
WO 2007/068892PCT/GB2006/004564 Contact Lens Production         This
invention relates to a mould set for making a set of contact lenses,
and in particular to a mould set for producing a set of lenses which
differ from each other. 5 Early contact lenses were made of hard
materials, and were shaped using a lathing technique. Improvements in
technology have resulted in soft contact lenses which , are produced
in a mould from a polymeric material, so that lathing is not
required. These improvements have allowed the mass production of
contact lenses so that the lenses can 10 be used only once and then
disposed of.        As different contact lens users have different
lens requirements, it is necessary to produce a wide range of
different lenses. Different lenses will require different shapes of
mould. Commonly, each lens is made in a disposable polypropylene
mould, with each 15 half of the disposable mould being formed from a
"master mould". For a standard size, spheric contact lens, one half
of the mould is the same for all lenses, whereas the other half of
the mould is changed depending on the lens power (generally referred
to a "sphere power") is required. The production of spheric lenses is
therefore straightforward and requires only the use of a different
master mould to produce lenses with a different sphere 20 power. The
rotationally symmetrical nature of the spheric lens also means that
mould can be assembled without the need to ensure any particular
relative orientation between the two halves of the mould. There are
however, a number of lens types in which more than one lens feature
25 can be varied. One example of this is a toric contact lens. Toric
lenses have three variable features, namely the sphere power for
correcting the focal length, the cylinder power for correcting
astigmatism and the cylinder axis, which defines the orientation of
the astigmatism correction, with respect to the eye of the wearer, so
that the cylinder power is correctly aligned. As a result, in order
to cover all permutations of these 30 features, the number of
different lenses that might be required is significantly larger than
WO 2007/068892PCT/GB2006/004564 is the case for spheric contact
lenses. For example, even if only the common 



prescriptions are made, an optician may need to supply in the region
of 40 different sphere powers, 3 or 4 different cylinder powers and
18 different axis orientations, in all possible combinations. This
requires a manufacturer to produce more than 2000 different 5lens
types (referred to as stock keeping units or "SKUs"). It is this
requirement to produce a large number of different SKUs which drives
contact lens manufacturers to seek to reduce the complexity of
manufacture. The usual method of commercial production of toric
contact lenses is to shape 10 the back surface of the lens (the
surface which is placed on the eye) to provide the cylinder power and
the front surface of the lens to provide both the sphere power and an
alignment feature, which acts to align the cylinder power correctly
in the eye. This particular arrangement is chosen to reduce the
complexity and expense of production by reducing the number of
different mould halves required to produce all of the different 15
required lens types. A different arrangement of sphere power,
cylinder power and orientation feature would require many more mould
half types in order to produce the more than 2000 SKUS described
above. Specifically, if all of the lens features were to built into
the front lens surface 20 more than 2000 different mould half types
would be required (i.e. one for each SKU). By incorporating the
sphere power into one lens surface and the cylinder power and the
alignment feature into the other lens surface 40 different types of
half moulds are required to produce the different sphere powers and
54 (3 cylinder powers and 18 axes) or 82 (4 cylinder powers and 18
axes) mould half types are required to produce the 25various
combinations of cylinder powers and alignment axes.        The
arrangement where the sphere power and alignment feature are produced
on one surface and the cylinder power is produced on the other
surface allows a reduction to 40 mould half types for the sphere
power side and 3 or 4 mould half types for the other 30 side.
However, this arrangement requires accurate orientation of the two
mould halves to  3 provide the correct cylinder power alignment on
the lens In order to ensure that a lens is produced that will provide
correct alignment of the cylinder power in the eye, it is essential
to be able to orientate the mould for the front surface of the lens
accurately with respect to the mould for the back surface of the lens
in order to produce a lens in which 5the cylinder power axis is
known.       One method of achieving the orientation is by engaging
the two mould halves together and rotating one mould half relative to
the other mould half until the mould halves are correctly orientated,
as disclosed in US6,471,891, US6,669,460, US6,197,227, 10US5,611,970
and IJS5,916,494. The correct orientation is achieved either by using
of 



