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ABSTRACT

A method of producing multi-focal contact lenses
using a mold insert. The lenses are formed between first and
second intermediate mold halves formed by 1njection molding.
A power insert to be used 1in an 1njection mold 1s plated with
a NiP coating. The plated 1insert 1s cut with a computer
controlled mono-crystalline diamond cutter to generate a power
insert having complex geometric forms. A plurality of the
first contact lens mold halves are formed 1in an injection mold
with the power insert. A plurality of the second contact mold
halves are formed in an injection mold. A multi-focal contact

lens is molded between the first and second mold halves with a

polymerizable composition. The contact lens has at least two

optical powers formed therein.
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METHOD OF PRODUCING MULTI-FOCAL CONTACT LENSES

USING A MOLD INSERT

This patent application 1s a divisional appiication

of Canadian Patent application 2,186,571.

The present 1nvention relates generally to an
apparatus and method for molding front and back curve mold
halves which are used for subsequent molding of a soft contact
lens therebetween, and more gpecifically to an apparatus and
method for molding a front or back polystyrene mold half which
considers heat flow constraints, optical quality mold surface

requirements, and maintenance and assembly procedures.

U.S. Patent 4,565,348 to Larsen discloses a typical
prior art approach to manufacturing mold halves similar to the
present invention. Pursuant to this prior art approach, the
mold halves are molded as a set of eight mold halves carried
on a frame 1n a 2x4 array. ' Figure 3 of the Larsen patent
illustrates a molded frame carrying a 2x4 array of concave
front or female mold halves, while Figure 5 therein shows a
molded frame carrylng a 2x4 array of convex back or male mold
halves. The cluster assembly of the frame and wmolds is
manufactured by 1injection molding the as-sembly as one piece
with the molds being secured within an outer rectangular frame
by small struts extending between the frame and the molds. The
height of the frame 1s such that the surfaces of the molds are
protected from scratching and mechanical damage during
handling; and the frame 1in general has a shape facilitating
stacking and handling. This prior art approach of molding such

polystyrene mold halves i1n a cluster assembly typically
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takes approximately twenty-four (24) seconds, which 1is
too long for the efficilent production of such
polystyrene mold halves. In contrast thereto, pursuant
to the present invention, the molding of such
polystyrene mold halves takes approximately three to six
seconds, depending upon the wall thickness.

In this prior art approach, complementary sets
of front and back mold halves are used in the production
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of hydrogel contact lenses by direct molding of a
monomer mixture wherein the mixture is dissolved in a
non-aqueous, water-displaceable solvent. After a dosing
step in which the front concave mold halves are
substantially filled with the polymerization mixture,
the concave front mold halves are covered with the back
mold halves in a manner in which no air bubbles are
trapped beneath the back mold halves, which are brought
to rest on the concave front mold halves properly
aligned and without distortion. This is preferably
performed with back mold halves which are put on as
individual units on the pools of polymerizable mixture
held in the front concave mold halves. Accordingly,
prior to the mold covering step, the plurality of back
mold halves are separated from the frame by breaking or
cutting. The back mold members are preferably held by a
mechanical device while they are separated from the
frame and which thereafter is used to guide them down

and place them all simultaneously on each of the concave

- front mold halves containing the polymerizable mixture.

The monomer/solvent mixture is then subjected to
conditions whereby the monomer(s) polymerize, such as

irradiation with actinic visible or ultraviolet
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radiation, to thereby produce a polymer/solvent mixture
1in the shape of the reduced final size of the desired
hydrogel lens.

- After the polymerization process 1s completed,
the two halves of the mold are separated (called
demolding), typically leaving the contact lens in the
front mold half, from which it is subsequently
displaced. The front and back mold halves are used for
only a single molding, after which they are disposed of.
After the polymérization is complete, the solvent is
displaced with water to produce a hydrated lens the
final size and shape of which are quite similar to the
size and shape of the original molded polymer/solvent
article. The direct molding of hydrogel contact lenses
1s disclosed in U.S. Patent 4,495,313 to Larsen, U.S.
Patent 4,680,336 to Larsen et al., U.S. Patent 4,565,348
to Larsen, and U.S. Patent 4,640,489 to Larsen et al.

Accordingly, the present invention provides
for a molding arrangement with a mold insert design,
heat removal process, and processing to achieve a short
mold cycle time. -

Additionally, it is a consideration that the
specific embodiments of such an apparatus be such that
the optical surfaces of the molding machine be
lnterchangeable, so that each molding machine is able to
produce a variety of different prescription lens molds.
It 1s advantageous for such a mold part to be easily
interchangeable, whereby swift alteration of the mold
shape may be executed, without concern for damaging

either the optical surface or the attending structures.
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More specifically, the present invention is
directed to a molding apparatus for producing at least
one mold half which is used for subsequently molding a
soft contact lens therewith, comprising:

at least one first structure having a convex
curved surface;

>

at least one corresponding second structure
having a concave curved surface disposed in proximal
spaced relation to said convex surface, said first and

second structures defining therebetween a volume wherein

a mold half is formed;

10 one of said first and second elements having

an optical quality curved surface for imparting an
optical quality to a surface of the mold half;
a hot runner system connected to the volume
between said first and second structures for delivering
15 4 quantity of molten material of which the mold half is
to be formed, wherein the structure having the optical
quality surface i1s positioned further from the heated

hot runner system than the other structure; and

a cooling system for cooling at least one of

ia)said first and second structures,

wherein the positioning of the structure
having the optical quality curved surface further away
from the heated hot runner system, and the cooling
system, provide for faster cooling of molten material
25 which forms the mold half at the optical quality surface
than the other surface of the mold half to allow quicker
setting so that minimal residual stresses remain in the

material which forms the optical quality curved surface
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35



CA 025074431 2007-01-31

-5-

of the mold half, and also provides faster molding and
cycling time.
1 The present invention is further directed to a
molding apparatus for producing at least one mold half
which is used for subsequently molding a soft contact
lens therewith, comprising:
> first and second reciprocating blocks, having
opposing faces, said blocks reciprocating relative to
one another so that the opposing faces meet and separate
in a regular repetitive molding cycle;
at least one first structure, mounted within
]L)said first reciprocating block, said first structure
including a hollow cylindrical bushing and a power
insert disposed therein, said power insert defining a
convex curved surface which protrudes from the face of
said first reciprocating block and a flat annular
]f5surface surrounding the convex surface;
at least one corresponding second structure,
mounted within said second reciprocating block, said
second structure having a concave curved surface which
forms a recession 1in the face of said second block,
20 wherein said convex curved surface of said first
structure and said concave curved surface of said second
structure are disposed 1n proximal spaced relation to
one another and define therebetween a volume wherein a
mold half 1s formed when said opposing faces meet;
25 sald convex curved surface being an optical
quality curved surface for imparting an optical quality
to a concave surface of the mold half formed thereby;

a hot runner system connected to the volume

between said first and second structures for delivering
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a quantity of molten material of which the mold half is

to be formed, wherein the structure having the optical
]'quality surface is positioned further from the heated
hot runner system than the other structure; and

wherein the positioning of the structure

having the optical quality curved surface further away
Esfrom the heated hot runner system provides for faster

cooling of molten material which forms the concave

optical quality surface of the mold half than the other

surface to allow quicker setting so that minimal

residual stresses remain in the material which forms the
10

optical quality curved surface of the mold half, and

also provides faster molding cycle.

