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(57) Abrége/Abstract:

A selectively, rotatably adjustable riser pin (36) for aligning a predetermined characteristic on an asymmetrical mold surface with
the gate (14) of an injection molding machine for enhanced flow dynamics of the mold material across the mold surface. The
riser pin (36) Is divided Into two co-linear portions (62, 64) which are biased towards one another such that application of a
predetermined torgque will allow the front riser pin portion (64), which carries the mold tool, to be rotated independently of the
back riser pin portion (62).
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(§7) Abstract

| A selectively, rotatably adjustable riser pin (36) for aligning a predetermined characteristic on an asymmetrical mold surface with the
gate (14) of an injection molding machine for enhanced flow dynamics of the mold material across the mold surface. The riser pin (36)

s divided into two co-linear portions (62, 64) which are biased towards one another such that application of a predetermined torque will |

allow the front riser pin portion (64), which carries the mold tool, to be rotated independently of the back riser pin portion (62).
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For.  Apparatus For Rotationally Aligning A Feature Of An Optical Tool With A Gate
In An Injection Molding Apparatus

Background of the Invention

The present invention broadly relates to aligning a feature of a mold tool with the
gate of the injection molding machine. More particularly, the present invention relates to
apparatus for aligning an asymmetrical surface of an optical tool used for making contact
lens molds, with the gate of the injection molding apparatus for enhanced flow dynamics
of the mold matenal across the optical surface during the injection molding process.

Cast molding of contact lenses is well known in the art. The cast molding process
may be either be a complete cast molding process wherein two mold halves (anterior and
posterior) are used to mold a lens, or it may be a partial cast molding process, e.g.,
wherein a lathing operation cuts one surface of a lens whose opposite surface has been
cast. In either process, the mold in which the lens is cast 1s typically injection molded and
discarded after a single use due to degradation of the optical surface of the mold
following a single casting operation. In a complete cast molding process, anterior and
posterior mold halves are provided which carry concave and convex optical surfaces for
forming the anterior and posterior surfaces of the contact lens, respectively. The antenor
and postenior mold halves are typically injection molded parts.

Cast molding of asymmetrical contact lenses presents unique manufacturing
challenges as opposed to spherical contact lenses due to the rotationally asymmetrical

configuration of the contact lens surface. For example, toric contact lenses, which are
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used to correct a non-spherical cornea or lens, includes a toric surface and must include
ballast to properly orient the toric axis of the lens over the toric axis of the cornea or lens.

In the area of cast molding of toric lenses, the toric surface may be placed on the
posterior or anterior mold surface. As such, the toric surface is formed on the optical tool
mold surface, which itself is typically made from a metal alloy. The optical tool which
carries the mold surface is positioned in the injection molding machine and forms part of
the cavity into which fluid mold material is injected and cured. It has been discovered that
during the injection molding process of asymmetric surfaces, such as a contact lens mold
surface having a toric feature, the flow dynamics of the fluid mold material over the mold
tool surface will differ depending on the orientation of the toric surface on the mold tool
surface to the flow direction of the fluid mold material emanating from the gate in the
injection molding apparatus. If the flow dynamic is not equal across the entire asymmetric
surface, undesirable variations may appear in the mold surface which will be transferred to
the cast lens which must then be scrapped.

Heretofore, no attention was given to the orientation of the toric surface of an
optical tool used to make toric contact lenses with respect to the gate in an injection
molding apparatus. As such, the rotational relationship between the two could vary mold
to mold, resulting in inconsistencies in the mold surface due to different flow dynamics for
each variation in rotational relationship between the toric surface and the gate. Over and
under-tightening of the optical elements in the mold machine also contributes to

inconsistencies in rotational relationship.
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Summary of the Invention

The present invention addresses the problem of variations in an asymmetric mold
surface due to inconsistent flow dynamics of liquid mold material over the mold surface
by providing apparatus for permitting selective rotational adjustment of the mold tool
relative to the gate in an injection molding apparatus. For the purposes of description, an
optical tool carrying an asymmetrical toric surface will be described herein, although it is
understood the invention is not limited to this specific feature of a mold surface, but
instead may be applied to any tool having an asymmetrical mold surface.