alignment marks on both mould halves, or by using a stop, which
prevents further rotation. An alternative method, disclosed in
US6,383,419 requires the use of an insert 15 tool for making one of
the mould halves in which the insert tool can be fixed in a plurality
of different rotational orientations. US5,733,585 discloses a method
in which the insert tool can be rotated.             US 2004/0104494
discloses a method which involves shaking the two mould 20 halves
when engaged to produce a random selection of lenses.        All of
these methods have disadvantages. The methods in which there is
active rotation of the mould halves relative to one another are
necessarily complex and/or time-consuming. The random method of US
2004/0104494 is unsatisfactory because the 25 number of each type of
lens produced cannot be predicted in advance. In addition, this
method requires subsequent sorting of the lens types.          The
aim of the present invention is to provide an improved set of moulds
for malcMg a set of contact lenses which allows a simplified method
of making contact lenses 30 compared with the prior art mould sets.
4        Accordingly, in a first aspect of the present invention,
there is provided a mould set for making contact lenses comprising:
a first unitary half mould set comprising a plurality of male mould
halves fixedly attached 5to each other in a first array; a second
unitary half mould set comprising a plurality of female mould halves
fixedly attached to each other in a second array, wherein the
arrangement of the male and female mould halves in the first and
second arrays is such as to permit the engagement of respective pairs
of male and female mould 10 halves to define a corresponding set of
mould cavities therebetween, and to permit engagement of each said
female mould half with a different said male mould half by relative
rotation of the first and second array about an axis of rotation,
such that the male and female mould halves can be engaged in a
plurality of different relative orientations, wherein the shape
and/or orientation of the respective male mould halves in the said
first 15 array, and the respective female mould halves in the said
second array is not identical for each mould half in each said array,
whereby relative rotation of the first and second array about the
said axis from a first rotational orientation to a second rotational
orientation results in the definition of a set of respective mould
cavities of which at least some mould cavities are different in shape
from the mould cavities resulting from engagement in the 20first said
rotational orientation.         The male mould half defines the rear
surface of a contact lens i.e. the surface which fits the eye, and
the female mould half defines the front surface of the contact lens.
25In a preferred embodiment, the mould set is adapted for the
production of toric 



contact lenses. Toric contact lenses have a sphere power, a cylinder
power and an alignment feature which allows alignment of the lens in
the eye such that the cylinder power is positioned in the correct
axis in the eye. Preferably each said male mould half is shaped so as
to provide the cylinder power of the resulting contact lens and each
said 30 female mould half is shaped so as to provide the sphere power
of the contact lens and the  alignment feature. The male mould halves
in a half mould set can differ from each other either by having
different cylinder powers, or by different rotational alignment of
the cylinder relative to the rotational axis. The female mould halves
in the female half mould set can differ from each other either by
having different sphere powers or by having 5different alignment of
the alignment feature relative to the rotational axis.        In a
preferred embodiment, the alignment of at least one of either the
alignment feature or the cylinder is kept constant relative to the
rotational axis of the mould array, and the alignment of the other
said features is caused to vary. In an alternative 10 embodiment, the
alignment of both the alignment feature and the cylinder relative to
the rotational axis is different in the mould halves. The choice of
relative orientation of alignment feature and cylinder can be made
based on the final lenses required.          The mould halves of each
half mould set are arranged so that an array of mould 15 halves has
at least a degree of rotational symmetry such that male and female
mould halves can be engaged together in a plurality of different
orientations. It is preferred that the number of male mould halves
and female mould halves is the same and that they are equispaced
around the axis of rotation, so that each male 20 mould half of the
male half mould set is able to engage with any selected one of the
female mould halves of the female half mould set. In one embodiment,
the arrays may have a simple two-fold rotational symmetry. However,
it is preferable that the arrays have greater than two-fold
rotational symmetry. Six-fold and eight-fold rotational symmetry are
particularly preferred.        In an alternative embodiment, the
number of male mould halves and female mould halves can be different,
so long as there exists a plurality of different orientations in
which more than one male and more than one female mould half can be
engaged together. In a further alternative embodiment, a first half
mould set can have twice as 30 many mould halves as the second half
mould set, such that in one relative orientation of  WO
2007/068892PCT/GB2006/004564 



