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(57) ABSTRACT 

Amethod is provided for blocking a lens according to Which 
a lens block is obtained Which transmits UV and visible 
light. An adhesive curable by light Within the UV and visible 
spectrum is applied betWeen the lens blank and a lens 
mounting face of the lens block. The lens blank is placed 
adjacent the lens block With the adhesive extending ther 
ebetWeen. UV light is applied to cure the adhesive. The 
adhesive is selected to have a suitable loW dimensional 
change on setting so as not to impart any undue stresses on 
the lens blank Which being capable of total adhesive failure 
Without lens damage or leaving a residue upon application of 
a suitable stripping force. 
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FIG. 5 
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FIG 7 I. 
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METHOD, APPARATUS AND ADHESIVE 
COMPOSITION FOR OPHTHALMIC LENS 

BLOCKING 

FIELD OF THE INVENTION 

[0001] The present invention relates to the bonding of an 
ophthalmic lens blank to a lens support block (“lens block”) 
for supporting the lens blank during a lens generating 
process. More particularly the present invention relates to 
the use of an adhesive Which is curable by light in the 
ultraviolet (“UV” and high visible spectrum as a bonding 
agent 

BACKGROUND OF THE INVENTION 

[0002] An ophthalmic lens blank generally has a ?rst face 
With a predetermined curvature and a second face, opposite 
the ?rst face on Which a desired surface contour is generated 
by a machining process. The overall process is generally 
referred to as “lens generation” and the overall object is to 
yield a ?nished lens Wherein the ?rst and second face 
curvatures cooperate to yield desired optical properties. 

[0003] Lens surfacing is carried out using pro?ling 
machines Which typically have a cutter of some type Which 
is moved across the second face. The lens blank may be 
stationary or rotating during the cutting operation, depend 
ing on the particular pro?ling machine Which is being used. 

[0004] In order to support the lens blank during pro?ling, 
it is bonded to a lens support. The support is grasped by 
chuck or other suitable coupling means during lens genera 
tion to provide secure mounting to the pro?ling machine 
While avoiding damage to the lens. 

[0005] In order to produce a ?nished lens of the highest 
possible quality, the position and orientation of the second 
face relative to the ?rst face must be accurate. As the lens is 
generally held by the ?rst face during machining, accurate 
knoWledge as to the ?rst face geometry as Well as its 
orientation and position is crucial to the surfacing of the 
second face if the second face is to be accurately disposed 
relative to the ?rst face. 

[0006] Us. Pat. No. 5,919,080 teaches an apparatus Which 
maps the front face surface, accurately mounts the lens to a 
lens block and references the contour of the mapped surface 
to a reference datum on the lens block thereby alloWing 
accurate second face generation by eliminating potential 
errors arising from inaccurate placement and orientation of 
the ?rst face during the lens generation operation. 

[0007] The bonding agent taught by US. Pat. No. 5,919, 
080 is Wax, Which is injected in a molten state through the 
lens block betWeen the lens block and the lens blank. The 
Wax is alloWed to solidify and adhesively bonds the lens 
blank to lens block. 

[0008] It has been found that the use of molten Wax as a 
bonding agent carries certain disadvantages. The Wax can 
cause contamination of the lens, the heat associated With the 
Wax may cause distortion problems With the lens, the Wax 
itself tends to be rather messy and the time required for 
setting is quite signi?cant, on the order of 15 minutes, before 
the lens can be safely released to subsequent processing 
operations. 
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[0009] Other bonding agents, such as curable adhesives 
have been proposed for bonding a lens to a lens block 
hoWever these generally present their oWn disadvantages. 

[0010] US. Pat. No. 5,380,387 teaches a UV or visible 
light curable adhesive formulation. The formulation hoW 
ever has a signi?cant amount of shrinkage requiring rela 
tively sloW curing times so as not to impart undue stresses 
on the lens Which may cause lens de?ection and subsequent 
optical errors. Furthermore in order to de-block the lens, a 
releasing agent is incorporated Which requires immersion in 
a solvent for de-blocking. The de-blocking procedure is 
relatively sloW With de-blocking times on the order of 30 
minutes being suggested. Short de-blocking times require 
minimal contact With the lens block and all the examples in 
the patent relate to blocking onto an annular ring. An annular 
ring may be suitable for glass lenses due to the relatively 
high structural rigidity of a glass, hoWever machining forces 
on a plastic lens blank (Which represents approximately 90% 
of the market) requires support underneath the lens during 
machining to avoid de?ection of the lens by the tool used to 
generate the lens surface. The use of the compounds taught 
by this patent Would be prohibitively sloW in de-blocking 
Were a bond to be effected over the entire lens surface. Many 
of the formulations taught use Water as the de-blocking 
solvent Which may not be desirable Where Water-based 
lubricants are used in the surfacing operation. 

