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OPHTHALMIC LENS GENERATING APPARATUS HAVING

VIBRATION DAMPENING STRUCTURE

This is a continuation-in-part of U.S. Patent Application Serial

no.: 08/561,404, filed November 21, 1995

FIELD OF THE INVENTION

This invention relates to ophthalmic lens generating apparatus and
more particularly, the present invention relates to ophthalmic lens

generating apparatus having vibration dampening properties.
BACKGROUND OF THE INVENTION

5 The surface finish on an ophthalmic lens is generally affected by
two common types of surface defects inherent in a lens machining
operation. The first type of defects is caused by the actual removal of
material from the lens surface, and the second type is caused by the

vibration of one or more of the machine's elements.

10 The major factors influencing surface defects of the first type are the
outline of the cutting tool in contact with the lens, the microstructure and
chemical composition of the material of the lens, and thermal effects
occurring during the material-removal process. In this respect,
improvement in surface finish may be obtained to various degrees by

15 increasing the cutting speed, decreasing the feed of cut and changes in

cutting fluid and tool geometry.
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5 Vibration of machine elements, however, is often the cause of
deeper irregularities on the surface of generated lenses. Vibration of
machine elements is very complex, and often has a combination of

interrelated causes as explained below.

Rotating machines in general are known to vibrate according to

10 three basic types of vibration. A first basic type of vibration is caused for
example, by an unbalance of the tool, eccentricity in the tool chuck, and
defects in a drive belt. This first type of vibration has an amplitude in a

radial direction relative to the axis of rotation of the tool.

The second basic type of vibration in rotating machines has an

15 amplitude in an axial direction along the axis of rotation of the tool spindle
for example. This axial vibration is often caused by a vacillating plane of
rotation of the tool's cutting face, or by intermittent cutting forces. Because

the cutting force applied on a tool has a vectorial component in the axial
direction, a vibration of the radial type also tends to cause a vibration in the

20 axial direction.

The third basic type of vibration in rotating machines is a torsional
vibration. This type of vibration is often associated with torque pulses
inherent with some types of electric motors and motor controls. These

pulses tend to alternatively increase and reduce the amount of material
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It is further known from the science of vibration analysis that any of
5 the above three types of vibration can excite a resonant condition in the
structure of the machine, with the consequence of increasing the amplitude

of the vibrating element.

The problem of vibration in a lens generating apparatus has been
partially addressed in the past. For example, a first apparatus for
10 manufacturing ophthalmic lenses is described in U.S. Patent 4,434,581
issued on March 6, 1984 to Robert G. Spriggs. This apparatus has X-Y
fluid-bearing tables mounted on a granite bed weighing about 4,000
pounds. This bed is undoubtedly particularly efficient for reducing the
amplitude of a vibration in the radial direction, that is in a direction
15 perpendicular to the table. However, it will be appreciated that a massive
table is less appropriate for reducing vibrations of the axial and torsional
types where the lens holder or the tool spindle is mounted at some distance

for the surface of that table.

20 In another example, U.S. Patent 4,760,672 issued on Aug. 2, 1988
to Darcangelo et al. describes a lens grinding and polishing apparatus
wherein a drive motor is mounted remotely from the tool supporting table,
and 1s driving a micrometer drive via a drive belt. This type of mounting

1solates the tool and work spindles from the vibration of the drive motor.

(V8]
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SUMMARY OF THE INVENTION

In the present invention, however, there is provided an ophthalmic
lens generating apparatus having a massive base for dampening radial
vibrations, a massive upright block for dampening axial vibrations and a

10 high-inertia tool spindle for dampening the torsional vibrations of the

rotating elements of the apparatus.

In one aspect of the present invention, there is provided an
ophthalmic lens generating apparatus having a tool spindle comprising a
15 motor, a lens surfacing tool and a coupling mounted between the motor and
the lens surfacing tool for retaining the lens surfacing tool to the arbor of
the motor. The apparatus of the present invention also comprises a first
actuated table mounted under the tool spindle for supporting the tool
spindle in a movable manner along the longitudinal axis of the apparatus.
20 The massive base is mounted beneath the first actuated table for supporting
the table and for dampening vibrations of the tool spindle having a
displacement in a direction generally perpendicular to the longitudinal axis

of the apparatus.