6 the half mould sets, one half of the mould halves in the first half
mould set can engage with the mould halves of the second half mould
set, and in a second orientation, the other half of the mould halves
in the first half mould set can engage with the mould halves of the
second half mould set. 5        The mould halves can be connected
together in each half mould set using any suitable structural means.
Preferably each half mould set is a single moulded unit. More
preferably, the half mould sets are injection moulded using a
plastics material such as polypropylene. 10         It is desirable
that at least one of the half mould sets has an orientation feature
to allow the relative orientations of the half mould sets to be
differentiated. It is particularly preferred that both the male and
female half mould sets have such an orientation feature. Most
preferably, the orientation feature is produced in the half mould set
as it is moulded. 15 However, the orientation features may be
attached after moulding, for example by attaching a coloured label to
part of the half mould set.         Where a half mould set is a
single moulded unit, the shape of the unit can be any appropriate
shape, so long as the array of the mould halves has rotational
symmetry. The 20 mould halves may be connected by spokes to a
centrally disposed hub through which passes the rotation axis. This
arrangement is particularly useful since it which allows mould
production by injection of molten polymer from a single entry point
at the hub. It is further preferred that each mould half is an equal
distance from the injection point. 25In a particularly favourable
embodiment a half mould set comprises a plurality of spokes arranged
around a central axis, with a mould half attached to the end of each
spoke. More preferably, both half mould sets are arranged in this
manner. In a further preferred embodiment, the spokes are arranged in
a rotationally symmetrical pattern. The spokes may have at least
four-fold symmetry, preferably four-, six or eight-fold 30 symmetry.
7         In alternative embodiments, the mould halves of a half
mould set can be connected together by other moulded means. The
"spokes" do not need to extend from the central axis, rather they can
connect adjacent mould halves. In an alternative 5embodiment, the
mould halves are connected to spurs, which are connected to a ring or
square which runs inside our outside the mould halves. In a further
embodiment, the mould halves can be moulded in a solid object such as
a disc. In each of these embodiments, the mould halves are positioned
such that they are in a rotationally symmetrical arrangement. There
is no requirement for the structure of the two half 



10mould sets to be identical. However, it is preferred that the two
half mould sets have equal numbers of mould halves and that all of
the mould halves of one half mould set have the same arrangement in
an array as all of the mould halves of the other half mould set. 15In
a second aspect of the present invention, there is provided a method
of producing contact lenses, comprising: a)providing a first unitary
half mould set comprising a plurality of male mould halves fixedly
attached to each other in a array and a second unitary half mould set
comprising a plurality of female mould halves fixedly attached to
each other in a second 20 array, wherein the arrangement of the male
and female mould halves in the first and second arrays is such as to
permit the engagement of respective pairs of male and female mould
halves to define a corresponding set of mould cavities therebetween,
and to permit engagement of each said female mould half with a
different said male mould half by relative rotation of the first and
second array about an axis of rotation, such that the male  25 and
female mould halves can be engaged in a plurality of different
relative orientations, wherein the shape and/or orientation of the
respective male mould halves in the said first array, and the
respective female mould halves in the said second array is not
identical for each mould half in each said array, whereby relative
rotation of the first and second array about the said axis from a
first rotational orientation to a second rotational orientation
30results in the definition of a set of respective mould cavities of
which at least some mould  8 cavities are different in shape from the
mould cavities resulting from engagement in the first said rotational
orientation; b)orientating the female half mould set and the male
half mould set relative to one another; 5c)injecting a polymerisable
material into each female mould half;  d) engaging the two half mould
sets to form a plurality of lens moulds containing the polymerisable
material; and  e) polymerising the liquid to form a set of contact
lenses, wherein step b) is undertaken before, at the same time as or
after step c). 10         The male and female half mould sets can be
orientated relative to one another prior to the filling of the female
mould halves with polymerisable material or after the filling of the
female mould halves. However, it is preferred that the orientation
step and the injection step take place at essentially the same time.
This limits the time that the 



