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Process for machining a lens

The present invention relates to a process for machining a lens, in particular, but

not for limiting purposes, for suÍace cutting a blank for generating a lens.

5 A lens is made up of a lighlpermeable layer, which may or may not be tinted,

ending at the two front and rear end faces with two perfectly polished optical

surfaces. Such sudaces can have any shape, variable from perfectly spherical to

more complex configurations, depending on the particular optical result that it is

wished to be obtained.

10 ln the machining of lenses, in addition to the precision in manufacturing the single

surfaces, it is also essential for such sufaces to be perfectly aligned with one

another both axially and angularly. Othen¡vise, the lens is unable to provide the

optical effect for which it was designed.

The apparatuses for manufacturing lenses are able to obtain a lens with specific

15 predefined optics from a block of raw or semi-finished material, i,e. finished in just

the front or convex face, also called semi-finished product.

Depending on the particular machining and the result that is wished to be obtained,

such apparatuses initially carry out a cutting step, for example through milling or

turning of the optical surface, following a pre-calculated three-dimensional profile.

20 Thereafter, the polishing and coating steps of the machined surface take place.

ln order to be able to carry out the machining of a second surface it is necessary

to firmly hold the semi-finished product in a precise position, so that it is possible

to ensure the perfect alignment between the two surfaces.

ln the state of the art, in order to hold in position the semi-finished product a

25 reference block is used that has been applied in advance to the already-finished

surface- in general the front surface - at a precise angular and axial position.

Such a reference block acts as a gripping interface for the holding system during

the cutting step of the second surface and further provides the semi-finished

product with a suflicient strength to counteract the stresses exerted by the cutting

30 operation, Moreover, thanks to the reference point consisting of the block, it is

possible to obtain the desired precision of machining'

Whilst offering the described advantages, the use of a reference block as gripping
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interface of the holding system results in some drawbacks.

The step of applying the block on the surface that has already been machined

generally takes place through the use of resins or glues, therefore requiring long

times to allow thc adhcsivc material to set and cool down, Alternatively, the block

is applied through a lead-based low melting alloy.

Similarly, the step of removing the block from the lens, when machining has ended,

takes a substantial amount of technical time as well. Therefore, there is an overall

extension of the duration of the machining process'

Moreover, the use of adhesive materials or lead causes the production of waste

material as well as possible health problems for the workers involved on a daily

basis with the machining of lenses due to the probable toxicity of the adhesive

material and of the lead itself.

The Applicant has therefore perceived the importance of devising a process for

machining a semi-finished product that does not require the use of a reference

block to be applied to the already-finished sudace.

Solutions are already known that have tried to eliminate the use of such a block,

like for example the method described in document WO 98143778, Such a method

foresees that the semi-finished product is held through a vacuum-generation

system applied to the already-finished or front surface during the entire machining

step of the opposite surface. lt is also foreseen to machine the perimeter surface

of the semi-finished product. During the machining of the perimeter surface the

holding system makes exclusive use of a pressure system, deactivating the

suction system beforehand.

US 5,454,748 describes a process for machining a face and the perimeter surlace

of a lens.

According to the Applicant the use of a suction system during the machining of the

rear surface, i.e. the opposite one to the front surface, does not however seem to

be able to reliably counteract the mechanical stresses to which the semi-finished

product is subjected during the entire machining cycle of such a rear surface. ln

general, the semi-finìshed product is subjected to tangential stresses that tend to

rotate it, taking it out of alignment, and/or radial stresses that tend to move it

laterally.
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The Applicant has observed that the mechanical stresses to which the semi-

finished product is subjected during the surface machining of the rear surface are

variable depending on the specific machining step - rough cutting or machining,

finishing and polishing cutting - as well as the work position of the particular tool,

5 ln pañicular, the Applicant has found that the mechanical stresses are greater in

the rough cutting step, with respect to the finishing and polishing steps. More

specifically, in the rough cutting step the stresses are greater when the cutting tool

acts close to the edge of the rear sudace of the semi-finished product and smaller

when such a tool exerts its action close to the centre of the rear surface of the

10 semi-finishedproduct.

The Applicant has also found that the mechanical stresses also vary depending on

the amount of material that is removed over time to generate the rear surface.