The apparatus of the present invention further comprises a lens
25 holder having chuck means and structural lens-holder-support means for
holding an ophthalmic lens in a plane substantially perpendicular to the

longitudinal axis of the apparatus. A massive upright block is mounted on
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The major advantage of the apparatus of the present invention is that

the optical surfaces generated thereon are exceptionally smooth. The

10 ophthalmic lenses generated on the apparatus of the present invention have
a surface finish which is an optically acceptable final finish, and no further

polishing is required.

In another aspect of the present invention, the tool spindle has a
nominal moment of inertia about an axis of rotation thereof, and the
15 coupling is a kinematic coupling having first and second circular disks.
The first and second circular disks have a respective mass and radius of
gyration whereby when the tool spindle rotates about its axis of rotation,
both disks increase the nominal moment of inertia of the spindle and
enhance the dampening of the torsional vibrations of the spindle.
20
As will be explained later, a radial vibration of a lens grinding tool
is substantially tangential to the surface of the lens being generated. This
type of vibration leaves only superficial impressions on the surface of a
lens. The axial vibration, however, is substantially perpendicular to the
25 surface of the lens and contributes largely to the roughness of the lens
surface. Similarly, torsional vibrations coupled with axial vibrations tend
to form circular grooves detrimental to generating high quality surfaces on

optical lenses.
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5 The ophthalmic lens generating apparatus of the present invention has a
plurality of vibration dampening masses which are cooperatively positioned
to absorb the radial, axial and torsional vibrations of the elements of the
apparatus. As a result, an opfically acceptable final surface finish is

obtainable in a single operation.
10 BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the present invention will be further
understood from the following description, with reference to the drawings

in which:

Figure 1 is a top and left side perspective view of the ophthalmic

15 lens generating apparatus of the preferred embodiment;

- Figure 2 is a top view of the ophthalmic lens generating apparatus

of the preferred embodiment;

- Figure 3 is a left side, partial sectional view of the ophthalmic lens
generating apparatus of the preferred embodiment, as taken along
20 line 3-3 in Figure 2;

- - Figure 4 is an exploded side view of the elements of the tool
spindle of the ophthalmic lens generating apparatus of the preferred

embodiment;
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apparatus of the present invention further conprises a |lens
- Figure 7 is a vector diagram illustrating the forces present during a

lens surfacing operation;
- Figure 8 illustrates a first type of dynamic vibration absorber.

- Figure 9 is a cross-section view along line 9 in Figure 8 illustrating

a cylindrical auxiliary mass.
10 - Figure 10 illustrates a second type of dynamic vibration absorber.

- Figure 11 is a cross-section view along line 11 in Figure 10

illustrating a ring-shaped auxiliary mass.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The ophthalmic lens generating apparatus of the preferred

15 embodiment is illustrated in its entirety in Figures 1, 2 and 3. The
apparatus of the preferred embodiment comprises a tool spindle 20 which

is mounted on a support structure having at least two degrees of freedom.

The tool spindle 20 is mounted on an actuated turntable 22 which is pivotal

about a vertical axis along the generally illustrated Z-axis, in a direction

20 designated by a in Figure 2. The turntable 22 is mounted on a base plate
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A lens holder 30 is also supported on a2 movable mounting plate 32.
5 The mounting plate 32 comprises part of a second actuated linear slide 34’
slidably accommodated within a third actuated linear slide 36. The second
linear slide 34' including the mounting plate 32 move up and down along
the Z-axis, and the third linear slide 36 moves the plate 32 transversely
relative to the longitudinal axis of the apparatus along the generally

10 designated Y-axis.

The lens holder 30 may also be rotatable about an axis parallel to the
longitudinal axis by means of a rotary actuator (not shown), for the purpose
of angularly positioning a lens according to the requirement of a
prescription, prior to the lens-surface generating process.

15

All the linear slides 26, 34' and 36 are preferably mounted on high-
precision pressurized fluid bearings. Similarly the turntable 22 and the tool
spindle 20 are also preferably mounted on high-precision fluid bearings.
Since such bearings are well-known types of bearings generally, they have

20 not been illustrated.

The movements of the actuated linear slides and the actuated
turntable are controlled by computer (not shown) according to the
requirements of a prescription of the lens to be generated. During
operation of the ophthalmic lens generating apparatus of the preferred

25 embodiment, the tool spindle 20 advances toward the lens along the X-axis,

and pivots about the Z-axis in a clockwise direction when viewed from

8
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%mbodlmentgalso as g masswg granite base 40 Which contrifutes laargely

to the overall stiffness and stability of the machine. The granite base 40 i1s
especially efficient in absorbing the vibrations of the tool spindle 20 and
10 of the lens holder 30 in a radial direction relative to the spindle and holder

and the mass of base 40 must have a magnitude sufficient for such purpose.

