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(57) Abstract: The invention provides a method of moulding a vision correction lens from a transparent resin. The resin is intro-
& duced into a mould cavity, the sides of which cavity which correspond to the front and rear surfaces of the lens being formed by two
O sheets, at least one of which is flexible. The amount of resin in the cavity is adjusted to deform the flexible sheet(s) so that the shape
of the lens defined by the sheet(s) will provide a desired power, and the resin is then cured. The sheets can be transparent, and a user
can look through them as the amount of resin is adjusted, to ensure that the lens is of the desired power. Further, the amount of resin
in the cavity can be adjusted to accommodate changes in the refractive index of the resin as it cures.
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MOULDING LENSES

The present invention relates to a method of moulding lenses, and more
particularly to a method of moulding lenses in which the shape of the mould cavity
is defined by at least one flexible sheet.

Ophthalmic lenses are commonly made from plastics material. The process
starts with the moulding of a so-called "lens blank", one surface (normally the front)
of which is formed with a curve (normally spherical). The curve imparts a known
optical power to the blank. The other surface of the blank is then ground and
polished to provide the desired overall optical power for the lens.

In a common form, the front curve of the moulded lens blank is +6 dioptres.
Prescription lenses of less than +6 dioptres can then be made by appropriate
grinding of the rear surface. For example, if a +2 dioptre prescription is required, a
-4 dioptre curve is ground on the back surface. If a -2 dioptre prescription is
required, a -8 dioptre curve is ground.

While this lens manufacturing process is commonly used, it is quite time-
consuming, as the front and rear surfaces of the lens are formed in two distinct
stages, the second of which (grinding and polishing the rear surface of the lens) is
quite laborious. In addition, the step of moulding the lens blank requires the mould
(or at least the part which forms the front surface of the lens blank) to be of optical
quality, and such moulds can be expensive to manufacture.

According to a first aspect of the invention, there is provided a method of
moulding a lens for correction of vision from a transparent resin, comprising the
steps of: providing a mould cavity in which the lens is to be moulded, the sides of
the cavity which correspond to the front and rear surfaces of the lens being formed
by two sheets, at least one of which is flexible; filling the mould cavity with a
transparent resin; adjusting the amount of resin in the cavity to thereby deform the
flexible sheet(s) so that the shape of the lens defined by the sheet(s) will provide a
desired power; and curing the resin.

This method greatly simplifies the procedure for moulding a lens. Both

faces of the lens can be produced in a single step, rather than requiring a two-step
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procedure as discussed above. Furthermore, there is no need to provide a mould of
optical quality, which can reduce costs.

Preferably, the sheets are transparent. If this is the case, then the adjustment
of the amount of resin in the cavity to deform the flexible sheet(s) can be carried out
while the eventual user of the lens is looking through the transparent sheets and the
resin, so that the shape and power of the lens can be adapted to suit to the eventual
user's vision. This allows the lens to be "tailored" to the individual's specific
requirements while still being produced relatively cheaply.

In a preferred form, the mould cavity is provided in an optical app:dratus such
as a pair of spectacles. The lens can then be effectively formed "in situ".

Preferably, two such mould cavities are provided in an optical apparatus such
as a pair of spectacles. This allows simple production of a pair of spectacles
providing correction in both of the user's eyes.

In an alternative preferred method, a second cavity is provided, the second
cavity being similar to the mould cavity and_ having front and rear surfaces formed
from transparent sheets, at least one of the sheets being flexible, the flexibility or
otherwise of the sheets of the second cavity corresponding to the flexibility or
otherwise of the corresponding sheets in the mould cavity, the cavity being filled
with a transparent liquid; the eventual user of the lens looks through the second
cavity, the amount of liquid in the second cavity is adjusted to thereby deform the
flexible sheet(s) so that the shape of the lens defined by the sheets will provide a
desired power, and the amount of resin in the mould cavity is adjusted in
correspondence with the amount of liquid in the second cavity.

Although unlikely, it is possible that the sheets used to form the mould cavity
may leak or burst. If this were to happen, it is desirable to avoid contact between the
resin in the mould cavity and a user's eye. Provision of a second cavity ensures that
such contact is avoided. The amount of liquid in the second cavity is adjusted to
provide the desired correction; this second cavity serves as a master cavity to which
the mould cavity is slaved, allowing the mould cavity to produce a lens to correct the
user's vision.

There may be some change in the refractive index of the resin during curing.