15polymerisable material is left in the mould before polymerisation
and reduces the chances of contamination of the lenses. After
engagement of the mould halves, the polymerisable material in each
mould is cured, and then the mould opened to allow the lens to be
extracted from the 20 mould. The curing may be carried out using any
of the generally known curing means for cast contact lenses, for
example using ultraviolet light. Once extracted, the lens is hydrated
and packaged, usually in a blister or vial. In a preferred
embodiment, the female half mould set is held still and the male 25
half mould set is orientated relative to the female mould set, so
that the mould halves are in the desired position. In alternative
embodiments, the male half mould set is held still and the female
mould half is orientated or both half mould sets can be moved.
Preferably the mould sets are disposable moulds which are used only
once. 30 Each half mould set may be formed from a master mould. The
master mould can be used  WO 2007/068892PCT/GB2006/004564 9 to
produce a large number of half mould sets of the same type. These
half mould sets can then be combined in different orientations to
produce sets of contact lenses according to production requirements.
5The present invention allows the skilled person to produce different
numbers of contact lenses of different sphere power, cylinder power
and cylinder axis. It will be apparent to the skilled person how the
half mould sets should be produced to maximise efficiency.
10Typically, the half mould sets will be produced in batches. The
master moulds need to be changed only after each batch. Change of the
master moulds is a particularly time-consuming process, and therefore
it is preferable to minimise the number of changes required. 15It is
further preferred that the contact lenses are produced in batches
using the same half mould sets and the same relative orientations.
In a preferred embodiment, a computer system is used in conjunction
with a make-to-stock manufacturing environment to select the batches
to be made. The 20 computer system periodically reviews the stock
levels of each SKU (stock keeping unit) and compares it to a pre-set
target level, which is typically defined as the sales 



requirements for a fixed number of weeks. Algorithms are applied
taking into account additional factors such as known and forecast
orders, economic manufacturing batch size and yearly sales volumes.
On a case by case basis the system can then decide whether 25 more of
any particular SKU should be made, and how many should be made, and
based on this decision generates a shop order. The shop orders are
then grouped together so that orders of similar size can be run most
effectively to form the basis of the production scheduling. 30  10
In a third aspect of the present invention, there is provided a
method of making a mould set, comprising: moulding as a unitary
moulding a first half mould set comprising a plurality of male mould
halves fixedly attached to each other in a first array; and 5
moulding a second half mould set as a unitary moulding comprising a
plurality of female mould halves fixedly attached to each other in a
second array, wherein the arrangement of the male and female mould
halves in the first and second arrays is such as to permit the
engagement of respective pairs of male and female mould halves to
define a corresponding set of mould cavities therebetween, and to
permit 10 engagement of each said female mould half with a different
said male mould half by relative rotation of the first and second
array about an axis of rotation, such that the male and female mould
halves can be engaged in a plurality of different relative
orientations, wherein the shape and/or orientation of the respective
male mould halves in the said first array, and the respective female
mould halves in the said second array is not identical for 15each
mould half in each said array, whereby relative rotation of the first
and second array about said axis from a first rotational orientation
to a second rotational orientation results in the definition of a set
of respective mould cavities of which at least some mould cavities
are different in shape from the mould cavities resulting from
engagement in the first said rotational orientation. 20
Preferably the half mould sets are formed by injection moulding. The
half mould sets can be produced using standard injection moulding
equipment, such as those made by Battenfeld, BOY, Netstal, Engel,
Arburg, Demag or Sumitomo. 25Although it is preferred that the mould
set is used only once, the present invention also contemplates the
use of reusable moulds such as quartz moulds and metal moulds.
The present invention will now be described further with reference to
the drawings in which: 