Still further, the present invention is
directed to a molding apparatus for producing at least
one mold half which i1s used for subsequently molding a
15 soft contact lens therewith, comprising:

first and second reciprocating blocks, having
opposing faces, said blocks reciprocating relative to
one another so that the opposing faces meet and separate
in a regular repetitive molding cycle;

20 at least one first structure, mounted within
salid first reciprocating block, said first structure
including:

a hollow cylindrical bushing having
annular flat surface recession at one end thereof, and

25 a power insert disposed within said

bushing having a convex curved surface which protrudes

from the face of said first reciprocating block, and an
annular flat surface surrounding said convex curved

surface, the i1nterface of said annular flat surface

30
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thereof and said convex curved surface defining a

discontinuous profile,
1

whereby an annular flat flange portion of said

mold half may be formed simultaneously with the

formation of the mold half by the annular flat surfaces
said bushing and said power insert; |
> at least one corresponding second structure,

mounted within sailid second reciprocating block, said
second structure having a concave curved surface which
forms a recession in the face of said second block,
wherein said convex curved surface of said first

]1)structure and said concave curved'surface of said second

structure are dilsposed in proximal spaced relation to

one another and define therebetween at least a portion

of a volume wherein a mold half is formed when said
opposing faces meet;

15 sald convex curved surface being an optical
quality curved surface for imparting an optical quality

to a concave surtface of the mold half formed thereby;

a hot runner system connected to the volume
between said first and second structures for delivering

20 4 quantity of molten material of which the mold half is
to be formed.
Still even further, the present invention 1is
directed to a method of producing multi-focal contact
o lenses using a mold insert, said lenses formed between

first and second intermediate mold halves formed by

‘injection molding, said method comprising:

plating a power insert to be used in an

injection mold, with a NiP coating,

30
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cutting said plated insert with a computer

controlled mono-crystalline diamond cutter to generate a

1 |
power 1insert having complex geometric forms,

forming a plurality of said first contact lens

mold halves in an injection mold with saild power insert,

5 forming a plurality of said second contact

mold halves in an injection mold,

molding a multi-focal contact lens between
said first and second mold halves with a polymerizable
composition, said contact lens having at least two
:UDoptical powers formed therein.

The manufacture of the mold halves involves
the separate molding of each front mold half and of each
back mold half. The innexr concave surface of the front
mold half defines the outer surface of the contact lens,
:uswhile the ocuter convex surface of the back mold half

defines the innexr surface of the contact lens which
rests upon the eye. Accordingly, the shape of the inner

_
—

concave surface of the female mold half and the shape of

the outer convex surface of the male mold half must have

:Kjacceptable optical quality surfaces. The present
invention provides molding and very rapid cooling of the
critical optical quality surfaces of the contact lens
molds, i1i.e., the inner concave surface of the front mold
half and the outer convex surface of the back mold half.

23 The subject invention is directed to a
molding arrangement designed to simultaneously mold a
plurality of mold halves in a plurality of separate mcld

cavities, each of which i1s positioned to space the

optical quality surface of the mold cavity further from

30
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the heat source of a heated hot runner system of an
extruding machine than the second (non-optical quality)
:Lsurface of the mold cavity. This arrangement allows the
optical quality surface of the mold cavity to be cooled
as rapidly as possible, to allow quicker setting and
locking of temperature residual stresses on the optical
Esquality side of the mold half, thereby resulting in a
faster molding and cycle time. This results in the
slightly cooler optical quality side of the mold half
having slightly less dimensional variation than the
second (non-optical quality) surface of the mold half.
:u)Moreover, each individual mold surface (optical and non-
optical) 1is cooled separately by coolant circulated
around the mold cavity. |
The present invention takes a different
approach from the prior art as exemplified by Larsen
15 y.s. patent 4,565,348, and molds individual mold halves
in individual mold cavities, each of which produces a
nonattached mold half (i.e., not attached to a cluster
of similar mold halves). Each individual mold surface
is positioned and cooled to achieve a reduced cycle
E?-Omolding time. Moreover, the flow length distance of the
polymer has been significantly reduced relative to prior
designs, which greatly enhances the ability to optimize
the optical attributes of the resultant mold half.

There 1s less probability of freezing the flow
225passageway as mold temperatures are reduced further to

improve cycle time.
Each mold half defines an optical quality

surface (1.e., the concave surface in the front mold
half and the convex surface in the back mold half).

30
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Each mold half also defines a circumferential flange
around the convex and concave surfaces. In general, the
:Lmold halves are processed and handled by robotic
handling systems which handle (as by vacuum grasping)
the back side of the flange which is on the opposite
side from the optical quality surface of the mold half.
2 In accordance with the teachings herein, the
present invention provides a molding arrangement and
method for molding a mold half which is used, with a
second complementary mold half, for the subsequent
molding of a soft contact lens. Each mold half defines

O
1 a convex curved surface and a concave curved surface

spaced therefrom, with one of the convex and concave
surfaces defining an optical quality curved surface for
the soft contact lens. A heated mold (to ensure the
flow rate does not decrease and shear stresses 1ncrease)

15 introduces a molten mold material, such as from a family
of thermoplastics, such as polystyrene, polycarbonate,
poly [4-methyl-pentene 1] (TPX), polyvinyl chloride
(PVC), polyethylene, polypropylene, copolymers of
styrene with acrylonitrile or butadiene, acrylates such

20 a8 polymethyl methacrylate, polyacrylonitrile,
polyamides, polyesters, etc. through a hot runner system
to at least one (preferably more) mold cavity. Each
mold cavity defines an optical quality curved surface
and also a second noncritical curved surface for the

25 mold half.

Pursuant to the teachings of the present

invention, the optical quality surface of the mold
cavity 1s positioned further away from the heated hot

runner side of the mold system than the second surface

30
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of the mold cavity, and a cooling system 1s provided for
cocling the mold cavity. The positioning of the optical
quality curved surface further away from the heated hot
runner system allows faster cooling of the optical
quality surface of the mold cavity. This allows quicker
setting and locking of temperature residual stresses on
the Optical quality side of the mold half and a faster
molding cycle time. This results in the slightly cooler
optical quality side of the mold half having slightly
less dimensional variation than the second (non-optical
quality) surface of the mold half.

