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[ 5 7 ] ABSTRACT 

A machine for grinding spectacle lenses to ?t the 
spectacle frame, having a lens grinding section and a 
section for analysing the shape of the frame bezels, 
which are mechanically independent and so controlled 
by a remote transmission chain as to cause the mo 

tions of the frame and of the lens to be ground to be 
rigorously identical and synchronous. The frame sup 
port is horizontal and quickly removable. 

The shape of each frame bezel is analysed preferably 
by movable feeler, the position of which is so 
controlled that the feeler point is constantly 
homologous with the grinding point on the lens 
irrespective of any unevennes in the surface of the 
bezel. 

The copying transmission chain for slaving the lens 
support preferably includes automatically operating 
calibration or initial setting members. 

31 Claims, 17 Drawing Figures 



PATENTE?AUG-I ems 3, 899 , 851 
SHEET 1 0f 5 





3.899.851 PATENTEU AUG-1 9 I975 

sum 3 sf 5 



3.899851 PATENTEI] M181 SISYS 
SI'EZU U 



3.899.851 PATENTED Mrs-1 91915 
sum 5 u; 5 

441-. uilui l 



3,899,851 
1 

MACHINES FOR EDGE-TRIMMING AND 
BEVELLING SPECTACLE LENSES 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
manufacturing optical lenses and in particular to appa 
ratus for contouring lenses to match the bezel of the 
spectacle frames. 
Devices for machining the edges of spectacle lenses, 

not from a conventional template but according to the 
spectacle frame for which the lenses are intended, have 
disadvantages such that no machine of this kind pro 
posed heretofore has given real satisfaction in practice. 
The reason for this is to be found in their inherent 
drawbacks. 

In all prior art systems for grinding spectacle lenses 
according to the shape of the spectacle frame, the lens 
grinding pressure against the grinding wheel is provided 
directly by the pressure of a mechanical feeler on the 
frame bezel. But because bezels, especially metal ones, 
are fragile and deformable, the grinding pressure has to 
be low and cannot exceed a few hundred grams, 
thereby resulting in very long grinding times and fre 
quent deformation of the frame bezel under the pres— 
sure of the feeler. 

In such prior art systems, moreover, the frame is 
mounted on the grinding machine in a plane perpendic 
ular to the rotation axis of the lens. This results in a 
number of disadvantages: 

a. positioning the frame support on the machine is a 
delicate and by no means easy operation; it is usu 
ally necessary to remove the sides of the spectacle 
frame as they would otherwise tend to swing about 
as the frame rotates about its horizontal axis; 

b. the fact that the copying assembly is mounted off 
centre at the end of the lens supporting carriage 
generates out~of-balance forces detrimental to ac 

curacy; . 

c'. in certain special cases the operator may wish to 
have the option of producing a lens according to a 
template, in which case he is compelled to remove 
the copying assembly and ?t a template support in 
its place; 

(1. lastly, the main disadvantage of such prior art ma 
chines is that, because the copying assembly is se 
cured to the lens supporting carriage, free trans 
verse motion of the latter is compromised by the 
lateral resistance offered by the feeler positioned in 
the bezel ’s groove; this makes it difficult to perform 
the bevelling operations, which require the car 
riage to be free, i.e., to be able to move laterally 
relative to the groove in the bevelling wheel re 
sponsively to variations in the curvature of the lens 
as it rotates. . 

In prior art systems furthermore, the frame support 
provides only one connection for imparting rotation, so 
that only one eye of the frame — chosen arbitrarily — 

can be properly positioned on the support. 
This has several drawbacks: 
In order to make the second lens (corresponding to 

the other eye of the spectacle frame) it is necessary ei 
ther to turn the frame round in its support, thus entail 
ing a dual manipulation and a dual centering of the 
frame, or to turn the lens round, which then makes cer 
tain grinding operations impossible, such as guided 
bevelling or the cutting of facets. 
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2 
Further, it frequently happens that, in the same 

frame, the two eyes have bezels which are not of ex 
actly the same size, in which case the second lens pro 
duced will be too small and have to be rejected, or be 
too large and require reworking. 

In addition, it is not usually possible either to make 
accurate offsettings of the frame or to adjust the offsets 
of each frame eye separately. It consequently becomes 
mandatory to make the offsets on the lens, in which 
case the latter will no longer be positioned on the grind 
ing machine in a plane perpendicular to its rotation 
axis, making it impossible to bevel it properly. More 
over, the operator must wait until the lens has ?nished 
being ground before removing the frame from its sup 
port and ?tting a new frame for the next job. This re 
sults in considerable non-productive loss of time in op 
eration of the lens grinding machine. 

It has been found moreover that in all automatic 
spectacle lens grinding machines the point of contact 
between the grinding wheel and the lens shifts continu 
ally on either side of the line joining the centres of the 
grinding wheel and the lens, responsively to successive 
variations in the radius of the lens being ground. Hence 
in the case of machines for copy-grinding the lens ac 
cording to the frame, the bezel feeler device must as 
sume successive corresponding positions along the 
frame bezel. 

