing an 

ophthalmic lens. The method comprises: providing a pair of mold halves consisting of a 

male mold half having a convex mold surface, and a complementary female mold half having 
a concave mold surface, wherein the female mold half retains a polymerizable composition 

for forming an ophthalmic lens between the concave and convex mold surfaces; moving one 

of the mold halves toward the other mold half, e.g. at an engaging velocity, until the convex 

mold surface of the male mold half contacts the polymerizable composition retained in the 

female mold half; contacting a surface of the male mold half with a surface of the female 

mold half, by applying a force to bring together the male mold half and the female mold half, 

e.g. in a contacting stage; measuring the force applied during the contacting step; and 

determining that the mold halves have formed a closed mold assembly, e.g, are acceptably 

closed, when the force is greater than or equal to a predetermined threshold force. The male 

mold half and the female mold half can be brought together in the contacting stage of the 

contacting step at a contacting velocity. The contacting velocity can be different from the 

engaging velocity. Alternatively, the contacting velocity can be the same as the engaging 

velocity. The method can further comprise measuring a moving force during the moving step. 

For example, the method can further comprise applying and measuring a moving force to 

carry out the moving of the one mold half toward the other. The engaging velocity, the 

contacting velocity, or both, can be predetermined based on a previously measured force(s) 

applied to bring together a different pair of mold halves, for example a second or test pair of 

mold halves. The contacting velocity can be predetermined based on a previously measured 

force applied to bring together a different pair of mold halves, for example, a second or test 
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pair of mold halves. The moving step optionally includes an approaching stage, comprising 

bringing one of the mold halves to within a predetermined approaching distance relative to 

the position of the other mold half; and a subsequent meeting stage, comprising bringing one 

of the mold halves to a position where the male mold half directly contacts polymerizable 

composition contained in the female mold half. The predetermined approaching distance can 

be based on a previously measured force in a different pair of mold halves, for example, a 

second or test pair of mold halves. 

[0006] A second aspect the present disclosure provides a mold closing apparatus 

suitable for closing one or more ophthalmic lens molds. The apparatus can comprise: an 

anvil for receiving a female mold half; a retainer for retaining the anvil in a fixed lateral 

position; a force sensor in operative communication with the anvil for measuring a force 

applied to a female mold half received in the anvil; a holder for holding and positioning a 

male mold half that is complementary to the female mold half; and a controller for 

controlling a velocity of movement of the holder and for determining when a measured force 

applied to bring together a surface of the female mold half received in the anvil and a surface 

of the complementary male mold half, is greater than or equal to a predetermined threshold 

force. The controller can control the velocity of the holder based on a predetermined velocity, 

based on a predetermined threshold force, based on a force measured by the force sensor, or 

based on any combination thereof. The controller can be configured to maintain the 

contacting velocity at a substantially constant rate for at least 80% of the duration of the 

contacting stage, for example, by increasing the force applied. The controller can control a 

dwell time based on a predetermined dwell time, based on a predetermined force, or based on 

a force measured by the force sensor. The anvil can be unrestrained from moving in a vertical 

direction. The mold closing apparatus can comprise an apparatus for closing a plurality of 

ophthalmic lens molds and can comprise a plurality of anvils and a respective plurality of 

force sensors. The apparatus for closing a plurality of ophthalmic lens molds can be an 

apparatus wherein each of a plurality of anvils is in operative communication with a separate, 

respective one of the force sensors. 

[0007] The method of the first aspect of the disclosure can, for example, be performed 

using the apparatus of the second aspect of the disclosure. Similarly, the apparatus of the 

second aspect of the disclosure is suitable for performing the method of the first aspect of the 

disclosure. 
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Brief Description of the Drawings 

[0008] FIG. 1 is a schematic cross-sectional view of an exemplary mold closing 

apparatus according to the disclosure. 

Description 

[0009] In a first aspect, the present disclosure provides a method of manufacturing an 

ophthalmic lens. The method comprises: providing a pair of mold halves consisting of a 

male mold half having a convex mold surface, and a complementary female mold half having 

a concave mold surface, wherein the female mold half retains a polymerizable composition 
for forming an ophthalmic lens between the concave and convex mold surfaces; moving one 

of the mold halves toward the other mold half, e.g. at an engaging velocity, until the convex 

mold surface of the male mold half contacts the polymerizable composition retained in the 

female mold half; contacting a surface of the male mold half with a surface of the female 

mold half, by applying a force to bring together the male mold half and the female mold half, 

e.g. in a contacting stage; measuring the force applied during the contacting step; and 

determining that the mold halves have formed a closed mold assembly, e.g, are acceptably 

closed, when the force is greater than or equal to a predetermined threshold force. The male 

mold half and the female mold half can be brought together in the contacting stage of the 

contacting step at a contacting velocity. The contacting velocity can be different from the 

engaging velocity. Alternatively, the contacting velocity can be the same as the engaging 

velocity. The method can further comprise measuring a moving force during the moving step. 

For example, the method can further comprise applying and measuring a moving force to 

carry out the moving of the one mold half toward the other. The engaging velocity, the 

contacting velocity, or both, can be predetermined based on a previously measured force(s) 

applied to bring together a different pair of mold halves, for example a second or test pair of 

mold halves. The contacting velocity can be predetermined based on a previously measured 

force applied to bring together a different pair of mold halves, for example, a second or test 

pair of mold halves. The moving step optionally includes an approaching stage, comprising 

bringing one of the mold halves to within a predetermined approaching distance relative to 

the position of the other mold half; and a subsequent meeting stage, comprising bringing one 

of the mold halves to a position where the male mold half directly contacts polymerizable 
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composition contained in the female mold half. The predetermined approaching distance can 

be based on a previously measured force in a different pair of mold halves, for example, a 

second or test pair of mold halves. 