The structure of the apparatus of the preferred embodiment also
comprises a massive upright granite block 42 supporting the third linear
slide 36. The primary purpose of this upright granite block 42 is for

15 absorbing the vibration of the lens holder 30, and the tool spindle 20 in the
axial direction relative to the lens holder 30 .and the block 42 must have
adequate mass for such purpose. The upright granite block 42 1s affixed to
the granite base 40 by means of through bolts 44 as illustrated in Figure 3.

Representative preferred characteristics for the massive granite base

20 40 and the massive upright granite block 42 are as follows:

Granite Base: 32 inches wide by 60 inches long by 8 inches thick; having
a total weight of 1,536 lbs.

Up.right Granite Block: 31 inches wide by 24 inches high by 14 inches
thick; having a total weight of 1,041 lbs.
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5 comprises a cup-shaped body 56 having at least two cutter inserts 58 made

of a material containing tungsten-carbide or similar material. The cup-

shaped body 56 is mounted on a circular disk plate 60 having means 62 for

positioning within mating grooves 64 on the circular face plate 52 and

engaging the circular face plate 52. The cutting tool 50 also has a tension

10 rod 66 for extending through the face plate 52 and for engaging with a

latching sleeve (not shown) mounted inside the rotating arbor or core of the

spindle drive motor 54. This type of tool-mounting arrangement is herein

referred to as a kinematic coupling, and is described in co-pending United

States patent application Serial Number 08/561,404, filed on November 21,

15 1995. The tool-mounting arrangement maintains the cutting tool axis of

rotation coaxial with the axis of rotation of the motor rotating arbor.

The tool 50 illustrated in Figure 5 is preferably balanced to a
precision characterized by a total displacement peak-to-valley of 1.0
20 microinch (25 nanometer) when this tool is rotating at an operational speed

of about between 7,500 and 10,000 RPM.

The advantage of using a cutting tool 50 with a kinematic coupling
is primarily for allowing quick and precise replacement of tools on the tool
spindle 20. More importantly, the tool and kinematic coupling have a first

25 large circular disk plate 60 and a second circular face plate 52 having
respectively a large moment of inertia for absorbing torsional vibration in
the tool spindle 20. Preferably, the disk plate 60 has a moment of inertia
expressed in weight units of about 9 lbs-in?, and the face plate 52 has a

moment of inertia expressed in weight units of about 24 lbs-in2.

10



The preferred enbodi nent of the present invention will be further
understood fromthe follow ng description, with reference to the draw ngs

i n.which: WO 98/55261 Figure 1 is a top and left side pepPepMeads/es1si ew
of the ophthalmc 15 | ens generating apparatus of the preferred
enbadi nent ; Figure 2 is a top view of the ophthalmc |ens
gener.atihg appar at us of the preferred enbodi nent;

Figure 3 is a left side, partial sectional view of the ophthalmc lens _
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of the ophthalmic lens generator of the preferred embodiment is
characterized by the magnitude of the following representative moments of
S inertia. The spindle drive motor 54 including face plate 52 has a moment
of inertia expressed in weight units of 70.1 Ibs-in?, and the moment of

inertia of a typical cutting tool 50 with disk plate 60, is 11.3 lbs-in’,

Referring now to Figures 6 and 7, there is illustrated therein a

10 vectorial representation of the forces and vibrations present during a lens
generating operation. The radial vibrations of the rotating spindle are
represented by the arrow labelled "R". The axial vibrations are represented

by arrow labelled "A", and the torsional vibrations represented by the

arrow labelled "a".

15 The radial vibrations "R" are in a direction generally perpendicular
to the axis of rotation of the tool. The axial vibrations "A" are in a
direction along the axis of rotation of the tool, and the torsional vibrations

are in an angular direction relative to the axis of rotation of the tool 50.

Likewise, the vectorial illustration of Figure 7 represents the forces

20 present during the removing of material from the surface of the lens 72.
The cutting force "F" is generally perpendicular to the cutting edge of the

tool. The force "F" has a radial component "Fg" in the feed direction and

an axial component "F," in an axial direction relative to the axis of rotation

of the tool 50.