D

Ll
.

10 When the mold half is a front or female mold

half, the concave surface of the female mold half
defines the optical quality surface, and the concave
surface of the female mold half is positioned further
away from the heated hot runner system than the second
stsurface. When the mold half i1s a back or male mold
half, the convex surface of the male mold half defines
the optical quality surface, and the convex surface of
the male mold half 1s positioned further away from the

heated hot runner system than the second surface.

20 In a preferred embodiment, the material being

molded into the mold half 1s polystyrene, but could be
any sultable thermoplastic such as mentioned hereinabove
in the family of thermoplastics. Moreover, the mold

cavity comprises a first insert on the optical quality
23 gide of the mold cavity and a second insert on the

second side of the mold cavity. Each insert can be
manufactured as one integral component, or can be a two-
plece design. It 1s preferable that if the convex

insert (the insert forming the concave portion of the

30
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mold) is an optical surface defining insert, it should

comprise two pieces. If the concave insert (the insert
]'defining the convex portion of the mold) is an optical
surface, 1t may comprise a single element, as is the
non-optical surface defining insert of both possible
arrangements. The following description of two
5variat:ions of the optical surface defining insert is set
forth with the optical surface being the convex portion
of the insert, and the non-optical surface being the
concave portion. The specific arrangement which is used
for description of the specific embodiments of the
:ujinvention are for the production of the front curve mold
halves.

In the instance wherein the mold insert is a
convex optical surface defining insert it comprises two
pieces: a bushing, and a power insert positionéd within
15 the bushing. The bushing comprises a cylindrical body,

through which the power insert is positioned. In a
first embodiment, the power insert has an entirely
convex end surface which extends beyond the end of the
bushing and defines the optical quality surface, which
20 31s0 defines the optical power of a contact lens which
is subsequently produced by the front mold half. The
end offthe bushing, out from which the convex end of the
power insert extends, comprises an annular flat surface
which circumferentially surrounds the curvate end of the
535power insert. The circular interface defined at the
radial extent of the convex surface and the inner radial
extent of the annular flat surface of the bushing
comprises a sharp discontinuity of curvature, and

defines an sealing edge for separating the extra

30
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hydrophilic material from that which forms the lens
during the mold filling stage. The different optical
power (diopter) lenses can be produced by merely

changing the power insert to substitute a different

1

power insert having a different curvature convex end

surface.

D

In the second variation, the power insert is
similarly disposed within a bushing, however, the
optical surface defining surface thereof comprises both
the convex protuberance and a region of annular flat
surface therearound. A sharp discontinuity of curvature
:Uabetween the convex surface and the annular flat region

1s produced by special surface treatment and grinding
which 1s set forth more fully in the Detailed
Description provided hereinbelow. The bushing into
which this variation of the power insert is disposed
]fyunderstandably'comprises a wider central volume, and a
wider orifice at the operational end. The bushing does,
however, comprise an annular flat surface which is

preferably aligned to be co-planar with the annular

region of the power insert.

20 In both variations, the second insert on the

second side of the mold cavity does not define as high

an optical quality surface, and so can easily be

manufactured as one integral component.

Each of the inse:rt embodiments, as well as the

2-)--Esnon-optical surface i1nserts includes a bubbler

positioned internally therein, through which coolant is

circulated by the cooling system in a turbulent mode

against inner surfaces of the insert. Moreover, each

embodiment of the optical surface defining inserts, and

30
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the non-optical inserts, have a circumferential cooling

passageway disposed therearound. In the two piece
:linsert, the pagssageway 1s defined either in the exterior
surface of the bushing element, or in the steel mold
block retaining the insert, through which coolant is
circulated in a turbulent mode by the cooling system.
5 In a preferred embodiment, the molding
arrangement includes a plurality (such as four or eight)

of mold cavities positioned at one end of, and spaced
around, the hot runner system.

In the arrangement and method of the present
]I)invention, a heated molding machine introduces a molten
mold material through a hot runner system to at least
one mold cavity. As set fbrth hereinabove, each mold
cavity defines an optical quality curved surface and
also a second curved surface for the mold half.
lESPursuant to the teachings of the present invention, the

mold cavity comprises a first insert on the optical
quality side of the mold cavity and a second insert on
the second side of the mold cavity. Each of the first

-and second inserts has a circumferential cooling

Exjpassageway therearound or in proximity of the insert,

through which coolant is circulated by a cooling system
to provide for faster cooling of the mold cavity. This
allows quicker setting and locking of minimal
temperature residual stresses in the mold half and a
25 faster molding and cycling time. Also, the direct
polymer flow path reduces the cooling time (locks in the
minimal residual stresses) to reduce the cycle time.
The present invention directed to a molding

arrangement having a mold insert design to achieve short

30
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mold cycle time may be more readily understood by one

skilled in the art with reference being had to the
J‘following detailed description of several preferred

embodiments thereof, taken in‘conjunction with the

accompanying drawings wherein like elements are

designated by identical reference numerals throughout
5the several views, and in which:

Figures 1 and 2 are respectively top
elevational and side sectional views of one embodiment
of a front (feméle) mold half which is produced pursuant
to the present invention;

10 Fligures 3 and 4 are respectively top
elevational and side sectional views of one embodiment
of a back (male) mold half which is produced pursuant to
the present invention;
Figure 5 i1is a side elevational sectional view
15 of a mold assembly which includes a front mold half and
a back mold half;

Figures 6a and 6b are sectional views through
hot runner mold constructed pursuant to the teachings of
the present invention, in which one of eight similar

20 mold cavities for a front mold half is shown in section
‘to 1llustrate the construction of each mold cavity,
wherein respectively,

Figure 6a 1llustrates a first variation of the
power insexrt wherein the operational end thereof

25 consists entirely of a curvate surface and a
corresponding first variation of the bushing comprises
the entire annular flat surface, and

Figure 6b illustrates a second variation of

the power 1insert wherein the operational end thereof

30
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comprises both a curvate portion and an annular flat

surface, and a corresponding bushing comprises an
J‘annular flat surface which 1s co-planarizable with the
annular flat surface of the insert;

Figure 7 1s a sectional view through a hot
runner mold similar to that of Figures 6a and 6b, but
> for a back mold half; and

Figures 8a and 8b are sectional views of
bushings employed with the power inserts on the optical
: quality side of the mold cavity of Figures 6a and 6Db,
_ respectively.
10 Figure 9 is a cross sectional side view of the
powexr 1insert of the second embodiment.

Figure 9a 1s an enlarged view of a position of
the power insert illustrated in Figure 9.

Figure 10a is an enlarged diagrammatic front
15 view of contact lens having a complex optical geometry,

such as a maltizone on a/or bifocal contact lens.

Figure 10(b) is an enlarged cross section view

taken along section line 10-10' of Figure 10(a).