[0011] US. Pat. No. 5,624,521 teaches the application of 
a UV cement in dots to promote de-bonding (or de-blocking) 
by minimiZing the surface covered by the UV cement and 
maximiZing the exposed edges available for absorbing a 
de-blocking solution. Even so, de-blocking times on the 
order of 1-2 hours are suggested. Furthermore the use of dots 
does not provide the degree of support that Will be provided 
by an even layer of UV cement betWeen the lens and the lens 
block. Also a sealant around the edges of the dots is 
suggested to avoid de-bonding by lubricants used in the lens 
generation operation. 
[0012] Both of the above patents teach at least initial 
hardening by transmitting electromagnetic radiation in the 
UV spectrum through the lens itself This may be problem 
atic in cases Where a lens is to be blocked Which has poor 
UV transmitting properties such as a UV blocking lens. US. 
Pat. No. 5,007,975 hoWever teaches a method of blocking a 
lens blank to a lens supporting member With a UV curable 
adhesive Wherein the UV exposure of the adhesive may be 
effected from either side of the lens block or from the side 
of the support member. Nevertheless the UV cement taught 
requires a suitable alkaline or acid aqueous solution. 
Although UV exposure times and de-bonding times on the 
order of 5 seconds to 10 minutes are referred to, the 
examples typically use exposure times of at least 30 seconds 
and de-bonding times of at least 3 minutes. The patent 
addresses very small lenses (non-Water sWellable contact 
lenses) and the de-blocking times should be considered in 
that context. Furthermore, no apparatus is taught for hoW 
accurate blocking may be carried out. 

[0013] All the above references teach the use of high 
pressure mercury lamps as the source of UV rays. Such 
lamps generally operate at high temperatures (800-900° C.) 
are ?lled With a toxic substance (mercury), generate a 
relatively narroW Wavelength spectrum and are limited in 
intensity by the maximum continual poWer that can be 
sustained therethrough. 
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[0014] It is an object of the present invention to provide a 
lens blocking method and apparatus Which enables accurate 
orientation and blocking of a lens blank to a lens block using 
a UV curable adhesive. 

[0015] It is a further object of the present invention to 
provide such a lens blocking apparatus and method Which 
Will result in accurate orientation and placement of the lens 
relative to the lens block and the ability to generate and store 
?rst face contour information relative to a datum on the lens 
block. 

[0016] It is a still further object of the present invention to 
provide a lens blocking adhesive curable by light in the UV 
visible spectrum Which may be applied over the majority of 
a ?rst face surface of the lens, has a viscosity Which Will 
prevent its spillage during blocking, has loW irritability, is 
non-haZardous (thereby easing shipping and disposal 
requirements), is relatively inexpensive, provides adequate 
support to the lens to avoid optical defects associated With 
lens ?exing during lens generation, is ?exible enough to 
attenuate vibration to avoid de-blocking during generation, 
is not subject to excessive dimensional change upon curing 
to avoid lens Warpage through shrinkage stresses and is 
removable Without damage or residue using mechanical 
separation means (i.e. exhibits total adhesive failure as 
required), sets relatively quickly and does not deform under 
heat Which may be associated With lens manufacture such as 
in curing lens coatings. 

[0017] It is yet another object of the present invention to 
provide a method of bonding a lens to a lens block Which 
alloWs for the determination of the amount of adhesive 
required and thereby alloWs for automatic dispensing of the 
adhesive Without operator intervention. 

SUMMARY OF THE INVENTION 

[0018] A method of blocking a lens comprising the steps 
of: 

[0019] obtaining a lens block Which transmits UV 
and visible light; 

[0020] (ii) applying an adhesive curable by light 
Within the UV and visible spectrum to at least one of 
a ?rst face of a lens blank and a lens mounting face 
of the lens block; 

[0021] (iii) causing relative movement betWeen the 
lens blank and the lens block toWard each other With 
the ?rst face of the lens blank facing the lens 
mounting face and a second face, opposite the ?rst 
face facing aWay from the lens mounting face; 

[0022] (iv) generating light including light Within the 
UV spectrum and transmitting the light to the adhesive 
through the lens block, the light being of a Wavelength 
and an intensity and applied for a time interval suf? 
cient to cause setting of the adhesive; and 