[0010] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, wherein at least one of the male mold half and the female mold half 

are in operative communication with a force sensor during the bringing together of the mold 

surfaces. For example, at least one of the male mold half and the female mold half can be in 

operative communication with a force sensor during the contacting stage. The method can 

further comprise the steps of positioning at least one of the male mold half and the female 

mold half in operative communication with the force sensor before or during the moving step. 

The method can further comprise inserting the polymerizable composition into the female 

mold half before the providing step. The positioning can comprise positioning at least one of 

the male mold half and the female mold half in an anvil that is in communication with the 
force sensor. 

[0011] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, wherein the velocity at which the male mold half moves toward the 

female mold half during the contacting, for example during a meeting stage, during a 

contacting stage, or during both, is from about 0.5 mm/s to about 1.5 mm/s. The contacting 

velocity can be, for example, from 0.5 millimeters per second to 1.5 millimeters per second. 

The engaging velocity can be less than or equal to the contacting velocity. The engaging 

velocity can be substantially equal to the contacting velocity. The engaging velocity can be 

substantially constant for at least 80% of the duration of the meeting stage of the moving 

step. The contacting velocity can be substantially constant for at least 80% of the duration of 

the contacting stage. 

[0012] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, optionally further comprising a dwelling stage that includes 

maintaining the application of force to the closed mold assembly for a predetermined period 

of time. For example, the contacting, the contacting step, or the engaging step can further 

comprise a dwelling stage that comprises maintaining the force to bring together the male 
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mold half and the female mold half, for a predetermined period of time. The measuring step 

can further comprise determining that the force used to maintain the male mold half and the 

female mold half together during the dwelling stage, is greater than or equal to a 

predetermined threshold dwelling stage force. The predetermined threshold dwelling stage 

force can be, for example, 75 Newtons. The dwelling stage can further comprise a step of 

welding together the male mold half and the female mold half. 

[0013] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, optionally further comprising a releasing stage that includes releasing 

the applied force and directing a stream of gas toward and past the mold halves. For example, 

the contacting, the contacting step, or the engaging step can comprise a releasing stage that 

comprises releasing the force. Optionally, after releasing the force, the contacting step can 

further comprise sending a stream of gas, for example, compressed air, toward and past the 

mold halves. The stream of gas can be sent toward and past the mold halves during, or 

immediately following, or both during and immediately following, the releasing stage. 

Alternatively or additionally, another method can be used for reducing the tendency of one or 

both of the mold halves to stick to one or more parts of the mold closing apparatus during 
pressure release. 

[0014] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, further comprising a step of setting a velocity of movement of one or 

more of the mold parts of the pair in response to the measured force. The velocity set in 

response to the measured force can comprise the engaging velocity, the contacting velocity, 

or a combination thereof. The velocity set in response to the measured force can be the 

contacting velocity. The method of the present invention can further comprise a step of 

setting the predetermined approaching distance in response to the measured force. For 

example, the predetermined approaching distance can be set based on the measurement of a 

force corresponding to a determination of direct contact of the male mold half with the 

polymerizable composition retained in the female mold half, or based on the measurement of 

a force corresponding to a determination that the pair of mold halves are acceptably closed. 

[0015] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 
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succeeding paragraphs, further comprising one or more of the steps of: curing the 

polymerizable composition in the pair of acceptably closed mold halves, to form a polymeric 

lens body; demolding and delensing the cured mold halves to release the polymeric lens body 

from both halves of the pair; optionally washing, extracting, hydrating, or any combination 

thereof, the released polymeric lens body; placing the released polymeric lens body in a 

contact lens package; sealing the filled package; and sterilizing the sealed package to form a 

finished contact lens package. 

[0016] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, wherein, during the contacting step, a plurality of complementary 

mold half pairs are respectively brought into contact with each other, wherein an average of 

the forces measured between each of the plurality of mold halves is calculated, and wherein 

the determining step comprises determining that the plurality of pairs of mold halves are 

acceptably closed when the average of the forces measured is determined to be greater than 

or equal to a predetermined threshold average force. At least one mold half of each pair of 

the plurality of pairs can be in operative communication with a respective force sensor and 

the average of the forces measured can be used to determine that the plurality of pairs of 

mold halves are acceptably closed. Each mold half in communication with a sensor can be 

positioned in a respective anvil, and each of the respective anvils can be in communication 

with a respective force sensor. 

[0017] The method of manufacturing the ophthalmic lens can be a method as described 

in any preceding paragraph or succeeding paragraph or any combination of preceding and 

succeeding paragraphs, wherein the method provides good consistency in contact lens 

diameters such that a variance in an average contact lens diameter measured for a plurality of 

finished contact lenses made in accordance with the method is at least 5% lower than the 

variance in average contact lens diameters made by a similar method but that does not 

include a determining step. 

[0018] A second aspect the present disclosure provides a mold closing apparatus 

suitable for closing one or more ophthalmic lens molds. The apparatus can comprise: an 

anvil for receiving a female mold half; a retainer for retaining the anvil in a fixed lateral 

position; a force sensor in operative communication with the anvil for measuring a force 

applied to a female mold half received in the anvil; a holder for holding and positioning a 
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male mold half that is complementary to the female mold half; and a controller for 

controlling a velocity of movement of the holder and for determining when a measured force 

applied to bring together a surface of the female mold half received in the anvil and a surface 

of the complementary male mold half, is greater than or equal to a predetermined threshold 

force. The controller can control the velocity of the holder based on a predetermined velocity, 

based on a predetermined threshold force, based on a force measured by the force sensor, or 

based on any combination thereof. The controller can be configured to maintain the 

contacting velocity at a substantially constant rate for at least 80% of the duration of the 

contacting stage, for example, by increasing the force applied. The controller can control a 

dwell time based on a predetermined dwell time, based on a predetermined force, or based on 

a force measured by the force sensor. The anvil can be unrestrained from moving in a vertical 

direction. The mold closing apparatus can comprise an apparatus for closing a plurality of 

ophthalmic lens molds and can comprise a plurality of anvils and a respective plurality of 

force sensors. The apparatus for closing a plurality of ophthalmic lens molds can be an 

apparatus wherein each of a plurality of anvils is in operative communication with a separate, 

respective one of the force sensors. 