In accordance with a known principle, the feeler is 
supported by a hinged lever the radius of which is equal 
to the grinding wheel radius and the hinge point of 
which corresponds substantially with the centre of the 
grinding wheel and is pulled downwardly by a spring or 
counterweight in such manner that the feeler be always 
returned to the lowermost point of the frame corre 
sponding with the point of contact of the lens with the 
grinding wheel. 

In practice, this arrangement has several drawbacks: 
— In the case of plastic spectacles, the interior of the 

bezel often reveals irregularities, corrugations, snag 
marks, and so on, that cuase the feeler or sensing point 
to move unevenly. I 

—- In the case of metal spectacles, the two ends of the 
bezel are not always perfectly aligned; ?ash is fre 
quently present at the weld spot, so that when the bezel 
joint arrives beneath the feeler the latter is accidently 
entrained. 
— Lastly, the rotation of the frame tends to shift the 

feeler in the direction of rotation, so that there is invari 
ably a certain amount of drift in the sensing point that 
varies according to the coef?cient of friction between 
the bezel and the feeler. 
This results in frequent distortions in the lens because 

the position of the sensing point in relation to the axis 
of the centres does not always correspond with the po 
sition of the contact point ‘between the lens and the 
grinding wheel in relation to said axis. 

It is the object of the present invention to overcome 
all the above-mentioned drawbacks and accordingly to 
provide a machine for grinding spectacle lenses accord 
ing to the spectacle frame, in which the grinding pres 
sure is independent of the bezel feeler pressure and can 
be adjusted to as high a value as required, it being pos 
sible for the feeler pressure to be very low. 
A further object provides for the spectacle frame to 

be mounted horizontally on its support, which support 
is mechanically independent of the grinding machine 
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lensholder allowing grinding of thetwo lenses without 
reversing either the frame or the lenses. 

In addition, it is an object to provide a device for in 
stalling the frame support very quickly and easily mak 
ing possible to use two frame supports in order that the 
one can be readied while the other is being worked 
upon. A machine according to a further object of this 
invention will allow grinding lenses according to a tem 
plate substituted for the frame. 

SUMMARY OF THE INVENTION 

A lens grinding machine according to the present in 
vention comprises two sections which are independent 
mechanically. The ?rst portion includes a horizontal 
frame support which is rotated by a motor through one 
of two quickly engageable parts which are indepen 
dently adjustable and correspond to the two frame eyes 
respectively. A ?xed feeler follows the bezel of each 
eye in succession. The frame support is provided on the 
end of an arm movable in a horizontal plane, and the 
position of this arm is measured by a sensor which, sub 
sequent to transmission to a second machine section 
with power ampli?cation, mechanically controls the 
position of a further similar arm carrying a motor for 
rotating the lens to be ground, said motor being caused 
to rotate synchronously with the frame support motor 
by suitable synchronization means. 

In the case of rimless spectacles, the frame can be re 
placed by a template consisting of a thin sheet mounted 
on a suitable support similar to the frame support, the 
contour of this sheet being followed by' a mechanical 
feeler; alternatively, said sheet may merely bear a con 
tour tracing which can be followed by a preferably opti 
cal or magnetic contactless sensor. 

Further, in order to constrain the feeling point on the 
bezel so that it is homologous with the lens grinding 
point in order to ensure greater grinding accuracy, the 
bezel feeler means according to this invention may be 
movable and comprise means for so slaving its position 
that the sensing point be at all times homologous with 
the grinding point on the corresponding lens. The sens 
ing point to be determined by the slaving means can be 
de?ned either as the extreme point on the bezel in a di 
rection homologous with the grinding-wheel and lens 
centerline or as the point on the bezel at which the tan 
gent thereto is perpendicular to the straight line homol— 
ogous with the straight line joining the centre of the 
grinding-wheel to the contact point thereof with the 
lens being ground. 

In the latter event, the direction of the tangent can be 
determined by a sensor for measuring the position of 
auxiliary feelers which feel the bezel on either side of 
the main feeler and de?ne a bezel secant very close to 
the tangent sensing or feeling point. Alternatively, the 
direction of said tangent can be determined mathemati 
cally by differentiating the successively varying radii of 
the bezel in polar coordinates, preferably with respect 
to the centre of the bezel, and this with the help of an 
auxiliary computer. 
The feeling arm of a feeler device according to this 

invention is preferably possessed of continuous trans 
verse or orthogonal low-amplitude high-frequency vi 
bration with respect to the bezel of the spectacle frame. 
Such vibration allows the feeler arm to pass more 
readily over bezel surface irregularities and helps to ob 
tain the desired position of the sensing point. It can be 
used with advantage, moreover, to so control the copy 
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4 
ing chain of the machine as to cause copying to be ef 
fected only at the lowermost point on the bezel. 