[0023] (v) the adhesive being selected to have a 
dimensional change on setting loW enough to be 
capable of setting in less than 30 seconds Without 
imparting undue stresses on the lens blank and 
capable of total adhesive failure Without lens or lens 
blank damage or leaving residue on the lens upon 
application of a suf?cient stripping force acting 
betWeen the lens blank and the lens block. 
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[0024] Preferably the lens block is oriented With the 
mounting face substantially horiZontal during steps (i), (iii) 
and (iv) and the lens blank is maintained at a predetermined 
orientation relative to the lens block during steps (iii) and 
(iv). 
[0025] More preferably the contour of the ?rst face may be 
determined prior to step (iii) and the ?rst face may be 
maintained at a predetermined spaced-apart distance from 
the lens mounting face during step (iv). 

[0026] More speci?cally, a method is provided for block 
ing a lens comprising the steps of: 

[0027] placing a lens blank on a lens orienting 
station; 

[0028] (ii) determining lens orientation and position 
parameters; 

[0029] (iii) transporting the lens blank to a probing 
station While maintaining the orientation from step 
(ii); 

[0030] (iv) mapping a ?rst face contour of the lens 
blank While maintaining the orientation and gener 
ating and storing surface contour data; 

[0031] (v) installing a lens block in a lens blocking 
station to expose a lens mounting face of the block, 
the block being of a light transmissive nature capable 
of transmitting light Within the UV and visible 
spectrum; 

[0032] (vi) applying an adhesive curable by light 
Within the UV and visible spectrum to at least one of 
the lens mounting face and the ?rst face of the lens 
blank; 

[0033] (vii) transporting the lens blank to the lens 
blocking station and positioning the lens blank adja 
cent the lens mounting face With the ?rst face facing 
the lens mounting face While maintaining the orien 
tation; 

[0034] (viii) moving the lens blank toWard the lens 
mounting face until the ?rst face is a predetermined 
distance from the lens mounting face; 

[0035] transmitting UV and visible light through 
the lens block at a Wavelength and an intensity and 
for a duration suf?cient to cause the adhesive to cure 

thereby bonding the lens blank to the lens block; 

[0036] referencing the ?rst face surface contour 
data to a datum associated With the lens block; and 

[0037] removing the lens block With the lens 
blank attached thereto from the blocking station. 

[0038] Step (ii) above may be carried out by: 

[0039] (a) generating a desired lens blank position 
and orientation image on a screen; 

[0040] (b) generating an image on the screen depict 
ing the orientation of the lens blank on the lens 
orienting station; and, 

[0041] (c) positioning and orienting the lens blank to 
cause the image in step (b) to correspond to the 
image in step (a). 
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[0042] Alternatively, the lens orientation and position 
parameters in step (ii) may be determined using computer 
image recognition of a camera image of the lens Without 
depicting any images on a screen. 

[0043] Preferably the lens blocking process Will include 
the further steps of determining the position of a second face 
of the lens opposite the ?rst face and referencing the position 
of the second face relative to the datum on the lens block. 

[0044] The adhesive should be selected to be capable of 
total adhesive failure Without lens or lens block damage or 
leaving residue on the lens upon application of a suf?cient 
stripping force acting betWeen the lens and the lens block. 

[0045] An apparatus is provided for blocking on oph 
thalmic lens blank. The apparatus includes a lens blank 
receiving station for receiving the lens blank and a lens 
blocking station having a lens block support for receiving a 
UV and visible light transmissive lens block and supporting 
the lens block in a desired orientation. The apparatus further 
has a lens transporter With a lens holder for selectively 
picking up and holding the lens blank, moving the lens blank 
to adjacent the lens block support and moving the lens blank 
toWard the lens block support. 

[0046] A light source capable of emitting light Within at 
least the UV spectrum is associated With the lens block 
support for emitting such light and directing the light 
through the lens block. A light source actuator is connected 
to the light source to control activation and de-activation of 
the light source. An adhesive dispenser is associated With the 
lens blocking station for dispensing a UV and light curable 
adhesive for bonding a lens blank to the lens mounting face. 
A dispenser actuator is connected to the dispenser for 
causing the dispenser to dispense the adhesive. A controller 
communicates With the transporter, the light source actuator 
and the dispenser actuator to control the operation thereof. 

[0047] Preferably the dispenser includes a dispenser 
noZZle and a noZZle manipulator connected thereto for 
moving the noZZle betWeen a deployed position adjacent 
lens mounting face of a lens block supported on the lens 
block support and a retracted position clear of the lens blank 
and the transporter. The controller communicates With the 
noZZle manipulator to control deployment and retraction of 
the noZZle. 