It is therefore preferred for the method to comprise a further step of adjusting the
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amount of resin in the mould cavity, after the amount has been adjusted in
accordance with the user's requirements, to allow for changes in refractive index
occurring when said resin is cured.

The transparent resin may be a thermosetting resin which can be cured by
exposure to heat. Alternatively, the transparent resin may be a UV-curable resin
which can be cured by exposure to ultraviolet radiation (which may be in the form
of ambient light or sunlight). In a further alternative form, the lens can be formed
from a transparent silicone rubber; such a material will not set hard (like a
thermosetting resin or a UV-curable resin), but can still be used to form a usable
lens.

A preferred embodiment of the invention will now be described by way of
example only and with reference to the accompanying drawings, in which:

Figure 1 shows a cross-section of a mould cavity in which a lens is moulded
according to a first method;

Figure 2 is a perspective view of the mould of Figure 1;

Figure 3 shows a device incorporating two mould cavities;

and Figure 4 shows a device for use with a further method, with a master
cavity and a slave mould cavity.

As can be seen from Figure 1, a mould cavity used in a first embodiment of
the method comprises two sheets 12, 14 attached to either side of a ring 10. The
ring 10 may be circular, or may have any suitable closed-loop shape. Both of the
sheets 12, 14 are transparent, and in this embodiment both are flexible, although it is
also possible to use a cavity in which one of the sheets is flexible and the other sheet
is rigid.

A hole 16 is formed through the ring 10, allowing liquid to be introduced
into the space 18 between the sheets 12, 14. This hole is connected to a duct 20,
which is in turn in communication with a pump P and a reservoir R of transparent
resin. The resin may be a thermosetting resin, or may be cured through exposure to
UV radiation. UV-curable resins of this type which are suitable for the moulding of
lenses are known, and several such resins are disclosed in WO 00/05060. If the
resin is UV-curable, then it is preferred for the reservoir and the piping connecting it

to the cavity to be substantially opaque to UV radiation. Similarly, if the resin is a
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thermosetting resin, then the moulding apparatus should be maintained at a
temperature below the setting temperature of the resin.

The pump P can be used to pump resin from the reservoir R into the space
18, to deform the sheets and thus change the shape of the space and the optical
properties of the lens to be moulded therein. The pump P can also be used to draw
resin out of the space and back into the reservoir.

As shown in Figure 3, the mould cavity can be provided in an apparatus 30
resembling a pair of spectacles. In use, the apparatus is positioned such that the
cavity is in front of the eye of a user 32, in the same position as a spectacle lens
would be.

Resin is introduced into the cavity by means of the pump P. The resin-filled
cavity, by virtue of the flexible sheets, can then function as a variable focus lens.
Such lenses are well-known and will not be described in detail here. By varying the
amount of resin in the cavity, the user can vary the curvature of the flexible sheets,
and thus the power of the lens, until the desired power necessary for accurate
correction of vision is arrived at. This procedure is simplified if the cavity is
positioned in front of a user's eye (in the same manner as a spectacle lens), as the
user can adjust the amount of resin in the cavity while looking through it until
correct focus is achieved.

The resin in the cavity can then be cured, either through exposure to heat or
exposure to UV radiation, thus producing a lens. If a UV-curable resin is used, then
depending on the particular resin, the amount of UV radiation in ambient sunlight
can be sufficient to cause the resin to cure; alternatively, the resin can be exposed to
UV radiation from a bulb or the like.

Once the resin has cured, the lens can be removed from the cavity, and
installed in a standard spectacle frame or the like. Alternatively, if the cavity is
provided in an apparatus resembling a pair of spectacles, as mentioned above with
reference to Figure 3, the lens can remain in the apparatus, which can then be used
as a pair of spectacles.

Depending on the type of resin used, the refractive indices of the resin in its
uncured and cured states may differ. In order to accommodate the change in

refractive index, a small amount of resin can be introduced into or removed from the
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cavity after it has been adjusted in accordance with the eventual user's wishes. The
exact amount required can be calculated based on the amount of resin in the ca{fity
and the change in refractive index.

It is of course important to avoid any contact between the resin and the user's
skin, and in particular, eyes. This is not normally an issue, as the resin should
remain in the mould during normal use. However, there is a possibility that the resin
may leak where the sheets are joined to the ring, or that the sheets may tear or burst
during use (for example, if too much resin is introduced into the mould). This could
lead to the resin coming into contact with the user, which is extremely undesirable.