[0019] The method of the first aspect of the disclosure can, for example, be performed 

using the apparatus of the second aspect of the disclosure. Similarly, the apparatus of the 

second aspect of the disclosure is suitable for performing the method of the first aspect of the 

disclosure. 

[0020] It has been found that the force applied between a pair of mold halves as the 

surfaces of the mold halves come into contact during the mold closing process can be 

predictive of whether or not the mold halves are acceptably closed, and measurement of the 

force in accordance with the present disclosure enables determination of whether or not the 

mold halves are acceptably closed with a high level of accuracy. Failing to acceptably close 

a mold assembly prior to curing has been found to produce variability in the diameter of the 

cured lens body relative to lenses produced similarly in other mold assemblies. Determining 

whether or not a mold assembly has been acceptably closed based on force measurement 

taken during the closing process has been found to substantially reduce this variability in 

cured lens diameters. Additionally, it has been found that controlling the velocity, the force, 

or both the force and velocity at which a male mold half contacts the female mold half, or at 

which the male mold half contacts a polymerizable composition contained in a female mold 

half, can reduce the number of defective lenses produced. As previously stated, the present 
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disclosure is directed to both methods and apparatus that determine whether or not a mold 

assembly has been acceptably closed and that base the determination on a force measured to 

bring the mold halves together during the mold closing process. 

[0021] In the method of the disclosure, a velocity at which the male mold half and the 

female mold half are brought together during the moving step, or during an engaging stage, 

or during the contacting step, including a contacting stage of the contacting step or a closing 

stage of the contacting step, or any combination thereof, can be pre-set. Alternatively or in 

addition, the velocity at which the male mold half and the female mold half are brought 

together during the moving step, including the meeting stage of the moving step, or during an 

engagement stage, or during the contacting step, including the contacting stage of the 

contacting step or the closing stage of the contacting step, or any combination thereof, can be 

varied in response to a measured force applied to bring the pair of mold halves together 

during the moving step or the contacting step. For example, when the force applied to bring 

together the mold halves in the contacting stage is found to approach or be equal to a 

predetermined threshold force, for example, is found to be within 25% of the predetermined 

force, the velocity at which the mold halves are brought together can be slowed. 

[0022] The female mold half can be in operative communication with a force sensor 

while the complementary mold halves are brought together to form a closed mold assembly. 

The force sensor can measure the force applied to bring the two mold halves together as the 

mold halves are brought together. The force sensor can measure a second force applied when 

a surface of the male mold half directly contacts a surface of the female mold half, as 

opposed to contacting only polymerizable lens material. In addition, the force sensor can 

measure a force applied when the male mold half directly contacts polymerizable 

composition contained in the female mold half (i.e., before a surface of the male mold half 

comes into direct contact with a surface of the female mold half). The method of the 

disclosure optionally further comprises a step of positioning the female mold half so it is in 

operative communication with the force sensor. The female mold half can be positioned on 

an anvil as the male and female mold halves are brought together, i.e. during the moving or 

contacting steps of the disclosed method. The anvil can be linked to, for example, positioned 

on, resting on, and/or otherwise in contact with, the force sensor. The step of positioning the 

female mold half to be in operative communication with the force sensor can comprise 

positioning the female mold half on the anvil. 
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[0023] The method of the disclosure optionally further comprises a step of inserting the 

polymerizable composition into the female mold half. The inserting the polymerizable 

composition can, for example, comprise injecting the polymerizable composition into the 

female mold half. The female mold half can be positioned in communication with a force 

sensor prior to the inserting of the polymerizable composition. For example, the female mold 

half can be positioned on an anvil during the inserting of the polymerizable composition into 

the female mold half. 

[0024] The step of moving at least one mold half of the pair can comprise using an 

approaching stage, or a meeting stage, or both, wherein one of the mold halves is brought to 

within a predetermined approaching distance relative to the position of the other mold half. 

The predetermined approaching distance can be set to a distance at which the male mold half 

has yet to come into contact with polymerizable composition present in the female mold half. 

The predetermined approaching distance can be set to a distance at which the male mold half 

is close to coming into contact with polymerizable composition present in the female mold 
half while not coming into contact with the polymerizable composition.. The predetermined 

approaching distance can be a distance in the range of from about 0.8 mm to about 2.0 mm, 

for example, from about 1.0 mm to about 1.5 mm. The mold halves can be brought together 

rapidly during the approaching stage, for example, at an approaching velocity in excess of 

about 2 mm/s, in excess of about 25 mm/s, in excess of about 50 mm/s, or in excess of about 

100 mm/s. The velocity at which the mold halves are brought together during the moving 

step, or during an approaching stage, or during a meeting stage, or during an engagement 

stage, or any combination thereof, can decrease towards the end of the step or stage. For 

example, there can be a gradual deceleration as the predetermined approaching distance 

approaches. The step of moving at least one mold half of the pair can comprise using a 

meeting stage wherein one of the mold halves is brought to a position where the male mold 

half directly contacts polymerizable composition contained in the female mold half. The 

meeting stage can commence once the predetermined approaching distance is reached. The 

mold halves can be brought together at the engaging velocity in the meeting stage. The 

engaging velocity can be slower than the approaching velocity. 