[0048] The apparatus may include a lens orientation indi 
cator having a ?rst image generator for generating a desired 
lens orientation image and a second image generator for 
generating a second image indicating actual orientation of 
the lens blank. An image comparator communicates With the 
?rst and second image generators to display the ?rst image 
relative to the second image to guide manipulation of the 
lens blank for the actual orientation to correspond to the 
desired orientation. 

[0049] The apparatus may further include a probing sta 
tion on Which the lens blank may be placed by the lens 
transporter. The probing station may include a plurality of 
lens probing elements for mapping the contour of a ?rst face 
of the lens blank to determine a ?rst face contour. The 
controller may communicate With the probing station to 
receive information on the contour of the ?rst face relative 
to a ?rst datum. The transporter may be con?gured to move 
the lens blank betWeen the lens probing station and the lens 
blocking station While maintaining the lens blank in the 
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desired orientation. The controller may be con?gured to 
cause the transporter to place the lens adjacent the lens block 
With the ?rst face a predetermined ?Xed distance apart from 
the lens mounting face and maintain the ?Xed distance 
during a curing cycle of the adhesive. The controller may 
translate the ?rst face contour information to a second datum 
associated With the lens block and store the information 
relative to the second datum. The lens transporter may 
include a second face position probe for determining the 
position and curvature of the second face relative to the ?rst 
face. The second face position probe may also communicate 
With the controller to provide position information to the 
controller relative to the ?rst datum Which the controller in 
turn translates to the second datum. 

[0050] The dispenser noZZle may be mounted on a dis 
penser arm moveably mounted to a dispenser body. The 
dispenser may include an arm actuator communicating With 
the controller for moving the dispenser arm relative to the 
dispenser body betWeen the deployed and retracted posi 
tions. The dispenser arm may ?uidly communicate With an 
adhesive pump Which supplies adhesive to the noZZle. The 
controller may further communicate With a shut-off mecha 
nism associated With the noZZle to control dispensing of the 
adhesive through the noZZle. 

[0051] The apparatus may include a UV shield for shield 
ing an operator from UV light When the UV light source is 
activated. 

[0052] The UV shield may be mounted to the transporter 
and connected to a safety sensor Which communicates With 
the transporter to interrupt motion of the transporter When 
the shield encounters an obstruction. 

[0053] The safety sensor may further communicate With 
the controller With the controller causing the motion of the 
transporter to be interrupted. 

[0054] An adhesive curable by UV and visible light for use 
in lens blocking and the use of such an adhesive in lens 
blocking is also provided. The adhesive comprises: 

[0055] an organic resin (meth)acrylic-capped pre 
polymer selected from the group consisting of ali 
phatic urethanes in an amount of from 49% by mass 
to 97% by mass; 

[0056] an adhesion promoter selected from the group 
consisting of ethylenically-capped phosphoric ester 
and ethylenically-capped carboXylic ester in an 
amount of from 0.01% by mass to 10% by mass; 

[0057] a plastic adherent selected from the group 
consisting of isobornyl (meth)acrylate in an amount 
of from 5% by mass to 25% by mass; 

[0058] a cohesive hardener selected from the group 
consisting of multi-functional (meth)acrylic-caped 
diluents in an amount of from 0.1% by mass to 25% 
by mass; 

[0059] a diluent selected from the group consisting of 
(meth)acrylic-capped poly (ethyleneglycol), (meth 
)acrylic-capped poly(propylene glycol), (meth 
)acrylic-capped neopentylglycol and (meth)acrylic 
capped glycerol in an amount of from 0.001% by 
mass to 37% by mass; 
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[0060] a primary ot-cleavage, unimolecular Norrish 
type I photoinitiator selected from the group con 
sisting of acyl phosphine oxide derivatives in an 
amount from 0.1% by mass to 10% by mass; and, 

[0061] a secondary ot-cleavage, unimolecular Norrish 
type I photoinitiator selected from the group con 
sisting of acetophenone derivatives in an amount of 
from 0.1% by mass to 10% by mass. 

