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MAILING LABEL NO. EV 563872317 US

METHOD AND APPARATUS FOR COATING OPTICS

Related Application

The present application claims priority to provisional application no.
US60/659,946 filed on March 9, 2005 which is hereby incorporated by reference in its

entirety.

Field of the Invention

The present invention pertains to coating work pieces and more particularly to

coating optics such as eyeglass lenses.

Backeground of the Invention

Transparent plastic materials such as eyeglass lenses, television screen face
plates and the protective coatings on photographic prints often are quite soft and are
subject to becoming dull and hazy due to scratching and abrasion during use.
Polycarbonate eyeglass lenses, for example, are strong and shatter resistant but also
are relatively soft and susceptible to scratching.

The optical, and particularly eyeglass, industry has made considerable
progress in the use of coatings to improve the surface properties of desired substrate
materials, such as polycarbonates. Common coatings include scratch resistant
coatings and abrasion resistant coatings. Some coatings, particularly abrasion
resistant coatings, remain sufficiently complex in their chemistry and use that they
must be applied in a factory or manufacturing setting. Other coatings, however, and
particularly scratch resistant coatings, have progressed to the point where they can be
applied on site, by ophthalmology providers.

Scratch resistant coatings are typically applied using either thermally or UV- -
cured compositions. Most scratch resistant coatings applied by lens manufacturers are
thermally cured. The lenses are dip coated (covering both sides) and cured in large .

ovens for up to 16 hours. Manufacturers tend to individualize the composition and
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thermal cure process to the specific index of the lens being coated. Thermal cure
coatings require highly trained operators and tend to provide the most effective
scratch resistant coatings.

UV-cured scratch resistant coatings, by contrast, are typically applied in a spin
technique, in which the coating composition is applied only to the “backside” of the
lens, which in turn, becomes the inward facing surface in a pair of eyeglasses. The
coating is often tintable, and can be applied to lenses with any specific index. The
primary advantages of such coatings are that they permit a faster cure cycle, and that
relatively less operator training is required. Automated and semi-automated
apparatuses for coating lenses are commercially available, e.g., as the Mini-II N/V
Coating System and the M/R III System available from Ultra Optics, Brooklyn Park,
MN.

There remains a need in the industry for apparatuses and related materials and
methods that can be used to provide coatings of high quality, yet in a manner that
provides an ever improved combination of such features as speed, expense, and ease

of operator use.

Summary of the Invention

The present invention provides methods and corresponding system
embodiments for coating lenses. According to some methods of the present
invention, one or more lenses, preferably a pair of lenses, are transferred, for example, '
by a gripper assembly, from an input platform into a lens coating system, where the
one or more lenses are held by a spindle assembly, which transfers the one or more |
lenses into, and out from a coating station. The one or more lenses may be held in a
tray on the input platform, for transfer into the system, and then returned, for example,
by the gripper assembly, to the same tray, preferably to a same location in the tray,
after transfer into and out from the coating station. According to certain
embodiments, the spindle assembly is mounted on an arm of a dial, or spider
assembly that has a central axis from which the arm extends and about which the arm
rotates to transfer the spindle assembly from a lens pick up point, for example, in
proximity to the input platform, to the coating station and back to a lens drop off

point, where the one or more lenses may be returned to the tray. According to an
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exemplary embodiment, each lens has a mounting block assembled thereto, and a
gripper of the gripper assembly is adapted to grasp about the mounting block
assembly.

Methods of the present invention may further include transfer of the lenses
into a high pressure wash station and a cure station, which stations, according to these
methods, are further included in embodiments of the lens coating system along with
the coating station.

According to preferred methods of the present invention a series of one or
more lenses are sequentially transferred through stations of the coating system;
according to some of these embodiments, the spider assembly includes a plurality of
arms for the mounting of a plurality of spindle assemblies to handle the series of
lenses. Some embodiments of the present invention, further include a shuttling
mechanism, for example a magazine assembly, to transfer trays from an input
platform, where the one or more lenses are removed from each tray, to an output
platform, where each lens is returned the corresponding tray; these embodiments may
further include an input conveyor, to take a series of trays to the input platform, and

an output conveyor, to take the series of trays away from the output platform.

Brief Description of the Drawings .

The following drawings are illustrative of particular embodiments of the
present invention and therefore do not limit the scope of the invention. The drawings
are not to scale (unless so stated) and are intended for use in conjunction with the
explanations in the following detailed description. Embodiments of the present
invention will hereinafter be described in conjunction with the appended drawings,
wherein like numerals denote like elements.

Figure 1is a schematic of a person wearing a pair of eyeglasses.

Figure 2A is a cross-sectional view of an exemplary lens assembly.

Figure 2B is perspective view of a tray for holding a pair of lens assemblies.

Figure 2C is a flow chart outlining some methods of the present invention.

Figure 3 is a perspective view of an enclosure for a lens coating system

according to some embodiments of the present invention.
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Figure 4 is a top plan view of a lens coating system, according to some
embodiments of the present invention.

Figures 5A-B are a perspective view and a side view, respectively, of a pick
and place unit for a lens coating system, according to some embodiments of the
present invention.

Figure 5C is a perspective view of a pair of gripper assemblies of the unit
shown in Figures 5A-B.

F igures 6A-B are a perspective view and a side view, respectively, of a dial or
spider assembly for a lens coating system, according to some embodiments of the
present invention.

Figures 7A-B are side view and a rear view, respectively, of a spindle
assembly for a lens coating system, according to an exemplary embodiment of the
present invention.

