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Description

TECHNICAL FIELD

[0001] This invention relates to the manufacture of
ophthalmic lenses. Specifically this invention relates to
a new method for surfacing, edging and finishing oph-
thalmic lenses.

BACKGROUND ART

[0002] In the art of ophthalmic lens manufacture, a fin-
ished ophthalmiclens is usually made from finished uncut
lenses or from semi-finished lens blanks. Finished uncut
lenses are lenses that are optically finished on both front
and back surfaces and only need to be edged to the prop-
er shape and edge contour to become finished lenses.
Most optical laboratories keep an inventory of single vi-
sion finished uncut lenses in various powers, sizes, and
materials to take care of most of the more common single
vision ophthalmic lens prescriptions.

[0003] Semi-finished lens blanks have optically fin-
ished front surfaces; however, the back surfaces of these
blanks need to be generated and fined and are then either
polished or coated to produce finished uncut lenses. Fin-
ished uncut lenses are then edged to the proper frontal
shape and edge contour to fit into spectacle/glasses
frames or other mounting structures. Single vision lenses
that are outside the normal range of inventoried finished
uncut lenses and most multifocals are made from semi-
finished lens blanks. Semi-finished lens blanks are made
with various front surface curve radii, and have various
topographies including spherical, aspheric, hyperbolic,
irregular aspheric such as progressive add lenses, and
polyspheric such as executive type segmented bifocals
and trifocals.

[0004] To generate a desired prescription for a lens,
calculations are required to determine the topography of
the back surface of a lens. Such calculations typically
involve variables that include the front surface radii of the
semi-finished blank, the index of refraction of the lens
blank material, prescription values of the desired lens,
statutory values regarding minimum lens thickness, and
the physical dimensions of the frame or mounting struc-
ture.

[0005] Inthe art, various means have been devised to
accomplish the physical process of producing a back sur-
face of optical quality. Most of these methods begin by
generating a back surface that approximates the desired
back surface topography and surface smoothness. This
approximate surface is then fined to a more perfect ap-
proximation in both curvature and surface smoothness.
After the appropriate accuracy and smoothness is
achieved in the fining process, the surface is then pol-
ished or surface coated to produce a surface of optical
quality. The optically finished lens blank is then edged to
the proper shape and edge profile to fit into the frame for
which it was made.
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[0006] Many business entities that sell ophthalmic
lenses do lens finishing as a profit center activity and as
a way to expedite delivery of single vision lenses. Only
a small percentage of these entities also do surfacing of
ophthalmiclenses. The business volume of most of these
entities cannotjustify the costs of acquiring and operating
a surfacing laboratory. Surfacing laboratory setup costs
have heretofore been several times the cost of setting
up a laboratory for edging only.

[0007] Hiring qualified technicians for ophthalmic lens
finishing or straining personnel to perform ophthalmic
lens finishing is relatively easy. However, hiring and train-
ing optical technicians to operate a surfacing laboratory
is not easy. In many communities it is very difficult to find
personnel that are trained in surfacing. Technicians who
are qualified to do surfacing are generally remunerated
at higher pay scales than technicians skilled only in op-
tical finishing.

[0008] In addition to the significantly higher equipment
and personnel costs of a surfacing lab, there are also
higher ongoing costs for the additional lab space re-
quired. At least several hundred square feet of opera-
tional space and storage space have heretofore been
required for a full service surfacing and edging ophthal-
mic lens laboratory. Consequently there is a need for a
system and method of ophthalmic lens manufacture that
would significantly reduce the investment required to ac-
quire a surfacing and edging laboratory. There is a further
need for a system and method of ophthalmic lens man-
ufacture that significantly reduces the costs associated
with operating a surfacing and edging laboratory. Further,
there is a need for a system and method of ophthalmic
lens manufacture that is operative to perform surfacing
and edging by an operator with little skill in the art.
[0009] In the prior art, the processes of surfacing and
edging are done on at least two separate machines. In
the prior art, blocking for surfacing and edging required
two separate blocking devices. Also in the prior art, the
individual processes of lap tool surfacing and lens crib-
bing and safety beveling and edge grooving and edge
polishing and lens engraving each requires its own ma-
chine or device or machine augmentation. Each of these
machines or devices or augmentations is to varying de-
grees expensive to acquire and each of the machines or
devices requires laboratory space. Each of these oper-
ations, if done by hand, requires the necessary acquisi-
tion of skills and application of those skills in order to
perform the various operations. Consequently, there is
therefore a need for a system and method of ophthalmic
lens manufacture that reduces the need to employ a plu-
rality of expensive and complex machines to manufac-
ture lenses.

[0010] In the prior art, after a semi-finished lens blank
is generated and fined and polished it is de-blocked and
inspected and then laid out and blocked again for edging.
Blocking for surfacing and blocking for edging are two
different procedures that differ in significant ways requir-
ing two different sets of skills and requiring two separate
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and very different mechanical blocking systems. Repeat-
ing the blocking process is necessary in part because
the metallic block used for surfacing could interfere with
the edging process. This is because portions of the uncut
lens that lie under the surfacing block frequently need to
be removed during the edging process. If the standard
surfacing block were also used during edging, this could
result in the metal surfacing block coming into contact
with the cutting or grinding surfaces of the edging ma-
chine thereby damaging the cutting or grinding surfaces
of the edging machine and damaging or destroying the
block in the process. Additionally, the need to block a
lens twice multiplies the opportunities for error and spoil-
age and requires the expenditure of time. Consequently
there is a need for a method of ophthalmic lens manu-
facture that eliminates the need to block a lens blank
twice for those lenses that require both surfacing and
edging.

[0011] The prior art describes several types of single
point blocking systems. One type describes centering
the block on the point of the lens that would occupy the
geometric center of the frame when the lens is finished
(frame geometric center blocking). Another describes
centering the block on the point of the lens that would
occupy the optical center of the finished lens (optical cent-
er blocking). A third describes centering the block in the
geometric center of the semi-finished uncut lens (lens
blank geometric center blocking). In prior art, all three of
methods are optimized for surfacing by tilting the front
surface by the proper amount and in the proper direction
to move the optic axis into alignment with the generator
feed axis. Only in the case of "frame geometric center
blocking" is it possible to optimize for edging. This opti-
mization for edging is accomplished by aligning the front
surface normal at the geometric center with the feed axis
of the generator.

[0012] The "optical center" and "lens blank geometric
center" blocking arrangements create relationships be-
tween a lens blank and the generator feed axis that are
optimal for generating lens back surfaces because errors
in thickness at any stage in the process of surface gen-
eration and fining will not affect a change in the position
of the optical center of the lens. This is because the optic
axis does not move as the thickness of the blank de-
creases. However, in neither of these two cases are the
blocking arrangements optimal for edging a lens. In both
instances the lens is frequently tilted too much to apply
an edge parallel to the normal at the geometric center of
the front surface of the finished lens. Applying an edge
to a lens at any angle other than parallel to the front sur-
face normal at the geometric center results in edges that
are skewed and frequently thicker than necessary and
with edge beads that have less than optimal orientations.
[0013] A blocking system optimized for edging, like
"frame geometric center blocking", wherein the lens
blank is blocked on the geometric center of the finished
lens and where the normal at the geometric center of the
front surface of the finished lens is parallel to the axis of
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rotation of the edging tool or edge grinding wheel, is not
optimal for surfacing. Except for the relatively rare case
where there is positional coincidence between the optical
center of the lens and the frame geometric center of the
lens, the optical center of the lens is made to move or
"creep" as the lens is made to decrease in thickness dur-
ing fining.

[0014] A method of lens blocking that is optimized for
edging and that is also operative for surface generation
would be of considerable utility. It would allow for a single
blocking step for both the surface generation of a lens
and for the edging of that lens without de-blocking and
re-blocking between the steps of surface generation and
edging. Therefore there is a need for a system and meth-
od of blocking a lens for both surfacing and edging that
reduces the problems associated with optical center
creep.

[0015] Prescription lenses for patients are often gen-
erated in pairs for a spectacle frame. Prior art systems
typically generate each lens independently. Production
cycle times for generating lenses may be reduced by
employing multiple surfacing and edging machines in the
laboratory to generate pairs of lenses simultaneously,
however duplication of equipment doubles the acquisi-
tion and operational costs of the laboratory. Thus there
exists a need for a system and method of ophthalmic
lens manufacture that provides for reduced production
cycle times for pairs of prescription lens without signifi-
cantly increasing costs for the laboratory.