11
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| ens surf agj of the ophthalmc lens generatin
appar at us ﬁa?ﬁgﬁg eferred embodi ment ; Figure 6 i IﬂCG"éQ‘?S‘ég%‘ésa

schematic top view of a typical |ens surfacing _ operati on;
5 .- Figure 7 is a vector diagramillustrating the forces present

during a The mhSRfR YA LRGP and of its components "Fg"
and "F," are proportional to the feed rate and the depth of cut of the tool
msert 70. Therefore, when a radial, axial or torsional vibration disrupts
the thrust of the tool 50, both the radial "Fy" and axial "F," components are
5 inevitably affected.

In the light of the foregoing, one will understand that any vibration
in the radial, axial or circumferential direction relative to the tool spindle
has a direct effect on the magnitude of the cutting forces. Because a certain
degree of elasticity is found in most machine structures, variations in the

10 cutting forces are often accompanied by microscopic deflections in the
elements of the apparatus, and are translated into more or less material

being taken off from the surface of the lens.

One will also appreciate that radial vibrations are translated into

dominant radial forces "Fg" which are oriented in a plane which is

15 substantially tangent to the surface of the lens. Therefore, the defects
associated by fluctuations in the radial forces "Fg" have a relatively
shallow depth. The defects associated by fluctuating axial forces "F,",
however, have a deeper dimension and contribute largely to the optical

quality of a generated lens.

20 As noted above, the apparatus of the preferred embodiment has a
massive upright granite block 42 for increasing the stiffness of the structure
supporting the lens holder 30, and for absorbing the axial vibrations of the
tool spindle 20 and the lens holder 30. The tool spindle 20 of the apparatus
of the preferred embodiment has a large moment of inertia whereby any

25 fluctuations in the angular speed of the tool spindle are efficiently reduced
to imperceptible levels. Hence, the masses of the base 40, the upright

12



Figure 8 illustrates a first type of dynam c vibration absorber.

Figure 9 is a cross-section viewalong line 9 in Figure 8 illustrating

a cylindri c¥09%/85%6ki ary nass. 10 - Figure 10 il | ustorates/esisecond
type of dynam c vibrati on absorber. Figure 11 is a cross-section
view along |ineiddk up andaHé endiflent of inertia of the tbbll spihdlrt 20 eodperateowithaped
auxi [ i ary nmass. DETAI LED DESCRI PTI ON THE PREFERRED ENMBODI MENT
The opht hal m ¢ dreranatherefart redycig drenbveratil vibinatigr @Efeﬂhleeelerr&nts of ghbodi ment
is illustrated inits entirety in Figures 1, 2 and 3,

apparatus, Most imiportantly the masses of the upnght block 42 and the
spindle 20 cooperate with one-another for reducing the axial vibration of

5 the tool 50 and the lens holder 30.

The operation of the ophthalmic lens generating apparatus of the
preferred embodiment is characterized by a remarkable smoothness
wherein a high quality optical surface is generated in a single operation.
The ophthalmic lenses generated thereon do not need further polishing.

10 Surface roughness measurements of under 1 micron are generally
consistently obtainable on the lenses generated by the apparatus of the
- preferred embodiment. A surface roughness measure being defined as the

arithmetic average deviation from the best fit surface of the lens.

As a further disclosure, the circular face plate 52 and the circular

15 disk plate 60 have each sufficient dimensions for accommodating dynamic
vibration absorbers such as those illustrated in Figures 8 to 11. Dynamic
vibration absorbers are often referred to in the art of vibration analysis as
auxihiary mass dampers and are used to reduce the torsional or angular
vibration in rotating elements. Although quantitative results are not yet

20 available for the application of these absorbers to the tool spindle 20 of the
apparatus of the preferred embodiment, it is believed that the optical
surfaces generated by the apparatus of the preferred embodiment can still

be improved by the use of such accessories.

A first suggested model of dynamic absorber is illustrated in
25 Figures 8 and 9. A circular disk plate 60' has a series of vibration dampers
comprising each a cylindrical mass 80 which is loosely confined in a

through hole 82 in the disk plate 60'. Each cylindrical mass 80 has a

13
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The t ool sp is mounted on an actuated turntable 22 which is spl vot al
about a.verti ca?5 aX| s along the generally illustrated Z-axi SCHGA/00515

glnr :GLAS 2 SP at ecircu ar &0355 g4 ax}()lmdlltr; clilili%'é;i%alzsurégg fér”rrn%ﬁ‘g lo%erza? cxlrgulgrount ed
24 whi ch I d I S| i | o

Conal tuinal o8 86 Wafnd e indle tREe o1 mRetincle @' flA I me -

desi gnated as t%u?&rfb’él fha8$ f)tl‘?hé’lﬁﬁﬁraaédﬁ?na[r ah@ment with the cﬁ’cﬁlﬁf'ﬁla@ | der 30

I s al so support novabl e nmountin
60'.