It is a further object of the invention to overcome an 
other disadvantage which stems from the fact that the 
different ?nishing grinding-wheels used on automatic 
grinding machines are not all of the same height and 
that the feeler must be calibrated differently according 
to the type of ?nish required. In accordance with the 
invention, such calibration is accomplished through the 
agency of means which adjust the system for slaving the 
motions of the arm supporting the lens-carrier by copy 
ing the motions of the arm supporting the frame car 
rier. This adjusting means permits the initial setting of 
one of the arms with respect to the other to be selec 
tively adjusted. In accordance with the invention, the 
adjusting means are preferably electrically operating 
means such'as resistors or potentiometers affecting the 
copying chain. These latter'means can provide either 
intermittent adjustment to allow adapting to grinding 
wheels of different heights or radii, or continuous ad 
justment to provide compensation for variable differ 
ences resulting, say, from wear on the grinding-wheels. 
Preferably, the intermittent adjusting means are con 
trolled by a machine operation program determined ac 
cording to the type of ?nish required for the lenses. 
The description which follows with reference to the 

accompanying non-limitative exemplary drawings will 
give a clear understanding of how the invention can be 
carried into practice. 

BRIEF DESCRIPTION OF DRAWINGS 

In the drawings: 
FIG. 1 schematically illustrates the two sections A 

and B of a lens grinding machine according to the in 
vention; ' 

FIG. 2 is a section through the line II—II in FIG. 1, 
showing the spectacle-frame support of the machine 
and its driving means; 
FIG. 3 is a section through the line III—III of FIG. 1, 

showing the same frame support; 
FIG. 4 shows the frame support of FIG. 2 removed 

from the machine and placed on a flat surface; 
FIG. 5 schematically'portrays a section A in which 

the frame is replaced by a mechanical template; 
FIG. 6 schematically portrays a section A in which 

the frame is replaced by a sheet bearing a tracing of the 
desired contour; 
FIG. 7 collectively illustrates in diagrammatic form a 

spectacle frame, the associated feeler, a lens and a 
grinding-wheel forming part of a machine for trimming 
the edges of spectacle lenses; 
FIG. 8 shows a ?rst embodiment of movable feeler 

means according to the invention; 
FIG. 9 shows a second embodiment of movable feeler 

means according to the invention; 
FIG. _10 shows a third embodiment of movable feeler 

means according to the invention; 
FIG. 11 shows a fourth embodiment of movable 

feeler means according to the invention; 
FIG. 12 shows a ?fth embodiment of movable feeler 

means according to the'invention; 
FIGS. 13A and 138 show detail XIII of FIG. 10 on an 

enlarged scale, in two different positions; 
' FIG. 14 is a top view of a position sensor suitable for 
the subject of FIGS. 13A and 138; 
FIG. 15 is a sectional view through the line XV—XV 

of the subject of FIG. 14; and - 
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FIG. 16 portrays detail XVI of‘FlGi‘il'l'on an en 
larged scale. ' ‘ 

DESCRIPTION OF THE INVENTION . 

A machine according to this invention‘consists of two 
sections: a section A in which the ‘shape of the specta 
cle-frame bezels is analysed and a section’B in' which 
the lenses are ground accordingly. In FIG. 1, these sec 
tions are separated by a dot-dash line. Section A is 
shown as a top view and section B as a side elevation 
view. A frame support 1 comprises a horizontal base 
plate 3 on which a spectacle ‘frame 2 is ?xed in the flat 
position and beneath which are'mounted, substantially 
underneath each eye of the frame, two similar driving 
parts 4 and 5. One of these‘ parts, for instance the part 
5, engages with and is elastically latched to a sleeve 6 
with which it is made angularly rigid by studs 7 on 
sleeve 6 engaging into corresponding recesses 8 in part 
5. Sleeve 6 is rotatable in a bearing supporting ball 
bearin‘gs 10, 11 on the end of a horizontal arm 9 pivot 
ally mounted about a ?xed vertical pin >12 extending 
through its other end. An electric motor _13 ?xed to 
arm 9 rotates sleeve 6, part 5 and frame support 1 rela 
tively to said arm through a drive pinion 14‘ meshing 
with a gearwheel 15 of large diameter secured fast with 
said sleeve. Said motor may be a stepwise motor or a 
synchronous motor. ' ' _ " V 

A frame feeler point 16 is carried on the end ofa ver 
tical rod 17 extending through sleeve6 and through an 
opening 18' formed in part5. The point 16 is applied 
against the bottom of the bezel 19 of the frame eye cor 
responding to part 5. Rod 17 is extended by a horizon 
,tal rod 20 which may be caused to slide'i'n a ?xed sup 
port 21 by means of a' hand lever 22 hingedly‘ con 
nected to the end'lof rod 20.'Lever '22 controls the set 
ting inthe work position of feeler 16 in beze'l 19 by 
pulling on rod 20 until an annular stop 23 on said rod 
contacts the support 21. Arm 9 of frame support 1, 
which is subjected to the restoring force of a spring 24, 
then assumes an angular position which is adjustable by 
means of micrometer adjustment means 25 of the posi 
tion of stop 23 on rod 20. 
The spectacle lens to be ground 26 is held in theiver 

tical plane of grinding-wheel 28 by a support’ I20 on 
the end of an arm 29 which is pivotable about a hori 
zontal pin 30 extending through its other'en’d. This arm 
is similar to the arm 9 of frame support I, being of 

6 
position of arm 9 being obtained by adjustment of the 
micrometer device 25. When the stop 23, associated 
with the micrometer device, contacts the support 21 of 
rod 20', it closes an electric contact switch 40, energiz 
ing' the motor 13. As the latter rotates it rotates the 

' frame 2 (via its support 1) about the axis ofs‘leeve 6. 