[0016] Heattransferintothe lens blankfrom the heated
blocking medium during the blocking procedure is a fre-
quent cause of so called "lens warpage". The greater the
amount of heat transfer involved and the more uneven
the distribution of that heat transfer is, the greater the
chance of producing warpage and ruining the lens or pro-
ducing a substandard lens. There is therefore a need for
a method of ophthalmic lens manufacture that could min-
imize the transference of heat into the lens blank during
blocking, and that could make the distribution of that heat
transference uniform over the entire area of the finished
lens. Further, there is a need for a system and method
of ophthalmiclens manufacture that could eliminate prob-
lems associated with heat transfer into the lens during
blocking.

[0017] The standard block used for lens surfacing is
generally smaller than the size of the finished lens being
fabricated. The portion of a lens that remains unsupport-
ed can undergo flexure when submitted to the forces in-
volved in the generating, fining and polishing processes.
This results in flaws or "waves" in the optics of the lens
in the areas that underwent the flexure and is a common
source of spoilage or of substandard lenses. Conse-
quently, there is a need for a technique that would elim-
inate these optical flaws caused by flexion of the lens
blank during generating and fining and polishing of the
lens.

[0018] For cosmetic effect, the edges of lenses are
sometimes polished. In prior art, when the edge of the
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lens has a mounting bevel, the bevel on the edge of the
lens is polished when the edge is polished. Polishing the
mounting bevel reduces the holding friction of the bevel
that aids in holding the lens in the frame, and that holding
friction is also important in resisting rotation of the lens
within the frame. For this reason, a lens that has a pol-
ished edge with a polished bevel is more difficult to keep
securely mounted and properly oriented in its frame.
There is therefore a need for a system and method of
ophthalmic lens manufacture that is operative to polish
the edge of a lens without polishing the mounting bevel
on the edge of the lens.

[0019] Prior art systems for lens manufacture are in-
herently non-mobile, due to the large amounts of labo-
ratory space required to store an inventory of lap tools
and the many pieces of heavy laboratory equipment
needed to generate and surface and finish lenses. Thus,
prior art systems cannot be easily transported to loca-
tions such as factories to manufacture safety lenses on-
site or military theaters to support the optical needs of
military personnel. Consequently, there is a need for an
ophthalmic lens manufacturing system that is portable.

[0020] The European patent application EP
0758571A1 discloses a method to create a concave sur-
face on a lens blank with a rotary cutter or grinder. This
document teaches to move the rotating lens blank along
a certain path under the rotating rotary cutter or grinder
resulting in a spirally formed groove or recess. The en-
velope form of the groove or of the recess created by this
method resembles closely to the desired concave sur-
face.

DISCLOSURE OF INVENTION

[0021] It is an object of the exemplary form of the
presentinvention to provide a method for ophthalmic lens
manufacture.

[0022] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that significantly reduces the costs of
acquiring and operating a full service surfacing and edg-
ing ophthalmic lens laboratory.

[0023] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operable with little knowledge
of the optical arts by the operator.

[0024] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that requires little physical laboratory
space.

[0025] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to perform both lens
surfacing and lens edging.

[0026] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that requires only one lens blocking
operation to perform both surfacing and edging.
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[0027] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to block a lens for both
surfacing and edging that is optimized for both the min-
imization of edge thickness and the compensation of op-
tical center "creep."

[0028] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that does not require complicated ro-
tating or tilting of the semi-finished lens blank when block-
ing for surfacing.

[0029] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to perform both lens
surfacing and lens edging in one machine operation.
[0030] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that utilizes a single tool with multiple
cutting surfaces capable of both surface generation and
edging of lenses.

[0031] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that does not require a lap tool library.
[0032] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that does not require a lap tool library
but is capable of using a lap tool library.

[0033] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that does edging and surfacing of lens-
es and lap tool surfacing on the same machine.

[0034] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture thatis operative to generate the precise
lap tool for each lens manufactured.

[0035] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture thatis operative to generate the precise
mounting blocks for each lens manufactured.

[0036] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture thatis operative to generate the precise
mounting blocks for each lens manufactured with scribe
marks applied to the surface of the blocks to facilitate
alignment for blocking.

[0037] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to perform surfacing
of both lenses of a pair of lenses at the same time.
[0038] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to perform edging of
both lenses of a pair of lenses at the same time.

[0039] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to perform lap tool
surfacing of two lap tools at the same time.

[0040] It is a further object of the exemplary form of



7 EP 1 409 198 B1 8

the present invention to provide a method for ophthalmic
lens manufacture that minimizes the transference of heat
into the lens blank during blocking and that makes the
distribution of that heat transference uniform over the en-
tire area of the finished lens.

[0041] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that eliminates the transference of heat
into the lens blank during blocking

[0042] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that eliminates fabrication flaws
caused when unsupported portions of alens blank flexes
under the forces incurred during the generating, fining,
and polishing processes.

[0043] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that provides for easy visual verification
of proper blank size.

[0044] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is operative to polish the edge of
a lens without polishing the mounting bevel on the edge
of the lens

[0045] It is a further object of the exemplary form of
the present invention to provide a method for ophthalmic
lens manufacture that is portable.

[0046] Further objects of the present invention will be
made apparent in the following Best Modes for Carrying
Out Invention and the appended claims.

[0047] The foregoing objects are accomplished by the
method defined in claim 1. Preferred embodiments are
defined in the dependent claims. In one exemplary em-
bodiment of the invention by method for ophthalmic lens
manufacture employs computer numerically controlled
(CNC) machining techniques that are operative to gen-
erate and edge semi-finished lenses and to edge finished
uncut lenses.

[0048] An exemplary embodiment of the present in-
vention relies on the fact that the topographies of optical
surfaces are very well defined. If the spatial coordinates
(x,y,z) of any three points on a lens front surface are
known within a coordinate system, then the spatial coor-
dinates of all other points on the front surface can be
derived within the coordinate system.

[0049] Further, if the center thickness and position of
the optical center of a lens are known, then the spatial
coordinates of any point on the back surface of that same
lens can be derived. Further still, if a sufficient number
of planar coordinates (x,y) representing the shape of the
frame into which the lens will be mounted are known rel-
ative to the position that the lens geometric center will
occupy within the frame and if the offset from the front
surface of the mounting groove or bevel is known, then
the finished shape and contour of the lens can be accu-
rately derived including the position of the mounting bevel
or groove.

[0050] The exemplary embodiment of the present in-
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vention includes a CNC machining platform that is oper-
ative to direct an appropriate tool to perform both surfac-
ing and edging of a lens blank. The system includes a
computer that is operative to retrieve frame coordinates
of the lens receiving portion of a spectacle frame. In the
exemplary embodiment the frame coordinates are stored
in a data store in operative connection with the computer.
In one exemplary embodiment of the present invention
these frame coordinates are acquired by tracing the inner
circumference of the frame apertures with a graphics tab-
let, or other scanning device in operative connection with
the computer.

[0051] The computer is also in operative connection
with aninput device and a data store. A user of the system
inputs with the input device prescription specifications
for the desired lens. The data store includes a plurality
of front surface data values that correspond to the front
surface topography of the lens blank. The computer cal-
culates tool paths for machining the lens blank with the
tool responsive to the frame coordinates, the front sur-
face data values, and the prescription specifications.
[0052] These tool paths are calculated with respect to
the reference frame of the machining platform. The ma-
chining platform is operative to direct the tool to move
with respect to the lens blank according to the calculated
machining tool paths.

[0053] The system is further operative to generate an
appropriate lap tool for finishing the generated lens. The
machining platform is operative to machine the surface
of the lap tool responsive to the front surface data values,
the prescription specifications, and, in cases where front
surface radii are shorter than back surface radii, the data
representing the size and shape of the frame. The orien-
tation of the lap tool axes may be machined to match the
orientation of the axes in the final lens so there is no need
to rotate the lens blank in the surface blocking process
in order to align the lens axes with the lap tool axes. There
is also no need for prism blocking or prism ring tilting of
the blocked lens blank for back surface generation.
[0054] The system is further operative to machine an
appropriate block for receiving the front surface of the
lens responsive to the front surface data, frame data, and
prescription specifications, which include the interpupil-
lary distance (Pd). In the exemplary embodiment the
block is machined to include scribe lines that are used
by an operator to properly position and align the lens
blank so that all points on the front surface of the lens
blank can be determined relative the reference frame of
the block and the machining platform.

BRIEF DESCRIPTION OF DRAWINGS

[0055]

Figures 1-3 show exemplary method steps of the
present invention for generating an ophthalmic lens
from a lens blank.
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Figure 4 is a schematic view representative of an
exemplary system for carrying out the method of the
present invention for generating an ophthalmic lens
from a lens blank.