[0062] More preferably, the UV/visible curable adhesive 
consists of; 

[0063] the aliphatic urethane oligomer knoWn as 
*Sartomer CN-966J75 in amounts of from 80% by 
mass to 90% by mass or its equivalent; 

[0064] the adhesion promoter knoWn as *UCB 
Chemicals Radcure Ebecryl 170 in amounts of from 
1% by mass to 5% by mass or its equivalent; 

[0065] one of plastic adherent knoWn as *Sartomer 
SR-506 in amounts of from 19% by mass to 23% by 
mass or its equivalent; 

[0066] the hardener knoWn as *Sartomer SR-454 in 
amounts of from 5% by mass to 20% by mass or its 
equivalent; 

[0067] the primary photoinitiator knoWn as BASF 
TPO in an amount of from 2% by mass to 5% by 

mass; and, 

[0068] the secondary photoinitiator knoWn as *Ciba 
Darocur 1173 in an amount of from 1% by mass to 
4% by mass. 

*trademarks 

DESCRIPTION OF DRAWINGS 

[0069] Preferred embodiments of the present invention are 
described beloW With reference to the accompanying illus 
trations in Which: 

[0070] FIG. 1 is a perspective vieW of an ophthalmic lens 
blocking apparatus according to the present invention; 

[0071] FIG. 2 is a section on line 2-2 of FIG. 1; 

[0072] FIG. 3 is an enlarged perspective vieW of the 
portion of FIG. 1 illustrating a lens blank receiving station, 
a probing station, a blocking station and a transporter; 

[0073] FIG. 4 is a section on line 44 of FIG. 3; 

[0074] FIG. 5 is a representation of a typical projected 
image of a lens blank and a computer generated target as 
Would be seen on a computer screen of the lens blocking 
apparatus; 

[0075] FIG. 6 is a perspective vieW of a lens holder; 

[007 6] 
6; 
[0077] FIG. 8 is a cross-sectional vieW taken along line 
8-8 of FIG. 6; 

[0078] FIG. 9 is a perspective vieW of a lens holder 
similar to FIG. 6 but including a second face position probe 
mounted atop thereof; 

[0079] FIG. 10 is a section on line 10-10 of FIG. 3; 

FIG. 7 is a cross-sectional vieW along line 7-7FIG. 
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[0080] FIG. 11 is an elevational vieW of an array of gauge 
plungers associated With the probing station; 

[0081] FIG. 12 is an enlarged partial cross-sectional vieW 
of a gauge plunger, 

[0082] FIG. 13 is a partially cut aWay perspective vieW 
illustrating a lens being held over a lens block by a lens 
transporter; 

[0083] FIG. 14 is a partially cut aWay perspective vieW 
illustrating lens placement on a lens block and also illus 
trating an adhesive dispenser in a retracted position; 

[0084] FIG. 15 is a partially cut aWay perspective vieW 
illustrating a lens transporter before picking up a lens blank 
and illustrating an adhesive dispenser in its deployed posi 
tion; and, 
[0085] FIG. 16 is a sectional vieW on line 16-16 of FIG. 
14. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0086] An apparatus for blocking an ophthalmic lens 
according to the present invention is generally indicated by 
reference 20 in the accompanying illustrations. The appa 
ratus 20 includes a cabinet having a top 22 and a hood 
structure 24 for partially enclosing the top 22. A lens 
transporter 26 is moveably mounted on a ?rst linear actuator 
28 af?Xed to the top 22. The ?rst linear actuator 28 has a ?rst 
servo motor or stepper motor unit for moving the lens 
transporter therealong and for monitoring its position. 

[0087] The apparatus 20 has, aligned With the ?rst linear 
actuator 28 and incorporated into the top 22 of the cabinet, 
a ?rst station 30, a probing station 32 and a lens blocking 
station 34. The apparatus 20 encloses a camera 21 focused 
on the ?rst station 30, an adhesive reservoir 23 and a 
pumping unit 25 for pumping the adhesive to the blocking 
station 34. The apparatus further includes a controller in the 
form of a central processing unit 29 for controlling its 
operation. 
[0088] The ?rst station 30 is utiliZed for lens orientation to 
ensure that a lens blank 60 is property aligned and oriented 
at the outset of the lens blocking process. The imaging 
station has a ground glass plate 40 With three pegs 42 
protruding therefrom in a triangular arrangement. The 
ground glass plate 40 is mounted over an opening 44 in the 
top 22 of the apparatus. The camera 21 is mounted under the 
top 22 and is oriented toWard a mirror 48 on a mirror support 
structure 50 such that a line of sight 52 of the camera is 
re?ected to make a right angle With the ground glass plate 
40. 