25 

35 

45 

‘Thereafter the angular position of arm 9, which is 
urged back by the spring 24, varieswith the varying ra 
dius of bezel i9. This angular position is measured by 
a displacement detector 41 connected through a rod 4-2 
to arm 9. This detector is part of a remote ‘transmission 
system 43 comprising ‘at least one power ampli?er 
which feeds the drive means 38 for auxiliary arm 36 in 
such manner that the angular shifting of arm 36 is in 
variably equal to those of arm 9. _ 

Further, motor 31, which is energized at the same 
time as motor 13, is caused to rotate'synchronously 
therewith by synthronizationmeans 44 setting the lens 
26 in identical rotation with the frame 2. As the lens 
shares the angular motions of arm 29, controlled by' 
stop 35'on arm 36, with the cooperation or the weight 
34, the motions copying those of arm 9, the ‘lens is 
ground by grindingwheel 28 in strict conformity with 
the contour of the bezel 19 for which it is intended. 
Thus it will be seen that the desired result is obtained, 

in accordance with this invention, by means of two dis 
‘tinct units, to wit, a unit'A which explores the spectacle 
frame and a unit B which reproduces on the grinding 
machine the data issuing from unit A via remote trans 
mission means. The grinding pressureis thus made in 
dependent of the feeling ‘pressure, thereby eliminating 
the usual drawbacks. Further, this arrangement allows 
the lens holder device to be relieved of all supplemen 
tary accessories. Hence by designing this device to have 
minimum inertia, it is‘ possible to obtain perfectly even 
bevels irrespective of variations in‘ the curvature of the 
lens as it rotates. ‘ - . ' = '. ' 

Additionally, the work is facilitated through the use 
of a frame support which is independent of the grinding 
machine. Such an arrangement can be adapted to ‘exist 
ing spectacle lens grinding machines more readily and 
more cheaply. Moreover, it allows templatejobs to be 
performed without any dismantling operations.‘ 
The copying chain interconnecting unit A and I'.llt B 

can be devised with the most appropriate transnf ' ' sion 

* and amplification components, the latter being p: .L‘era 

equal length thereto and'likev'vise comprising an elec- ‘' 
tric motor 31 similar to motor 13 whereby to rotate the 
support 120 of lens 26 through reduction gears '32, 33. 
Alternatively, the lens can be rotated directly by motor 
13 through suitable bevel gearing. Arm'29' further 
carries a weight 34 which provides the force needed to 
apply lens 26 against grinding-wheel 28.‘ _ _ 
The angular travel of arm 29 is limited downwardly 

by an adjustable. stop 35‘positioned at the end of an 
auxiliary arm 36 pivotingabout a horizontal pin 37, the 
angular position of which is dependent on a rod 39 
driven by any convenient'means 38 such as an electric, 
magnetic or hydraulic servomotor for impartingili’near 
orrotary motion. Alternatively, the motor 38 could 
provide the required grinding pressure itself. v_ 
The machine functions in the following manner: the 

spectacle frame 2 is ?rstvse'cured ?at on its support l 
and the feeler 16 is appliedby means'iof the lever 22 
against the bottom of the bezel 19 to which the’ lens to 
be ground 26 must be matched, the appropriate'initial 

55 

60 

65 

bly mechanical, hydraulic, optical, magnetic, e‘ ctric, 
photoelectric or electronic. = 

A machine according to this inventionpossesses 
countless features and adjustment possibilities that 
endow it with great functional flexibility. As ‘already 
stated, the frame support 1 comprises two rotation im 

' parting parts 4, 5, each corresponding to ‘one of the 
spectacle-frame eyes. The two lenses are ground by 
simply engaging the parts 4 and 5 into the sleeve 6 in 
succession, without manipulating the frame or revers 
ing one of the lenses, each lens being ground to match 
the bezel for which it is intended. In addition, the posi 
tion of each of the two parts 4, 5 is laterally adjustable 
by independent micrometer-screw controls 45, 46, and 
is identi?ed by means of pointers 47, 48 ?xed to parts 
4 and 5 respectively and graduated scales '49, 50 car 
ried on a member 51 of support I. These scales can be 
so graduated that the sum of the two readings corre 
sponds with the sum of the geometrical centre dis 
tances it is required to obtain between the two lenses 
to be ground, the distance being determined by the 0p 

-» wit-m 
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erator according to the distance between the pupils of 
the eyes of the person for whom the spectacles are in 
tended. 
The transverse position of frame 2 on plate 3 is deter 

mined by an abutment strip 52 slidable along guides 53, 
54 and positionally adjustable by means of micrometer 
screw means 55 with locating graduation marks 62. 
The frame 2 is applied against strip 52, then secured by 
means of horizontally and vertically acting means 56 
and 57 respectively. 
Thus, since the adjustment means 45, 46 and 55 

allow all desired offsets, it is possible, in the case of 
each frameeye, to fetch the rotation centre of the frame 
into the appropriate position in relation to the bezel, 
which position corresponds to the optical centre of the 
lens to be ground. 
Furthermore. the fact that the spectacle frame can be 

offset in any desired degree relative to its rotation axis 
makes it possible to position the centre of the lens to 
be ground on the rotation axis of the lens about itself, 
in such manner that, regardless of its curvature, the 
lens remain in a plane perpendicular to its rotation axis, 