5 A second suggested type of dynamic absorber which is compatible
with the shape of the circular face plate 52 or of the circular disk plate 60
is illustrated in Figures 10 and 11. In this example, a circular disk plate
60" has a groove around the rim portion thereof. A ring-shaped mass 90
is resiliently bonded into this groove by means of a layer of soft rubber 88

10 or other similar elastic material, such that the ring-shaped mass 90 can

absorb fluctuations in the circumferential speed of the disk plate 60"

Although the dynamic vibration absorbers thus described and their
effects in reducing torsional vibration are known in the art of vibration
analysis and rotating machinery, the lens generating apparatus of the prior

15 art do not have a structure for accommodating such devices. The tool
spindle 20 of the apparatus of the preferred embodiment, however, has a
circular face plate 52, and a circular disk plate 60 wherein the dampers may

be advantageously readily incorporated.

While the above description provides a full and complete disclosure

20 of the preferred embodiment of this invention, various modifications,
alternate constructions and equivalents may be employed without departing

from the true spirit and scope of the invention. Such changes might involve
alternate materials, components, structural arrangements, sizes,
construction features or the like. Therefore, the above description and the

25 illustrations should not be construed as limiting the scope of the invention

which is defined by the appended claims.
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5 - The nounting plate 32 conprises part of a second actuated |inear
slide 34 slidably accommﬁm"ﬂ .Imi hird actuated |inear
slide 36. Theosssszed | i nea m "mmmudl ng the pepehbdedsH ate

32 nove .up and down al ong thet Z+axts,s artd the third linear slide
36 myves t he pl ate 32 transversely reI ative to the | ongitudinal
axi s of the apparatus along the generally 10 desi gnat ed Y-axis.

The | ens hol der 30 nay al so be rotatable about an axis parallel to the
| ongi tudi nal axis by nmeans of a rotary actuator (not shown), for the

pur pose of angularly positioni {gLAIM#s accor dingtothe

requi rement of a prescription, prior to the lens-su . n 1.ng
prgcess. 15 Al'l the linear slides 26, 34'1% I’Sﬁe ?-’Eee?nﬁgp?atcéd:
pref erably nmounted on hi gh- preci sion pressurized ﬂ H%[HH”
Simlarly the turntable 22 and the tool spindle 2 '

preferably m)untleéj hi gh-preci sion fluid bearings. Si nce such
bearings are well nown types of bearings generally, they have 20 not
been illustrated.

1. An apparatus for generating an optical surface on an ophthalmic

lens, comprising:

a tool spindle having a motor and a lens surfacing tool for mounting
on a rotatable arbor of said motor for rotation by said motor;

first actuated linear slide means having a longitudinal axis and a
first movable support means affixed to said tool spindle for
movably supporting said tool spindle along said longitudinal
axis;

lens holder means having structure connected to said first actuated
linear slide means and chuck means mounted on said
structure for retaining an ophthalmic lens with a perimeter
thereof defining a plane being substantially perpendicular to
said longitudinal axis, said tool spindle being movable along
a prescribed path relative to said chuck means; and

massive block means associated with said chuck means and having
a dimension extending across said longitudinal axis;

whereby when said apparatus is generating an optical surface of an
ophthalmic lens, vibrations of said chuck means having an
amplitude along said longitudinal axis are dampened by said
massive block means and a quality of a surface finish on said
ophthalmic lens is thereby enhanced.