[0025] The steps of moving and contacting can comprise an engaging stage in which the 

male and female mold halves are moved closer together until a predetermined force is 

measured. The engaging stage can bridge the moving and contacting steps. The engaging 

stage can span the meeting stage of the moving step and the contacting stage of the contacting 



step. The engaging stage can, for example, commence when the mold halves reach the 

predetermined approaching distance and end when it is determined that the pair of mold 

halves are acceptably closed. The pair of mold halves can be moved or brought together 

during the engaging stage at a velocity that is in the range of from about 0.5 mm/s to about 

2.0 mm/s, such as, for example, from about 0.6 mm/s to about 1.5 mm/s, or from about 0.7 

mm/s to about 1.2 mm/s. The velocity at which the mold halves are moved or brought 

together during the engaging stage can be within those ranges at least up until the point where 

the male mold half first comes into contact with the polymerizable composition in the female 

mold half. It has been found that when the engaging velocity, i.e. the velocity at which the 

male mold half first contacts the polymerizable composition in the female mold half, is in that 

range, for example, at an approach speed of about 1.0 mm/s, the engaging velocity can be 

slow enough to prevent splashing of the polymerizable monomer and/or prevent the 

formation of bubbles upon impact of the male mold half with the polymerizable composition. 

Such a speed, however, can be rapid enough to prevent problems that might occur at slower 

speeds due to wetting of the molding surface of the male mold half by the polymerizable 

composition. The velocity at which the pair of mold halves move together during the 

engaging stage can be substantially constant, for example, it can vary by no more than 10% 

during the majority of the engaging stage, for example, for at least 80% of the duration of the 

engaging stage. The force applied to bring the pair of mold halves together during the 

engaging stage can be made to slightly increase over time in order to keep the velocity 

substantially constant during a substantial part of the engaging stage. For example, during a 

first phase of the engaging stage, before the male mold contacts the polymerizable 

composition, the mold halves are not in contact with each other and thus there is no contact 

that would slow or prevent movement of the mold halves towards each other. Then, during a 

second phase, after the male mold half has come into contact with the polymerizable 

composition, the force applied can be increased as the surfaces of the mold halves approach 

one another in order to maintain a constant velocity at which the two mold halves move 

toward one another. The second phase can end when the force reaches the predetermined 

force. Alternatively, the engaging stage can enter a final phase as the force approaches a 

predetermined force, such as, when it is within 25% of the predetermined force. At that 

point, the rate of increase of the force can be adjusted to slow the velocity of one or both of 

the mold halves as the surfaces of the mold halves approach and then come into direct contact 

with one another. 
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[0026] Polymerizable compositions for forming ophthalmic lenses such as contact 

lenses, for example, silicone hydrogel contact lenses, are known in the art. Such compositions 

typically comprise one or more monomers and/or oligomers that polymerize upon curing of 

the composition. Curing typically occurs by exposure of the polymerizable composition to 

radiation, such as heat, light, or electron beam radiation. The polymerizable composition can 

also include one or more initiators to initiate curing reactions, one or more crosslinkers to 

provide cross linkages between polymer chains, and/or one or more catalysts, promoters, or 

cross-linking agents. The polymerizable compositions of the present disclosure can comprise 

one or more silicon-containing monomers or oligomers. The polymerizable compositions of 

the disclosure can produce a hydrogel on curing, including a silicone hydrogel. A hydrogel is 

a polymeric system, typically a cross linked polymeric system that is capable of containing 

water in an equilibrium state, for example, at least 10% water by weight, or at least 30% 

water by weight, based on the total weight of the polymerized lens material. A silicone 

hydrogel incorporates silicon-containing units in the polymeric system. Due to the tendency 
of polymerizable compositions comprising silicon-containing monomers or oligomers to 

form and retain air bubbles, the method and apparatus of the present disclosure has been 

found to be particularly useful for the closure of molds containing a polymerizable 

composition for forming a silicon hydrogel contact lens. Polymerizable compositions for 

forming a silicon hydrogel contact lens have been found to be especially prone to the 

formation of bubbles and other imperfections when the impact speed between a male mold 

half and the polymerizable composition in the female mold half is rapid, for example, when 

the velocity is above 1.5 mm/s. 

[0027] The moving, contacting, or both steps, can involve moving the male mold half 

towards and into contact with the female mold half. Alternatively, or in addition, the moving, 

contacting, or both steps, can involve moving the female mold half towards and into contact 

with the male mold half. In addition to the mold halves being brought together, i.e., towards 

one another, during the method of the disclosure, the entire mold assembly, once formed, can 

also move through space during the method of the disclosure. The method of the disclosure 

can take place while the mold assembly is being transported through a contact lens 

production facility. 

[0028] The measurement of a force applied between directly contacting surfaces of the 

mold halves, is used in determining if the pair of mold halves of a mold assembly is 

acceptably closed. The measured force is compared to a predetermined force, i.e., compared 
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to a predetermined threshold force. The predetermined threshold force can be set, for 

example, in a calibration step. For example, the predetermined threshold force can be 

determined by visually assessing when for a second pair of molds halves of a given type, the 

female half of which is filled with a polymerizable composition of a given type, are 

acceptably closed, measuring the applied force at that point, and setting the predetermined 

threshold force accordingly. It has been found that a typical force required to acceptably close 

a pair of mold halves filled with an appropriate amount of polymerizable composition to form 

an ophthalmic lens, for example, a contact lens, especially a silicone hydrogel contact lens, 

can be in the range of from about 10 N to 40 N, for example, in the range of from about 15 N 

to 30 N. Thus, the predetermined threshold force of the method of the disclosure can be set to 

be at a level within those ranges, for example, at about 20 N. 

[0029] The force measurement can be used in determining the contacting velocity used 

during the contacting step. The measured force can be compared to a predetermined force, 

i.e., a predetermined threshold force. 

[0030] The step of contacting, in the method of the disclosure, optionally further 

comprises a closing stage in which the force applied between the mold halves is increased 

from the predetermined threshold force to above a further, higher predetermined threshold 

level. The further, higher predetermined threshold level can be the predetermined dwelling 

threshold level or can be a different level. The distance over which the mold halves are 

transported during the closing stage can be small or negligible. When used, the primary 

function of the closing stage is to increase the pressure applied between the mold surfaces 

when they are already in direct contact with one another. The closing velocity at which the 

mold halves of a pair are brought further together during the closing stage, if at all, is 

typically less than the engaging velocity at which the mold halves move toward each other, 

relatively, during the moving step. The closing velocity at which the mold halves of a pair are 

brought further together during the closing stage, if at all, is typically less than the contacting 

velocity at which the mold halves move toward each other, relatively, during the contacting 

stage of the contacting step. If an engaging stage is included, the closing velocity can be less 

than the engaging velocity. The engaging velocity can be set based on a measured force. The 

closing velocity can be set based on a measured force. 