. thereby enabling it to be correctly bevelled. 
The means enabling each of the two parts 4, 5 to be 

engaged with drive sleeve 6 allows the operator to rap 
idly fit or remove the support 1; moreover, the frame 
support is devised so that it can be properly positioned 
?at on a table. Thus, by making two identical spectacle 
frame supports available to the operator, it is possible 
to mount one frame on one of the supports placed flat 
on a table (FIG. 4) while the second support is usedlon 
the machine to reproduce a lens according to the 
frame. ‘ 

The angular setting of arms 9 and 36 can be veri?ed 
by means of indiator means 58 and 59, and that of mo 
tors l3 and 31 by indicator means 60 and 61. Examples 
of such indicator means are angle encoders or devices 
which deliver a signal that becomes null when synchro 
nism is achieved. . 

A machine according to this invention is likewise ca 
pable of grinding spectacle lenses, not on the basis of 
the frame but of a template replacing either the frame 
or the customary template. Whereas the latter is de 
signed to withstand the grinding pressure, the substitute 
template can in this case be made of a thin sheet of 
metal or rigid plastic by reason of the low feeler pres 
sure being greatly below the grinding pressure. FIG. 5 
shows such a template 63 fixed to an appropriate sup 
port 121 carried on the end of an arm 9 devised and ac 
tuated as heretofore described (FIG. 1 ), like parts 
bearing like reference numerals. Template 63 is con 
vex, and a point on its outer contour contacts a feeler 
head 64 replacing the bezel feeler 16 and likewise con 
vex, its radius of curvature being preferably equal to 
that of the grinding-wheel. This head 64 is mounted on 
the end of a rod 20 which can be moved longitudinally 
by a lever 22 identical to the lever in FIG. 1, with the 
same associated parts 21, 23, 25 and 40. Template 63 
is applied against the head 64 by a spring 24a corre 
sponding to spring 24 but exerting an oppositely di 
rected force on arm 9. The manner of operation of a 
machine section A devised as above is similar to that of 
the machine section A previously described (FIG. 1). 

Alternatively, template 63 can be replaced by a thin 
sheet 65, such as a sheet of paper, on which is inscribed 
the desired lens contour 66 (FIG. 6). Sheet 65 is fixed 
to a support 122 likewise carried on the end of an arm 
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9 as hereinbefore described but devoid of a return 
spring 24 or 24a. The lower part 67 of contour 66 is dis 
tinguished from the rest of sheet 65 by a simple physi 
cal property, being for instance black on a white back 
ground, or vice versa; alternatively it may have mag 
netic properties vdifferent from those of the remainder 
of the sheet. The feeler is an appropriate detector 68, 
such as an optical or magnetic detector. Its position is 
?xed and it is coupled to a slaving circuit 69 which en 
ergizes a linear servo-motor 70 that actuates arm 9 me 
chanicaly through a rod 71 in such manner that the 
edge of the detector head 68 be invariably positioned 
exactly opposite a point on the contour 66. This being 
so, arm 9 is possessed of the same motions as in the pre 
vious embodiments (FIGS. 1 and 5), and the remainder 
of the machine is unchanged. Alternatively, arm 9 may 
remain stationary, in which case the head 68 is movable 
and its motions impart identical motions to the lens 
support. 
The two sections A and B of a machine according to 

this invention, in the different embodiments hereinbe 
fore described, may, by virtue of their indirect inter 
connection via a remote copying chain, be dissociated 
and not used concurrently, in which case the data issu 
ing from section A and defining the shape of a specta 
ole-frame bezel are stored in a memory such as a 
punched-tape or magnetic-tape recorder. The record 
ing obtained is then applied to section B in such man 
ner that the lens support be actuated in the way herein 
before described. Further, an A-section can be associ 
ated to two or more B~sections and drive the same syn 
chronously. This makes 14 possible in particular to pro 
duce the two spectacle lenses simultaneously on the 
basis of only one of the frame bezels, by ‘means'of two 
symmetrically operating sections B and B’ (FIG. I) 
which are cppy-referenced to one and the same section 
A bearing the spectacle frame. Manifestly, this solution 
is viable provided only that the contours of the two 
spectacle-frame bezels are ‘mirror-images of each 
other. 
' FIG. 7 shows that, in order to ensure that the lens 26 
is ground in exact conformity with the bezel 19 for 
which it is intended, the feeler point 70 on bezel 19 
must at all times be homologously positioned with the 
grinding point 71 on lens 26. But because, as the grind 
ing. operation proceeds, the grinding point 71 recedes 
in variable manner from the centerline 72 joining the 
centre 73 of grinding-wheel 28 to the centre 74 of lens 
26, the feeler point 70 on bezel 19 must shift corre 
spondingly in relation to the line 75 joining the centre 

' 76 of bezel 19 to the point 77 homologous with the 
grinding-wheel centre 73. If the feeler point 16 is car- , 
ried on an arm 78 substantially equal in length to the 
radius of grinding-wheel 28 and capable of pivoting 
about the. point 77, then this means that the angle a 
which am 78 forms with the line 75 must at all times 
be maintained equal to the angle B which the radius 
line of grinding-wheel 28 to the grinding point 71 forms 
with the line 72, and this irrespective of friction be 
tween feeler l6 and bezel 19 or of unevenness in the 
latter. 