The embodiment shown in Figure 4 is intended to overcome this problem.

In this embodiment, the user does not look directly through the mould 10
containing the resin, which remains some distance away from the user's eyes.
Instead, the user looks through a second cavity 40, which is connected to the mould
10. The second cavity 40 is formed in a similar manner to the mould, in that it is in
the form of a variable focus lens, and the amount of liquid in the second cavity can
be adjusted to provide vision correction (for example, using a hand-operated pump
42, a syringe or the like).

The mould 10 is slaved to the second cavity 40, so that the amount of resin in
the mould 10 is adjusted in accordance with the amount of liquid in the second
cavity 42. In other words, when liquid is introduced into the second cavity 42 to
vary its focus, resin is also introduced into the mould 10. Likewise, when liquid is
removed from the second cavity 42, resin is removed from the mould 10. This can
be achieved by mounting sensors on the hand-operated pump 42 used to adjust the
amount of liquid in the second cavity, and using information detected by these
sensors to control the pump P for the mould (shown schematically in Figure 4 by a
dotted line connecting the hand-operated pump 42 with the resin pump P).

Once the amount of liquid in the second cavity 42 has been adjusted to
provide proper correction, the mould 10 can be sealed, and the resin cured to
produce a lens. (Of course, resin can be introduced into or removed from the mould
after adjustment, in order to correct for variations in refractive index on curing as

discussed above.)
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The liquid used in the second cavity through which the user looks should be
such it will cause no harm if it comes into contact with a user's skin or eyes. Water
can be used, as can certain oils. It will of course be necessary to adjust the amount
of resin to take into account the differences in refractive index between the resin and

5 the liquid.

It will be appreciated that further variations are also possible. For example, a
moulding apparatus could be provided in the form of a pair of spectacles with two
such second cavities, positioned in front of each of a user's eyes, and two moulds
(again in the form of a pair of spectacles), so that a pair of corrective spectacles

10 could be produced without the risk of resin coming into contact with the user's skin

or eyes.
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CLAIMS

1. A method of moulding a lens for correction of vision from a transparent
resin, comprising:

providing a mould cavity in which the lens is to be moulded, the sides of the
cavity which correspond to the front and rear surfaces of the lens being formed by
two sheets, at least one of which is flexible;

filling the mould cavity with a transparent resin;

adjusting the amount of resin in the cavity to thereby deform the flexible
sheet(s) so that the shape of the lens defined by the sheet(s) will provide a desired
power; and

curing the resin.

2. A method as claimed in claim 1, wherein said sheets are transparent.

3. A method as claimed in claim 2, wherein the adjustment of the amount of
resin in the cavity to deform the flexible sheet(s) is carried out while the eventual
user of the lens is looking through the transparent sheets and the resin, so that the

shape and power of the lens can be adapted to suit to the eventual user's vision.

4. A method as claimed in claim 3, wherein said mould cavity is provided in an

optical apparatus such as a pair of spectacles.

5. A method as claimed in claim 4, wherein a second mould cavity is provided

in said optical apparatus.

6. A method as claimed in claim 1 or claim 2, in which a second cavity is
provided, the second cavity being similar to the mould cavity and having front and
rear surfaces formed from transparent sheets, at least one of the sheets being

flexible, the flexibility or otherwise of the sheets of the second cavity corresponding
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to the flexibility or otherwise of the corresponding sheets in the mould cavity, the
cavity being filled with a transparent liquid;

wherein the eventual user of the lens looks through the second cavity, the
amount of liquid in the second cavity being adjusted to thereby deform the flexible
sheet(s) so that the shape of the lens defined by the sheet(s) will provide a desired
power;

and the amount of resin in the mould cavity is adjusted in correspondence

with the amount of liquid in the second cavity.

7. A method as claimed in any of claims 3 to 6, comprising a further step of
adjusting the amount of resin in the mould cavity, after the amount has been
adjusted in accordance with the user's requirements, to allow for changes in

refractive index occurring when said resin is cured.

8. A method as claimed in any preceding claim, wherein said transparent resin

is a thermosetting resin which can be cured by exposure to heat.

9. A method as claimed in any of claims 1 to 7, wherein said transparent resin

is a UV-curable resin which can be cured by exposure to ultraviolet radiation.

10. A method as claimed in any of claims 1 to 7, wherein said transparent resin

is a transparent silicone rubber.
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