[0089] A light (not shoWn) may be shone through the lens 
blank 60. The camera communicates With the controller 29 
to provide lens orientation information to the controller 29. 
The controller 29 in turn communicates With a screen 38 and 
includes a ?rst image generator for generating a desired lens 
orientation image on the screen 38 and a second image 
generator Which receives information from the camera 21 
and generates a second image on the screen 38 indicating 
actual orientation of the lens blank. The desired orientation 
Will be a predetermined orientation taking into account the 
shape of the particular lens blank 60 selected and hoW such 
a lens blank should be oriented during a lens generation 
process. 
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[0090] The screen acts as an image comparator and dis 
plays the ?rst and second images relative to each other to 
guide manipulation of the lens blank for orienting the lens 
blank to correspond to the desired orientation. 

[0091] In use, the lens blank 60 is manually placed on the 
three pegs 42. The image of the lens blank 60 as seen by the 
camera 21 through the ground glass plate 40 is displayed on 
the screen 38 and Would correspond to the image 60 in FIG. 
5. A typical lens blank has manufacturer’s markings for 
orientation purposes and those manufacturer’s markings are 
indicated by reference 62 in FIG. 5. The markings of the 
computer generated ?rst or target image of the lens are 
indicated by reference 64. The markings 62 and 64 typically 
include a circle around a region of the lens blank having the 
required optical characteristics, a pair of dashed lines shoW 
ing the lens geometric center and cylindrical axis, and a 
rectangular symbol indicating the location of a bifocal 
segment (if any). The computer generated markings 64 may 
also contain a contour line shoWing an outline of an eyeglass 
frame to Which the lens is to be mounted. 

[0092] An operator of the apparatus 20 Would move the 
lens to cause the image of the markings 62 to align With the 
image of the markings indicating the desired orientation 64. 
When proper positioning of the lens blank 60 has been 
effected, the operator may request the controller to register 
a ?rst position and angular alignment of the lens blank 60 
Within a horiZontal plane, hereinafter referred to as the X-Y 
plane. 
[0093] Depending on the lens surfacing equipment uti 
liZed, the precision of lens placement may be less critical 
than the knoWledge as to lens parameters, such as the 
location of a cylindrical axis and the location of a bifocal 
segment. It may be possible With some lens surfacing 
equipment to suitably position the lens Without a speci?c 
predetermined relationship betWeen the lens and a lens 
blank. 

[0094] Once orientation and positional parameters of the 
lens blank 60 have been determined, the lens blank is 
transported by the transporter 26 from the ?rst station 30 to 
the probing station 32. The transporter 26 may include a lens 
holder 70 as illustrated in FIGS. 6 through 8. The lens 
holder 70 has a manifold block 72 and a vacuum cup 74 
connected to a ?rst opening (not shoWn) through an under 
surface of the manifold block 72. A vacuum source and 
tubing generally illustrated by reference 76 in FIG. 3 is 
connected to a second opening in a manifold block and in 
turn communicates With the ?rst opening. The manifold 
block 72 further has a third opening 78 communicating With 
the ?rst opening. The lens holder 70 further comprises three 
prop stems 80 moveably extending in parallel alignment 
With a central axis of the vacuum cup 74 in a triangular 
arrangement around the vacuum cup 72. The lens holder 70 
further has a prop stem locking mechanism 82 amounted 
atop the manifold block 72. 

[0095] The prop stems 80 extend through the prop stem 
blocking mechanism 82 and through the manifold block 72 
as illustrated in FIG. 8. Each prop stem 80 is urged 
doWnWard relative to the lens holder 70 by a spring 84 
mounted over the prop stem 80. Each spring 84 is seated in 
a respective recess in the manifold block 72. Each prop stem 
80 is held in a respective hold through the prop stem locking 
mechanism 82 and through the manifold block 72 by means 
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of a ?rst lock Washer 86 mounted on the upper end of the 
prop stem 80 and a second lock Washer 88 mounted on the 
prop stem 80 beloW the spring 84. 

[0096] The prop stem locking mechanism 82 includes a 
module made of rigid material and having a triangular cavity 
90 formed therein. The triangular cavity 90 encloses an 
A-shaped protrusion 92 extending from a bottom surface of 
the cavity 90 and having a thickness similar to the depth of 
the cavity. The A-shaped protrusion 92 and the triangular 
cavity 90 are concentric With one another and are positioned 
such that each of the three extremities of the A-shaped 
protrusion 92 is contiguous With a surface along one of the 
prop stems 80. The prop stem locking mechanism 82 further 
has in the triangular cavity 90, a ?at belt 94 enclosing the 
A-shaped protrusion and the three prop sterns 80. 