In the specific embodiment shown in FIG. 8, the arm 
78 carrying the feeler 16 is made to continuously vi 
brate about its end 77 by convenient drive means such 
as an electromechanical generator with rotating 

- weights, an electromagnetic vibrator,‘an ultrasonics 
generator, or any other convenient means. This vibra~ 
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tion is of high frequency‘ and low amplitude and can be 
adjusted according to the type of spectacle frame. The 
mean position of the feeling point is thereby made inde 
pendent of the surface condition of the bezel or of une‘ 
vennesses thereon. It is to be understood that this vibra 
tory motion can be applied to all the slaved feeler de 
vices with mechanical feeling points to be described 
hereinbelow with reference to FIGS. 10 through 12. 
FIG. 8 further shows that the end 77 of arm 78 is 

guided linearly along the axis 75, within appropriate 
means 79 for detecting the position of the point 77. 
This position detector is so coordinated with the copy 
ing-chain for controlling the position of the lens before 
the grinding-whee] that the copying data is transmitted 
to the lens supporting arm only when the position of 
point 77 is farthest from the bezel in the course of a 
complete excursion of feeler 16, the latter being then 
located at the extreme point on the bezel in the direc 
tion of axis 75, i.e., at the point homologous with grind 
ing point 71 (FIG. 7). I 
The feeler point homologous with the grinding point 

71 is de?ned in similar manner in the feeler system 
shown in FIG. 9. This system comprises a series of suit 
able contacts or proximity detectors 80 which ara capa 
ble of exploring the interior of bezel 19 and are posi 
tioned one after the other along a circular are 81 ho 
mologous with the periphery of grinding-wheel 28, on 
a support 82 which is provided with an arm 83 sliding 
along the axis 75 responsively to drive means 84. The 
latter acts on the overall position of the detectors 80 
under servo control means in such manner that, in that 

' particular position, only one of the detectors 80A may 
lie facing the interior of bezel 19. 
The feeler devices of FIGS. 10 and 11 differ little 

from each other. They comprise a mechanical feeler 
point 16, closely ?anked on either side by two auxiliary 
feeler points 85 capable of sliding parallel to the axis of 
supporting arm 78 and continuously applied by elastic 
means against the inside of bezel 19. Supporting arm 78 
is pivotable about its end 77 and its position is governed 
by rotation imparting means 86 controlled by slaving 
means on the basis of position sensors associated to the 
auxiliary feeler points 85, thereby causing the Straight 
line joining the ends thereof (which virtually merges 
with the tangent 87 to the bezel) to remain perpendicu 
lar to the axis of arm 78. When this is the case, the posi 
tion of the feeling point is homologous with the grind 
ing point 71 (FIG. 7). Two corresponding exemplary 
embodiments will be described in greater detail herein 
below. 
FIG. 12 shows an alternative embodiment in which a 

single feeler point 16 is carried on the end of arm 78 
which is capable of pivoting about its end 77 respon 
sively to drive means 86. The tangent 87 to bezel 19 is 
de?ned mathematically by a-computer on the basis of 
the variations in the angular position of arm 9 carrying 
the support for frame 2, in the course of rotation of the 
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latter about the centre 76 if bezel 19, which variations 7 
depend on the successive changes in the length of the 
vector radius 88 joining centre 76 to feeling point 70. 
Through the agency of slaving means, the computer so 
controls the means 86 for driving the arm 78 that the 
tangent 87 at sensing point 70 remain perpendicular to 
the axis of arm 78. 
FIGS. 13A and 13B illustrate'an exemplary embodi 

ment of the arrangement used for the feeler in FIG. 10. 
The main feeler 16 is provided with two lateral sleeves 
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89 through which are slidable, parallel to the axis of 
arm 78, two rods 90 carrying the auxiliary feelers 85 
and applied by springs 91 against a common beam 
lever 92 capable of rocking ‘motion about a central 
pivot 93 fast with feeler 16. The angle 94 formed by 
beam-lever 92 with arm axis 78 is measured by an angle 
sensor, and means for slaving the position of the arm 
operate on the-basis of this sensor to maintain said 
angle at 90°. An angle sensor usable in this particular 
application is shown in FIGS. 14 and 15. Beam-lever 92 
rotates a disc 95 embodying a hole 96 which is illumi 
nated by a light source 97 beamed in the direction of 
two photoelectric cells 98 which are positioned so as to 
receive equal light intensity when the beam-lever de 
?nes an angle 94 equal to a right angle.‘ The cells 98 are 
electrically connected in a differential con?guration 
whereby to drive the means for slaving arm 78. 
An exemplary embodiment of the feeler arrangement 