The optical tool which includes the optical surface for forming the optical surface
In the resultant mold is held in a multi-component assembly which includes an optical tool
holder 1n which the optical tool is removably received, a riser pin, and a tail piece which is
threaded at both ends and which threads to and joins the optical tool to the riser pin. The
end of the niser pin opposite the tail piece is fixedly secured to a stationary back plate. An
ejector sleeve is provided in which the optical tool, optical tool holder, tail piece and riser
pin telescope, the ejector sleeve itself being telescopingly and slidingly positioned in a
cavity block whereby it may be linearly extended relative to the other components to
release the cured mold.

As mentioned above, the optical tool threads onto the front end of the tail piece
whose back end threads into the front end of the stationary riser pin. Since the threads on
the tail piece cannot be timed with the threads in the optical tool or the riser pin without
undue effort and expense, the toric surface on the tool surface may come to rest at any
arbitrary position relative to the gate of the injection mold machine. Operator under-

tightening and over-tightening of the optical tool on the tail piece may further contribute
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to this arbitrary positioning. The present invention enables selective rotation of the optical
tool to align the toric surface with the gate by mechanically separating the riser pin into
two co-linear halves, one of which may rotate relative to the other half which is held
stationary in the injection molding apparatus. Means are provided for adjustably biasing
the two riser pin halves together such that once the tail piece has been fully threaded into
the riser pin, application of a greater torque of a predetermined intensity will rotate the
rotatable half of the riser pin relative to the stationary half until the toric surface on the

mold tool is aligned with gate of the injection molding machine.

Brief Description of the Drawing

Figure 1 is a longitudinal cross-sectional view of a posterior mold cavity assembly; and
Figure 2 is a longitudinal cross-sectional view of the riser pin according to the present

invention for use in the mold assembly of Fig. 1.

Detailed Description

Referring to the drawing, there is seen in Fig. 1 a contact lens posterior mold
cavity assembly 10 of an injection molding machine, it being understood the present
invention may be applied in the anterior mold cavity assembly as well. Thus, the assembly

10 provides a mold cavity 12 in the shape of the posterior mold half of a two-piece
contact lens mold used for cast molding toric contact lenses. Liquid mold matenal (e.g.,
polypropylene) is forced under high pressure through gate 14 into cavity 12 during the
injection molding process. A dividing line 16 delineates the front cavity assembly 18 from

the back cavity assembly 20. The front assembly 18 carries the front plug 22 which forms
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the non-optical, top surface of the resultant posterior mold while the back assembly 20
carnes the optical tool 24 having optical surface 26 which forms the optical surface of the
resultant posterior mold half (opposite the top surface). In the injection molding machine
(not shown), front assembly 18 is in the position shown during formation of the mold half,
and then moves linearly to the right along common longitudinal axis x-x to release the
resultant mold half as described more fully below.

Back assembly 20 generally comprises a back block 28, an optical tool 24, an
optical tool holder 30, a posterior tail piece 32, an ejector sleeve 34, and a riser pin 36
(Fig. 2). The back end 38 of riser pin 36 is fixedly secured to a stationary back plate (not
shown) in the injection molding machine, while the back end 40 of the ejector sleeve 34 is
fixedly secured to a plate (not shown) movable along axis x-x in the injection molding
machine. For the sake of clarity, riser pin 36 is shown separately from the cavity assembly
of Fig. 1, but it 1s seen that riser pin 36 telescopes within ejector sleeve 34 in the fully
assembled condition.