Figure 10(c) is a partial cross section of a
20portion of the power insert of Figure 9 with the surface
contour there of greatly exaggerated for the purpose of
1llustration.

Referring to the drawings in detail, Figures 1
and 2 1llustrate respectively top elevational and side
25~views of one embodiment of a front mold half 10 useful

in the production of a contact lens by the
polymerization of a polymerizable composition in a mold
assembly composed of two complementary front and back

mold halves. The front mold half 10 is preferably
30

35
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formed of polystyrene, but could be any suitable
thermoplastic such as mentioned hereinabove in the
J‘family of thermoplastics, which i1s transparent to
visible and ultraviolet light to allow irradiation
therethrough with light to promote the subsequent
polymerization of a soft contact lens. A suitable
5thermoplastic such as polystyrene also has other
desirable qualities such as being moldable to surfaces
of optical quality at relatively low temperatures,
having excellenﬁ flow characteristics and remaining
amorphous during molding, not crystallizing, and having
10 minimal shrinkage during cooling.

The front mold half 10 defines a central
curved section with an optical quality concave surface
12, which has a circular circumferential well defined
edge 14 extending therearound. The edge 14, shown in
15 detail A of Figure 2, 1s desirable to form a well

defined and uniform plastic radius parting line (edge)
for the subsequently molded soft contact lens. The well
defined edge 14 actually has a very small curvature
which can be 1in the range of 3-45 um, or less preferably
20 5-30 um, and the surfaces defining the edge can form an
angle i1n the range of 75°-90°. A generally parallel
convex surface 16 1s spaced from the concave surface 12,
and an annular essentially uniplanar flange 18 is formed
extending radially outwardly from the surfaces 12 and
2516. The concave surface 12 has the dimensions of the
front curve (power curve) of a contact lens to be
produced by the front mold half, and is sufficiently
smooth such that the surface of a contact lens formed by

polymerization of a polymerizable composition in contact

30
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with the surface is of an optically acceptable quality.

The front mold half is designéd with a thickness to

transmit heat therethrough rapidly (typically 1in the

range of 0.4 to 1.2 mm, preferably in the range of 0.5

to 1.0 mm, and most preferably in the range of 0.6 to

0.8 mm, and in one embodiment was selected to be 0.8 mm)
5and rigidity to withstand prying forces applied to
separate the mold half from the mold assembly during
demolding.

The front mold half or curve thickness was

reduced from 1.5 mm in prior designs to 0.8 mm. This

10

had a direct impact on cycle time reduction. Using a

one dimensional heat flow, the cooling differential

equation 1is:

aT = a 9°T a = _k = thermal diffusivity
dt 0°t eCp
15 cooling time = -t° 1n 4 Tmelt-Tmold
Ta m Tdemold temp-Tmold

The thermal diffusivity 1s proportional to specific
heat, thermal conductivity, density. The cooling rate
1s determined by the thermal diffusivity of the

20 material. The higher the thexrmal diffusivity, the
faster the cooling rate.

The front mold half or curve 10 further
defines a tab 20 integral with the flange 18 which
projects from one side of the flange. The tab 20

25 extends to the injection hot tip (by the notation GATE)
which supplies molten thermoplastic to the mold. The
gate diameter is typically in the range of 0.4 to 1.4
mm, preferably in the range of 0.6 to 1.2 mm, and most

preferably in the range of 0.8 to 1.0 mm, and is

30
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gselected to result in minimal shear stress in the molten

thermoplastic which is injected. Control of the gate

]‘size also helps to control the flow rate of the molten

thermoplastic, which (in conjunction with temperature

and rate of heat removal) helps control the final

dimensional characteristics of the molded part and

5optimizes the processing of the molded part. The
optimum size of the gate is calculated by considering
the material flow index of the thermoplastic polymer,
the wall thickness, part volume, an also considering the
hot runnerx tip temperature and mold temperature.

10 The i1njection point feeds into a planarizing
zone which fulfills several important functions. The
planarizing zone 1is generally thin and flat, preferably
having the same thickness as the rest of the mold
cavity. The planarizing zone preferably is generally

]fitriangular, having an apex near which the injection gate
point feeds molten thermoplastic into the planarizing
zone. The planarizing zone diverges gradually in width
from the apex region toward the rest of the mold cavity.
Where the planarizing zone intersects the flange portion

20 of the mold, the width diverges more, preferably
uniformly from both sides of the zone. Thus, the
‘planarizing zone is preferably symmetrical about the
plane formed by the injection point and the axis of the
concave surface of the molds.

25 One function of the planarizing zone is
planarizing the flow ¢of the injected molten
thermoplastic into a smoothly steadily advancing flow of
material filling the zone and feeding directly into the

flange and concave-convex regions of the mold.
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Controlling the flow characteristics imparted by the

dimensions of the planarizing zone, in conjunction with

]'the feed pressure, flow rate, and temperature of the

molten thermoplastic and the rate of heat withdrawal

therefrom, enables obtaining the desired characteristics
of the completed mold half.

2 The planarizing zone also serves to form the
tab 20 which is integral with the rest of the completed
mold half and is an essential part of that article.

The tab 20 defines therein an angled (e.g.,
45°) web section 22, which 1s included in the design to
10 preak up the flow of molten thermoplastic in the molding
process prior to the flow entering the optical quality
portion bf the mold. A step is created in the tab to
break the polymer flow and smooth out the advancing melt

flow, thus reducing and preferably eliminating jetting

15 6f the flowing molten thermoplastic which could lead to
sink marks, dimensional inconsistency, and unacceptable
irregularities in the surface of the molded mold half.
The step forces a reversal of the melt momentum back to
the start. This in turn causes the polymer to form an

Ex)advancing front which fills the cavity more smoothly.
This also moves the air in the mold cavity towards the
vent lines and results in an optical part free of
weakness lines, thus producing a dimensionally superior
part.