30 Figure 1 shows typical male and female mould halves which form a
lens-shaped cavity;  11 Figure 2 shows preferred half mould sets; and
Figure 3 exemplifies the multiple combinations which are produced
from a half mould set. 5Figure 1 shows how a male mould half (1) and
a female mould half (2) fit together to form a lens shaped cavity
(5). The mould halves are commonly disposable moulds which are used
only once. These mould halves are formed using so-called "master"
moulds which are typically formed of metal, typically steel. The
optical faces of the disposable moulds are defined by an insert tool
in the master mould. This insert 10tool is typically formed of a
metal which is softer than steel, such as brass, aluminium, nickel or
nickel alloys. The insert tool could however be made from steel. The
disposable moulds are typically formed from a plastics material such
as polypropylene. Preferably, the moulds are formed by injection
moulding. 15The master mould is a multi-cavity mould, which produces
disposable half mould sets comprising a plurality of mould halves.
In an alternative embodiment, the mould halves for making the contact
lenses are reusable. Suitable mould half materials include quartz and
various metals. 20 Thermoplastic contact lens material can be used in
combination with the reusable moulds.        Figure 2 shows two half
mould sets in accordance with the present invention. The set is made
up of four or six "petals" (10) each of which is an individual mould
half. The four mould halves are either all male mould halves or all
female mould halves. The 25 mould halves are all connected together
via a runner system (15), such that there are a series of stalks
extending from a central point. The half mould set has an additional
moulded web (20) between two of the     stalks to allow the user to
know the orientation of the half mould set. More than one 30 moulded
web can be moulded onto the half mould set. Other alternative means
of  marking or shaping the half mould set so that its orientation is
known will be apparent to the skilled person.          The petals are
all positioned the same distance from the central axis of the half 



5mould set. The petals are also regularly spaced around the central
axis, so that the petals have four-fold rotational symmetry. Although
the half mould set in Figure 2 has four petals, other numbers of
petals     are possible. It is preferred that the half mould set has
from 4 to 16 petals. 4, 6 or 8 10petals per half mould set are
particularly preferred.        The half mould set shown in Figure 2
is easy to produce by injection moulding. However, alternatively, the
half mould set could be formed of a solid disc with the petals
positioned in the disc. Alternatively, the half mould set can be in
the form of a hoop, or a 15 square or H frame. The petals can be
positioned on the inside or outside of the hoop or square. Other
possible shapes of half mould set will be apparent to the skilled
person.        Figure 3 shows how two half mould sets fit together to
produce a series of different combinations of lenses. In this
Example, each of the petals on the first male half 20 mould set (25),
numbered 1 to 4 has a different cylinder axis and each of the petals
on the second female half mould set (30), numbered a to d has a
different sphere power. The relative orientation of the two half
mould sets (25, 30) can be seen from the moulded web portions (32,
33) on each half mould set. As can be seen, 16 different contact lens
mould combinations result from the different orientations of the two
half mould set, 4 in each 25relative orientation, according to the
table below.  WO 2007/068892PCT/GB2006/004564 Table 1  Position 1
Position 2 Position 3 Position 4  Male Female 



Male Female Male Female Male Female Top left 1 a 4 a 3 a 2 a Top
right ? b 1 b 4 



b 3 b Bottom left 4 c 3 c 2 c 1 c Bottom right 3 d 7 d 1 d 4 d 



If there are more petals in each half mould set, then the number of
different orientations increases, and therefore the total number of
different combinations increases. 5 For 6 petals there are 36
different combinations, for 8 petals there are 64 combinations.
As well as changing the sphere power and the cylinder orientation,
the cylinder power can also be changed. 10Therefore, it can be seen
that from two master mould sets, it is possible to produce half mould
sets which allow the production of large numbers of different contact
lens types. Where certain lens types (sphere power, cylinder power
and orientation) are more popular than the others, the half mould
sets can be set up so that more of that lens type are produced either
by maldng more lenses using one particular orientation, or by 15
including in the half mould set more than one petal which gives the
required sphere power, cylinder power or orientation. Accordingly, it
is straightforward to set up the half mould sets to produce lenses
according to customer requirements. In order to produce the 2000
different SKUs which an optician supplying toric 20 lenses might be
called upon to supply, it would be necessary to have more than 45
petals. However, 6 petals are sufficient to allow groupings of the
most popular SKUs for a set of toric lenses. When other sets of
lenses are required, a new master mould can be set up, and a new set
of half mould sets can be made. By changing the petals of only one
half mould set, a completely different set of lenses can be produced.
14         It is particularly preferred that 6 petals are used in
each half mould set. This provides up to 36 different SKUs in a given
set. Using information based on sales, the skilled person can select
the best combinations of sphere power, cylinder power and 5 cylinder
axis in any given set so as to produce contact lenses in amounts that
approximately resemble the sales figures. It is preferred to group
contact lens types of similar popularity together to minimise the
number of set-up changes required to the master moulds. 10Certain
orientations of cylinder axis are more common than others. A cylinder
axis of 180 degrees is most common, and is approximately twice as
common as a cylinder axis of 90 degrees, which in turn is more common
than other cylinder axes. Demand for cylinder powers of -0.75 and
-1.25 are similar, and demand for sphere powers -1.00, -1.25, -1.50,
-1.75, -2.00, and -2.25 are also all similar. Therefore, one 15
suitable set-up for a 6 petal system could be as follows: Table 2  