Figures 8 A-C are a perspective view, a top view, and sectional schematic,
respectively, of a high pressure wash and drying station, according to an exemplary
embodiment of the present invention.

Figure 9A is a perspective view of a coating element for a coating station,
according to an exemplary embodiment of the present invention.

Figure 9B is a sectional schematic of a station including the element of Figure
9A.

Figures 10A~C are a perspective view, a side view and a front view,
respectively, of a curing station, according to an exemplary embodiment of the
present invention.

Figures 11A-B are a perspective view and a top view, respectively, of a
magazine shuttle assembly for a lens coating system, according to some embodiments

of the present invention.

Detailed Description

The following detailed description is exemplary in nature and is not intended
to limit the scope, applicability, or configuration of the invention in any way. Rather,
the following description provides practical illustrations for implementing exemplary

embodiments of the present invention. Examples of constructions, materials;
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dimensions, and manufacturing processes are provided for selected elements, and all
other elements employ that which is known to those of skill in the field of the
invention. Those skilled in the art will recognize that many of the examples provided
have suitable alternatives that can be utilized.

Figure 1 is a schematic of a person 100 wearing a pair of eyeglasses 252.
Figure 1 illustrates eyeglasses 252 including a frame 254 in which a left lens 184 and
aright lens 186 are mounted. Each lens 184, 186 may have been prepared according
to a prescription of person 100, and according to desires of person 100, for example,
pertaining to frame 254 selected by person 100 and to one or more types of lens
coating selected by person 100.

Figure 2A is a cross-sectional view of an exemplary lens assembly 129.
Figure 2A illustrates lens assembly 129 including lens 184 fixed to a mounting block
assembly 125, which includes a mounting block 120 and an intermediate member 123
that fixes mounting block 120 to a first major surface 27 of lens 184; a protective film
122 is shown intervening between surface 27 and intermediate member 123. Lens
184 would have been fixed to mounting block assembly 125 as a preliminary step in a
process to form lens 184; mounting block assembly 125 provides a means for
grasping lens 184 during grinding, polishing, and cleaning of a second major surface
28 of lens 184. Intermediate bonding member 123 may be one or a combination of
various materials; according to some embodiments, member 123 comprises a metal
alloy that is cast in place between mounting block 120 and film 122; alternately,
member 123 comprises an adhesive or a wax, which may not require protective film
122.

Figure 2B is perspective view of a tray 104 for holding a pair of lens
assemblies, each, for example, like assembly 129 illustrated in Figure 2B. Tray 104
may be used to transport a pair of lenses between processing systems, for example,
between a grinding system and a polishing system and between the polishing system
and a cleaning system or a coating system. Figure 2B illustrates tray 104 including a
first cavity 106 for holding a lens, for example left lens 184, and a second cavity 108
for holding another lens, for example, right lens186; each cavity may be dimensioned
to receive a mounting block fixed to each lens, for example mounting block 120

shown in Figure 2A, such that a second major surface of each lens, which is to be
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ground, polished and rinsed, as described for lens 184 of Figure 2A, faces outward
from tray 104. To assure that the lenses are held in a stable prescribed orientation
within tray 104, each cavity 106, 108 may include a feature interfacing with a notch
121 in mounting block 120 of each lens assembly (Figure 2A).

Figure 2B further illustrates tray 104 including a receptacle 102 to hold an
information card to guide the processing of lenses held in tray 104; the card includes
information, for example, pertaining to grinding parameters and/or to a type of
coating. Alternately, a bar code sticker providing for the automatic transfer of this
type of pertinent information to each processing system may be adhered to a side of
tray 104. According to preferred embodiments of the present invention, lens
assemblies as depicted in Figure 2A, are taken directly from trays, such as tray 104,
into a lens coating system of the present invention, thus eliminating additional
handling of lenses after grinding and polishing and prior to coating.

Figure 2C is a flow chart outlining some methods of the present invention.
According to the outlined method, an initial step 1 involves transferring trays holding
lens pairs, which are ready for coating, directly to a coating system; step 1 need not
involve disassembling lenses from mounting blocks, since a coating system,
according to embodiments of the present invention, handles the lenses as lens
assemblies including mounting block assemblies, for example as depicted in Figure
2A. Although preferred embodiments of the present invention include handling of
lens assemblies in pairs, as indicated in Figure 2C and depicted in subsequent figures,
alternate embodiments of the invention may handle a fewer or greater number of lens
assemblies at each process step. According to some embodiments, step 1 further
includes inputting information, for example, from a card carried the tray, or from a
bar code sticker adhered to a side of the tray, into the coating system, either
automatically or manually; the information may include the type of coating required
for the pair of lenses. The lens coating system may include an input conveyer which
transfers the tray to a position, such as an input platform, where the pair of lens
assemblies are removed from the tray, per step 2. Removal of the pair may be
accomplished automatically or manually and likewise for the loading of the pair into a
spindle assembly, per step 3. According to some embodiments of the present

invention, the spindle assembly is one of a plurality of spindle assemblies that each
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include a pair of adaptors for holding each lens assembly such that second major
surface 28 (Figure 2A) of each lens is directed away from the adaptors and into each
station of the coating system.

Steps 4-6 of Figure 2C describe a sequence of transfers, into processing
stations, of the lens assembly pair by the spindle assembly. According to the
illustrated method, the lenses are first transferred into a high pressure wash and drying
station (4), and then into a coating station (5), and then into a curing station (6). It
may be appreciated that embodiments of the present invention are not limited to these
particular processes, perhaps with the exception of coating, and additional or fewer
processing stations are within the scope of the present invention. After the lenses are
treated in each station, the pair of lens assemblies are removed from the spindle
assembly, per step 7, in order to be returned or replaced, per step 9, to the tray from
which they were removed. Again, removal of the pair from the spindle assembly and
returning or replacing the pair to the tray may be accomplished manually or
automatically. Following step 9, an output conveyor coupled to the system may
transfer the tray away from the system to another location.