[0031] The method of the disclosure optionally further comprises a dwelling stage in 

which the force measured between the directly contacting pair of male and female mold 
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halves is maintained for a predetermined dwelling time. The force can be greater than or 

equal to a predetermined threshold dwelling stage force. The dwelling stage can comprise 

maintaining the measured force at a force greater than or equal to the predetermined dwelling 

stage force, and for the predetermined dwelling time. The length of time of the dwelling stage 

can be at least 0.05 s, for example, from about 0.05 s to about 0.5 s, from about 0.10 s to 

about 0.30 s, or from about 0.15 s to about 0.25 s. It has been found that a dwelling time of at 

least about 0.1 s, for example, of at least about 0.2 s, is sufficient to enable the polymerizable 

composition to become stabilized in the mold assembly. The dwelling time can be set based 

on a measured force. 

[0032] The optional further, higher predetermined threshold force, or the optional 

predetermined threshold dwelling stage force, or both, can be, for example, 60 N, 75 N, 90 N, 

or 100 N. It has been found that applying a force of at least 60 N or of at least 75 N produces 

an acceptably closed mold assembly, and can ensure that the polymerizable composition is 

properly distributed in the closed mold. Where a plurality of molds are closed in the same 

method or apparatus, the further, higher predetermined threshold force, or the optional 

predetermined threshold dwelling stage force, or both, for any one pair of mold halves, can be 

compared to the average force measured for the plurality of mold pairs. It has been found 

that when the average force measured between a plurality of molds is at least 90 N, or at least 

100 N, the individual measured force for any individual mold pair is typically at least 60 N or 

75 N. 

[0033] The method of the disclosure optionally can further comprise a releasing stage in 

which the force between the directly contacting pair of mold halves of the mold assembly is 

released. Concurrently with or subsequent to the releasing, the method can comprise sending 

a stream of gas, such as air, for example, toward and past the pair of mold halves. Sending air 

toward and past the pair of mold halves during or immediately following the pressure release 

stage has been found to assist in maintaining the mold assembly in a closed state. It has been 

found that sending gas toward and past the mold assembly during or immediately following 

the step of releasing the force between the mold halves can reduce the tendency for the mold 

halves to stick to parts of the mold closing apparatus during or immediately following the 

release of pressure. Reducing the tendency for such sticking is important because sticking 

can result in the mold assembly inadvertently reopening following closure. 
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[0034] The method can further comprise a disengaging stage in which the holder 

releases its hold on at least one of the mold halves, for example the male mold half, or on 

both mold halves, of the mold assembly. For example, prior to or during a releasing stage of 

the method, the releasing stage can comprise causing the holder to release its hold on the 

male mold half. Where the holder holds the male mold half or both halves using suction, the 

suction can be discontinued in the disengaging stage, for example, prior to or during the 

releasing stage. 

[0035] When the method is performed in a mold closing apparatus that comprises a 

holder for a single mold half or a holder for a plurality of mold halves, or a plurality of 

holders for holding a plurality of mold halves, the holder(s) can move away from the closed 

mold assembly in an optional disconnecting step. For example, the disconnecting step can 

disconnect a single holder for a single mold half, or disconnect a single holder for a plurality 

of male mold halves, or disconnect a plurality of holders for a plurality of single male mold 

halves. The disconnecting step can follow the disengaging stage and releasing stage. The 

disconnecting step can comprise a retracting stage, such that the holder retracts from the male 

mold half or the male mold halves. The holder(s) can move slowly away from the mold(s), 

for example, at a retracting velocity of about 20 mm/s or less, for example, at a velocity of 

about 5 mm/s or less, or of about 2 mm/s or less, in the retracting stage. The disconnecting 

step can optionally comprise a departing stage, wherein the one or more holders move away 

from the one or more molds rapidly, for example, at a departing velocity of 20 mm/s or more, 

for example, at about 50 mm/s or more, or at about 100 mm/s or more. It has been found that 

using an initially slow retracting velocity wherein the velocity at which the holder moves 

away from the mold is a velocity of less than 20 mm/s, or less than 1 mm/s, can reduce 

unwanted disturbance of the filled and closed mold assemblies. Subsequent to an initial slow 

retracting velocity, the holder can move away from the mold more rapidly in the departing 

stage without risk of disturbing the filled and closed mold assemblies. In a particular 

example, gas, such as compressed air, can be sent, for example, blown toward and past the 

filled and closed mold assemblies. The sending of air toward and past the filled and closed 

mold assemblies during the disconnection step has been found to maintain the filled and 

closed mold assemblies in their closed state. It has also been found that sending gas toward 

and past the molds during the disconnecting step can reduce the tendency for the mold halves 

of the filled and closed mold assemblies to stick to parts of the mold closing apparatus, such 
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as the holder or the anvil, during disengaging and retracting the holders, which sticking might 

otherwise result in the filled and closed mold assemblies inadvertently reopening. 

[0036] Following the performance of the mold closing method using a mold closing 

apparatus, an optional transferring step in which the filled and closed mold assembly is 

transferred away from the mold closing apparatus, can be conducted. For example, the filled 

and closed mold assembly can be transferred away from the mold closing apparatus prior to 

conducting a curing step to polymerize the polymerizable composition and form a 

polymerized lens body in the cavity of the mold assembly. 

[0037] The method of the present disclosure can optionally comprise a calibrating step. 