[0097] Apneumatic cylinder 96 is af?xed to the side of the 
prop stem locking mechanism 82 by a collar 98 and fasteners 
(not shoWn) through the collar 98 and threaded into the rigid 
module of the mechanism 82. The pneumatic cylinder 96 has 
an operable plunger 100 extending into the base of the 
A-shaped protrusion 92. Extension of the plunger 100 
pushes upon the ?at belt 94 and stretches the ?at belt 94 
around the three prop stems 80. The tension in the ?at belt 
94 causes each prop stem 80 to be pulled and held tightly 
against a respective extremity of the A-shaped protrusion 92. 

[0098] The action of the pneumatic cylinder 96 is con 
trolled by the controller 29 in response to a vacuum sensor 
sWitch 110 Which is illustrated in FIGS. 3 and 10. The 
vacuum sensor sWitch 110 is connected to the third opening 
78 and monitors the vacuum level in the vacuum cup supply 
port. In operation, the vacuum cup 74 is loWered on a lens 
blank 60 and the vacuum cup 74 and the prop stems 80 are 
brought into contact With the lens blank 60. The vacuum 
level in the vacuum cup supply port increases in response to 
the cup being sealed by the lens blank 60 Which causes the 
vacuum sensor sWitch 110 to send a signal to the controller 
29 Which in turn activates the pneumatic cylinder 96 for 
locking the position of the prop stems 80. The lens blank is 
thereby rigidly retained in the vacuum cup 74. 

[0099] The raising and loWering movements of the 
vacuum pick-up device are effected by a second linear 
actuator 112, also shoWn in FIG. 10. The movements of the 
second linear actuator 112 are controlled by a second servo 
motor or a second motor/encoder unit 114 such that after an 
initial calibration, a position of the vacuum cup 74 is alWays 
knoWn precisely. When the lens holder 70 picks up the lens 
blank 60 from the ?rst station 30, the controller reads the 
vacuum sensor sWitch 110 and the signal of the second 
motor/encoder unit 114 and registers a ?rst vertical position 
of a concave surface of the lens blank 60 relative to a vertical 
axis, hereinafter referred to as the Z axis. 

[0100] Although vacuum cups in general are knoWn to be 
someWhat ?exible, the locked in place prop stems 80 ensure 
that the ?rst vertical position registered by the controller 29 
is maintained throughout the remaining functions of the 
apparatus 20. 

[0101] It Will be appreciated that other suitable pick-up 
devices and control systems for such devices may be devised 
Which Would function adequately Well in the apparatus 20. 
For example the vacuum cup might include a rod-like probe 
mounted centrally therein and a proximity or optical sWitch 
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for monitoring of the probe rather than a vacuum switch. 
Also a collet type clamping arrangement of the prop stems 
80 may be practised. 

[0102] The lens holder 70 preferably has an electronic 
module 102 containing photoelectric sWitches for monitor 
ing movement of the prop stems 80. The electronic module 
102 acts as a second face position probe for determining the 
position of an upper or second face of the lens blank 60. The 
electronic module 102 is preferably mounted atop the prop 
stem locking mechanism 82. As illustrated in FIG. 9, signals 
from the electronic module 102, the vacuum sensor sWitch 
110 and the second motor/encoder unit 114 When the 
vacuum pick-up device is brought in contact With the second 
surface of the lens blank 60 are integrable for determining or 
verifying the position of the second face 60. 

[0103] As illustrated in FIG. 10, the lens transporter 26 is 
mounted on a carrier block 120 af?Xed to the moveable 
member (not shoWn) of the ?rst linear actuator 28. The 
control Wiring betWeen the controller 29 and the lens blank 
manipulator 26 is preferably mounted over a ?exible cable 
tray 122 af?Xed to the top surface 22 of the apparatus 20 and 
to the carrier block 120. 

[0104] Once the lens blank 60 is held by the lens holder 70 
the lens blank 60 is transported from the ?rst station 30 to 
the probing station 32. The structural details of the probing 
station 32 are illustrated in FIGS. 11 and 12. 

[0105] The probing station 32 has a rectangular array of 
gauge plungers 130 protruding upWardly through a cover 
plate 132. The gauge plungers 130 eXtend under the cover 
plate 132 and near a circuit board 134 af?Xed at a distance 
from the cover plate. The circuit board 134 has a plurality of 
photoelectric sWitches each comprising a photoelectric emit 
ter 136 and a photoelectric receiver 136‘. Each photoelectric 
sWitch 136-136‘ is positioned in close proXimity to the loWer 
end of the plunger 130 for monitoring a doWnWard displace 
ment of that plunger 130. 