The optical tool holder 30 includes a cylindrical cavity 40 at the front end thereof
wherein optical tool 24 may be removably inserted with optical surface 26 facing front
block 18. Optical tool 24 is provided with a longitudinal slot 42 on the exterior side wall
thereof which is aligned with the toric surface on optical surface 26 when the tool 24 is
manufactured. Optical tool holder 30 includes a radially extending pin 44 on cylindrical
cavity 40 over which slot 42 extends as optical tool 24 is inserted into cavity 40. With slot

42 engaging pin 44, optical tool 24 is rotationally fixed with respect to optical tool holder

30.
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Posterior tail piece 32 is threaded at both the front and back ends 48 and 50
thereof, respectively. Prior to mounting optical tool 24 and optical tool holder 30 in back
block 28, the back end 50 of posterior tail piece 32 is threaded into threaded bore 52
extending longitudinally into the front end 54 of riser pin 36. As previously mentioned,
the back end 38 of riser pin 36 is fixedly secured to a back plate in the injection molding
machine. With the back end 50 of posterior tail piece 32 thusly threaded into the front end
54 of riser pin 36, the neck 56 of posterior tail piece 32 is matingly received in the neck
portion 52 of bore 52 in riser pin 36, leaving the threaded front end 48 of tail piece 32
exposed for receiving optical tool holder 30 and optical tool 24. It will also be noticed
that riser pin 36 and thus also posterior tail piece 32 extend axially within and spaced
radially inwardly from ejector sleeve 34 at this point.

A bore hole 58 is provided longitudinally through optical tool holder 30 from back
end 30’ thereof to cylindrical cavity 40. Optical tool 24 also includes a threaded bore hole
60, axially aligned with bore hole 58, and longitudinally extending from the back end 24’
thereof to a point spaced from optical surface 26. With optical tool 24 fully inserted into
the cylindrical cavity 40 of optical tool holder 30, and posterior tail piece 32 threaded into
riser pin 34 as described above, the bore hole 58 of optical tool holder 30 is extended
over and onto the front end 48 of posterior tail piece 32 until threaded end 48 meets the
threaded bore hole 60 of optical tool 24.

It will be noticed that the inner diameter of the longitudinal passageway 34” of
ejector sleeve 34 and the outer diameter of optical tool holder 30, both indicated by “d”,
are such that optical tool holder 30 is slidingly received in mating contact within ejector

sleeve passageway 34’ as optical tool holder 30 is passed over tail piece front end 48. The
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exposed front surface 46 of optical tool holder 30 extends slightly beyond parting line 16
and 1s hexed on the external side wall 46’ thereof for engagement with a wrench for
turning optical tool holder 30, together with optical tool 24, until the threaded front end
48 of posterior tail piece 32 is fully threaded into the threaded bore 60 of optical tool 24.
As discussed, optical tool 24 includes a longitudinal slot 42 which corresponds to
the toric surface on optical surface 26, and slot 42 engages radial pin 44 in cavity 40 of
the optical tool holder 30 when the tool 24 and holder 30 are attached together. A
marking (not shown) is provided on the exposed front surface 46 of holder 30, which
marking aligns longitudinally with pin 44. Thus, an operator of the injection molding
machine may determine where the toric surface of the optical surface 26 lies upon

attaching body 30 and optical tool 24 to tail piece 32 by observing where the marking on

surface 46 comes to rest. Should the marking come to rest at a location off-set from gate
46, the operator may apply a greater torque to further rotate optical tool holder 30 and
optical tool 24 until the marking is aligned with gate 16 and without stripping the threads
of tail piece front end 48 and bore hole 60 as follows.

Referring to Fig. 2, riser pin 36 is divided into co-linear back and front portions 62
and 64, with a brass washer 66 being provided therebetween. A shoulder screw 68 is
extended through axially aligned bore holes 70 and 72 formed entirely through back riser
pin portion 62 and a length of front riser pin portion 64, respectively, with the threaded
end 74 of screw 68 threading into the threaded portion 72’ of bore 72. A set screw 76
extends through a radially extending hole 78 formed in front riser portion 64 to engage

the shank of shoulder screw 68 thereby rotationally fixing shoulder screw 68 within front

rser pin portion 64.
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It will be noticed bore hole 70 in back riser pin portion 62 is of a first diameter d;
for a first length L, thereof where d; is slightly greater than the outer diameter of head
portion 68’ of shoulder screw 68, and is of a second, smaller diameter d; for a éecond
length L, thereof where d; is only very slightly larger than the shank portion of screw 68
where it exits first riser pin portion 62 and passes through washer 66 and into second riser
pin portion 64. The portion of the shank of screw 68 which extends through back riser pin