The Applicant has therefore noted that, in order to remove large quantities of

material in a short time, the action of a suction force alone for holding in position

15 the semi-finished product during the surface machining step of the rear surface

may not be sufficient to ensure that it is keþt in position, during the entire

machining cYcle.

ln particular, in the case of high stresses, for example when, in the rough cutting

step, the tool acts close to the edge of the rear surface of the semi-finished

20 product, there may even be detachment of such an edge from the suction system.

The problem at the basis of the invention is therefore that of avoiding the

aforementioned drawbacks, in particular by devising a process for machining a

lens that is able to ensure both precision of positioning, and reliability of holding of

the semi-finished product during the entire machining cycle, without the use of a

25 reference block.

Therefore, the present invention relates to a process for machining a lens

according to claim 1. Preferred characteristics of the process for machining a lens

are given in the dePendent claims.

More specifically, the invention relates to a process for machining a lens,

30 comprising the stePs of

- holding a semi-finished product through a suction holding force which is active

during an entire surface machining cycle of the semi-finished product;
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- carrying out the surface m¿ichining cycle on a surface to be machined of the

semi-finished product; and

- activating a pressure holding force depending on the level of the mechanical

stresses exefted on the semi-finished product during the surface machining cycle

5 on said surface.

Thanks to the selective use of a pressure holding force in addition to a suction

force, it is possible to carry oLrt the machining of the surface to be treated without

the need for a reference block.

The process for machining a lens according to the invention indeed ensures

10 reliable holding of the semi-finished product during the entire surface machining

cycle.

This embodiment of the process for machining a lens can be further improved

through the following additional details that can be combined as desired,

Preferably, the pressure holdirrg force is activated depending on the instantaneous

15 relative position taken up by a machine tool in the surface machining cycle with

respect to the suface to be machined. Given that the mechanical stresses vary

depending on the instantaneous position of the aforementioned tool, by activating

and deactivating the pressure holding force depending on the instantaneous

surface machining position it becomes possible to counteract high mechanical

20 stresses and at the same time ensure full access to the surface to be treated.

More preferably, the pressure holding force is kept active when the machine tool is

close to the outer edge of the surface to be machined'

ln such a position, indeed, the mechanical stresses are higher, requiring a

combined suction and pressure action according to the invention in order to

23 ensure reliable holding of the semi-finished product also in the absence of

reference blocks.

ln preferred embodiments of the invention, the pressure holding force is not aciive

when the machine tool is close to a central portion of the surface to be machined.

ln such a position, indeed, the mechanical stresses are lower, making it possible

30 to hold the semi-finished product securely even through the action of just the

suction force, lt is thus possible to obtain free access to the surface to be treated

without hindering its machining.

4
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Preferably, the central portion of the surface to be machined has a radial extension

equal to about 5%-10% of the radius of the blank'

preferably, the suface machining cycle comprises a first step in which the semi-

finished product is held both by the application of the suction holding force and by

S the application of the pressure holding force, and a subsequent siep in which the

semi-finished product is held by the application of the suction holding force alone.

ln parlicular, for the generation of a lens, it is advantageous to implement a first

step in which the holding forces act simultaneously, counteracting the high

stresses to which the relative semi-finished product is subjected to in the first

10 surface machining step that takes place near to the edge, and a subsequent step

in which just the suction force is active, making the remaining sudace portion of

the semi-finished product accessible to the machine tool'

Preferably, the suction holding force acts on a first sudace of the semi-finished

product that is opposite with respect to the surface to be machined.

15 ln this way, the suction holding action is not a hindrance to the machining of the

sudace to be treated.

Preferably, the pressure holding force acts on a second surface of the semi-

finished product.

Such a second surface of the semi-finished product is preferably the surface to be

ZO machined. ln this way, the pressure holding force is parlicularly effective, adding

its own effects to those of the suction force that acts in the same direction,

Alternatively, the second surface of the semi-finished product is a perimeter

surface of the semi-finished product. ln this case, the application of the pressure

holding force does not in any way hinder the access of the tool to the surface to be

25 machined.

ln the preferred embodiment of the invention, the step of holding by suction

comprises activating a suction group when the first front surface of the semi-

finished product rests against a suction chamber arranged in a first rotary shaft.

Such an embodiment is particularly advantageous since it foresees that suitable

30 suction means are implemented directly inside the support of the lens in the form

of a rotary shaft, leading to a substantial saving in bulk.

preferably, the step of activating the pressure holding force comprises bringing a
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second rotary shaft, parallel to the first rotary shaft, into an operative position

thereof in contact with the surface to be machined of the semi-finished product and

exerting a pressure on such a surface to be machined.