of FIG. 11 is shown in FIG. 16. The auxiliary feelers are 
supported as before by sliding rods 90 which are urged 
towards the bezel by springs 99 and carry photoelectric 
cells 100 illuminated by a common light source 10] fast 
with feeler 16, through holes 102. ‘Here also the cells 
100 are connected in a differential configuration in 
order to drive the means for slaving the arm 78, the 
components 100, 101, and 102 jointly forming ‘a linear 
position detector for measuring the respective positions 
of the pair of auxiliary feelers 85 in relation to main 
feeler 16. 
The various position detectors or proximity sensors 

utilized can be electric, magnetic, optical or electronic 
devices, or devices sensitive to other kinds of waves. 
The present invention further relates to means for 

calibrating the feeler device, in order notably to ini~ 
tially set the position of lens 26 before grinding-wheel 
28 and that of the feeler 16 which feels the bezel 19 of 
frame 2. This initial setting must allow for the height or 
radius of the grinding~wheel and for the different types 
of grinding surface and shapes of the grinding-wheel, 
the dimensions of which may differ. Allowance must 
also be made for gradual wear on the grinding-wheels, 
which reduces their radius. 

It is a teaching of this invention that the machine is 
provided with relevant adjustment means 110 (FIG. 1) 
for operating on the copying chain, which chain is pref 
erably controlled automatically by the machine pro‘ 
gram which selects the desired type of finish and con 
trols the manner in which the lens to be ground is of 
fered up the appropriate grinding-wheel. In an electric 
or electronic copying chain, such adjustment means 
employ switchable resistors 111 which provide inter 
mittent adjustment according to the different grinding 
wheel radii, and potentiometers 112 which provide 
continuous ?ne adjustment to compensate for grinding 
wheel wear. Such adjustment means likewise provide 
compensation for other similar parameters affecting 
the calibration and may provide any desired initial set 
tings. 
We claim: 
1. Apparatus for bevelling the edges of a lens in con 

formance with a predetermined bezel contour compris~ 
ing a support for holding a member having a bezel con 
tour, means for rotating said bezel support about an 
axis perpendicular to the mean plane of the bezel mem 
ber, means for following the contour of said bezel 
member to sense the shape thereof, a grinding machine 
having a grinding wheel, a support for holding a lens, 
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means for rotating said lens support, each of the bezel 
member support and lens support being carried on an 
individually pivotable arm, said means for rotating the 
corresponding support being mounted on the respec 
tive arm and means for copying the shape of said bezel 
on said lens comprising means interconnecting said 
means for rotating said lens support and said means for 
rotating said bezel support rotating said lens synchro 
nously with the rotation of said bezel member, means 
for simultaneously moving said lens support and said 
grinding wheel relatively toward each other in response 
to the sensing of the shape of said contour to cause said 
grinding wheel to grind said lens into the shape of said 
bezel and means for controlling the relative pressure 
between said lens and said grinding wheel indepen 
dently of the means for following said bezel. 

2. The apparatus according to claim 1 in which the 
arm carrying said bezel member support is movable in 
a plane parallel to the plane of said bezel and includes 
means for exerting a restoring force on said arm in op 
position to the position of the bezel follower, said copy 
ing means controlling, in response to the movement of 
the arm carrying said bezel member support, the posi 
tion of said arm carrying said lens support in relation 
to said grinding wheel. 

3. The apparatus according to claim 2 including an 
auxiliary arm associated with the arm carrying said lens 
support and including adjustable stop means causing 
said lens support arm and said auxiliary arm to be in at 
least intermittent mutual contact. 

4. The apparatus according to claim 3 including 
means for exerting on said lens support arm a substan 
tially constant force urging the lens against the grinding 
wheel. 

5. The apparatus according to claim 1 wherein the 
arms carrying said supports are pivotable about a pin 
journaled in a machine frame and extending through 
the end of said arm remote from the corresponding 

support. 
6. The apparatus according to claim 1 including 

means for removably attaching said bezel member sup 
port on its associated arm comprising a rotatable shaft 
connected to said means for rotating said support and 
having resilient latching means for axially restraining 
said support on said shaft. 

7. The apparatus according to claim 6 in which said 
bezel member support is so shaped as to be capable of 
being laid ?at on a ?at surface. 

8. The apparatus according to claim 1 in which the 
.work surface for the bezel member support, on which 
the latter is placed, is horizontal. 

9. The apparatus according to claim 1 wherein said 
bezel member comprises a spectacle frame for which 
the lens is intended and said means for following the 
contour of said bezel comprises a feeler adapted to en 
gage the surface of said bezel. 

10. The apparatus according to claim 9 in which the 
bezel member support carries the frame and comprises 
two independently rotatable parts, means for sepa 
rately adjusting the position of each part to rotate in 
succession about two axes corresponding to the two 
eyes of the spectacle frame. 