According to some embodiments of the present invention, the lens pair needs
to be rotated, per step 8, prior to being returned to the tray, so that each lens of the
pair will be returned to the same location in the tray from which each lens left in step
2. Figure 2D is a schematic, including reference X, Y and Z axes, for following a
transfer of lens pairs and trays, according to some embodiments of the present
invention. Figure 2D illustrates lenses 184,186 having been lifted from tray 104, per
step 2 of Figure 2C; a mechanism gripping the lenses 184, 186 rotates from tray 104
about the Z axis, per arrow Z1 to bring lenses beneath a holding or spindle assembly
130 of the system where the gripping mechanism rotates upward, per arrow Y1, to
direct the lenses toward corresponding holding cups or adaptors 152 and 154 of
spindle assembly 130; the gripping mechanism then travels upward, along the Z axis,
to insert the mounting blocks of lenses 184, 186 into the adaptors 152, 154.
According to some embodiments, while spindle assembly 130 transfers lenses 184,
186 from station to station of the system, a shuttling mechanism, for example, a
magazine assembly, automatically transfers the tray from a drop-off position, shown

on the left hand side of Figure 2D, to a re-loading position, shown on the right hand
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side of Figure 2D. After spindle assembly 130 has transferred lenses 184, 186,
through the various stations of the coating system, for example, per steps 4-6 of
Figure 2C, spindle assembiy 130 returns to the position shown, where the gripping
mechanism takes lenses 184, 186 back from spindle assembly 130 and rotates
downward, per arrow Y2, to transfer lenses 184, 184 into épair of lens nests 244 on a
turntable that rotates lenses 184, 186 180 degrees, per arrow Z0, so that lenses 184,
186 will be properly oriented for the gripping mechanism to return them to tray 104.
After turntable 244 rotates lenses 184, 186, the gripping mechanism grasps lenses
184, 186 and rotates about the Z axis, per arrow Z2, to tray 104, which is now at the
re-loading position, and returns lenses 184, 186 to tray 104, such that each lens 184,
186 is at a same Jocation in tray 104 as before.

Each of the steps outlined in Figures 2C-D may be accomplished according to
the exemplary embodiments of various components of an automated lens coating
system that will now be presented in conjunction with Figures 3-11B.

Figure 3 is a perspective view of an enclosure 400 for a lens coating system,
according to some embodiments of the present invention. Figure 3 illustrates
enclosure 400 including a front panel 401, two opposing side panels 402, 404, a rear
panel 403, and a top panel 405, in which a HEPA filter unit 47 is mounted.
According to the illustrated embodiment, front panel doors 410 and side panel doors
420 provide access to within enclosure 400, and each include windows 411 and 421,
respectively. Another window 41 is shown in front panel 401 alongside a control and
display panel 43, thus an operator may see within enclosure 400 and utilize panel 43
to provide any necessary input to the system. According to an exemplary
embodiment of the present invention, panel 43 includes a start button, for activating
the coating system, and trouble shooting features, for example, displays indicating
types and locations of faults or errors within the system, as picked up by a variety of
sensors located throughout the system, and a manual override of at least a portion of
the automatic control of the system. A )

Figure 4 is a top plan view of a lens coating system according to some
embodiments of the present invention, wherein top panel 405 and front panel 401 of
enclosure 400 have been removed. Figure 4 illustrates a front end portion of the

enclosure housing a magazine shuttle assembly 250 for trays, such as tray 104;
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magazine shuttle assembly 250 will be described in greater detail in conjunction with
Figures 11A-B. Figure 4 further illustrates an input conveyor 302, on which each tray
carrying a pair of lens assemblies, for example, like lens assembly 129 illustrated in
Figure 2A, travels to enter enclosure 400, and an output conveyor 304, on which each
tray travels upon exiting enclosure 400 with the same pair of lens assemblies as the
tray entered with. Referring back to Figure 3, it can be seen that an opening 426 in
side panel 402 provides an exit from enclosure 400 to conveyor 304 and it will be
appreciated that a similar opening is present in side panel 404 to provide an entrance
from input conveyor 302.

In Figure 4, a tray 504 is shown at an end of conveyor 302 in the entrance
opening of enclosure 400, ready to be fed into magazine assembly 250, tray 104 is
shown in a first, or drop off position 228 on an input platform of magazine assembly
250, another tray 604 is shown in a re-loading position 240 on an output platform of
magazine assembly 250, and yet another tray 704 is shown at an end of conveyer 304
exiting enclosure 400. According to the illustrated embodiment, a sensor 455, which
may be a fiber optic sensor, for example, an FS-V20 dual digital fiber optic sensor
sold by Keyence, is disposed in proximity to the input platform, or first position 228
in order to detect tray 104. Figure 4 further illustrates another sensor 451/452, for
example, a PZ2 sensor sold by Keyence, including a photo electric light source 451
and a reflector 452, each mounted on either side of conveyor 304, being disposed in
proximity to the output platform, or re-loading position 240, in order to detect the
presence tray 704, having been re-loaded. Another sensor 456 /457, which may be
of the same type as sensor 451/452, is also shown in Figure 4, being mounted near an
end of conveyor 304, to detect when conveyor 304 is backed up, or filled to capacity.