25 Vent lines are provided in the mold to assist
in removing alr therefrom and preventing possible melt
flow stagnation. In a preferred embodiment, the wvent
lines are provided outside and spaced around the annular

flange at locations spaced furthest from the mold gate.
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If this concept 1s not properly engineered, the flange
opposite the hot runner side can have weld lines at the
converging melt flows. The hot runner gate 1is
positioned, and the tab i1s designed, to allow for even
and uniform polymer flow so that the advancing polymer
flow does not produce weld lines, which are a source of
5surface imperfection, mechanical stress, and a point of
weakness.
Moreover, the front mold half 10 also defines
a small circular projection 24 which is positioned
across from the injection hot tip which supplies molten
10thermoplastic to the mold. The projection 24 functions
as a trap to immobilize a small slug of cold
thermoplastic which may form at the injection hot tip
between molding cycles. The plastic well immobilizes a
small slug of cold thermoplastic which may form at the
stinjection hot tip between molding operations, and
essentially captures the initial melt flow from the hot
runner gate tip. Thus, the well 24 is positioned
adjacent to the point at which the molten thermoplastic
1s injected into the mold. Preferably, the well 24 is
20directly across from that point, the better to catch the
first injected thermoplastic. It is imperative that
during 1nitial injection this mass of cold polymer be
trapped in the cold well and not enter the melt stream.
This could cause part dimensional variations due to melt
Eﬁ5temperature and possible shrinkage variation, jetting,
and freezing of the melt flow. Variations of the tab
length in conjunction with the size of the cold well can
vary, for example, with a longer tab length and smaller

cold slug well.
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The location of the hot runner gate on the tab

with respect to the optical surface ensures minimal heat
]‘distortion and part dimensional stability. The location
of the gate and tab geometry is designed to prevent
polymer jetting (which causes marks and dimensional
variations). When the melt flow hits the cold slug
5plane and then the step 22, impinging occurs which
smooths out the melt flow. The abrupt transition at the
step prevents transportation of a cold surface layer
into the rest of the mold. The radius at the transition
step and divergence angle of the tab, in conjunction
:ujwith the flow rate and the injection pressure, results
in a laminar flow of the melt flow into the optical
cavity and prevents the jetting phenomena. The cold
slug'well opposite the gate captures the first part of
the polymer stream, which allows a more homogeneous melt
]fsfront which relates to optical quality.

The design of the flange 18 helps demolding
and part handling, and also protects the optical
surfaces and the well defined edge as described earlier.

The geometry of the tab 20 serves an additional function

20 in straightening and orientating the assembled front

curve/back curve prior to demolding. When a front mold
half or curve 1s assembled with a back mold half or
curve, a gap 1is formed between the two projecting tabs
which is important for demolding. The gap between the
23 tabs typically has a range of 0.5 to 3.0 mm, preferably
has a range of 1.0 to 2.5 mm, and most preferably has a

range of 2.0 to 2.25 mm and is needed to initiate the

demolding operation.
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A finite element analysis enabled a better

design of the part geometry from the following points:
- hot. runner gate location;

filling time for cycle time reduction;

weld lines, air traps, flow direction;

ease of filling the mold;

> shear rate, shear stress and temperature
profiles;

cooling requirements.

This type of analysis based on fluid dynamics (rheology)
and thermodymamics is used to give approximations for
:u)momentum and energy of the melt flow.

The flow length distance of the polymer has
been significantly reduced relative to prior designs,
which greatly enhances the ability to optimize the
optical attributes. There is lesser probability of

stfreezing the flow passageway as mold temperatures are
reduced further to improve cycle time. One unexpectedly
advantageous aspect of the present invention is that
operations are carried out at higher thermoplastic
- temperatures while still realizing suc6essful production

i

20 within shortened cycle times.
Figures 3 and 4 illustrate respectively top

elevational and side views of one embodiment of a back
mold half 30. The back mold half 30 is designed with
all of the same design considerations mentioﬁed
25 hereinabove with respect to the front mold half 10.
Figure 5 illustrates a mold assembly in which
a back mold half 30 is positioned on top of a front mold
half 10, and i1llustrates the mold cavity 42 formed
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therebetween, as well as the defined gap between the
opposed flanges of the back and front mold halves.

1 The back mold half 30 is also preferably
forméd of polystyrene, but could be any suitable
thermoplastic such as mentioned hereinabove 1in the
family of thermoplastics. The back mold half 30 defines
5a central curved section with an optical quality convex
surface 32, a generally parallel concave surface 34
spaced from the convex surface 32, and an annular
essentially uniplanar flange 36 formed extending
radially outwardly from the surfaces 32 and 34. The
10 convex surface 32 has the dimensions of the rear curve
(which rests upon the cornea of the eye) of a contact
lens to be produced by the back mold half, and is
sufficiently smooth such that the surface of a contact
lens formed by polymerization of a polymerizable
:u5composition in contact with the surface is of optically
acceptable quality. The back mold half is designed with
a thickness to transmit heat therethrough rapidly
(typically in the range of 0.4 mm to 1.2 mm, preferably
in the range of 0.5 to 0.8 mm, and most preferably in
Ex)the range of 0.6 to 0.8 mm, and in one embodiment was
selected to be 0.6 mm) and rigidity to withstand prying
forces applied to separate the mold half from the mold
assembly during demolding.
The back curve 1s designed with a back curve
25 sag typically in the range of 1.5 to 6.5 mm, preferably
- 1n the range of 2.5 to 6.0 mm, and most preferably in
the range of 5.1 to 5.8 mm (see Fig. 4 for the

predetermined sag, dimension "Y"). The back curve sag
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and above specified ranges of thickness serve two

purposes:

- 1. The back curve sag results in a gap

typically in the range of 0.5 to 3.0 mm, preferably in
the range of 1.0 to 2.5 mm, and most preferably 1in the
range of 2.0 to 2.25 mm between the assembled back curve
5and front curve, which assists 1n mechanically removing
the back curve from the front curve matrix after
polymerization.
2. With a part thickness in the above
specified ranges, the back curve was designed to reduce
10 the occurrence of weld lines on the distal side of the
flange (where two melt flows converge) which could
detrimentally cause a fracture line on the back curve.
The back mold half or curve 30 also defines a
tab 36 integral with the flange which projects from one
15 side of the flange. The tab 36 extends to the injection
hot tip which supplies molten thermoplastic to the mold,
and also defines therein an angled (e.g., 45°) section
38 for the same reasons as in the front mold half 10.
The back mold half 30 also defines a small circular

projection 40 for the same reasons as in the front mold
half 10.

20

The tab design length "X," Figure 3, is
important for the following reasons:
minimizes heat distortion to the optical side
22 of the part;
the location and the distance are important;

consistency of roundness for optical power
radius;

cycle time reduction;
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Jength X can vary typically in a range of 10
to 30 mm, preferably in a range of 12 to 26 mm, and most
]fpreferably in a range of 16 to 24 mm.

To achieve a minimized molding time, the
thickness of each mold half should be reduced as much as
possible, while considering other design constraints
ESsuch as the desired rigidity of each mold half. In
general, the back mold half 30 should be more flexible
than the front mold half 10 and so is slightly thinner.
The thickness of the front mold half 10 is thinner than
a comparable prior art mold half which generally had a

]I)thickness on the order of 1.4 mm.

In one designed embodiment, the back curve and
front curve thicknesses were chosen to be in the
specified ranges, specifically 0.6 mm and 0.8 mm,
regspectively, to ensure adequate polymer flow without

stfreezing the advancing melt flow, maintain the proper
strength and rigidity during demolding, minimize weld
line formations, and optimize cycle time reduction.