Figure 5 shows exemplary machining tools that are
operative to perform both surfacing and edging.

Figures 6 and 7 show exemplary machining tools
machining the edge of a lens blank.

Figure 8 show an exemplary machining tool machin-
ing the back surface of a lens blank.

Figure 9 shows an exemplary machining tool ma-
chining the finishing surface of a lap tool.

Figure 10 shows further exemplary machining tools.

Figure 11 shows a perspective view representative
of an exemplary machining platform.

Figure 12 shows a perspective view representative
of an exemplary machining platform with the mount-
ing stage rotated to an upward position.

Figure 13 shows a top plan view of an alternative
exemplary machining platform.

Figure 14 shows a front plan view of the alternative
exemplary machining platform.

Figure 15 shows a side plan view of the alternative
exemplary machining platform.

Figure 16 is a schematic view representative of a
further alternative exemplary system for simultane-
ously generating both the right and left lenses for
spectacles frames.

Figure 17 shows the relative orientation of the x ball
slide, y ball slides, and z ball slides for the further
alternative exemplary machining platform.

Figure 18 shows two exemplary orientations of a
mounted lens blank with respect to the relative feed
axis of a tool for edging the lens blank.

BEST MODES FOR CARRYING OUT INVENTION

[0056] Referring now to the drawings and particularly
to Figures 1, there is shown therein exemplary method
steps of the present invention for generating an ophthal-
mic lens. Here the exemplary method comprises the step
10 of acquiring or collecting and temporarily or perma-
nently storing data about the size and shape of the lens
receiving aperture of a spectacle frame or other mounting
structure, or alternately about the finished lens circum-
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ference and frame shape. In the exemplary embodiment
frame data is collected in the form of a plurality of planar
points (x, y) relative to a planar coordinate system.
[0057] The exemplary method further comprises the
step 12 of acquiring or collecting and temporarily or per-
manently storing prescription specifications for the de-
sired ophthalmic lens being generated from the lens
blank. For the present exemplary invention, the prescrip-
tion specifications includes information which describes
the optical characteristics for the finished ophthalmic lens
and physical characteristics of the finished ophthalmic
lens including the material of the lens, the minimum thick-
ness of the lens, and the contour of the lens edge (bevel
or groove). Such information can be acquired by a user
inputting the desired prescription specifications for the
lens. In an alternative embodiment, the prescription in-
formation can be acquired from a data store.

[0058] In Step 14, the exemplary method includes se-
lecting and acquiring the appropriate lens blank respon-
sive to the prescription specification and frame data. In
one embodiment of the present invention, a human ma-
chine interface (HMI) is operative to identify which lens
blanks are appropriate from a data store of different types
of lens blanks. This described embodiment may also in-
clude an inventory system of lens blanks that are avail-
able from inventory for the laboratory. The operator may
then select from inventory at least one of the lens blanks
that have been identified by the HMI as being in stock.
[0059] The exemplary method further comprises the
step 16 of acquiring or collecting and temporarily or per-
manently storing data about the optical properties of the
lens blank. The optical properties include the front sur-
face topography of alens blank and the index of refraction
of the material comprising the lens blank. This data ac-
quisition and storage can be done at any point in time
prior to the actual manufacturing process. This lens front
surface data is stored in a form and format that is oper-
ative to return a "z" value for any "x,y" coordinate query.
In .the exemplary embodiment when the prescription da-
ta values indicate that the front surface on the lens blank
is spherical, these spatial coordinates can be acquired
by calculation. When the prescription data values indi-
cate that the front surface of the lens blank is aspherical,
the front surface coordinates can be acquired from a data
store of front surface topography information responsive
to the type of aspheric lens being machined. It should be
noted that front surface coordinates for spherical lens
blanks may also be acquired from surface data stored
previously acquired or calculated and stored in a data
store. In an alternative embodiment the front surface to-
pography information can be acquired directly with a
scanning device. Within the described exemplary em-
bodiment of the invention, the data stores that hold top-
ographical information are also operative to return infor-
mation about the locations of lens blank front surface
artifacts such as factory markings or bifocal segment
lines that may be used for lens blank alignment during
blocking.
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[0060] This described exemplary embodiment of the
invention may further include steps for generating a lap
tool that is operative for fining and polishing the machined
back surface ofthe lens. In step 18 the present exemplary
method includes calculating machining tool paths for ma-
chining the lap tool with an appropriate machining tool of
the CNC machining platform. The machining tool paths
for the lap tool are calculated responsive to the front sur-
face data, prescription specifications of the machined
lens that will be fined and polished with the finished lap
tool, the frame data in some cases, and the thicknesses
of the fining and polishing pads. In step 20 the method
includes mounting the lap tool blank on the machining
platform and in step 22 the method includes machining
the lap tool surfaces responsive to the calculated ma-
chining tool paths to produce the finished lap tool.
[0061] The exemplary method further comprises the
step 24 of calculating a machining tool path for an ap-
propriate tool for machining the top surfaces of a block
for receiving the front surface of the selected lens blank.
The machining tool paths are also calculated for machin-
ing alignment scribe lines or other alignment features on-
to an upper surface of the block, which are used by the
operator in properly aligning the selected lens blank on
the block. These tool paths are calculated responsive to
the type of lens blank selected, the positions of artifacts
on the lens surface that may be used for lens blank align-
ment purposes, the frame size and shape data, the front
lens surface topography data, and the prescription spec-
ifications. In addition, the machining tool paths are cal-
culated for machining the top surfaces of the block so as
to support the portion of the front surface of the lens blank
that will become the finished lens. A block machined in
this manner will have 1) a top surface that mates with the
front surface of the lens blank when the blank is properly
aligned and 2) surface alignment scribe lines to facilitate
lens blank alignment, and 3) the shape of the finished
lens outline sculpted into the face of the block.

[0062] In step 26 the exemplary method further com-
prises the step 26 of mounting a block on the CNC ma-
chining platform and the step 28 of machining the top
surface of the block with the appropriate tool responsive
to the calculated tool paths. The machined block is op-
erative to receive the front surfaces of the selected lens
blank such that when the lens blank is aligned according
tothe machined scribe lines, all points on the front surface
of the lens blank are known with respect to the reference
frame of the CNC machining platform.

[0063] Instep 30, the method includes identifying land-
marks on the lens such as a bifocal segment or temporary
marks on the lens blank that are used to align the lens
blank with the scribe lines on the block. This step may
also include marking up the lens blank if necessary with
the temporary alignment and positioning marks respon-
sive to instructions from the HMI.

[0064] In step 32 the exemplary method includes
blocking the lens. This exemplary blocking step includes
affixing a thin transparent plastic film, with adhesive on
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both sides, onto the surface of the lens blank, aligning
the appropriate landmarks on the lens blank with the
scribe lines on the block, and securely bonding the lens
blank to the block by applying appropriate pressure to
the back of the lens blank.

[0065] By generating custom blocks for each lens
blank, the procedures for blocking the lens are greatly
simplified. These machined scribe lines significantly re-
duce the need for a laboratory technician to measure and
place complex alignment and positioning markings on
the surface of the lens blank. The scribe lines are posi-
tioned to correspond to readily identifiable landmarks on
the lens block such as a bifocal segment line. For lenses
that do not have readily identifiable landmarks, the scribe
lines may be positioned to correspond to markings on
the lens blank that are relatively easy to make by an op-
erator. For example reference marks could be placed on
the optical center of the lens blank and two other points
or a line could be placed along some readily identifiable
axis of the lens blank. The custom machined block for
such alens would include scribe lines, which correspond
to the optical center and axis markings. Additionally,
since the shape of the final lens is sculpted into the face
of the block, visual verification of the proper blank size
is readily made.

[0066] Oncealensblankhasbeenblockedinthis man-
ner, all of the spatial coordinate points (x,y,z) on the front
surface of the lens blank can be determined with ade-
quate certainty relative to the coordinate system of the
machining platform when the blocked lens is mounted
on the machining platform.

[0067] The exemplary method further comprises the
step 34 of calculating a machining tool path for an ap-
propriate tool for machining the back surface and edge
of the lens blank. The tool paths are calculated respon-
sive to the frame data, front lens surface data and other
physical properties of the lens blank like the index of re-
fraction, and prescription specifications. In step 36 the
method includes mounting the blocked lens on the ma-
chining platform. In step 38 the method includes machin-
ing the lens blank responsive to the calculated tool paths
with an appropriate tool in operative connection with the
CNC machining platform. The back surface of the lens
blank is machined to produce a lens blank that is ready
for the fining and subsequent polishing or coating proc-
esses that may be required to finish the back surface of
the lens blank into an optical lens surface. The edge of
the lens blank is machined for insertion into the spectacle
frame for which the lens blank is being fashioned to fit.
Step 38 may also include edge polishing and safety bev-
eling the lens and edge grooving and engraving of the
lens.