[0106] Each gauge plunger 130 comprises a tubular hous 
ing 138 Which is af?Xed to the cover plate 132. A rod 139 is 
moveably mounted in the housing 138 and is urged 
upWardly by a spring 140. Each rod 139 has a rounded tip 
142 extending above the cover plate 132. The circuit board 
134 further has a hole 137 betWeen each emitter 136 and 
receiver 136‘ for alloWing a doWnWard movement of each 
rod 139 through the circuit board 134 When the rounded tip 
142 is depressed. 

[0107] When the lens blank 60 is loWered on the probing 
station With a conveX surface (“?rst face”61) of the lens 
blank 60 contacting the tips 142 of the gauge plungers 130, 
the controller 29 reads the encoder of the second stepper 
motor/encoder unit 114 and the signal from each photoelec 
tric sWitch 136-136‘. The controller 29 integrates the signals 
of the encoder and sWitches 136-136‘ to determine the 
curvature of the ?rst face 61 and a position of this curvature 
along the Z ads. 

[0108] Once the ?rst face 61 of the lens blank 60 has been 
probed, the lens blank is transported from the probing station 
32 to the blocking station 34. The blocking station includes 
a UV and visible light transmissive lens block support 200 
for receiving and supporting a lens block 210 With a lens 
mounting face 212 of the lens block facing upWardly. The 
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lens block should be of a transparent material capable of 
transmitting at least light in the UV spectrum and preferably 
also in the visible spectrum. 

[0109] A UV light source 220 is associated With the lens 
block support in that it is mounted so as to direct light 
through an aperture 202 in the lens block support Which in 
turn directs the UV light through the UV transmissive lens 
block 210. A light source actuator Which may form part of 
the controller 29 is connected to the light source to control 
activation and de-activation of the light source 220. 

[0110] A dispenser 234 for dispensing an adhesive curable 
by UV/visible light is generally indicated by reference 230. 
The dispenser 230 has a dispenser noZZle 232 at one end of 
a dispenser arm 234. An arm actuator Which may be a motor 
such as illustrated by reference 236 or a linear or other 
actuator may be provided to move the arm 234 from a 
deployed position adjacent the lens mounting face 212 
(FIG. 15) and a retracted position clear of the lens mounting 
face 212FIG. 14) and the lens transporter 26 so as not to 
interfere With the placement of the lens over the lens 
mounting face 212 of the lens block 210. 

[0111] The dispenser arm 234 merely controls position of 
the dispenser noZZle 232. Accordingly the dispenser arm 234 
can be telescopic rather than rotatable as illustrated and 
possibly controlled by a linear actuator such as a ?uid 
pressure actuated piston Within a cylinder. 

[0112] The noZZle 232 ?uidly communicates With the 
adhesive reservoir 23 through the pump 25 Which supplies 
the adhesive to the noZZle 232. Alternatively, the adhesive 
reservoir 23 may be pressuriZed thereby obviating the need 
for a pump. 

[0113] The noZZle 232 is equipped With a valve or other 
shut-off mechanism Which communicates With the controller 
29 to control dispensing of the adhesive through the noZZle 
232 When the noZZle is in the deployed position. Different 
control arrangements may be used. A simple form of control 
is to monitor the time that the noZZle 232 is held open. Other 
controls such as a metering pump may be utiliZed. Generally 
Whatever control is selected should dispense a measured 
amount of adhesive Which Will substantially ?ll the gap 
betWeen the ?rst face of the lens blank 60 and the lens 
mounting face 212 of the lens block 210. 

[0114] The UV light source 220 preferably incorporates a 
?ash lamp such as manufactured by Xenon Corporation 
Which emits a pulse of high intensity short duration light 
Within the UV spectrum and in the visible spectrum. An 
eXample of this light source 220 is Xenon Model RC-742 
With a ?at spiral 4.2“ lamp or a 3.5“ ?at spiral Xenon 
gas-?lled, gallium-doped clear fused quartZ lamp. A single 
or a double-headed system is suitable. With the double 
headed system, a common poWer supply may be shared 
betWeen the blocking and the Wiring functions. One embodi 
ment of this apparatus is described in US. Pat. No. 4,167, 
669, Which is herein incorporated by reference. The Wave 
length of the light should be on the order of 250 to 500 
nanometers. In practice it has been found that the shorter 
Wavelength light contributes to the speed of curing While the 
longer Wavelength effects a better depth of cure. 

[0115] The Xenon light generates a nominal amount of 
heat Which is desirable from an equipment standpoint as 
compared With a mercury vapor lamp. The range of Wave 