The inner concave surface of the front mold
half defines the outer surface of the contact lens,

20 while the outer convex surface of the back mold half
defines the inner surface of the contact lens which
rests upon the eye. Accordingly, the shape of the inner
concave surface of the female mold half and the shape of
the outer convex surface of the male mold half must have
E35acceptable optical quality surfaces. The outer convex
surface of the front mold half and the inner concave
surface of the back mold half need not have optical
quality surfaces, and in fact the side of each mold half

having one of those surfaces is used by robotic handling
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equipment to handle the mold halves. The present

invention takes advantage of this latter feature to

:Lprovide molding and very rapid cooling of the critical

optical quality surfaces of the contact lens molds,

i.e., the inner concave surface of the front mold half
and the outer convex surface of the back mold half.

5

Pursuant to the present invention, the master
molds to mold the thermoplastic mold halves or curves

are designed to achieve excellent heat transfer

characteristics to quickly reduce the temperature of the

molds from approximately 200-300°C at the injection tip

:Uj(by the arrow designated GATE) at which the molten

15

thermoplastic enters the mold to approximately 80-90°C,
when the mold halves can be opened in approximately
three to six seconds, as compared with a typical 24
second mold c¢cycle for the prior art.

Pursuant to the present invention, and

referring to Figures 6a and 6b, two variations of the

molding assembly are shown. In each, molten
thermoplastic material is initially extruded by a screw

extruder 50. When polystyrene is used as the molten

20thermOplastic material, the discharge end of the screw

extruder 50 has a temperature of approximately 200-
300°C. The molten thermoplastic material is then
introduced into a heated manifold 52 having heatexs 54

therein to ralse the temperature of the molten

25 thermoplastic material further, in the case of

polystyrene to approximately 270-280°C. The molten
thermoplastic material then flows into a hot runner
system 56 which feeds two multi-tip extruders 58 (only

one of which i1is shown in Figures 6a and 6b), each of
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which has four hot tip extrusion apertures 60, two of
which are illustrated in Figures 6a and 6b; at this
:Lpoint molten polystyrene 1s approximately 200-300°C.
One or more temperature sensors, such as thermocouples,
may be strategically positioned in the molding
arrangement to monitor the temperature of the molten
5therm0plastic, to control heaters or other parameters
for control of the molding operation. Each hot tip
extrusion aperture feeds a single mold cavity 62, one of
which 1i1s 1llustrated in Figures 6a and 6b. One
preferred molding arrangement includes eight mold
10 cavities of the type which are positioned at the end of,
~and spaced around, the multi-tip extruders 58.
The embodiments shown in Figures 6a and 6b are
designed to manufacture front curve molds. Figure 7,
which 1s described more fully hereinbelow, illustrates
:usan.assembly for the manufacture of back curve molds. In
each embodiment, one of the features of the present
invention is that the optical quality surface of the
mold half is positioned away from the heat source of the
extrusion equipment, while the second non-optical
Ex)quality surface of the mold half i1s positioned towards
the heat source of the extrusive equipment. The concave
surface 12 of the front mold half defines the optical
quality surface, and accordingly the concave surface 12
of the front mold half i1s positioned on the left side in
25 the molding arrangement of Figures 6a and 6b.
The molding cavity 62 illustrated in each of
Figures 6a and 6b includes a two piece optical surface
molding insert 64 on the left side, and a concave single

piece non-optical insert on the right side. Referring
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now specifically to the embodiment shown in Figure 6a,
the convex optical surface i1nsert includes an outer

:Lbushing 66a which is sealed relative to the molding

machine by O-rings 68. A power 1insert 70a is positioned
in the outer bushing 66a and i1s sealed relative thereto
by an O-ring 72. The powexr insert 70a is so named
5because 1its right end convex surface 74a defines the
optical power of the optical cquality surface of the
front mold half and also of the hydrogel soft contact
lens which 1is subsequently molded in the polystyrene
mold half. The two piece i1nsert design on the left side
:UJof Figure 6a allows the optical quality surface 74a of
the power insert 70a to be machined on just the power
insert, which simplifies the engineering and
construction of the two piece insert 64. Moreover,
different optical power (diopter) lenses can be produced
:usby merely changing the power insert to substitute a
different power insert having a different curvature
convex end surface.
Referring now also to Figure 8a, the first
bushing 66a 1s shown 1in a side cross section view. The
20 outer surface of the bushing 66a defines an outer |
circumferential cooling passageway 76 therearound,
through which a coolant i1s continuously circulated. The
circumferential cooling passageway could also be defined
in the mold block which retains the bushing 66a, rather
25 than in the bushing 66a, to reduce manufacturing costs.
A bubbler 78 1s positioned within the power
insert, through which coolant is continuously circulated
and ejected against the inner internal surfaces of the

power insert, and then flows outwardly in a reverse
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direction through the annular passageway around the

bubbler insert.

1 The right side of the mold cavity of Figure 6a

defines the non-optical quality surface of the front
mold half, and accordingly, in view of its simpler and
less critical construction, 1s designed as a single
5piece insert bushing 80 which is sealed relative to the
molding arrangement by O-rings 82. The bushing 80
includes an outer circumferential cooling passageway 84
through which a coolant is continuously circulated, and
N also mounts therein a bubbler insert 86, through which
O

coolant 1s continuously circulated and ejected against

the internal end surfaces of the insert 80, and then
flows outwardly in a reverse direction through the
annular passageway around the bubbler insert.

The coolant can be a solution of water and
'15anticorrosion inhibitors, such as a 50/50 mixture of

water and ethylene glycol. The coolant is continuously

circulated in a turbulent flow mode by a cooling system
having high power pumps to provide maximum cooling.
Turbulent flow mode cooling is preferred to laminar flow
2?'Ocooling as it 1s approximately three times more
effective than laminar flow cooling. Two separate
coolant flow circuits are provided. The first coolant
circuilt has a high power pump with an 80 psi pressure
head which circulates coolant at approximately 45-85°C
25at a flow rate from the pump of approximately 3045
gallons per minute to cause the coolant to circulate
continuously in a turbulent flow mode through the
circumferential cooling passages of each mold cavity.