Figure 4 further illustrates a rear end portion of enclosure 400 housing a dial
or spider assembly 156 6n which a plurality of spindle assemblies 130 are mounted;
the spider and spindle assemblies will be described in greater detail in conjunction
with Figures 6A-7C. According to the illustrated embodiment, each tray enters
enclosure 400, via conveyor 302, carrying a pair of lens assemblies and each tray exits
enclosure 400, via conveyor 304, carrying the same pair of lens assemblies with
which the tray entered. Figure 4 shows tray 104 having beel} transferred into drop off

position 228 on magazine assembly 250 where a pair of automated grippers, for
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example as illustrated in Figures 5A-C, will transfer the pair of lens assemblies from
the tray to one of spindle assemblies 130, at a pick up point 164; spider 156 will then
rotate spindle assembly 130 to transfer the lens assemblies from pick up point 164 to
various stations 166, 168, 170 and 172 of the system, which are disposed below a
deck or plate 162. Figure 4 shows tray 604, having been shuttled through the
magazine assembly 250 to re-loading position 240 where the pair of grippers will
transfer the pair of lens assemblies that entered in tray 604 back into tray 604. The
various stations of the system will be described in greater detail in conjunction with
Figures 8A-10C.

Figures SA-B are a side view and a perspective view, respectively, of a pick
and place unit 300 for a lens coating system, according to some embodiments of the
present invention; and Figure 5C is a perspective view of a pair of gripper assemblies
320 and 322. Figures SA-B illustrate pick and place unit including a cantilever arm
500 on which a first gripper 320 and a second gripper 322 are mounted for rotation,
being driven by a gear motor 321; each gripper 320, 322 includes a first pair of
opposing grip blades 520, 522 and a second pair of opposing grip blades 620, 622,
each slideably mounted to open and close, for example via pneumatic actuation,
around mounting block assemblies 125, which are coupled to lenses 184 and 186.
With reference to Figure 5B, it may be seen that grippers 320, 322 hold the lens
assemblies such that lenses 184, 186 are disposed below grip blades 520.

According to the illustrated embodiment cantilever arm 500 rotates about axis
236 (Figure 5A), per arrow S (Figure 5C), from a first orientation, wherein grippers
320, 322 face downward to pick up lens assemblies from a tray at drop o;ff position
228 of the shuttle assembly 250 in Figure 4, to a second orientation, as illustrated in
Figures 5A-B, wherein grippers 320, 322 face upward toward one of spindle
assemblies 130, which is positioned at pick up point 164 (Figure 4), to load the lens
assemblies therein. After spindle assembly 130 has transferred the lens assemblies to
each station 168, 170, 170 and 172, grippers 320, 322 receive lens assemblies back
from spindle assembly 130 and rotate back downward, per arrow S, to drop the lens
assemblies back into the tray that has been shuttled to re-loading position 240 of
shuttle assembly 250. In order to accomplish this ‘pick and place’ function as

described for the illustrated embodiment,‘ arm 500 moves up and down, per arrow V,
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and further rotates about axis 234 in a first direction, per arrow P, to pick up lens
assemblies at first position 228 (Figure 4), and then back to the position shown in
Figures SA-B, corresponding to pick up point 164 shown in Figure 4, to transfer the
assemblies into the spindle assembly 130, and then, per arrow R, to return the lens
assemblies back to the tray now located at re-loading position 240 (Figure 4).
According to the illustrated embodiment, rotation per arrows P and R is actuated by
motor 521 and movement per arrow V is actuated by a ball screw drive 525 (Figure
5A).

Figures 6A-B are a side view and a perspective view, respectively, of dial or
spider assembly 156 for a lens coating system, according to some embodiments of the
present invention. Figure 6B illustrates spider assembly 156 including five arms 601
and Figure 6A illustrates one of spindle assemblies 130 mounted on one of arms 601.
Figure 6B further illustrates spider assembly 156 including an axis 158, about which
arms 601 rotate, driven by a motor 611, i.e. a DC gear motor, to position spindle
assemblies 130 over each station of the system; arms 601 are further adapted to move
along axis 158, via air cylinder 612, in order to lower and raise spindle assemblies
130 into, and out of, each station of the lens coating system, for example, stations 166,
168, 170 and 172 shown in Figure 4 and further described below. According to the
illustrated embodiment, up to five pair of lenses may be held on spider assembly 156,
one pair by each spindle assembly 130 coupled to each arm 601.

Figures 7A-B are side view and a rear view, respectively, of spindle assembly
130 holding lenses 184, 186 for a lens coating system, according to an exemplary
embodiment of the present invention. In Figure 7A, a side plate 144 of spindle
assembly 130 is removed to view an interior portion; and, in Figure 7B, a rear plate
143 of spindle assembly is removed to likewise view the interior. Figures 7A-B
illustrate spindle assembly 130 including first and second lens cup adaptors 152 and
154, respectively into which the mounting block assemblies, which are coupled to
each of lenses 184, 186, are inserted. Figures 7A-B further illustrate spindle assembly
including joints 139 for coupling with a vacuum manifold 609 of spider assembly 156
(Figure 6B), which is supplied by a vacuum pump locafed in proximity to a lower end
of spider assembly156; according to the illustrated embodiment, each adaptor 152,