According to this advantageous implementation, suitable pressure holding means

5 are foreseen which are made in the form of a second rotary shaft that acts by

going directly into contact with the surface to be machined, therefore exeding a

force in the same direction as the suction force.

ln specific embodiments of the present invention, before the step of holding

through a suction holding force on there is the step of adapting a deformable

10 support element to the shape of the first surface of the semi-finished product.

An optimal support surface is thus made for the front surface of the semi-finished

product, the shape of which perfectly matches the shape of the first surface. An

even distribution of the mechanical stresses in the semi-finished product is also

achieved during the entire machining cycle.

15 The step of adapting the deformable support element preferably comprises resting

the first sudace of the semi-finished product against the support element in order

to give such a support element a shape matching the shape of the first surface;

and locking in position the support element in such a matching shape.

ln this way, the support element is able to keep the shape initially set, matching

20 that of the first surface, providing a counter-thrust evenly distributed over the entire

sudace.

Further characteristics and advantages of the present invention will become

clearer from the following detailed description of some preferred embodiments

thereof, made with reference to the attached drawings. The different

25 characteristics in the single configurations can be combined as desired according

to the previous description, if it should be necessary to benefit from the

advantages resulting specifically from a particular combination.

ln such drawings,

- figure 1 is a schematic view of a first operative configuration of a first

30 embodiment of a holding group of a semi-finished product for implementing the

process for machining a lens according to the present invention;

- figure 2 is a schematic view of the holding group of figure 1 in a second



wo 2015/0s9007 PCT/EP2O141072075
-7 -

operative config uration ;

- figure 3 is a schematic view of a second embodiment of the holding group

of a semi-finished product for implementing the process for machining a lens

according to the present invention.

5 ln the following description, in order to illustrate the figures identical reference

numerals will be used to indicate constructive elements with the same function.

With reference to the figures, a holding group of a semi-finished product for

implementing the process for machining a lens according to the present invention

is shown and it is wholly indicated with 10.

10 Going into the detail of the example embodiment illustrated, the semi-finished

product 20 is a block of semi-finished material intended to become a lens.

Such a semi-finished product 20 comprises a first sur-face 20a that is already

machined, called front or convex surface, and at least one second surface, like for

example the rear surface 20b, opposite the front surface20a, and/or a perimeter

15 side sudace 20c,

The rear sudace 20b ìs generally intended to be sur-face machined.

The holding group 10 comprises a suction holding device 10a. Such a device

preferably comprises a first rotary shaft or rear mandrel 11 ending with a suction

chamber 12 at the end intended to come into contact with the front sudace 20a.

ZO The suction chamber 12 is connected to a suction group (not illustrated) for

generating the vacuum and comprises a gasket 13 or other type of sealing

elements capable of making a fluid tight coupling once such sealing elements are

rested onto the front surface 20a.

The holding group'10 also comprises a pressure holding device 10b. Such a

25 device preferably comprises a second rotary shaft or front mandrel 14, arranged

parallel to the first rotary shaft '11, suitable for exerting a pressure on the rear

surface 20b.

The second rotary shaft 14 is mobile between a first operative position, illustrated

in figure 1, in which it is in contact with the rear surface 20b, thus being able to

30 exert a pressure directly on such a surlace 20b, and a second operative position,

illustrated in figure 2, in which it is distant from the rear surface 20b, therefore

leaving free access to a machine tool of the surface 20Ys, for example a cutting tool
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30 such as a turning plate or a milling cutter. The figures show a turning plate,

purely as an example.

ln figure 1, the second rotary shaft 14 is illustrated resting against an appendage

20d of the semi-finished product 20 remaining at the end of a first perimeter rough

5 machining step carried out by the cutting tool 30.

The movement of the rotary shaft 14 between the first and the second operative

position and the pressure exerted on the surface to be machined 20b are

controlled through an actuator (not illustrated), for example of the pneumatic or

hydraulic type,

10 In alternative embodiments that are not illustrated, the pressure holding device is

such as to exeft a radial pressure on the perimeter surface 20c of the semi-

finished product 20, therefore comprising elements that are mobile between a first

operative position in which they are in contact with such a perimeter sur-face 20c

and exefi a radial pressure on it, and a second operative position in which such

15 elements are not in contact with the perimeter surface 20c.