The eight separate mold cavities as described
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hereinabove are typically connected in series 1in the

first coolant circuit, with coolant flowing in series
:lfrom one mold cavity to an adjacent mold cavity, etc.
The second coolant circuit also has a high power pump
with an 80 psi pressure head which circulates coolant at
approximately 45-85°C at a flow rate from the pump of
5approximately 30+5 gallons per minute to cause the
coolant to circulate continuously in a turbulent flow
mode through the bubbler inserts in each mold cavity. A
differential temperature range can be set to improve
part quality.
10 The continuous flow of coolant through the

outer circumferential cooling passages 76, 84 and the
inner bubblers 78, 86 results in rapid cooling of the
molded curves or mold halves to approximately 80-90°C,
at which temperature residual stresses are substantially
151ocked into the molded component, particularly at the
optical quality surface side, and the master mold halves
can be opened along parting line {(PL) to remove the
molded curves or mold halves without damaging the
optical quality surface of the mold halves. After
:ajopening of the master mold, a plurality of ejector pins
90, four positioned circumferentially around the mold
cavity and a fifth 90' positioned at the mold tab, are
displaced to the right as illustrated in Figure 5, to
eject the mold half from each cavity.
25" The systematic arrangement of the five ejector
pins serves a useful purpose. 'The ejector pins are
- positioned to ensure minimal stress buildup in the part
during part ejection; this is very important to ensure

part dimensional consistency. One ejector pin is
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located at the distal end of the part (opposite side of
the hot runner gate) to ensure adequate mold gas venting
:Lduring the final filling phase, and the reduction of
weld lines. The arrangement ensures smooth and reliable
ejection after the part has reasonably cooled down and
to minimize stresg formation. This agailn ensures
5dimensional consistency. This concept lends well to
cycle efficiency and deters parts from sticking to the
wrong side of the mold.
Referring now to Figure 6b and Figure 9, a
second embodiment of the insert assembly for the
:u)manufacture of front curve mold halves 1s shown. As
described with respect to the first wvariation
1llustrated in Figure 6a, and set forth in the
corresponding description therecf, the molten
&thermoplastic is extruded into the volume between the
15 mold halves by a screw extruder 50. As above, the tip
' temperature of the extruder 50 and the heater manifold
52 provide the necessary flow characteristics to the
molten thermoplastic. The molten thermoplastic material
then flows into a hot runner system 56 which feeds two
Em)multi—tip extruders 58, each of which has four hot tip
extrusion apertures 60. Temperature sensors, such as
thermocouples, may be strategically positioned in the
molding arrangement to monitor the temperature of the
molten thermoplastic, for controlling heaters or other
25jparameters of the molding operation.
The power insert of the embodiment illustrated
in Figure 6a includes an optical surface convex end
which 1s entirely curvate. This power insert is

disposed 1n a cylindrical bushing element 66a having a
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flat surface at the operational end. The junction of

the bushing and power 1nsert 70a at the operational end

1 forms a sharp discontinuity in the geometric profile of

5

the end. This sharp discontinuity forms the annular
edge of the lens forming central portion of the
subsequently manufactured mold halves.

The second variation, shown in Figure 6b, includes
a power insert 70b which includes an operational end

comprising a convex central protuberance portion 74b and
an annular flat surface 75 surrounding it. The

interface between the convex portion 74b and the annular

10 f1at portion 75 comprises a sharp geometric

15

20

25

30

35

discontinuity in the profile of the operational end of
the i1nsert, formed not by the junction of the bushing
66b and the inserxrt 70b, but formed entirely by the
specific surface profile of the end surface.

By providing this second power insert 70b with
an annular flat surface 75 at its operational end, the
critical optical surface 74b of the insert is protected
against destructive contact with the inner surface
features of the bushing 66b during removal and
repositioning thereof, such as during cleaning, changing
prescription strengths of the power inserts, and

replacement.

Inasmuch as the repetitive use of the power

inserts over thousands of molding cycles has an eroding

effect on the power inserts, they preferably comprise a

material which has considerable wear resistance to such

use. In addition, inasmuch as the thermal cycling of

the molding process involves significant changes in

temperature, the material should have consistent and



CA 025074431 2007-01-31

~34-

reliable thermal expansion characteristics. Further,
inasmuch as a critical feature of the molding process
1l yelates to the rate at which heat may be drawn out of
the plastic, the material must have a high thermal
conductivity. A material which has generally been
utilized for such 1nserts 1s stalinless steel, however,
D alternative materials and combinations of materials
which have desirable characteristics are described in
detail hereinbelow.
The body of the power insert 70b (shown in
Fig. 9) may alternatively be constructed of CuZn, such
lOCuZnBO, CuNi1SiCr, or Vascomax (a martensitic steel alloy
having significant nickel and cobalt constituent
percentages). The power inserts are premachined to
approximate dimensions and are then plated with a lavyer
electroless Nickel-Phosphor coating such as type OMI 410
15 with a phosphor content of 10 to 13% available from OMI
International or Shipley type Niposit 90 with a phosphor
content of 10 to 13%. A plurality of alternative
plating materials may be utilized, for example chrome
nitride or silicone oxide. The surface maybe plated to
20 a4 thickness of approximately 180 microns.
The plated surface of the optical insert is then
turned using mono-crystalline diamond cutters, to a
layer thickness of approximately 90 microns, therein
imparting optimal optical characteristics including good
25 sphericity (0.1-0.3w) and low surface roughness (4-6nm
RMS) and minimal surface pitting. The use of a
monocrystalline diamond cutter also provides an ultra-
sharp transition or discontinuity at the interface of

the convex portion 74b and the annular flat surface 75
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therearound as 1llustrated in Figure 9a, which is an
enlarged view of portion a circled in Figure 9.

1 The ultrasharp transition provides a "knife edge"'
radius of 10 micrometers to 40 micrometers that is
formed on the front curve mold half. This edge provides
for uniform seating of the front curve mold half when

O the two halves are assembled, and provides a parting
edge to sever excess monomer from the monomer in the
mold cavity as the two halves are assembled.

As illustrated in Figure 9(a) the ultra sharp
transition, diogramatricaly illustrated as the angle
10 petween arrows a-a’ may be from 2° to 10° for desired
length of 20 to 200 micrometers as necessary to create
the kﬁife edge 14 1llustrated in Figure 2A.
This slight taper allows the plastic mold part to
be ejected off protuberance 74b without causing damage
15 or deformation of the knife edge, and ensures tight
plastic tolerance and high reproduciblity for lenses
molded therefrom, since the individual mold parts seal
to one another in a more consistent manner.
This sharpness of the "knife edge" thus produced
20 enhances the production of the lenses inasmuch as the
plastic mold parts will not include stray plastic formed
at the edge of the lens defining curvature as a result
of plastic being received in the junction between the
bushing éna the power insert. In the present invention,
25 if molten plastic should seep 1into free space between
the power insert and the bushing in this variation, such
stray plastic features would be in the flange portion

and sufficiently remote from the optically relevant
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portion of the mold as to be insignificant in the
production of the lenses.