In the calibrating step, the parameters used in the method of the disclosure, including the 

predetermined threshold force, the further, higher predetermined threshold force, the 

predetermined engaging velocity, the predetermined contacting velocity, the predetermined 

threshold dwelling stage force, the predetermined threshold dwelling stage duration, and 

particularly the predetermined approaching distance, can be determined, for example, to 

reflect variables such as the nature of the mold, e.g., size, shape, and/or material of the mold, 

and the nature of the polymerizable composition. The calibrating step can be conducted prior 

to the moving step. The calibrating step can be performed periodically during a single 

manufacturing run and/or when any of the variables of the molding process are changed. The 

calibrating step can comprise ascertaining the position of one or both of the mold halves 

when a force is measured, for example, when a force measurement is taken and one or more 

other method parameters is set or reset based on the value of the measured force. For 

example, the position at which a predetermined distance between a pair of mold halves is 

deemed to have been reached during the approaching stage can be determined during the 

calibrating step. The position determined during the calibrating step can then be used to set or 

reset predetermined values for a subsequent method. For example, based upon the position 

determined during the calibrating step, the predetermined threshold force or the further, 

higher predetermined threshold force can be set or reset. The calibrating stage can provide a 

feedback mechanism by which the method or apparatus of the disclosure can adjust the 

operating parameters such that an acceptable level of performance is maintained, for 

example, despite changes in variables such as the nature of the mold. 

[0038] A plurality of pairs of mold halves (for example 4, 8, or 16 molds) can be closed 

simultaneously in the method of the disclosure and/or in the apparatus of the disclosure. The 
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apparatus can be configured to close a plurality of pairs of mold halves simultaneously. When 

there is more than one pair of mold halves, the force applied to each respective mold pair, for 

example, to bring each respective pair of mold halves together, can be measured. The average 

of the individual second forces measured can then be determined. A threshold force, such as 

the predetermined threshold force, can, for example, be deemed to have been reached when 

an average of the measured forces is determined to have reached the threshold force. The 

plurality of pairs of mold halves can be determined to be acceptably closed when the average 

measured force is determined to have reached the predetermined threshold force. Thus, the 

first aspect of the disclosure can further provide a method of manufacturing a plurality of 

ophthalmic lenses by closing a plurality of mold assemblies, each comprising a pair of mold 

halves consisting of a male mold half and a complementary female mold half. The female 

mold halves can each contain a polymerizable composition for forming an ophthalmic lens. 

The manufacturing method can comprise providing a plurality of pairs of mold halves, each 

pair of mold halves consisting of a single male mold half having a convex mold surface, and 

a single complementary female mold half having a concave mold surface. Each of the single 

female mold halves can contain or retain a polymerizable composition for forming an 

ophthalmic lens in the concave mold surface. The manufacturing method can comprise 

moving at least one single mold half of each of the plurality of pairs of mold halves toward 
the complementary other single mold half of the pair, wherein the moving occurs at a 

velocity, until the convex mold surface of the male mold half of each pair contacts the 

polymerizable composition in the respective female mold half. In so doing, a force is applied 

to bring the mold halves of each pair towards each other, that is, to bring each male mold half 

toward a respective female mold half with which the male mold half is paired. The 

manufacturing method can then comprise bringing a surface of the male mold half of each 

pair of mold halves into direct contact with a surface of the respective complementary female 

mold half, thereby applying force to bring together the male mold half and the female mold 

half of each pair. The manufacturing method can then comprise measuring the force applied 

to each of at least two of the plurality of mold pairs, for example, the forces respectively 

applied to three or more mold pairs, or the forces applied to each of the mold pairs of the 

plurality, during the contacting step. The manufacturing method can then comprise 

determining that each of the pairs of mold halves is acceptably closed when an average of the 

measured forces is greater than or equal to a predetermined threshold force. As soon as such 

a determination is made, each of the closed pairs of mold halves can be said to have formed 
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an acceptably filled and closed mold assembly. More than one, for example, each of a 

plurality of pairs of mold halves can be in operative communication with a separate, 

respective force sensor, for example, each female mold half can be in operative 

communication with a separate, respective force sensor. For the avoidance of doubt, 

references to the measured force mentioned above can equally well be applied mutatis 

mutandis to the average measured forces applied to more than one of a plurality of pairs of 

mold halves. 

[0039] The manufacturing method of the first aspect of the disclosure can be performed 

using a mold closing apparatus, such as the mold closing apparatus of the second aspect of 

the disclosure. The mold closing apparatus can include an anvil for receiving a female mold 

half. When a plurality of pairs of mold halves are closed in the method of the disclosure, a 

separate anvil can be provided for each female mold half of the plurality of pairs of mold 

halves. During the method of the disclosure, the anvil(s) can be retained in a fixed lateral 

position, for example, using a retainer. For example, a plurality of separate anvils can be 
positioned in a single plate, where the single plate serves as the retainer. The anvil(s) can be 

unrestrained from moving in a vertical direction by the retainer. The retainer can comprise a 

plurality of apertures for receiving a plurality of anvils. The force applied to move the mold 

halves towards one another can be measured by a force sensor. Where a plurality of mold 

halves are closed in the method of the disclosure, a plurality of force sensors can be present, 

for example, a single force sensor for each respective pair of mold halves. The force sensor(s) 

can, for example, be in communication with the anvil(s), if present. An apparatus for closing 

a plurality of ophthalmic lens molds in according to the present disclosure can comprise a 

plurality of anvils and a respective plurality of force sensors, wherein, optionally, each of the 

plurality of anvils is in operative communication with a separate, respective one of the force 

sensors. Each of the anvils of the apparatus can rest directly on a single respective force 

sensor. For example, when a plurality of separate anvils are positioned in a single plate, each 

of the separate anvils can be in operative communication with a separate force sensor, or a 

subset of the plurality of separate anvils can each be in operative communication with a 

separate force sensor, or at least one of the plurality of separate anvils can be in operative 

communication with a force sensor. 