154 includes a suction cup interfacing with the corresponding lens and employs
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suction, augmented by the vacuum source, to hold lenses 184, 186. Figure 7B further
illustrates jars145 providing reservoirs for any fluid which may inadvertently be
drawn up into spindle assembly 130 at an interface between lenses 184, 186 and the
suction cups. Figure 7A further illustrates one of two pressure sensors 131 (second
sensor 131 located behind that shown in Figure 7A), for example, a vacuum sensor
available from Parker Convum, to detect the quality of vacuum between adaptors 152,
154 and lenses 184, 186, Wi’liCh is an indicator of how well lenses are held by adaptors
152, 154; an insufficient vacuum may indicate that the lens assembly is not properly
oriented within the adaptor, and a signal from sensor 131 can cause adaptors 152, 154
to release the lens assemblies into grippers 320, 322 (Figures SA-C), which then
place the lens assemblies into lens nest pair 244 (Figures 11A-B) where grippers 320,
322 (Figures 5A-C) can then re-grip the lens assemblies for re-loading in spindle
assembly 130. Lens nest pair 244 will be described in greater detail in conjunction
with Figures 11A-B.

According to some embodiments of the present invention, lens cup adap‘;ors
152, 154 are adapted to rotate or spin lenses 184, 186 to facilitate processes performed
on lenses 184, 186 in some of the stations of the coating system. Accordingly,
Figures 7A-B further illustrate spindle assembly 130 including a DC motor 134 to
spin a drive shaft 132, which is coupled to second adaptor 154; a driven shaft 142,
which is coupled to first adaptor 152, is driven by drive shaft 132, via a belt 138
mounted on pulleys 136 and 140. Figure 7A further illustrates a tensioning cam 135
for belt 138. Those skilled in the art will appreciate that bearings support the rotation
of each shaft 132, 142; in Figure 7A, a bearing housing 150 is shown about driven
shaft 142, but is removed from about drive shaft 132, for illustrative purposes, to
show a housing ring 141, a retaining ring 147 and a seal 149 of the bearing.

Figures 8A-10C illustrate each of four stations 166, 168, 170 and 172 into
which lens assemblies carried by spindle assemblies 130 may be inserted: first station
166 (Figures 8A-C) for washing and drying the lenses, second and third stations 168,
170 (Figures 9A-B) for coating the lenses, and fourth station 172 to cure the coated
lenses (Figures 10A-C). Referring back to Figure 4 a location of each station 166,
168, 170 and 172 may be seen. According to some embodiments of the present

invention, each spindle assembly 130 transports a pair of lenses into all four stations,
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and one or both of coating stations 168, 170 may be activated for each lens pair,
depending upon the prescribed coating for the particular pair; prescriBed coatings for
each lens pair may be entered into the coating system manually or automatically via a
bar code, for example adhered to the tray in which lenses are transported into the
system, which is read by a bar code reader coupled to the system in proximity to drop
off point 228 (Figure 4). According to alternate embodiments, some lens pairs are
only transported into one of coating stations 168, 170.

Figures 8 A-C are a perspective view, a top view, and sectional schematic,
respectively, of high pressure wash and drying station 166 of a lens coating system,
according to an exemplary embodiment of the present invention. Figures 8A-B
illustrates station 166 including a tank 807, a cover 860 and a cover insert 862 through
which a first aperture 192 and a second aperture 194 are formed to accommodate
lowering of lens assemblies into tank 807, for example, as illustrated in Figure 8C.
Figure 8C further illustrates apertures 192, 194 optionally extended as sleeves into
tank 807, and cover insert 862 fitted within an aperture 190 of plate or deck 162
(Figure 4) of the lens coating system. Figures 8A-B further illustrate two wash/dry
tubes 890, each extending within tank 807, one below aperture 192 and the other

below aperture 194, and each including a spray nozzle 198 and an air nozzle 896.

“According to the illustrated embodiment, pumps 812 supply a washing fluid, for

example de-ionized water, to spray nozzles 198, each of which direct a stream 202 of
the fluid, toward second major surface 28 of each lens 184, 186; and an air inlet and
exhaust (not shown), each disposed below a valve 813, provides for passage of clean
air to air nozzles 896 and vaporized air out from tank 807, respectively. During
and/or followirig the washing process, lenses 184, 186 may be rotated; a rotational
velocity of 1800 revolutions per minute may be suitable to help spin excess fluid off
lenses in order to augment the drying process in which a stream of air is directed to
lenses 184, 186 from nozzles 896. Figures 8 A-C further illustrate wash/dry tubes 890
adapted to pivot about respective axes 204, per arrows A shown in Figure 8C, being
coupled to pivot arms 801 which are driven by a cam plate 803, which is coupled to a
gear motor 811. '

Figure 9A is a perspective view of a coating element 992 for either of coating

stations 168, 170 shown in Figure 4, according to an exemplary embodiment of the
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present invention; and Figure 9B is a sectional schematic of coating station 168/170.
Figures 9B illustrates each coating element 992 mounted to a lower surface of plate or
deck 162 (Figure 4) of the lens coating system, beneath an aperture 191 of deck 162.
Figures 9A-B illustrate each element 992 including a tank 905 in which a nozzle 196
is disposed to direct a stream or fountain 203 of coating material onto lenses 184, 186;
the coating material is fed through afilter 910 and into tube 960 that feeds into
reservoir 904, below tank 905 where nozzle 196 is mounted. Figure 9A further
illustrates sensor mounts 903 for digital optical sensors, for example, an FS-V20 dual
digital fiber optic sensor sold by Keyence, disposed on opposing sides of tank 905;
the sensors may detect when the coating material is not flowing properly. Each
coating element may further include a sensor to detect when a level of coating in
reservoir 904 drops below a predetermined level.