According to a preferred, but not limiting, embodiment illustrated in figure 3, the

holding group 10 also comprises a deformable support element 16, preferably of

the self-locking type, made in the suction chamber 12'

Advantageously, the deformable support element 16 comprises a plurality of

Z0 concentric rings 16a that rest against the base 12a of the suction chamber 12

through interposition of elastic means 16b, like for example a plurality of springs.

The concentric rings 16a terminate, at their free end adapted to rest against the

lens 20, with. circular gaskets 16c. For the sake of clarity of illustration, reference

numerals 16a and 16b are associated in figure 3 with just a few of the

25 aforementioned concentric rings and elastic means.

Thanks to the structure described above the support element 16 is able to adapt

its shape so as to make a support surface of the front surface 20a of the semi-

finished product 20, the shape of which perfectly matches the shape of the front

surface 20a.

30 ln particular, when initially the semi-finished product 20 is loaded onto the holding

group 10, it still has a thickness and therefore a strength that is sufficient to

counteract the action of the elastic means 16b without the force of such elastic
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means 16b resulting in the breaking of the semi-finished product 20.

By resting the front surface 20a of the semi-finished product 20 against the free

ends of the concentric rings 16a, they take up an axial position determined bythe

particular shape of such a front surface 20a.

5 Once the shape matching the front surface 20a has been reached, the plurality of

concentric rings 16a is locked in position through the action of a locking device 17,

for example of the mechanical or hydraulic type'

ln this way the suppod element 16 is able to keep the shape initially set even once

the thickness of the lens has underç¡one a substantial reduction, also providing a

10 counter-thrust evenly distributed over the entire front surface 20a.

Alternative embodiments foresee the use of deformable support elements 16 of

the fluid or semifluid type as an alternative to the spring support element.

The process for machining a lens according to the invention will be described

hereafter with reference, as a non-limiting example, to a process for generating

15 lenses, Such a process for machining a lens comprises the following steps.

Once a semi-finished product 20 intended to become a lens is loaded onto the

holding group 10, the suction holding device 10a is activated, keeping it operative

during the entire machining cycle. ln this way, the semi-finished product 20 is held

through a suction holding force during the entire machining cycle.

ZA Thereafter, the machining cycle is started, which in the specific case of generating

lenses comprises firstly the rough machining or rough surface cutting of the

sudace to be machined 20b of the semi-finished product 20, stafiing from a

machining close to the edge, to then pass to the machining of the central portion of

such a surface 20b.

25 During the rough machining step close to the edge of the sudace to be machined

20b, in addition to the suction holding device 10a, the pressure holding device 10b

is also activated.

ln the specifics of the illustrated embodiment, the suction group of the holding

device 10a is activated when the front surface 2Oa of the semi-finished product 20

30 rests against the suction chamber 12 arranged in the first rotary shaft 11.

Thereafter, the actuator of the pressure holding device 10b is activated so as to

bring the second rotary shaft '14 into its operative position in contact with the
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surface to be treated 20b of the semi-finished product 20, placing it in a condition

to exert a pressure on such a suface to be machined 20b'

It is therefore possible to carry out the rough machining operations of the surface

to be machined 20b close to the edge of the semi-finished product 20 since the

5 combined suction holding and pressure holding action also allows the hígher

mechanical stresses to which the lens is subjected during such operations to be

counteracted as well.

Once the rough machining operations of the surface to be machined 20b close to

the edge of the semi-finished product 20 have ended, the pressure holding device

10 10b is deactivated so as to give free access to the central part of the surface to be

machined 20b.

Once the second rotary shaft 14 has been brought into its operative position

distant from the surface to be machined 20b, the advancing speeds of the semi-

finished product 20 can in fact be kept high, therefore involving a minimal loss in

15 terms of cycle time.

lndeed, advantageously, the cutting tool 30 now operates close to the centre of the

semi-finished product 20, involving low cutting forces that can be counteracted

with just the vacuum holding force.

It is thus possible to end the rough cutting operations close to the centre of the

20 semi-finished Product 20.

ln such a configuration it is also possible to proceed to the finishing and polishing

cutting steps of the surface 20b through the relative tools. Such operations indeed

also generate low stresses that can be counteracted through just the action of the

suction holding device '10a.

25 ln the preferred embodiment illustrated in figure 3, before the step of activating the

suction holding device 10a there is a step of adapting the deformable support

efement 16 to the shape of the front sudace 20a of the semi-finished product 20.