[0040] The male mold half of each pair of mold halves can be held and positioned using 

a holder, during the method of the disclosure. The holder can comprise a single holder 

configured to hold a plurality of male mold halves. The holder can comprise a plurality of 
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holders, each configured to hold a single male mold half. The holder can comprise a single 

holder configured to hold a single male mold half. The mold closing apparatus of the second 

aspect of the disclosure can comprise a holder for holding and/or positioning the male mold 

half or a plurality of male mold halves. The holder can, for example, hold the male mold half 

or halves using suction. The movement of the holder can be controlled in response to the 

measured force(s) applied to each pair of mold halves. The movement of the holder can, for 

example, be controlled by a controller. The controller can control the movement of the holder 

in response to measurements of the force applied to the mold halves of each mold pair, for 

example, the force measurements determined by the force sensor(s). The controller can 

control the velocity of the holder based on a predetermined velocity, based on a 

predetermined threshold force, based on a force measured by the force sensor, or any 

combination thereof. The controller can control a dwell time, based a predetermined dwell 

time, based on a predetermined force, or based on a force measured by the force sensor. 

[0041] FIG. 1 is a schematic cross-sectional view of an example of a mold closing 

apparatus 13 according to the second aspect of the disclosure. Mold closing apparatus 13 

comprises anvils 1 for receiving two female mold halves 2, a single retainer 3 for retaining 

anvils 1 in a fixed lateral position, and two force sensors 4, each in direct communication 

with a respective one of anvils 1. Two male mold halves 5 are held in a single holder 6 that is 

configured for holding and positioning male mold halves 5 during a mold closure process. 

Each of two female mold halves 2 includes a concave molding surface 8 and each of male 
mold halves 5 includes a convex molding surface 9. Mold closing apparatus 13 further 

comprises a single controller 10 for controlling the movement of holder 6. Controller 10 can 

be configured to control the rate of movement of holder 6 in response to the forces measured 

by force sensors 4, such as a first force or a second force, as well as to control the rate in 

response to other predetermined parameters and variables. A nozzle 11 for blowing air 

between the complementary mold halves of each pair, once closed, is also provided. The 

apparatus can also include a single injector or a plurality of injectors (not shown) for injecting 

a polymerizable composition 7 into each of female mold halves 2. As illustrated in FIG. 1, 

retainer 3 comprises two through bores, and anvils 1 are positioned, respectively, in the 

through bores. The through bores can prevent each of anvils 1 from moving in a lateral 

direction while allowing each of anvils 1 to move freely in a vertical direction. As such, 

forces applied to each of anvils 1 in a vertical direction are transferred to each corresponding 
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force sensor 4 on which anvils 1 respectively rest. Retainer 3 and sensors 4 are mounted on a 

single block 12. 

[0042] In a manufacturing method according to the first aspect of the disclosure, each of 

female mold halves 2 of FIG. 1 are positioned on a respective anvil 1 and a polymerizable 

composition 7 for forming a polymeric ophthalmic lens is poured, applied, injected, or 

otherwise put into the female mold half to be in contact with concave molding surface 8 of 

each. Female mold halves 2 form receptacles for polymerizable composition 7. At the same 

time, in an approaching stage, holder 6 collects or holds male mold halves 5 and positions 

each of them above a single corresponding female mold half 2 with convex molding surface 9 

of each of male mold halves 5 orientated towards a respective one of concave molding 

surfaces 8 of female mold halves 2. Once holder 6 reaches a position at which at least one of 

the pairs of mold halves are at a predetermined distance from each other, e.g., a male mold 

half 5 and corresponding female mold half 2 are at a predetermined distance A from one 

another, an engaging stage is entered or commenced. During the engaging stage, controller 10 

ensures that the first engaging velocity at which at least one male mold half 5 and its 

complementary female mold half 2 are moved toward one another is held at a slow, constant 

speed, e.g., of about 0.6 mm/s. Moving towards one another can constitute moving both 

complementary mold halves or moving just one. After the male mold half has made contact 

with polymerizable composition 7 present in the complementary female mold half, the 

contacting step begins and the surface of the male mold half is brought into contact with the 

surface of the complementary female mold half at a second contacting velocity. When the 

second contacting velocity is substantially the same as the first engaging velocity, the force 

required to maintain each of the mold halves moving at a substantially constant velocity 

increases. During the contacting step, the individual force sensors measure the force applied 

to a pair of mold halves once the surfaces of the male mold half and female mold half are 

brought into direct contact with one another. As the average of the individual forces 

measured by sensors 4 approaches the predetermined threshold force, the controller 

determines when the average measured force is greater than or equal to the predetermined 

threshold force. Once such a determination is made, it indicates that all, or in the case shown, 

both, of the pairs of mold halves are acceptably closed. When the average measured force is 

close to the predetermined threshold second force, e.g., within 5 N or within 25% of the 

predetermined force, controller 10 can further adjust the velocity at which male mold halves 

5 and female mold halves 2 are brought together, and the adjustment results in a third 
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velocity. Once the average measured force is greater than or equal to the predetermined 

threshold force, e.g., 20 N, the engaging stage is complete and the method can enter a closing 

stage in which the force applied to bring the mold halves together, as applied by holder 6, is 

increased until the average force measured by sensors 4 reaches a further, higher 

predetermined threshold force, e.g., 100 N. The force can be maintained by holder 6 in a 

dwelling stage at or above the dwelling stage threshold force until a predetermined period of 

time, e.g., 0.2 s, has elapsed. The force applied by holder 6 to each of the pairs of mold halves 

can then be released in a releasing stage. Simultaneously, or subsequent to the releasing 

stage, holder 6 can release its hold on each of male mold halves 5 in a disengaging stage. 