Female Half Male Half Cavity Sphere Power Cylinder Power CYlinder
Axis  -1.00 -0.75 90 2 -1.25 . -0.75 180 3 -1.50 -0.75 180 4 -1.75
-1.25 



90 5 -2.00 -1.25 180 6 -2.25 -1.25 180         This set up can
produce 24 different SKUs, with there being twice as many contact
lenses having an axis of 180, compared to 90, which is in line with
sales 20 requirements.  WO 2007/068892PCT/GB2006/004564 15        It
is also preferred to group together low volume contact lens types. An
Example of a suitable low volume set of lenses would be: Table 3
Female Half Male Half Cavity 



Sphere Power Cylinder Power Cylinder Axis 1 +1.00 -1.75 40 2 +1.25
-1.75 50 3 +1.50 -1.75 60 4 +1.75 -1.75 120 5 +2.00 



-1.75 130 6 +2.25 -1.75 140  5These are of course only Examples of
particular sets which may be useful in creating a complete inventory
of contact lenses.        The contact lenses are made using the half
mould sets of the present invention by taking the female half mould
set and introducing a polymerisable contact lens mixture 10 into the
mould halves of the female mould set. The male half mould set is then
orientated relative to the female half mould set so that the correct
set of contact lens moulds will be produced. The two half mould sets
are then assembled together to produce a plurality of lens shaped
cavities containing the polymerisable mixture. The mixture is then
polymerised. Polymerisation usually takes place by using thermal
initiation. However, it 15can also be initiated by use of ultraviolet
light or microwaves. Alternatively, a pre- polymerised material can
be used which can subsequently be cross-linked by ultraviolet light
or a thermoplastic material could be used.             Once the
contact lens has been formed, it is extracted from the mould,
hydrated 20 and packaged in a blister or vial.  16        Although
the specific preferred embodiment described above relates to toric
contact lenses, the invention is equally applicable to other sets of
lenses where the lenses are typically formed from mould halves where
both the male and female mould halves differ. Examples include
multifocal lenses, where one focal component is provided by 5 one
mould half and another focal component is provided by the other mould
half. In addition, the invention can be used when producing standard
spheric lenses. A first mould half provides the sphere power and the
second mould half is used to vary the size of the lens produced, so
that sets of lenses of differing sizes can be produced.   



18 12. A method of making a mould set, comprising: moulding as a
unitary moulding a first half mould set comprising a plurality of
male mould halves fixedly attached to each other in a first array;
and moulding a second half mould set as a unitary moulding comprising
a plurality of female mould halves fixedly attached to each other in
a second array,  wherein the arrangement of the male and female mould
halves in the first and second arrays is such as to permit the
engagement of respective pairs of male and female mould halves to
define a corresponding set of mould cavities therebetween, and to
permit engagement of each said female mould half with a different
said male -mould half by relative rotation of the first and second
array about an axis of rotation, such that the male and female mould
halves can be engaged in a plurality of different relative
orientations, wherein the shape and/or orientation of the respective
male mould halves in the saidfirst array, andthe respective female
mould halves in the said second array is not identical for each mould
half in each said array, whereby relative rotation of the first and
second array about the said axis from a first rotational orientation
to a second rotational orientation results in the definition of a set
of respective mould cavities of which at least some mould cavities
are different in shape from the mould cavities resulting from
engagement in the first said rotational orientation. 