11. The apparatus according to claim 1 wherein said 
bezel member comprises a template havinga shape 
conforming to the grinding dimensions for a spectacle 
lens, and said bezel follower comprises means for sens 
ing the edge of said template. 
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12.. The apparatus according to claim 11 in which 

said template comprises-a‘ thin rigid sheet having a pe 
ripheral edge and said follower means comprises a 
feeler adapted to be in physical contact with said edge. 

l3.- The apparatus according to claim 11 in which 
said template comprises a sheet on which the contour 
of said lens is‘ inscribed and said follower is adapted to 
sense said'i'n’s‘c'ription optically and includes a servomo 
tor responsive thereto for controlling the movement of 
said bezel member support and said follower. 

14. The apparatus according to claim 11 in vwhich the 
template‘ comprises a sheet on which the contour of 
said lens is inscribed and said follower is adapted to 
sense said inscription photoelectrically and which in 
cludes a servomotor responsive thereto for controlling 
the relative motions of the bezel member support and 
said follower. 

15. The apparatus according to claim 11 in which the 
template comprises a sheet on which the contour of 
said lens is inscribed and said follower is adapted to 
sense said inscription magnetically and including a ser 
vomotor in response thereto for controlling the relative 
motion of the bezel member support and said follower.’ 

16. The apparatus according to claim 2 including 
sensing means for measuring the movements of the 
bezel member support arm, said copying means includ 
ing circuit means for remotely slaving said lens support 
arm thereto. . 

17. The apparatus according to claim 16 including 
means for recording the information issuing from the 
sensing means, said copying means circuit including 
playback means for said recording. 

18. The apparatus according to claim 1 in which the 
bezel follower is movable and is provided with means 
for slaving its position so as to constrain the point at 
which said follower senses the bezel surface so as to be 
homologous with the grinding point comprising the 
point of contact of the grinding wheel against the lens 
being so contoured. 

19. The apparatus according to claim 18 in which the 
means for slaving the bezel follower de?nes the point 
homologous with the grinding point as being that point 
on the bezel at which the tangent thereto is perpendicu 
lar to the straight line homologous with the straight line 
joining the center of the grinding wheel to the grinding 
point. ‘ 

20. The apparatus according to claim 19 in which the 
follower means includes a feeler adapted to engage the 
bezel surface, said feeler being mounted on the end of 
an arm having a length substantially equal to the radius 
of the grinding wheel and being pivotable about the 
point homologous with the center of the grinding 
wheel, said feeler being?anked by two adjacent auxili 
ary feelers movable in the direction of said arm, a de 

‘ tector for detecting the respective positions of said feel 
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ers and slaving means adapted to rotate said arm until 
the straight line which joins the end of the auxiliary 
feelers and virtually merges with the tangent to the 
bezel is perpendicular to the direction of the arm. 

21. The apparatus according to claim 20 including a 
rocking beam lever interconnecting the auxiliary feel 
ers with the supporting arm, and wherein said detector 
is an angular position. detector which measures the 
angle formed by said rocking beam lever and the direc 
tion of movement of said arm. 
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22. The apparatus according to claim 20 in which the 
detector detects the relative position of the feelers in a 
direction parallel to that of the arm. 

23. The apparatus according to claim 22 in which the 
follower means includes a feeler adapted to engage the 
edge of said bezel. said feeler being carried by an arm 
having a length substantially equal to the grinding 
wheel radius. said arm being pivotable in response to 
said slaving means and a computer responsive to the 
angular motion of the arm carrying the bezel member 
support for determining the derivative of the curve of 
the bezel contour. 

24. The apparatus according to claim 19 in which 
said follower means is provided with means for impart 
ing low amplitude. high frequency vibration thereto. 
25. The apparatus according to claim 18 in which 

said slaving means de?nes the homologous point as the 
extreme point on the bezel in a ?xed direction homolo 
gous with the line joining the rotation centers of the 
lens and the grinding wheel. 

26. The apparatus according to claim 25 in which the 
follower means includes a mechanical feeler having a 
point, said mechanical feeler being mounted on the end 
of an arm having a length substantially equal to the 
grinding wheel radius. means for continuously vibrating 
said arm at its other end. said other end being movable 
linearly with respect to the center of the bezel and in 
cluding a detector sensing the position of said other end 
farthest from the bezel and transmitting a signal in re 

10 

25 

30 

LA) ill 

40 

45 

55 

14 
sponse thereto to the copying means. 

27. The apparatus according to claim 25 in which the 
follower means comprises a series of proximity sensors 
capable of exploring the interior of the bezel, a sliding 
support for said proximity sensors, said sensors being 
positioned in succession along a circular arc homolo 
gous with the grinding wheel periphery, said sliding 
support being movably translationally along a straight 
line homologous with the center line in response to 
slaving means until said support is brought into that po 
sition farthest from the bezel in which only one fol 
lower explores the inside of the bezel. 
28. The apparatus according to claim 16 in which the 

means for slaving the arm carrying the bezel member 
and the arm carrying the lens support includes means 
for adjusting the initial position of the lens support arm 
with respect to said grinding wheel. 

29. The apparatus according to claim 28 including 
means for adjusting the position of said arm continu 
ously. 

30. The apparatus according to claim 28 including 
means for intermittently adjusting the position of said 
arm. 

31. The apparatus according to claim 30 including 
means for automatically activating said intermittent ad 
justment means in accordance with a prede?ned lens 