Once pressure sensors 4 indicate that one or more of holders 6 is no longer applying any 

force to a pair of mold halves and holder 6 has released its hold on male mold halves 5, 

holder 6 can move away from the pairs of filled and closed mold halves in a disconnecting 

step. The disconnecting stage can include a retracting stage, during which holder 6 moves 

slowly, for example, at a velocity of 1 mm/s, away from male mold halves 5. The 

disconnecting step can be followed by a departing stage in which holder 6 moves away from 

male mold halves 5 more rapidly, e.g., at a velocity of 100 mm/s. During the releasing stage, 

or the disengaging stage, or the retracting stage, or during any combination of such stages, a 

jet of gas or air can be blown through nozzle 11 toward and across the plurality of closed 

mold halves to assist in freeing each of male mold halves 5 from holder 6 to prevent one or 

more of the plurality of mold halves from inadvertently reopening. 

[0043] 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. 

[0044] In the foregoing description, where 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. Moreover, it is to be 

understood that such optional integers or features, while of possible benefit in some 

embodiments of the invention, may not be desirable, and may therefore be absent, in other 

embodiments. 
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Claims 

1. A method of manufacturing an ophthalmic lens, the method comprising: 

providing a male mold half having a convex mold surface, and a complementary 

female mold half having a concave mold surface, wherein the female mold half 

retains a polymerizable composition for forming an ophthalmic lens between the 

convex mold surface and the concave mold surface; 

moving one of the mold halves toward the other mold half until the convex mold 

surface of the male mold half contacts the polymerizable composition retained in 

the female mold half; 

contacting a surface of the female mold half with a surface of the male mold half 

by applying a force to bring the male mold half and the female mold half together; 

measuring the force applied during the contacting; and 

determining that the mold halves have formed a closed mold assembly when the 

force is greater than or equal to a predetermined threshold force; 

wherein the male mold half is moved toward the female mold half during the 

contacting at a velocity which is varied in response to the measured force and a 

previously measured force applied to contact a second pair of the mold halves 

with one another. 

2. The method of claim 1, further comprising applying and measuring a moving force 

during the moving of the one mold half toward the other. 

3. The method of any preceding claim, wherein at least one of the male mold half and 

the female mold half is in operative communication with a force sensor during the 

contacting. 

4. The method of claim 3, further comprising positioning at least one of the male mold 

half and the female mold half in operative communication with the force sensor 

before or during the contacting. 
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5. The method of claim 4, wherein the positioning comprises positioning at least one of 

the male mold half and the female mold half in an anvil, wherein the anvil is in 

operative communication with the force sensor. 

6. The method of any preceding claim, wherein the velocity at which the male mold half 

is moved toward the female mold half during the moving, during the contacting, or 

during both, is from about 0.5 mm/s to about 1.5 mm/s. 

7. The method of claim 6, wherein the velocity at which the male mold half is moved 

toward the female mold half during the moving is substantially constant for at least 

80% of the duration of the moving. 

8. The method according to any preceding claim, comprising a dwelling stage that 

includes maintaining the application of the force to the closed mold assembly for a 

predetermined period of time. 

9. The method of claim 8, wherein the measuring further comprises determining that the 

force applied during the dwelling stage is greater than or equal to a predetermined 

threshold dwelling stage force. 

10. The method of any preceding claim, further comprising a releasing stage that includes 

releasing the applied force and directing a stream of gas toward and past the mold 

halves. 

11. The method of any preceding claim, wherein the method further comprises: curing the 

polymerizable composition in the closed mold assembly to form a polymeric lens 

body; demolding and delensing to release the polymeric lens body from both of the 

mold halves; optionally washing or extracting or hydr.ating, or any combination 

thereof, the released polymeric lens body; placing the released polymeric lens body in 

a contact lens package; sealing the filledpackage; and sterilizing the sealed package 

to form a finished contact lens package. 

12. The method of any preceding claim, wherein the contacting comprises contacting a 

plurality of male mold halves with a respective plurality of complementary female 
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mold halves, calculating an average of the forces measured to contact each of the 

plurality of mold pairs, and wherein the determining comprises determining that that 

the plurality of pairs of mold halves are acceptably closed when the average of the 

forces measured is determined to be greater than or equal to a predetermined 

threshold average force. 

13. The method of claim 12, wherein at least one mold half of each of the plurality of 

pairs of mold halves is in communication with a separate force sensor and wherein the 

average of the second forces measured is used to determine that the plurality of pairs 

of mold halves are acceptably closed. 

14. The method of claim 13, wherein the at least one mold half of each of the plurality of 

pairs of mold halves is positioned in a separate, respective anvil, and each of the 

separate, respective anvils is in operative communication with a separate, respective 

force sensor. 

15. A mold closing apparatus suitable for closing one or more ophthalmic lens molds, 
comprising: 

an anvil for receiving a female mold half; 

a retainer for retaining the anvil in a fixed lateral position; 

a force sensor in operative communication with the anvil for measuring a force 

applied to a female mold half received in the anvil or to a polymerizable 

composition contained in a female mold half received in the anvil; 

a holder for holding and positioning a male mold half that is complementary to the 

female mold half; and 

- a controller for controlling a velocity of movement of the holder, and for 

determining when a measured force applied to bring together a surface of a female 

mold half received in the anvil and a surface of a complementary male mold half 

held by the holder, is greater than or equal to a predetermined threshold force; 

wherein the controller is configured to control the velocity at which the male mold 

half is moved toward the female mold half during the contacting based on the 

measured force and a previously measured force applied to contact a second pair 

of the mold halves with one another. 
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16. The mold closing apparatus of claim 15, wherein the anvil is unrestrained from 

moving in a vertical direction. 

17. The mold closing apparatus of claim 15 or 16, further comprising a plurality of anvils 

and a respective plurality of force sensors, wherein each of the plurality of anvils is in 

operative communication with a separate, respective one of the force sensors. 

18. The method of any of claims 1 to 14, wherein the step of moving comprises: 

- an approaching stage, wherein one of the mold halves is moved at an 

approaching velocity to within a predetermined approaching distance relative 

to the position of the other mold half, and 

a meeting stage, wherein one of the mold halves is moved at an engaging 

velocity to a position where the convex mold surface of the male mold half 

contacts the polymerizable composition retained in the female mold half; 

and wherein the engaging velocity is slower than the approaching velocity. 
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