15
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The noverents of the actuated |ine | i des and the actuat ed

turntable are controlled by conput adufl g'lﬂﬂﬂ’,ﬂﬁcordl ng to the

requi renents of a rescription of t nerat ed. During
operatian olYAMWEHht hal mic | ens generating apparAtus of t h@CHIGABIOPEY 25
embodi ment, the tool spindle 20 advances toward the lens al ong the X-axis,

and -pi vot's about the Z-axis in a clockwi se direction when viewed from

8 above the apparatus.. The | ens. holder 30 Iong t he
Y-axis - i nul ¢haBRarRipS; rtgﬁﬁerﬁﬂvér‘?ﬁrﬂpwl udage,gR @&ﬁgﬁ such

that an arc n f 0ol de |.bes a determ ned
curvature across the ensa%ctlamgeﬁrxﬂé:& H‘?ﬁ%‘éeﬁ"é’ﬁéﬁs?% are along the edge of
the tool and the detg{Jtifiedhak mean§ Ws¥GHite® WRh! A1 JupPbrtingSHiliagRton the

| ens.

actuated linear slide means and having a lengthwise measure
extending along said longitudinal axis, for dampening
vibrations of said tool spindle and said chuck means having
an amplitude in a direction generally perpendicular to said

longitudinal axis.

3. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 2 wherein said tool spindle has a first
circular body for mounting on the rotatable arbor of said motor and
having a moment of inertia of sufficient magnitude to dampen

torsional vibrations of said tool spindle.

4. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 3 wherein said tool spindle has a second
circular body for mounting on the rotatable arbor of said motor and
having a moment of inertia of sufficient magnitude to further

dampen torsional vibrations of said tool spindle.

5. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 4 wherein said tool spindle further
comprises coupling means for removably retaining said lens
surfacing tool on said rotatable arbor, and wherein said first and
said second circular bodies are integral components of said coupling

means.
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The ophthal m c | ens generating apparatus Us_of the eferred

enbodi nent al so has a nassive grar“‘“lﬂm“mﬂl h contributes largely
to the over avd 9sss26f ness and st abi i ne. The gpRidLsheise 40
S . especially efficient in &bsorBi ng the vibrations of the tool

spindle 20 and 10 of the lens holder 30 in a radial direction relative
to the spindle and hol der and the mass of base 40 nust have a

magni t ude sufficgent Aarappaedtupdop@eserating an optical surface dhnSéphkdliie of

t he apparatus of the preferred enbodi nent al so conpri ses a massive
upright granite bl ockleA?2 asuplmmedrm tlaémt 8i wheteimeaid coupling m¢andeis36. The
primary purpose of this upright granite block 42 is for 15 absorbi ng the
vibration of the |enskinemgte- cepplingie t ool spindle 20 in the

axial direction relative to the lens hol der 30 and the block 42 nust have
adequate mass for such purpose. The upright granite block 42 is affixed to

ghe granite base7 40 bep?&%@ﬁ%‘ﬁ% élh&%k%%a%)gé éﬁépﬁﬁ%l I uﬁr@gt egathﬁwg' gure

massi ve granite base s a5 cléthéfh ERE P SHeYEnUR ER ol GNLdiG Oty 42 are

as follows:
second circular bodies includes an auxiliary mass damper for further

dampening torsional vibration of said tool spindle.

8. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 2 wherein said massive base means is a flat
rectangular base mounted under said first actuated linear slide
means, and said massive block means is an upright block mounted

at and across an end of said flat rectangular base.

9. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 8 wherein said flat rectangular base and
said upright block are made of granite and weigh about 1500 1bs.
and about 1,000 1bs. respectively.

10.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 9, wherein the total moment of inertia of

said tool spindle expressed in weight units is at least about 81.4 1bs-

in%,

11.  An apparatus for generating an optical surface on an ophthalmic
" lens as claimed in claim 2 wherein:

said lens surfacing tool is a circular-cup-shaped lens surfacing tool;

17 his Sheet Has Been Replaced
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G anite Base: 32 inches w de by 60 s | ong by 8 inches thick; having

a tot a! wei ght of 1,536 I Dbs. l",",H l'm,"ﬂ'&ﬁ te Bl ock: 31 inches w de
by 24 inches high by 14 inches L y k; having a total weight
of - 1, 041 | B4 98/55261 : PQI/CA98/00515\D

98/ 55261 Referring now to Figures 4 and 5, the tool spindle
Of|thf If:nz . generat i ng apparat us of the preferred enbodinent is :
illustrate erein. maj or el enents of the to ' :
the cutting tool 50, sa@qﬁéirstmovable SBPP%’GI"&?W&?@@HS’I%?@“?S“%@MP@E‘F ﬁgl_gre.

d
e T S The Cut R O8] o os Fraof BURVNIRAG  MiplupRRdanRlY S
tungst en-carbi de or siml ﬁrf&{ gdjggtlaﬁa, ﬁ%&#&m axis of?geﬁﬁgﬂqﬂ‘sgmo_ﬁq i's

nmounted on a circular dis ans posi tioning
within mating grooves 64 gndiBecktive b ssidflongitudintlend® and

said lens holder means comprises a second actuated linear slide

means affixed to said structure and to said chuck means for
moving said chuck means in a direction perpendicular to said
longitudinal axis; and wherein said first and said second
actuated linear slide means and said turntable are
simultaneously actuatable, such that said prescribed path and
an arc on said lens surfacing tool contacting said lens during

a lens generating process define a toric surface on said lens.