[0068] Once the lens blank has been machined, the
exemplary method further, if required, comprises the step
40 of fining and polishing the unfinished surfaces of the
lens with the lap tool machined in step 22 to produce an
optical lens surface. In step 42 the exemplary method
includes de-blocking, cleaning, and inspecting the fin-
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ished and edged lens. In step 44 the exemplary method
includes inserting the lens into the spectacle frame and
inspecting the lens and frame combination.

[0069] Itis to be understood that the method steps de-
scribed above are exemplary only. In this and in alterna-
tive embodiments other methods steps and/or a differing
order of these method steps may be performed to carry
out the exemplary embodiments of the present invention.
In addition the exemplary method may be performed with
a system thatis operative to generate one or more optical
lenses simultaneously

[0070] Figure 4 shows a schematic view representa-
tive of an exemplary system that is operative to generate
ophthalmic lenses according to the previously described
method. Here the system 100 comprises a computer 102
and a CNC machining platform 104 in operative connec-
tion with the computer. The CNC machining platform 104
includes a mounting stage 110, a mounting block 106 in
releasable connection with the mounting stage, and a
tool 112. An exemplary lens blank 108 is shown mounted
to the block 106. The computer is further in operative
connection with an input device 114, a display device
116, and a data store 118. Examples of operative input
devices for this exemplary embodiment include a key-
board, mouse, touch screen, trackball, voice recognition
system, or any other device that is operative to input sig-
nals into the computer. Examples of operative display
devices for this exemplary embodiment include a CRT
monitor, LCD display, or any other output device that is
operative to display information concerning the operation
of the system 100. Examples of operative data stores
118 for the exemplary embodiment, include relational da-
tabases, flat files, CD’s, DVD’s, memory arrays or any
other device or structure that is operative to temporarily
or permanently store information. The data store 118 may
also encompass a combination of these different types
of devices or structures. The data store 118 is operative
to store frame data values that correspond to the lens
receiving apertures for a plurality of spectacle frames.
The data store 118 is further operative to store physical
properties for a plurality of lens blanks. Such physical
properties for example include data which describes the
front surface topographies of the lens blanks and the in-
dex of refraction of the lens blanks. The physical prop-
erties data may further include the blank diameter, the
blank edge thickness, the blank center thickness, the lo-
cations of front surface artifacts, and any other useful
attribute of the lens blank. Exemplary tools 112 of the
present invention encompass machining tools that are
operative to remove material from a mounting block or
lens, including a grinding wheel, a lathing tool, or any
other tool that is operative for cutting, grinding, drilling,
scratching, and polishing structures mounted to the
mounting stage.

[0071] In an alternative exemplary embodiment of the
present invention, the system 100 further comprises a
graphics tablet 119, optical scanner or other device that
employs spatial digitizing technology, in operative con-
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nection with the computer. The graphic tablet or other
similar digitizing device is used to acquire spatial coor-
dinates for the aperture receiving portion of a lens by
enabling an operator to manually trace the inner circum-
ference of the frame aperture on the graphics tablet.
These frame aperture coordinates are then stored in the
data store 118.

[0072] The computerincludes an appropriate software
application and/or firmware that is operative to control
the movement of the tool 112 with respect to the mounting
stage 110. The software application is further operative
to have the computer output with the display device 116
information concerning the operation of the system 100.
In addition the software application is further operative
to prompt a user of the system to input prescription in-
formation for a desired lens being generated with the
system.

[0073] In one exemplary embodiment the mounting
stage 110 responsive to the computer 102 is operative
to move the mounting block 106 and lens 108 relative to
the feed axis of the tool 112. As shown in Figure 27, the
relative feed axis 714, 716 of atool 710, 712 corresponds
to the vector along which the tool 710, 712 moves toward
or away from the lens blank 108 and mounting block 106.
In this exemplary embodiment, the lens blank 108 is
mounted to the block 106 such that the axis of rotation
704 ofthe block is coincident with the front surface normal
702 at the geometric center 708 of the portion 706 of the
lens blank that will remain after edging the lens blank to
fitwithin the lens receiving portion of the spectacle frame.
Also in this exemplary embodiment a tool 710, 712 is
positioned for edging the lens blank 108 such thatrelative
feed axis 714, 716 of the tool is generally parallel to the
front surface normal 702 at the geometric center 708 of
the portion 706 of the lens blank that will remain after
edging.

[0074] For alternative exemplary embodiments of the
present invention and for exemplary embodiments of the
present invention in which the mounting stage does not
rotate the block, the lens blank may be mounted such
that the front surface normal at the geometric center of
the portion of the lens blank that remains after it is edged
to fit the receiving portion of the spectacle frame, is ori-
entated generally parallel to the feed axis of the tool used
for edging the lens blank.

[0075] To aid an operator with mounting a lens blank
in this described exemplary orientation, the exemplary
embodiment of the present invention is operative to ma-
chine the block to include alignment features in an upper
surface of the block which provide a visual and/or struc-
tural guide for aligning the lens properly. When the lens
blank 108 is blocked in these described exemplary ori-
entations, the relative location for specific points on the
lens blank can be determined by the computer system
102 relative the coordinate system of the mounting stage,
block and/or tool. Further, the computer 102 is operative
to direct one or more tools to machine both the back
surface and the edge of the lens blank 108 responsive
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to the stored frame data values, the stored physical prop-
erties for the lens (including front surface topography da-
ta), and the inputted prescription information. In addition
by blocking the lens blanks in the described orientations,
the lens blank does not need to be re-blocked between
surfacing and edging operations. Also the exemplary ori-
entation of the lens blank relative the tool used for edging
is operative to minimize edge thickness for the finished
lens.

[0076] Figure 5illustrates several possible profiles for
rotary cutting tools capable of performing both surfacing
and edging. These exemplary tools have radiused end
cutting surfaces 130 and side cutting flutes 132. Cutting
tool 120 includes a V-bevel 134 with flat edges 136. Cut-
ting tool 122 includes a V-bevel 138 with tapered edges
140. Cutting tool 124 includes a modified Hide-A Bevel
142. Cutting tool 126 includes a V-bevel 144 with groover
146 for nylon chord mounted lenses.

[0077] Although these exemplary machining tools in-
clude end cutting surfaces (Radiused ends) 130 and side
cutting surfaces (side flutes) 132 that come together at
the junction of the two cutting edges, itis to be understood
that the present invention also encompasses machining
tools with machining end surfaces and side machining
surfaces that are not so adjoined.

[0078] In the exemplary embodiment, the side flutes
132 are used for edging lenses. Figure 6 depicts an ex-
emplary tapered V-bevel rotary cutting tool 122 that is
edging a V-beveled lens 150. Figure 7 shows an exem-
plary flat edge grooving rotary cutting tool 126 edging a
grooved lens 152. Also in the exemplary embodiment,
theradiused ends 130 are used to generate lens surfaces
and for cutting lap tool surfaces and for surfacing lens
mounting blocks. Figure 8 shows the radiused end 130
of a flat edged tool 120 making a surfacing pass 156 over
a pre-edged lens 154. Figure 9 shows the radiused end
of the tool 120 making a machining pass 158 for surfacing
a lap tool 160. Using tools fashioned in this or similar
manner makes possible the use of a single CNC platform
to perform both the surfacing and edging of lenses and
also to perform the surfacing of lap tool blanks and lens
mounting blocks.

[0079] Figure 10 shows additional exemplary tools
502, 505, and 508 of the present invention. Tool 502 in-
cludes an angled V-bevel edging surface 503 which ta-
pers to a relatively narrower radiused end 504. Tool 505
includes a single point tool tip 511 that is operative for
surfacing. Tool 506 includes a foreshortened tip radius
509 which eliminates portions of a full radius of the tool
510whichis unneeded for surfacing. In addition the short-
er tip radius 509 reduces the "draft" or depth below the
edge bead of the lens being milled. As a result a smaller
thinner lens block may be used. Tool 507 includes a re-
placeable end 508 that may accommodate a plurality of
different machining surfaces. For example, the exempla-
ry tool 507 includes a removable grooving portion 513.
In one exemplary embodiment the replaceable end 508
may include a threaded portion that is received by the
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body of the tool 507.

[0080] The exemplary tool 507 further includes a pol-
ishing surface portion 514 that is operative for edge pol-
ishing. The exemplary polishing surface portion 514 fur-
ther includes a recessed portion 512 that may be placed
adjacent the beveled surfaces of a lens. The recessed
portion 512 prevents the beveled edge from being pol-
ished by the tool 507 so that the lens is less likely to slip
when mounted within a spectacle frame.