Such a step comprises resting the front surface 20a of the semi-finished product

20 against the support element 16 in order to give the support element a

30 configuration adapted to and matching the shape of the front surface 20a and

locking in position of the support element 16 in such a configuration'

From the description that has been made the characteristics of the process for
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machining a lens of the present invention are clear, just as the relative advantages

are also clear.

ln parlicular, the process for machining a lens according to the invention is

perfectly able to ensure both precision of positioning, and reliability of holding of

5 the semi-finished product during the entire machining cycle, this moreover in the

absence of a reference block, in this way avoiding all of the drawbacks deriving

from the use of such a block.

Further variants of the embodiments described above are possible, without

departing from the teaching of the invention,

10 ln parlicular, the description refers as a non-limiting example to a process for

generating lenses. However, the process according to the present invention can

be actuated in any application for machining lenses where it is necessary to

effectively hold a semi-finished product in order to be able to simultaneously

proceed to machine it.

15 Moreover, the sequence of the activation steps of the suction holding force and of

the pressure holding force is not restricted to that described purely as an example.

Differently, the inventive concept also extends to machining processes that

foresee a first machining step with low stresses in which just the suction holding

force operates and a second machining step with high stresses in which the

20 pressure holding force also additionally operates or to any combination of such

steps.

Finally, it is clear that the process for machining a lens thus conceived can

undergo numerous modifications and variants, all of which are covered by the

invention; moreover, all of the details can be replaced with technically equivalent

25 elements, ln practice, the materials used, as well as the sizes, can be whatever

according to the technical requirements.
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CLAIMS

1. A process for machining a lens, comprising the steps of :

- holding a semi-finished product (20) through a suction holding force which is

active during an entire surface machining cycle of the semi-finished product (20),

5 wherein said semi{inished product (20) comprises a front surface (20a) and a rear

surface (20b) to be machined, the rear surface (20b) being opposite to the front

surface (20a);

- carrying out the surface machining cycle on said rear surface (20b); and

- activating a pressure holding force depending on the level of the mechanical

10 stresses exerted on the semi{inished product (20) during the surface machining

cycle on said rear surface (20b).

2. The process for machining a lens according to claim 1, characterised in that the

pressure holding force is activated depending on an instantaneous position taken

up by a machine tool (30) in the surface machining cycle'

15 3. The process for machining a lens according to claim 2, characterised in that the

pressure holding force is kept active when the machine tool (30) is close to the

outer edge of the rear surface (20b).

4.The process for machining a lens according to claim 2 or 3, characterised in that

the pressure holding force is not active when the machine tool (30) is close to a

20 central portion of the rear surface (20b).

5. The process for machining a lens according to any one of the previous claims,

characterised in that the surface machining cycle comprises a first step in which

the semi-finished product (20) is held by the application of both the suction holding

force and the pressure holding force, and a subsequent step in which the semi-

25 finished product (20) is held by application of just the suction holding force.

6. The process for machining a lens according to any one of the previous claims,

characterised in that the suction holding force acts on the f ront surface (20a).

7.The process for machining a lens according to claim 6, characterised in that the

step of holding through a suction holding force comprises activating a suction

S0 group when the front surface (20a) rests against a suction chamber (12) arranged

in a first rotary shaft (1 1).

B. The process f or machining a lens according to claim 6 or 7 , characterised in that

it comprises, before the step of holding through a suction holding force, a step of

adapting a deformable support element (16) to the shape of the front surface
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(20a).

9. The process for machining a lens according to claim 8, characterised in that the

step of adapting the deformable support element (16) comprises:

- resting the front surface (20a) against the deformable support element (16) in

5 orderto give such a deformable support element (16) a shape matching the shape

of the front surface (20a); and

- locking in position the support element (16) in such a matching shape.

10. The process for machining a lens according to any one of claims 6 to 9,

characterised in that the pressure holding force acts on the rear surface (20b) of

10 the semi{inished product (20) or on a perimeter surface (20c) of the semi{inished

product (20).

1 1. The process for machining a lens according to claim 10 when depending on

claim 7, characterised in that the step of activating the pressure holding force

comprises bringing a second rotary shaft (14), parallel to the first rotary shaft (11),

15 to an operative position thereof in contact with the rear surface (20b) and exerting

a pressure on said rear surface (20b).
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