According to some embodiments of the present invention, spindle assembly
130 rotates lenses 184, 186, while stream or fountain 203 impinges upon second
major surface 28 of each lens 184, 186, to help spread the coating material. When
fountain 203 is turned off, spindle assembly 130 may continue to rotate lenses 184,
186 to spin off excess coating. According to an exemplary embodiment, a first
rotational velocity, during fountain 203 eperation, is approximately 400 revolutions
per minute, and a second rotational velocity, when fountain 203 is turned off, is
approximately 2000 revolutions per minute. According to an exemplary embodiment
of the present invention, the coatings applied in stations 168, 170 are curable via ultra-
violet (UV) light in station 172; examples of appropriate coatings include UV-NV
coatings available from Ultra Optics of Brooklyn Park, MN.

Figures 10A-C are a perspective view, a side view and a front view,
respectively, of curing station 172 of a lens coating system, according to an
exemplary embodiment of the present invention. In order to see inside station 172, in
Figure 10B, a side wall 722 is removed, and, in Figure 10C, a front wall 710 is
removed. Figures 10A-B illustrate station 172 including an UV lamp 220 directed
toward sleeves 792, 794, which extend below corresponding apertures 712, 714 in a
top plate 760 of station 172 that would be coupled to plate or deck 162 (Figure 4) of
the lens coating system; each lens 184, 186 would be lowered by spindle assembly

130 into the corresponding sleeve 792, 794 for coating curing via exposure to UV



10

15

20

25

30

WO 2006/099012 PCT/US2006/008353

15

light emitted by lamp 220. Figures 10A-B further illustrate lamp 220 held in a tray
221that is mounted on a pivot shaft 704, which is coupled to a pivot arm 703 driven
by a cam 701, which is, in turn, coupled to a gear motor 711. According to the
illustrated embodiment, gear motor 711 rotates lamp 220 back and forth per arrow B
shown in Figure 10C. Figure 10C further illustrates station 172 including an UV light
intensity sensor 705, for example, provided by EIT Instrumentation Products, to
monitor the curing process, and a fan 715 to cool station 172; fan 715 receives
ventilation via duct hose 717 and fan duct 716. It should be noted that other types of
curing stations, for example, a thermal curing station, niay be incorporated into lens
coating systems according to alternate embodiments of the present invention.

Figures 11A-B are a perspective view and a top view, respectively, of
magazine shuttle assembly 250, first shown in Figure 4, according to some
embodiments of the present invention. As previously described in conjunction with
Figure 4, shuttle assembly 250 transfers each tray, having a pair of lens assemblies
removed therefrom, from first, or drop off position 228 to re-loading position 240
where the same pair of lens assemblies is replaced in the tray. Figures 11A-B
illustrate shuttle assembly 250 including a lowering assembly 40 and a raising
assembly 70, each driven by a motor 47, i.e. a DC gear-driven motor, and each
disposed on either end of a conveyor belt 21, which may also be driven by a DC gear-
driven motor 48. According to the illustrated embodiment, shuttle assembly 250
lowers trays, per arrow D, in lowering assembly, transfers trays across, per arrow C,
to raising assembly 70, via belt 21, and raises trays, per arrow U, in raising assembly
70; tray 104 is shown in first position 228 holding a pair of lens assemblies which will
be transferred to one of spindle assemblies 130 (Figure 4) by grippers 320, 322 of
pick and place unit 300 (Figures 5A-C) and tray 604 is shown in re-loading position
240 holding another pair of lens assemblies, which has been re-loaded by grippers
320, 322. A number of other trays 14, 25, 16 and 17 are shown at intermediate
positions of shuttle assembly 250, in the process of being transferred from first
position 228 to re-loading position 240.

Figures 11A-B further illustrate lens nest pair 244 mounted to’shuttle
assembly 250 and coupled to a motor 24, i.e. an A.C. gear motor, which rotates nest

pair 244 about an axis 245. According to the illustrated embodiment, lens nest pair
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244 provides a resting place for lens assemblies when grippers 320, 322, at first,
misalign the lens assemblies with spindle adaptors 152, 154; as previously described
in conjunction with Figﬁres 7A-B, pressure sensor 131 of spindle adaptor 130 detects
such a misalignment and signals grippers 320, 322 to take lens assemblies out from
adaptors 152, 154, place the lens assemblies in nest pair 244, and then re-grasp the
lens assemblies for aligned positioning in adaptors 152, 154. Lens nest pair 244 is
further adapted to rotate each pair of lens assemblies that has been transferred by one
of spindle assemblies 130 through each station of the coating system 245, in order that
each of the pair may be re-loaded into a same position in the same tray from which
the pair was taken. With reference to Figure 5B, it will be appreciated that, when pick
and place assembly 300 rotates, per arrow R, to re-loading position 240 (Figure 4), in
order to re-load the tray from which the lens assemblies were taken, each of the pair
of lens assemblies will be disposed on an opposite side of the tray from its location
when the tray was at first position 228 (Figure 4), thus grippers 320, 322 will drop the
lens assemblies into nest pair 244, where the lens assemblies are rotated 180 degrees,l
and then pick up the re-oriented assemblies for reloading into the tray. According to
alternate embodiments, lens assemblies need not be rotated as such, for it may not be
necessary to return the assemblies to the same location in the trays, or each tray could
be rotated somewhere in between first position 228 and re-loading position 240 so
that the lens assemblies need not be rotated to be returned to their original positions.
In the foregoing detailed description, the invention has been described with
reference to specific embodiments. However, it may be appreciated that various
modifications and changes can be made without departing from the scope of the
invention as set forth in the appended claims. For example, each of stations 166, 168,
170 and 172 may employ alternate means for washing/drying, coating and curing,
respectively, and any of the operations may employ alternate components and
activation means known to those skilled in the art; furthermore each station may be
arranged according to alternate plans for example along a line rather than about a

curve.
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Claims

1. A lens coating system, comprising:

a coating station;

a spindle assembly adapted to hold at least one lens and to transfer the at least one
lens into and out from the coating station;

an input platform; and

a gripper assembly adapted to transfer the at least one lens from the input platform
to the spindle assembly.