[0081] Further exemplary tools may include engraving
tips that are operative for engraving markings on a lens
mounting block such as alignment features, lens identi-
fication values, the patients name, cosmetic embellish-
ments, and/or prescription information. Other exemplary
tools may include features for machining a safety bevel.
[0082] Inexemplary embodiment of the presentinven-
tion non-rotating tools may also be used to perform ma-
chining operations. For example a pointed edge of a non
rotating tool 505 may be used to scratch the surface of
the lens blank to form alignment features or other mark-
ings. Further, in exemplary embodiments where the
mounting stage is operative to rotate the lens, an exem-
plary lathing tool may be used to machine the lens.
[0083] Figure 11 shows an exemplary machining plat-
form 600 that is operative to concurrently surface and
edge two ophthalmic lenses. The exemplary machining
platform 600 is further operative to machine both custom
blocks for blocking lens blanks and both surface lap tools
for polishing and fining ophthalmic lenses generated by
the machining platform.

[0084] The exemplary machining platform 600 in-
cludes an articulation shaft 602 and a mounting stage
604 in operative connection with the articulation shaft
602. In the exemplary embodiment a computer system
of the present invention is operative to selectively rotate
the articulation shaft 602 to raise or lower the position of
the mounting stage 604. The exemplary mounting stage
604 includes an arbor 606 which is selectively rotatable
responsive to the computer processor. The arbor 606 is
operative to receive two mounting blocks 608, 610 posi-
tioned at opposed ends of the arbor.

[0085] The machining platform 600 further comprises
atleast one ball slide carriage 612, atleast two machining
tools 614, 616 and two spindle motors 618, 620. The
spindle motors are in operative connection with the at
least one ball slide carriage 612 and are positioned ad-
jacent the opposed ends of the arbor 606. Each tool 614,
616 is in releasable connection with a spindle motor 618,
620. The spindle motors are operative to rotate the tools
and are independently operative responsive to the com-
puter processor to move toward and away from the arbor
ends along the ball slide carriage 612. In the exemplary
embodimentthe articulation shaftis turned by a planetary
gear motor 622 mounted on the end of the articulation
shaft 602. The arbor 606 is turned by the right angle gear
motor 624 responsive to the computer processor.
[0086] Inthe exemplary embodiment of the machining
platform 600, the computer processor is operative to se-
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lectively move the machining tools 614, 616 relative the
ends of the arbor 606 through a plurality of tool paths for
machining custom blocks, surfacing and edging lens
blanks, and surfacing lap tools. In addition to machining
two lens simultaneously, two lap tools simultaneously, or
two mounting blocks simultaneously, the exemplary em-
bodiment of the machining platform may further be used
to simultaneously machine both a block and a lap tool
for a particular lens. In addition the exemplary machine
may be used to simultaneously machine a lens and a
corresponding lap tool for the lens.

[0087] Figure 12 shows the exemplary machining plat-
form 600 in a configuration that enables an operator to
more easily mount and remove blocks, lap tools and lens-
es from the machine platform. Here the articulation shaft
arbor 606 responsive to the computer processor has ro-
tated the mounting stage 604 upwardly to move the arbor
606 away from the machining tools 614, 616. In this ex-
emplary orientation, the tools 614, 616 may also be more
easily removed.

[0088] An alternative exemplary embodiment of a ma-
chining platform for the present invention is shown in Fig-
ures 13-15. Figure 13 shows a top plan view of the ma-
chining platform 400 and Figure 14 shows a front view
of the machining platform 400. The machining platform
400 includes an arbor 402 mounted on a mounting stage
404. The arbor 402 is rotated by a servo-motor 412 in
operative connection with the arbor.

[0089] The arbor 402 is operative to receive two
blocked lens blanks 406 and 408 on opposed ends of
the arbor 402. By selectively rotating the arbor with the
servo motor 412, the angular orientation of the lenses
can be changed.

[0090] The machining platform also includes two spin-
dles 414 and 416, with tools 418 and 419 that are posi-
tioned adjacent to each of the lens blanks 406 and 408.
In this described exemplary embodiment the axis of ro-
tation of the tools 418 and 419 is orientated parallel to
the axis of rotation of the arbor shaft. However, in other
alternative embodiments other angular relationships be-
tween the spindles and arbor shaft may be used depend-
ing on the shape of the machining tool and the type of
machining operation being performed.

[0091] Each of the spindles 414 and 416 is operative
to move independently of each other toward and away
from the lens blanks 406 and 408 respectively.

[0092] This enables the machining platform to ma-
chine the back surfaces of the lens blanks simultaneously
according to different prescription specifications for each
lens being generated.

[0093] Figure 15 shows a side view of machining plat-
form 400. As shown in Figure 15 the machining platform
is operative to selectively move the arbor in a plane per-
pendicular to the axis of rotation of the arbor shaft. In this
described exemplary embodiment this is accomplished
by having the mounting stage pivot at pivot point 432 of
a pivot support 428. The amount of pivot angular rotation
is selectively controlled by a stage-moving device 420.
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[0094] In this described exemplary embodiment the
stage moving device 420 includes a ball slide 422 in op-
erative connection with an end portion 426 of the mount-
ing stage. The ball slide 422 is selectively driven along
aball screw 423 with a servo motor 424 thatis operatively
configured to selectively rotate the ball screw 423. The
end portion 426 of the mounting stage moves up or down
responsive to the movement of the ball slide 422. As a
result the angular position of the mounting stage 404 can
be selectively adjusted to move the arbor 402 and the
lens blanks 406 and 408 relative to the machining tools.
[0095] In this described exemplary embodiment the
pivot point 432 is located between the stage moving de-
vice 420 and the arbor 402. However, in alternative em-
bodiments the arbor 402 may be located between the
pivot point 432 and the stage moving device 420 or the
stage moving device 420 may be located between the
pivot point 432 and the arbor 402.

[0096] The mounting stage may also include an en-
coder 430 at the pivot point 432 that is operative to meas-
ure the amount of angular rotation of the mounting stage
relative the pivot support 428. Alternatively, a linear en-
coder could be used to monitor the linear position of a
portion of the mounting stage.

[0097] The feedback output of the encoder is used by
the machining platform to control the operation of the
servo motor of the stage moving device. This enables
the system to accurately place the arbor in the proper
position for machining the lens blanks according to the
calculated tool paths.

[0098] Figure 16 shows a schematic view of a further
alternative exemplary embodiment of a machining plat-
form of the present invention. Here the machining plat-
form 170 includes two mounting stages 172 and 174 upon
which blocked semi-finished lenses are mounted for back
surface generating and edging, and upon which reusable
lap tools are mounted for surfacing.

[0099] With two mounting stages, both right and left
lenses 176 and 178 are surfaced and edged at the same
time. Similarly both the right and left mounting blocks and
right and left lap tools for lenses 176 and 178 may also
be surfaced simultaneously with machining platform 170.
[0100] In this described embodiment the machining
platform 170 includes an x-axis ball slide 190 and two y-
axis ball slides 192 and 194. The x-axis ball slide com-
prises a servo or stepper motor 184, a right handed ball
screw 182, a flexible coupling 186, and a left handed ball
screw 18. The mounting stage 174 for right lenses and
right lap tools is driven by the left handed ball screw 180
and the mounting stage 172 for left lenses and left lap
tools is driven by the right handed ball screw 182. The
two stages 172 and 174 travel along the x-axis in syn-
chronized opposing motion. The two ball screws are in
operative connection with a flexible connector which cou-
ples the motion of the righthanded ball screw that is in
direct connection with the drive motor with the motion of
the left-handed ball screw. This arrangement enables the
single motor 184 to drive both mounting stages 172 and
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174 in coordinated opposing motion.

[0101] As shown in Figure 17, the single x-axis ball
slide 190 is mounted on the two parallel y-axis ball slides
192 and 194 so both stages always move together in the
y-axis. The y-axis ball slides 192 and 194 are also driven
by a single servo or stepper motor (not shown). With this
exemplary configuration, when one stage performs a cir-
cular motion in the x-y plane moving clockwise, the other
stage performs precisely the same circular motion but
moving counterclockwise.

[0102] In this described embodiment, the machining
platform includes two high speed spindles 208 and 210
with corresponding tools 200 and 202.