12.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 11, wherein said first and second actuated

linear slides means have pressurized fluid bearings.

13.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 11 wherein said circular-cup-shaped tool
has cutting inserts mounted on a periphery thereof, an operational
rotational speed of between about 7,500 RPM and about 10,000
RPM and a dynamic balance at said rotational speed being

characterized by a total radial runout of about 1.0 microinch.

14.  An apparatus for generating an optical surface on an ophthalmic
lens, comprising:
a tool spindle having a motor and a lens surfacing tool mountable

on and rotatable by the rotatable arbor of said motor;

e e e
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engagi ng the circular face plate 52. mﬂumgu!mkm”gﬂ 50 al so has a tension
10 rod 66 for extending through the Tacec < sand for engaging wth
a | awolkmsges| eeve (not shown) nounted insi‘de the rot ai¢mngasedosrs or
core of the spindle drive nmotor 54. This type of tool-nounting
arrangenment is herei nafirst circular body fordnéuntmg on said enssirracingpbormy, axaad i s
descri-bed in co-pending United . St at es gatent application Serjal
Nunber 08/561, 404, filed owdligwpentowithy saidisptatable) gohpr forerqtation nyuseidng
arrangenment maintains the cuttin 09l . axj s ,of . rotation..cogxi W th
the axis of rotation of thBOHJt dﬁﬁ?ﬂric;”tf.rgoggrhamgamomentor%mex%fh%lt00|

50 illustrated in Figure 5 el er-abl Eé'ﬂ dto a preci si on
characterized by a total d?gﬁp?t%é?ﬁe"} p%alﬁ- o-vafley of 1.0 20 m croi nch

(25 nanoneter) when tﬂfs%aétﬁ@thdﬂiﬁeéx@lﬁiehﬁﬁaﬁhﬁﬂn@ﬁ%@r‘%f dhlzﬁﬁ@ﬁﬁ‘dﬁrst of

about between 7,500 and 10, 000 RPM e advant age of using
a cutting tool 50 with a kinogable supporplmeans affixed tes spid wweoli $pindler for

al l owi ng quick and precise replacenent of tools on_ the tool spi ndl e
20. More inportantly, the We¥RbinshpporEngisaid ol spindie Ker moxement alopg

| arge circular disk plate 60,and.a second circular face plate 52 having
respectively a |arge nomentdld 0433@‘%133 ¥4t absorbing torsional vibration in

the tool spindle 20. RhefgidaPhieant Ryl Winithite®oRfedtes 18 iR alateder Ui @

linear slide means and chuck means mounted on said

-

structure for retaining an ophthalmic lens with a perimeter
thereof defining a plane being substantially perpendicular to
said longitudinal axis; and said tool spindle being movable
along a prescribed path relative to said chuck means;
whereby when said apparatus is generating an optical surface of an
ophthalmic lens, torsional vibrations of said tool spindle are

dampened by inertia of said first circular body.

15.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 14 wherein said tool spindle further
comprises a second circular body attached to said first circular body
in axial alignment therewith and for axial alignment with said
rotatable arbor, said second circular body having a moment of
inertia of a second determinable magnimcie for further dampening

said torsional vibrations of said tool spindle.

16.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 14, further comprising massive block
means assoclated with said chuck means and having a dimension

extending across said longitudinal axis, the mass of said massive

19 This Sheet Has Been Replaced
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expressed in weight units of abou the face plate 52 has a
moment of inertia expressed in vven ” "' mrn I)ut 24 | bs-in .
10 RGA, 00515 ust hrernore, the ive
not or 54 i§§§|9§§§§{e| ected such that |ts nmonent of ingﬁf)(%g%@sgs

| arge as practicall Yo 388 e%gbg;g%ts‘gﬁt Q%ﬁ?m%g to aawgen%m%ﬁ@n thalmec .