' portion 62 is thus spaced radially inwardly from the wall of bore hole 70. A plurality of
spring washers 80 (e.g., Belleville spring washers) are stacked within the first bore hole
length L1, abutting the shoulder created between lengths L; and L,. A brass bushing 82 1s
positioned between the washers 80 and the head portion 68° of screw 63. Spring washers
80 are stacked in series relationship and provide a force of a predetermined magnitude
biasing first and second riser pin portions 62 and 64 together. The biasing force may be
increased or decreased as needed by alternately tightening and loosening the shoulder
screw 68 in threaded bore 72’ of the second riser pin portion 64. The amount of biasing
force present between riser pin portions 62 and 64 dictates the amount of torque which 1s
required to go from static friction (where first and second riser pin portions 62 and 64 are
rotationally stationary with respect to each other) to dynamic friction (where second riser
pin portion 64 rotates independently of and with respect to stationary first riser pin
portion 62). In the preferred embodiment, the torque required to be applied to optical tool
holder surface 46’ to achieve dynamic friction between riser pin portions 62 and 64 is in
the range of approximately 4-12 in-lbs. As such, once the operator has threaded optical
tool holder 30 and optical tool 24 to riser pin front end 48, he/she observes where the

marking on holder front end 46 comes to rest. If it does not come to rest at the position of
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gate 14, the operator applies the needed torque to the wrench (engaging hexed surface
46’) to rotate front riser pin portion 64 independently of back riser pin portion 68 until the
marking is at the position of gate 14. This positions the toric surface at the gate as

descnbed above.
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What Is Claimed Is:
1. Apparatus for selectively, rotationally aligning a predetermined characteristic on

an asymmetrical mold surface of a mold tool with the gate of an injection molding
machine wherethrough liquid mold material is injected into a mold cavity defined at least
in part by said mold surface, said apparatus comprising:
a) a riser pin having first and second, co-linear portions each having front and
back ends, said riser pin first portion back end being secured in rotationally fixed
relationship within said injection molding machine, said mold tool being secured to
said front end of said riser pin second portion; and
b) means attaching said front end of said riser pin first portion to said back
end of said riser pin second portion in a rotationally adjustable manner whereby
said mold tool may be rotated with said riser pin front portion independently of
said riser pin back portion to enable alignment of said predetermined characteristic
on said mold surface with said gate of said injection molding machine.
2. The apparatus of claim 1 and further comprising means biasing riser pin.back and

front portions together.

3. The apparatus of claim 2 wherein said attaching means comprises a screw having a
head and threaded shank portion which extends through axially aligned bore holes formed
in said back and front portions of said riser pin with said bore hole in said niser pin front

portion being threaded and said shank portion of said screw being threadedly engaged In

said front portion bore hole.

10

b et s YIS A v A I Ay PR C e vl bt UM *




CA 02264801 1999-03-03

WO 98/09800 PCT/US97/15220

4. The apparatus of claim 3 wherein said biasing means comprises a plurality of
spring washers positioned about said screw shank portion within said bore hole of said
riser pin back portion.

5. The apparatus of claim 4 and further comprising a washer positioned between said
riser pin back and front portions.

6. The apparatus of claim 1 wherein said mold surface is a contact lens mold surface
and said predetermined characteristic is a toric surface on said contact lens mold surface.
7. The apparatus of claim 1 and further comprising a tail piece having threaded front
and back ends, said tail piece back end being threadedly engaged to said riser pin front
portion front end, and said tail piece front end being threadedly engaged to said mold tool
opposite said mold surface.

8. The apparatus of claim 7 and further comprising a holder having a cavity into
which said mold tool is removably received, said holder having an axial bore formed

entirely therethrough and through which said tail piece front end extends to engage said

mold tool.

11
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