[0103] Spindle 208 for machining a left lens or left lap
tool is in operative connection with a left z-axis ball slide
204. Spindle 210 for machining a right lens or right lap
tool is in operative connections with a right z-axis ball
slide 206. The two stages 172 and 174 move under the
z-axis spindles 208 and 210 for simultaneous edging of
both right and left lenses and for simultaneous surfacing
of both right and left lenses. The two z-axis ball slides
204 and 206 are positioned generally perpendicular to
the two y-axis ball slides 192 and 194. The z-axis position
of each spindle tool is driven by its own servo motor or
stepping motor 212 and 214. The motion of one tool can
be and usually is independent of the other tool.

[0104] For all the described embodiments, the tools
should rotate in opposite directions for the best results.
Consequently, the tools affixed to each spindle require
right or left isometric edge configurations appropriate for
its spindle rotational direction and normal tool path direc-
tion. This allows both tools to cut uphill at the same time
with conventional milling. Without opposing rotation, one
spindle would be performing conventional milling while
the other would be performing so called"climb"cutting.
This opposing rotational direction is necessary in order
to get similar finishes on the edges of the lenses. As
discussed previously exemplary embodiments of the
present invention are operative to block lens blanks on
the geometric center of the finished lens such that the
normal of the front surface at the geometric center of the
finished lens is parallel to the relative feed axis of the
edging tool. Such a blocking system is optimized for the
edging of the lens blank. However, as discussed previ-
ously, geometric center blocking may result in an optical
center of the lens which moves or "creeps" as the lens
is made to decrease in thickness during fining. In order
to use this mode of blocking for surface generation as
well as edging, the exemplary machining platform of the
present invention is operative to compensate for this op-
tical center "creep" when calculating surface generation
tool paths. In the exemplary embodiment tool paths are
calculated which produce a back surface with an optical
center position and/or thickness that are offset in order
to compensate for the amount of expected optical center
creep produced during fining. As a result, when the lens
is fined, the optical center will "creep" onto the correct
position at the completion of fining.
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[0105] When calculating for edging tool paths for
spherical front surface blanks, the "sagittal depth formu-
la" is used and a constant is added to represent how far
the eyewire bevel (or groove) on the lens should be from
the front surface of the lens (bevel offset), a z-value is
calculated for each x,y coordinate in the array of points.
From this operation a three dimensional array of points
representing the shape of the lens and the position of the
eyewire bevel or groove is produced. This set of x,y,z
points is then used to calculate a tool path encompassing
all these points in succession. Standard CNC machining
techniques are applied to compensate for the radius of
the tool being used and to generate tool paths for rough-
ing passes before the final cut is performed.

[0106] Aspheric front surface lenses like Progressive
Add Lenses (PAL’s) or Executive type multifocals are
treated differently than spherical front surface lenses
when calculating tool paths for surfacing and edging. In-
stead of calculating the z-value for each x,y point as de-
scribed above using the sagittal depth formula, a z-value
for any x,y position on the lens is accurately extrapolated
from a database or data file containing topographical in-
formation about the lens front surface. Lens front surface
topographical coordinates can be gathered to produce
these databases or data files using either noncontacting
techniques or by physical probing techniques.

[0107] Aspheric front surface lens blanks are blocked
just as spherical front surface lens blanks are blocked.
The pointon the lens that will occupy the geometric center
of the frame receiving aperture is positioned so as to
correspond to the origin of the blocking system. Rather
than using the sagittal depth formula, the x-y-z coordi-
nates of the back surface are calculated responsive to
the stored topographical coordinates that correspond to
the front surface. It should be noted that spherical front
surface lenses may also be treated in this same fashion
rather than using sagittal depth calculations.

[0108] Current systems for acquiring front surface
scans for aspherical front surface lens blanks are pro-
hibitively expensive for most surfacing laboratories. How-
ever, the present exemplary method and system for ma-
chining ophthalmic lenses does not require that each as-
pherical front surface lens blank be scanned prior to ma-
chining. Instead each lens type needs only be scanned
once and the data stored in a database or on physical
media such as CD’s or DVD’s. The scanned data can be
made available to many optical laboratories through dis-
tribution of CD’s or DVD’s or made available via download
from a web site on the Internet, for example. These data
stores are operative to return a set of relative "z" values
for any set of "x,y" coordinate queries for any specific
lens type. These data stores may also hold other infor-
mation about the lens blank including the location of fac-
tory markings or other lens landmarks, the index of re-
fraction of the lens material, the edge and center thick-
nesses of the blank, and the lens blank diameter.
[0109] Acquiring the data in the optical laboratory
through distributionis at presentless costly and less com-
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plicated than acquiring and employing surface scanners
at the optical laboratory site. However, this may change
if surface scanning devices become more cost effective
and easier to use. If this should occur, an alternative em-
bodiment of the invention could then employ such a sur-
face scanner to acquire the front surface topographical
data of a lens blank. The scanning device could then
capture an array of x,y,z points describing the front sur-
face topography relative to the blocking mechanism and
therefore relative to the machining platform coordinate
system.”’

[0110] The back surfaces of ophthalmic lenses are ei-
ther spherical or toric. Spherical surfaces can be thought
of as special cases of toric surfaces where the radii of
the major and minor meridians are equal. Therefore, all
lens back surfaces can be considered to be toric. The
radii and axial positions of the major and minor meridians
of the back surface toric surface can be calculated from
prescription data according to the formulae well known
in the art. Once these radii are known, it is possible to
calculate the z-value of any point on the back surface
relative to the back surface apex (e.g. the forward most
point on the lens back surface).

[0111] Surfacing of the back surfaces of the lens is
done using the radiused end of the rotary tools. The tool
paths for these radiused end tools are defined by the
motion made by the center of curvature of the radiused
ends of the tool. The tool path taken for surfacing a toric
surface lies entirely within another toric surface. The radii
of the major and minor meridians of the tool path torus
differ from the radii of the major and minor meridians of
the toric surface respectively by the length of the radius
of curvature of the tool end. For a concave toric surface
the radius of the major meridian of the tool path torus is
equal to the radius of the major meridian of the surface
minus the length of the radius of the tool. Likewise, the
radius of the minor meridian of the tool path torus is equal
to the radius on the minor meridian of the surface minus
the length of the radius of the tool. The tool path needs
to pass through enough of the points of the tool path torus
to generate a surface smooth enough forfining in a stand-
ard system.

[0112] Calculation of the tool path torus for cutting the
convex toric surfaces of lap tools is similar to the concave
surface calculations except that the major and minor me-
ridian radii of the tool path torus are longer than the major
and minor radii of the toric surface respectively by the
tool radius minus the thickness of the fining and polishing
pads used in order to be properly compensated for the
thickness of the fining and polishing pads.

[0113] In the exemplary embodiment of this invention,
the lap tool surfaces and the machineable layer of the
blocks are made from the same low melting point wax
that is used to block the lenses. Other low melting point
substances could be adapted to serve the same purpose
such as a thermoplastic material, a metallic alloy or any
other material that may be machined by the machining
platform. A substrate of this low melting point wax or other
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material is applied fairly thickly to the base of each lap
tool and block. Alternately, disposable machinable ma-
terials of various composition could be employed as the
lap tool or the mounting block substrate. Unless a lap
tool library is employed, each lens that is surfaced re-
quires the preparation of its own lap tool (if fining and
polishing are required) and mounting block.

[0114] Thus the system and method for ophthalmic
lens manufacture achieves the above stated objectives,
eliminates difficulties encountered in the use of prior de-
vices and systems, solves problems and attains the de-
sirable results described herein.

[0115] In the foregoing description certain terms have
been used forbrevity, clarity and understanding, however
no unnecessary limitations are to be implied therefrom
because such terms are used for descriptive purposes
and are intended to be broadly construed. Moreover, the
descriptions and illustrations herein are by way of exam-
ples and the invention is not limited to the exact details
shown and described.

[0116] Having described the features, discoveries and
principles of the invention, the manner in which it is con-
structed and operated, and the advantages and useful
results attained; the method of the present invention are
set forth in the appended claims.

Claims

1. A method for machining an ophthalmic lens from a
lens blank (108, 176, 178, 406, 408) comprising the
steps of:

a) providing a block (106, 608, 610);

b) mounting a lens blank (108, 176, 178, 406,
408) on the block (106, 608, 610) adjacent a
machining platform (104, 170, 400, 600) with a
machine tool (112, 120, 122, 124,502, 505, 508,
614, 616, 710, 712) moving along a feed axis
(714, 716);

c¢) performing machining operations on the lens
blank with the machining platform (104, 170,
400, 600) , wherein the machining operations
include back surface generation and edging of
thelensblank (108,176, 178,406,408), wherein
the back surface generation and edging of the
lens blank by the machining platform (104, 170,
400, 600) is without dismounting and remount-
ing the blocked lens blank (108, 176, 178, 406,
408) between the back surface generation and
the edging operation;

characterized in that the mounting of the lens
blank (108, 176, 178, 406, 408) on the block
(106, 608, 610) is in an orientation in which a
front surface normal (702), at a geometric center
(708) of a portion (706) of the lens blank (108,
176, 178, 406, 408) that will remain after being
edged to fit within a lens receiving portion of a
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spectacle frame, is parallel with the feed axis
(714, 716) of the machining tool (112, 120, 122,
124, 502, 505, 508, 614, 616, 710, 712).