2. The system of claim 1, wherein:

the at least one lens includes a pair of lenses comprising a right lens and a left
lens; }

the spindle assembly includes a first adaptor to hold the right lens and a second
adaptor to hold the left lens; and

the gripper assembly includes a pair of grippers, each of the pair of grippers
adapted to transfer a corresponding lens of the pair of lenses into the
corresponding adaptor of the spindle assembly.

3. The system of claim 1, wherein the at least one lens is coupled to a
mounting block assembly and the gripper assembly includes a gripper adapted to
grasp about the mounting block assembly.

4. The system of claim 2, wherein each of the pair of lenses is coupled to
a mounting block assembly and each of the pair of grippers is adapted to grasp about
the corresponding mounting block assembly.

5. The system of claim 1, wherein the at least one lens is held in a tray on
the input platform and further comprising an input conveyor joined to the input
platform for sequential conveyance of a plurality of trays to the input platform.

6. The system of claim 5, further comprising a sensor disposed in
proximity to the input platform, the sensor adapted to detect one of the plurality of
trays on the input platform. .

7. The system of claim 1, wherein the at least one lens is held in a tray on
the input platform and further comprising a shuttle assembly joined to the input
platform and adapted to transfer of the tray away from the input platform.
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8. The system of claim 7, further comprising an output platform receiving
the tray from the shuttle assembly and wherein the gripper assembly is further adapted
to transfer the at least one lens from the spindle assembly to the tray disposed on the
output platform.

9. The system of claim 8, further comprising an output conveyor joined to
the output platform to move the tray away from the output platform.

10.  The system of claim 9, further comprising a sensor disposed in
proximity to the output platform, the sensor adapted to detect when the output
conveyor is filled to capacity.

11.  The system of claim 1, further comprising an output platform and
wherein the gripper assembly is futher adapted to transfer the at least one lens from

the spindle assembly to the output platform.

12. The system of claim 1, further comprising a spider assembly including
a central axis and an arm extending therefrom; and wherein the spindle assembly is
mounted to the arm, which rotates about the central axis.

13.  The system of claim 1, wherein the spindle assembly includes a
plurality of spindle assemblies for sequential transfer of a plurality of lenses into, and
out from the coating station.

14.  The system of claim 13, further comprising a spider assembly
including a central axis and a plurality of arms extending therefrom; and wherein each
of the plurality of spindle assemblies is mounted on a corresponding arm of the
plurality of arms, which rotate about the central axis.

15. The system of claim 1, wherein:

the spindle assembly employs a vacuum for holding the at least one lens
assembly; and

the at least one spindle assembly includes a pressure sensor to detect a quality of
the vacuum as an indicator of how the at least one lens is held.

16.  The system of claim 1, further comprising a lens nest and wherein the
gripper assembly is further adapted to transfer the at least one fens from the spindle
assembly to the lens nest.

17.  The system of claim 2, further comprising:
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an output platform; and

a pair of lens nests adapted to rotate; and

wherein the gripper assembly is further adapted to transfer each of the pair of
lenses from the corresponding adaptor of the spindle assembly into a
corresponding nest of the pair of nests and out from the pair of nests to the
output platform.

18.  The system of claim 1, wherein the spindle assembly is adapted to spin
the at least one lens at a first rotational velocity and at a second rotational velocity.

19.  The system of claim 1, further comprising a washing and drying station
and wherein the spindle assembly is further adapted to transfer the lens into and out
from the washing and dryiﬁg station prior to transfer into and out from the coating
station.

20. The system of claim 1, further comprising a curing station and wherein
the spindle assembly is further adapted to transfer the lens into and out from the
curing station after transfer into and out from the coating station.

21.  The system of claim 1, further comprising a second coating station and
wherein the spindle assembly is further adapted to transfer the lens into and out from
the second coating station after transfer into and out from the coating station.

22.  The system of claim 3, wherein the mounting block assembly includes
a mounting block and a bonding material disposed between the mounting block and a
surface of the lens.

23.  The system of claim 22, wherein the bonding material comprises a
material selected from the group consisting of a metal alloy, an adhesive and a wax.

24. A lens coating system, comprising:

a coating station;

a spindle assembly adapted to transfer a pair of lenses into and out from the
coating station, the spindle assembly including a first adaptor to hold a right
lens of the pair of lenses and a second adaptor to hold a left lens of the pair of
lenses.

25. The lens coating system of claim 24, further comprising a spider
assembly including a central axis and an arm extending therefrom; and wherein the

spindle assembly is mounted to the arm, which rotates about the central axis.
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26.  The lens coating system of claim 24, wherein the spindle assembly
includes a plurality of spindle assemblies for sequential transfer of a plurality of lens
pairs into, and out from the coating station.

27.  The lens coating system of claim 26, further comprising a spider
assembly including a central axis and a plurality of arms extending therefrom; and
wherein each of the plurality of spindle assemblies is mounted on a corresponding
arm of the plurality of arms, which rotate about the central axis.