1 The use of polished stainless steel power inserts
requires careful matching of the insert to the bushing,
with a desired axial tolerance of 5 to 10 microns. This
tolerance 1is difficult to achieve with conventional tool

D and die technology, which forms the steel power inserts
with multiple grind, polish and inspect steps, which may
require 10 to 15 repetitions to achieve the desired
sphericity and surface smoothness. '

At each grind polish and inspect step, the axial
10 gimensions is slightly altered, and with multiple steps,
final assembly regquires a shim assemble to achieve the
desired axial dimension. Further, each time the power
is changed and a new power insert used, the matching of
the specific insert and 1ts stacking shims to a specific
stbushing, must be maintained. In as much as there may be
8 to 16 sets of individual bushing insert assemblies for
each power of lens manufactured, the process requires
matching and assembly of literally hundreds of mold
inserts for each injection molding machine. Further, if
20 one is damaged, the shim stack assembly must be
carefully reconstructed, possibly creating significant
downtime for the injection molding machine.
The combination of diamond point turning and
forming the knife edge in the insert, thus alleviates
23 much of this custom matching and shim stacking and thus
improves the yield of the injection molding line.
The use of brass or brass alloys in lieu of steel
further enhances the conduction of heat from the mold

half during molding thereof. While the electroless NiP
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coating provides necessary corrosion resistance, and
with diamond point turning, provides the desired
J'Sherericity and surface smoothness.

Alternate forming processes have used diamond point
turning off a brass alloy power 1insert to create a power
insert of desired physical properties, with a thin

5coating of Shipley "Gloss 434" electrolens NiP or 0.5
micron layers of Cr and CrN deposited on the insert by
magnatron spattering to provide the desired corrosion
resistance.

Additional surface treatments and hardness
]1)coatings may be applied after the final machining of the
inserts and the layers may range in thicknesses from 0.2
to 200 um. Optionally, the final layer may be turned to
thickness of 8 to 20 mm. In one hardening process, the
inserts were heat treated in an N, environment‘.

15 The use of computer controlled diamond paint

turning allow the creation of complex geometric forms,
such a bifocal, aspheric tonic, parabolic and elliptical
geometry, not commercially feasible with conventional
tool and die "grind, polish and inspect" technology.
20 For example, Figure 10a i1llustrates in front view a
multi-ring bifocal contact lens having a series of
concentric multi-focal zones with smooth transition
zones. Such a contact lenses is highly useful as a
bi1focal contact lens, as taught in U.S. Patent 5,448,312
25 | The cross section of the lens in Figure 10(a) 1is
illustrated, approximately to the same scale in Figure
10(b), where 1t 1s apparent that the smooth transitions

between powers of concentric rings are extremely subtle.
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Figure 10(c) illustrates these transition with
exaggerated detail for the purposes of illustration.

1 Rach of the annular optical zones 101-104 i1s formal with
a difficult radius on the face of protoface 74 (b) with
smooth transitions therebetween. While technically
feasible for "one-off" molds, the requirement for close

5m.atching large numbers of sets of these power inserts
makes the use of conventional for commercial
manufacturing could be extremely difficult, not
impractical. However, the combination of the diamond

' point turning with plated inserts makes it possible to
logenerate substantial numbers of nearly identical power

1nserts having complex geometries. Thilis geometry is

calculated and created in three dimensional mathematical
models 1n a computer program such as Auto Cad, and
transferred to computer aided manufacturing program such

15 a5 smartcam in order to programmably guide the diamond

point turning machine axis.

Simple geometry i1nserts can also be formed with a

multi axis grinder.

Referring now also to Figures 8a and 8b, the
20 first and second bushings 66a,66b which correspond to

the first and second embodiments, respectively, are
shown in a side cross section. As with the first
variation, the outer surface of the bushing 66a defines
an outer circumferential cooling passageway 76

22 therearound, through which a coolant is continuously
circulated. The inner surface of the bushing 66b
comprises a wider passageway to permit the wider second
power insert to be placed. This second bushing 66b is
effectively similar to the first bushing 66a, but for
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having been bored out so that it may receive the larger

power insert.

1 A bubbler 78 is positioned within the power
insert, through which coolant 1i1is continuously circulated
and ejected against the inner internal surfaces of the
power insert, and then flows outwardly in a reverse

D direction through the annular passageway around the

bubbler insert.
The right side of the mold cavity of Figure

6b, which defines the non-optical quality surface of the
front mold half, may be identical to the first

10 variation, having a single piece insert bushing 80 which
15 sealed relative to the molding arrangement by O-rings
82. The bushing 80 also includes a circumferential
cooling passageway 84 on its external surface, through
which a coolant 1is continuously circulated. A bubbler

15 insert 86, through which coolant is continuously
circulated and ejected against the internal end surfaces

of the 1nsert 80, is also provided.
The arrangement of the ejector pins relative

to the expanded interior passage of the bushing is
20 gimilar to that of the first variation, however, care
must be taken to i1nsure that the wall thickness of the
bushing i1s sufficient to permit perpendicular travel of
the pins.
As described hereinabove, Figures 6a and 6b
25 i1llustrate two variations for the manufacture of the
front mold halves 10. The back mold halves 30 are
molded in a similar arrangement as illustrated in Figure
7, with similar mold inserts, except that the power
insert 94 now has a concave optical quality end surface

30

35
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as the back mold halves 30 have an optical quality
surface on their convex surface rather than on their
1 concave surface.

Figure 7 is a sectional view through a hot
runner mold similar to that of Figures 6a and 6b, but
for a back mold half 30. The convex surface of the back

> mold half defines the optical quality surface, and
accordingly the convex surface of the back mold half is
positioned on the left side in the molding arrangement

of Figure 7.

" While several embodiments and variations of

10 the present invention for a molding arrangement with a

mold insert design to achieve short mold cycle time are

described in detail herein, it should be apparent that

the disclosure and teachings of the present invention

will suggest many alternative designs to those skilled
15 in the art.

20
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Claims:

1. A method of producing multi-focal contact lenses using a
mold 1nsert, said lenses formed between first and second

intermediate mold halves formed by 1injection molding, said

5 method comprising:

plating a power 1insert to be used 1n an

injection mold, with a N1P coating,

cutting said plated 1insert with a computer
controlled mono-crystalline diamond cutter to generate a power

10 1nsert having complex geometric forms,

forming a plurality of said first contact lens

mold halves in an injection mold with said power insert,

forming a plurality of said second contact mold

halves 1n an injection mold,

15 molding a multi-focal contact lens between said
first and second mold halves with a polymerizable composition,
sald contact lens having at least two optical powers formed

therein.

2 . The method of producing multi-focal contact lenses using
20 a meld i1nsert as claimed in claim 1, which further includes the
step of creating a first data file with a computer assisted
drawling (CAD) program, for controlling the step of cutting said
plated 1insert with a computer controlled mono-crystalline
diamond cutter, said data file having a plurality of three
25 dimensional coordinates of an interoccular multi-focal contact

lenses.
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3. The method of producing multi-focal contact lenses using a
mold insert as claimed 1n claim 2, which further includes
translating said data file to a computer assisted manufacturing
(CAM) program for operating said computer controlled mono-

crystalline diamond cutter to thereby generate salid power

insert having complex geometric forms.
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