2. The method according to claim 1 further comprising:

d) providing data representative of the physical
properties of the lens blank (108, 176, 178, 406,
408) including data representative of a front sur-
face topography of the lens blank (108, 176,178,
406, 408) ;

d) providing data representative of an ophthal-
mic lens prescription specification;

f) providing data representative of the lens re-
ceiving portion of the spectacle frame; and

g) formulating a plurality of tool paths responsive
to the data representative of the physical prop-
erties of the lens blank (108, 176, 178, 406,
408) , the data representative of the ophthalmic
lens prescription specification, and the data rep-
resentative of a lens receiving portion of a spec-
tacle frame; and wherein in step (c) the machin-
ing operations are performed on the lens blank
(108, 176, 178, 406, 408) responsive to the tool
paths.

The method according to claim 2, wherein the tool
paths are further formulated to compensate for a re-
location of an optical center of the lens blank (108,
176, 178, 406, 408) that is caused by machining op-
erations on the lens blank (108, 176, 178, 406, 408)
after step (c).

The method according to claim 1, wherein in step (c)
the machining operations on the lens blank (108,
176,178,406, 408) further are performed with acom-
mon tool (112, 120, 122, 124, 502, 505, 508, 614,
616,710,712).

The method according to claim 4, wherein the com-
mon tool (112, 120, 122, 124, 502, 505, 508, 614,
616,710,712) includes a spherical radiused end por-
tion that is operative to machine the back surface of
the lens blank (108, 176, 178, 406, 408) and a side
edge portion that is operative to machine an edge
contour of the lens blank (108, 176, 178, 406, 408) .

The method according to claim 5, wherein the edge
polishing portion of the common tool (112, 120, 122,
124, 502, 505, 508, 614, 616, 710, 712) is operative
to polish the edge contour of the lens blank (108,
176, 178, 406, 408) without polishing the bevel on
the edge contour of the lens blank (108, 176, 178,
406, 408).

The method according to claim 5, wherein the com-
mon tool (112, 120, 122, 124, 502, 505, 508, 614,
616, 710, 712) further includes a grooving portion
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that is operative to form a groove in the edge contour
of a lens blank (108, 176, 178, 406, 408) .

The method according to claim 4, wherein in step (c)
the common tool (112, 120, 122, 124,
502,505,508,614,616,710,712) is operative to rotate
on an axis that is not parallel to a relative feed axis
(714, 716) of the common tool (112, 120, 122, 124,
502,505,508,614,616,710,712).

The method according to claim 1, further comprising:

d) mounting a lap tool blank to the machining
platform (104, 170, 400, 600) ; and

€) machining the lap tool with the machining plat-
form (104, 170, 400, 600) to a configuration
which is operative to fine or polish a machined
back surface of the lens blank (108, 176,178,
406, 408).

The method according to claim 1, wherein in step (c)
the machining operations on the lens blank (108,
176, 178, 406, 408) further include edge polishing.

The method according to claims 1, wherein step (c)
includes simultaneously machining both a left lens
blank (108, 176, 178, 406, 408) and arightlens blank
(108,176, 178, 406, 408) for insertion into a common
spectacle frame.

The method according to claim 1, wherein step (c)
includes rotating the mounting block (106, 608, 610),
wherein an axis (704) of rotation of the mounting
block (106, 608, 610) is about parallel to a relative
feed axis (714, 716) of the machining tool (112, 120,
122, 124, 502, 505, 508, 614, 616, 710, 712) .

Patentanspriiche

1.

Ein Verfahren zur maschinellen Herstellung eines
Brillenglases aus einem Linsenrohling (108, 176,
178, 406, 408) aufweisend die Schritte:

a) bereitstellen eines Blocks (106, 608, 610),
b) befestigen eines Linsenrohlings (108, 176,
178,406, 408) auf dem Block 106, 608, 610) auf
einer Maschinenplattform (104, 170, 400, 600)
mit einem auf einem Achsenvorschub (714,
716) entlangfahrenden Bearbeitungswerkzeug
(112, 120, 122, 124, 502, 505, 508, 614, 616,
710, 712),

c¢) durchfiihren von Bearbeitungsschritten auf
der Maschinenplattform (104, 170, 400, 600),
wobei die Bearbeitungsschritte die Ruckfla-
chenbearbeitung und das Beschneiden des Lin-
senrohlings (108, 176, 178, 406, 408) umfas-
sen,
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wobei die Ruckflachenbearbeitung und das Be-
schneiden des Linsenrohlings (108, 176, 178,
406, 408) durch die Maschinenplattform (104,
170, 400, 600) ohne Ausspannen und Einspan-
nen des GEBLOCKTEN Linsenrohlings (108,
176, 178, 406, 408) zwischen der Rickflachen-
bearbeitung und dem Beschneiden geschehen,
dadurch gekennzeichnet, dass

das Einspannen des Linsenrohlings (108, 176,
178, 406, 408) auf dem Block (106, 608, 610) in
einer Orientierung geschieht, in welcher eine
Frontflachennormale (702) in einer geometri-
schen Mitte (708) eines Teils (706) des Linsen-
rohlings (108, 176, 178, 406, 408) ist, welcher
nach dem Beschneiden zum Einpassenin einen
linsen-aufnehmenden Teil eines Brillengestells
Ubrig bleibt, parallel zur Vorschubrichtung (714,
716) des Bearbeitungswerkzeugs (112, 120,
122,124,502, 505, 508, 614,616, 710, 712) ist.

2. Das Verfahren nach Anspruch 1 aufweisend weiter

d) Bereitstellung von Daten reprasentativ flr die
physikalischen Eigenschaften des Linsenroh-
lings (108, 176, 178, 406, 408) einschliel3lich
Daten reprasentativ fiir eine Frontflachentopo-
graphie des Linsenrohlings (108, 176, 178, 406,
408),

d) Bereitstellung von Daten reprasentativ fir ei-
ne Brillenglasverschreibungs-Spezifizierung,

f) Bereitstellung von Daten reprasentativ flr ei-
nen linsen-aufnehmenden Teil des Brillenge-
stells,

g) Formulierung einer Vielzahl von Werkzeug-
pfaden in Abhangigkeit von den Daten repra-
sentativ fur die physikalischen Einheiten des
Linsenrohlings (108, 176, 178, 406, 408), den
Daten reprasentativ fir eine Brillenglasver-
schreibungs-Spezifizierung und den Daten re-
prasentativ fur einen linsen-aufnehmenden Teil
eines Brillengestells, wobei Schritt (c) der Ma-
schinenbearbeitung an dem Linsenrohling (108,
176, 178, 406, 408) in Abhangigkeit von den
Werkzeugpfaden durchgeflihrt werden.

Das Verfahren nach Anspruch 2, wobei die Werk-
zeugpfade des Weiteren so formuliert sind um eine
Verschiebung eines optischen Zentrums des Lin-
senrohlings (108, 176, 178, 406, 408) auszuglei-
chen, die durch Maschinenbearbeitung an dem Lin-
senrohling (108, 176, 178, 406, 408) nach Schritt (c)
erzeugt wurde.

Das Verfahren nach Schritt 1, wobei in Schritt (c) die
Maschinenbearbeitung an dem Linsenrohling (108,
176, 178, 406, 408) des Weiteren mit einem allge-
meinen Werkzeug durchgeflhrt wird.
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Das Verfahren nach Anspruch 4, wobei das allge-
meine Werkzeug (112, 120, 122, 124,502, 508, 614,
616, 710, 712) ein spharisch geformtes Endstiick
beinhaltet, das dazu einsetzbar ist, um die Rickfla-
che des Linsenrohlings (108, 176, 178, 406, 408) zu
bearbeiten und eine Seitenkante, das einsetzbar ist,
um die Seitenkantenkontur des Linsenrohlings (108,
176, 178, 406, 408) zu bearbeiten.

Das Verfahren nach Anspruch 5, wobei der Kanten-
politurteil des allgemeinen Werkzeugs (112, 120,
122, 124, 502, 508, 614, 616, 710, 712) dazu ein-
setzbar ist, die Kantenkontur des Linsenrohlings
(108, 176, 178, 406, 408) zu polieren.