28.  The lens coating system of claim 24, wherein each of the pair of lenses
is coupled to a mounting block assembly and each of the spindle adaptors
accommodates the mounting block assembly inserted therein.

29.  The lens coating sytem of claim 24, wherein each of the spindle
adaptors employs vacuum to hold each lens and the spindle assembly further
comprises a pressure sensor to detect a quality of the vacuum as an indicator of how
each lens is held.

30. The system of claim 1, wherein each of the spindle adaptors is adapted
to spin the corresponding lens at a first rotational velocity and at a second rotational
velocity.

31.  Alens coating system, comprising:

an input platform for receiving a tray holding at least one lens;

a gripper assembly adapted to transfer the least one lens fr‘om the tray on the input
platform into the system;

a shuttle assembly adapted to transfer the tray away from the input platform after.
the gripper assembly has transferred the at least one lens from the tray; and

an output platform for receiving the tray transferred by the shuttle assembly from
the input platform;

wherein the gripper assembly is further adapted to transfer the at least one lens out
from the system back to the tray on the output platform.

32.  The system of claim 31, further comprising an input conveyor joined to
the input platform for sequential conveyance of a plurality of trays to the input

platform.
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33.  The system of claim 32, further comprising a sensor disposed in
proximity to the input platform, the sensor adapted to detect one of the plurality of
trays on the input platform.

34.  The system of claim 31, further comprising an output conveyor joined
to the output platform to move the tray away from the output platform.

35.  The system of claim 34, further comprising a sensor disposed in
proximity to the output platform, the sensor adapted to detect when the output
conveyor is filled to capacity.

36. A lens coating method, comprising the steps of:

transferring a first lens into a lens coating system by grasping about a first
mounting block assembly, which is coupled to a first major surface of the first
lens;

loading the first lens into a first spindle assembly of the coating system such that a
second major surface of the first lens faces away from the first spindle
assembly;

transferring the first lens into a coating station via the first spindle assembly; and

coating the second major surface of the first lens within the coating station.

37.  The method of claim 36, wherein the steps of transferring into the
coating system and loading are performed by a gripper assembly.

38. The method of claim 37, wherein the first lens is transferred into the
coating system from a first tray and further comprising the steps of:

transferring the first tray by a conveyor to a platform where the first lens is
transferred into the system;

detecting the first tray on the platform by means of a sensor; and

signaling to the gripper assembly to transfer the first lens into the system.

39. The method of claim 36, wherein the first lens is transferred into the
coating system from a tray and further comprising the step of transferring the first lens
back to the tray after coating. )

40. The method of claim 39, wherein the first lens is transferred back to a
same location in the tray as before coating.

41.  The method of claim 39, further comprising the step of transferring the

first tray along a conveyer after the first lens is transferred back to the first tray.
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42, The method of claim 36, further comprising the steps of:

transferring the first lens into a washing and drying station, via the first spindle
assembly; and

washing the second major surface of the first lens in the washing station prior to
transferring the first lens into the coating station.
43, The method of claim 36, further comprising the steps of:

transferring the first lens into a curing station, via the first spindle assembly, after
the first lens is coated; and

curing the first lens coating within the curing station.
44, The method of claim 36, further comprising the steps of:

transfering a second lens into the coating system by grasping about a second
mounting block assembly, which is coupled to a first major surface of the
second lens;

loading the second lens into a second spindle assembly of the coating system such
that a second major surface of the second lens faces away from the second
spindle assembly;

transferring the first lens into a washing and drying station, via the first spindle
assembly;

washing the second major surface of the first lens in the washing station prior to
transferring the lens into the coating station;

transferring the second lens into the washing and drying station, via the second
spindle assembly, simultaneous with transferring the first lens into the coating
station; and

washing the second major surface of the second lens in the washing and drying
station.
45.  The method of claim 44, further comprising the steps of:

transferring a third lens into the coating system by grasping about a third
mounting block assembly, which is coupled to a first major surface of the third
lens;

loading the third lens into a third spindle assembly of the coating system such that
a second major surface of the third lens faces away from the third spindle

assembly;
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transferring the second lens into the coating station, via the second spindle
assembly;

transferring the first lens into a curing station, via the first spindle assembly,

~ simultaneous with transferring the second lens into the coating station;

curing the first lens coating within the curing station;

coating the second major surface of the second lens within the coating station;

transferring the third lens into the washing and drying station, via the third spindle
assembly, simultaneous with transferring the second lens into the coating
station; and

washing the second major surface of the third lens within the washing and drying
station.

46. A method for coating a pair of eyeglass lenses, the method comprising
the steps of:

simultaneously loading a first lens and a second lens of the pair of lenses into a
spindle assembly of a coating system;

transferring the lens pair into a coating station of the coating system via the
spindle assembly; and

coating the lens pair within the coating station.

47.  The method of claim 46, wherein loading the first and second lenses
compriées grasping about a mounting block assembly coupled to a first major surface
of each of the first and second lenses and directing each of the mounting block
assemblies into a corresponding adaptor of the spindle assembly such that a second
major surface of each of the lenses faces away from each adaptor.

48.  The method of claim 46, wherein the step of loading is performed by a
gripper assembly.

49.  The method of claim 48, further comprising the steps of:

transferring a tray holding the lens pair by a conveyor to a platform;

detecting the tray on the platform by means of a sensor; and

signaling to the gripper assembly to transfer the lens pair into the system.
50.  The method of claim 46, further comprising:

transferring the lens pair from a tray into the coating system; and
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transferring the lens pair back to the tray after coating such that the first and

second lenses of the lens pair are in a same location in the tray as before

coating.
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