Das Verfahren nach Anspruch 5, wobei das allge-
meine Werkzeug (112, 120, 122, 124,502, 508, 614,
616, 710, 712) des Weiteren einen Riefenschneide-
teil beinhaltet, das dazu einsetzbarist, um eine Riefe
in die Kantenkontur eines Linsenrohlings (108, 176,
178, 406, 408) einzubringen.

Das Verfahren nach Anspruch 4, wobei in Schritt (c)
das allgemeine Werkzeug (112, 120, 122, 124, 502,
508, 614,616,710, 712) dazu einsetzbar ist, um eine
Achse zu rotieren, die nicht parallel ist zu einer re-
lativen Vorschubachse (714, 716) des allgemeinen
Werkzeugs (112, 120, 122, 124, 502, 508, 614, 616,
710, 712).

Das Verfahren nach Anspruch 1, des Weiteren auf-
weisend:

d) einspannen eines Lappwerkzeugs an die Ma-
schinenplattform; und

e) bearbeiten des Lappwerkzeuges mit der Ma-
schinenplattform (104, 170, 400, 600) zu einer
Konfiguration, das einsetzbar ist, um eine bear-
beitete Ruckflache des Linsenrohlings (108,
176, 178, 406, 408) nachzubearbeiten oder zu
polieren.

Das Verfahren nach Anspruch 1, wobei in Schritt (c)
der Bearbeitungsschritte an dem Linsenrohling (108,
176, 178, 406, 408) des Weiteren Kantenpolieren
enthalt.

Das Verfahren nach Anspruch 1, wobei Schritt (c)
simultane Bearbeitung von sowohl eines linken Lin-
senrohlings (108, 176, 178, 406, 408) enthalt wie
auch eines rechten Linsenrohlings (108, 176, 178,
406, 408) zum Einsetzen in ein allgemeines Brillen-
gestell.

Das Verfahren nach Anspruch 1, wobei Schritt (c)
rotieren des Blocks (106, 608, 610) zum Einspannen
enthalt, wobei eine Rotationsachse (704) des Blocks
(106, 608, 610) etwa parallel zu einer relativen Vor-
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schubachse (714, 716) des Bearbeitungswerkzeugs
(112,120,122,124,502,508,614,616,710, 712)ist.

Revendications

Une méthode d’usinage de lentilles ophtalmiques a
partir de blanc de lentilles (108, 176, 178, 406, 408)
comprenant les étapes suivantes :

a) Fournir un bloc (106, 608, 610);

b) Monter un blanc de lentille (108, 176, 178,
406, 408) sur le bloc (106, 608, 610) contigu a
la plateforme d’usinage (104, 170, 400, 600) a
l'aide d’'une machine-outil (112, 120, 122, 124,
502, 505, 508, 614,616, 710, 712) se déplacant
le long d’'un axe d’alimentation (714, 716);

c) Réaliser des opérations d’'usinage surle blanc
de lentille a I'aide de la plateforme d’usinage
(104, 170, 400, 600), ou les operations d’usina-
ge incluent la fabrication de la surface arriere
ainsi que la taille du blanc de lentille (108, 176,
178, 406, 408), ou la fabrication de la surface
arriére ainsi que la taille du blanc de lentille par
la plateforme d’'usinage (104, 170, 400, 600) se
fontt sans démonter ni remonter le blanc de len-
tille bloqué (108, 176, 178, 406, 408) entre la
fabrication de la surface arriére et 'opération de
taille;

caractérisée par le fait que le montage des
blancs de lentille (108, 176, 178, 406, 408) sur
le bloc (106, 608, 610) est fait selon une orien-
tation dans laquelle une norme de surface avant
(702), sur le centre géométrique (708) de la por-
tion (706) du blanc de lentille (108, 176, 178,
406, 408) qui restera aprés avoir été taillé pour
s’adapter a l'intérieur d’une lentille recevant une
partie de la monture de la lunette, est parallele
a l'axe d’alimentation (714, 716) de la machine
d’'usinage (112, 120, 122, 124, 502, 505, 508,
614, 616, 710, 712).

La méthode conforme a I'affirmation 1 ci-aprés
inclut :

d) lafourniture de données représentant les pro-
priétés physiques du blanc de lentille (108, 176,
178, 406, 408) comprenant des données repré-
sentatives de la topographie de la surface avant
du blanc de lentille (108, 176, 178, 406, 408);
d) lafourniture de données représentantles spé-
cificités liées aux prescriptions des lentilles
ophtalmiques ;

f) la fourniture de données représentant les len-
tilles recevant une partie de la monture de la
lunette ; et

g) la formulation d'une pluralité de solutions
d’outils pour répondre aux données représen-
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tant les propriétés physiques du blanc de lentille
(108, 176, 178, 406, 408), aux données repré-
sentantles spécificités liées ala prescription des
lentilles ophtalmiques, etles données représen-
tant une lentille recevant une partie de la mon-
ture de la lunette ; et dans laquelle dans I'étape
(c) les opérations d’'usinage sont réalisées sur
le blanc de lentille (108, 176, 178, 406, 408) dé-
pendant des solutions d’outils.

La méthode selon l'affirmation 2 dans laquelle les
solutions d’outils sont formulées plus tard pour com-
penser le déplacement du centre optique du blanc
de lentille (108, 176, 178, 406, 408) causé par les
opérations d’'usinage sur le blanc de lentille (108,
176, 178, 406, 408) aprés I'étape (c).

La méthode selon 'affirmation 1, dans laquelle dans
I'étape (c) les opérations d’usinage sur le blanc de
lentille (108, 176, 178, 406, 408) sont plus tard réa-
lisées par le méme outil (112, 120, 122, 124, 502,
505, 508, 614, 616, 710, 712) .

La méthode selon I'affirmation 4, dans laquelle I'outil
commun (112, 120, 122, 124, 502, 505, 508, 614,
616, 710, 712) comprend une partie d’extrémité a
rayon sphérique opératoire pour usiner la surface
arriere du blanc de lentille (108, 176, 178, 406, 408)
et une partie de bord latéral opératoire pour usiner
un contour de blanc de lentille (108, 176, 178, 406,
408).

La méthode selon l'affirmation 5, dans laquelle la
partie de polissage des bords de l'outii commun
(112, 120, 122, 124, 502, 505, 508, 614, 616, 710,
712) est opératoire pour polir le contour du blanc de
lentille (108, 176, 178, 406, 408) sans polir le biseau
du contour du blanc de lentille (108, 176, 178, 406,
408).

La méthode selon I'affirmation 5, dans laquelle I'outil
commun (112, 120, 122,124, 502, 505, 508, 614,
616, 710, 712) va inclure plus tard une partie fendue
opératoire pour former une fente dans le contour du
blanc de lentille (108, 176, 178, 406, 408).

La méthode selon 'affirmation 4, dans laquelle dans
I'étape (c) I'outil commun (112, 120, 122, 124, 502,
505, 508, 614, 616, 710, 712) est opératoire pour
tourner sur un axe quin’est pas paralléle al’axe d’ali-
mentation relatif (714, 716) de I'outil commun (112,
120, 122, 124, 502, 505, 508, 614, 616, 710, 712).

La méthode selon I'affirmation 1, comprenant :
d) le montage d’un blanc outil sur la plateforme

d’'usinage (104, 170, 400, 600) ; et
e) l'usinage de I'outil avec la plateforme d’usi-
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nage (104, 170, 400, 600) en vue d’'une confi-
guration opératoire pour faire les finitions ou po-
lir la surface arriere usinée du blanc de lentille
(108, 176, 178, 406, 408).

La méthode selon I'affirmation 1, dans laquelle dans
I'étape (c) les opérations d’usinage sur le blanc de
lentille (108, 176, 178, 406, 408) incluront plus tard
le polissage du bord.

La méthode selon I'affirmation 1, dans laquelle I'éta-
pe (c) inclut 'usinage simultané d’un blanc de lentille
droite (108, 176, 178, 406, 408) et d'un blanc de
lentille gauche (108, 176, 178, 406, 408) pour I'in-
sertion dans une monture de lunette commune.

La méthode selon I'affirmation 1, dans laquelle I'éta-
pe (c) inclut la rotation du bloc de montage
(106,608,610), dans lequel un axe (704) de rotation
du bloc de montage (106, 608, 610) est quasiment
parallele a un axe d’alimentation relatif (714, 716)
de l'outil d’usinage (112, 120, 122, 124, 502, 505,
508, 614, 616, 710, 712) .
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