| ens .genérator of the pr erre racterized by the
magni t ude of the f0|éa‘?@’c!%ﬂ:kﬁﬁ@éxﬁ%ﬂ%@dn%nﬂ%ﬁﬁ@hﬁm‘gfsalcﬁlongtudﬁﬁlh}lu@ The
spindl e drive notor 54 including face plate 52 has a nonen

inertia expressed in weight units of 70.1 | bs-in2, and the nmonment of

Inertia of a ty{)ical cutting tool 50 with disk plate 60, is 11.3 I bs-in2.
7.  An apparatus for generating an optical surface on an ophthalmic

lens as claimed in claim 14 additionally comprising a massive base
means associated with said first actuated linear slide means and
having a lengthwise measure extending along said longitudinal
axis, for dampening vibrations of said tool spindle and said chuck
means having an amplitude in a direction generally perpendicular to

said longitudinal axis.

18. A method for generating an optical surface on an ophthalmic lens,

comprising the steps of’

supporting said ophthalmic lens in a chuck means of an ophthalmic
lens generating apparatus;

moving a lens surfacing portion of a rotating lens surfacing tool of
said ophthalmic lens generating apparatus along a path
corresponding to a determined curvature of said ophthalmic .3’
lens; and |

dampening vibrations in said chuck means having an amplitude in

WG .

a direction generally perpendicular to said ophthalmic lens.

19. A method for generating an optical surface on an ophthalmic lens as
claimed in claim 18, comprising the additional step of dampening

torsional vibrations of said rotating lens surfacing tool.

20. A method for generating an optical surface on an ophthalmic lens as
claimed in claim 19, comprising the additional step of dampening
radial vibrations of said rotating lens surfacing tool and said chuck

means.
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Ref.erking nowto Figures 6 and 7, there is illustrated therein a 10
vectori‘al representation of the forces and vibrations present during a | ens

gener ati ng wpegatdspn. The radi aumm"mt“ﬂﬂﬂumm he rotatingpgpidAdbBoesas €
represented by the arrow | abell | [ vi brations are represented
by arrow | abelled "A", and the tbrsioral "vibrations represented by the
arrow | abel led "a". 15 The radial vibrations "R' are in a
direction generally perpendicul ar to the axis of rotation of the
tool. The axial vibrations "A" ar eAMENDED CLAIMS(j rection al ong the axis of
rotation of the tool, [reastred byche Inematiopsh Burgaun a7 Pesehsr 1998 (27.10.89 i n an angul ar
direction rel at iovigintlglainsd, khang 13¢angefadz priginal ims §y &8¢ Hofl2,4f and 17 amended;

Li kewi se, the vect ori almeV Flims 2128 3ddad; tsmaiping elaiws ynchanged LRp2agesll t he forces 20
present during the renoving of material fromthe surface of the lens 72.
The cutting force "F' is generally perpendicular to the cutting edge of the
tool. The force "F' has a radial conponent "FR' in the feed direction and
an axial component "F" in an axial direction relative to the axis of
rotation 1.of tAwe appatani0for generating an optical surface on an ophthalmic

lens, comprising:

a tool spindle having a motor and a lens surfacing tool for mounting
on a rotatable arbor of said motor for rotation by said motor;

first actuated linear slide means having a longitudinal axis and a
first movable support means affixed to said tool spindle for
movably supporting said tool spindle along said longitudinal
axis;

lens holder means having structure connected to said first actuated
linear slide means and chuck means mounted on said
structure for retaining an ophthalmic lens with a perimeter
thereof defining a plane being substantially perpendicular to
said longitudinal axis, said tool spindle being movable along
a prescribed path relative to said chuck means; and

massive block means associated with said chuck means and having
a dimension extending across said longitudinal axis when
said longitudinal axis is made to extend inside a perimeter of
an ophthalmic lens when said ophthalmic lens is supported
in said chuck means;

whereby when said apparatus is generating an optical surface of an
ophthalmic lens, vibrations of said chuck means having an
amplitude along said longitudinal axis are dampened by said

massive block means and a quality of a surface finish on said

ophthalmic lens is thereby enhanced.
This Sheet Has Been Replaced
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and "FA" are proportional to the feed rate and the depth of cut of the tool

insert 70. Therefore, when a ﬂﬂ Iﬂm ll torsional vibratj | SLupts
the thrust B0¥FE2% 00l 50, b“mm “ ! l “u* R' and axial " Iggr/(%ro}%g%szgents
are 5 inevitably affected. © In the Iight of the
fore-lg‘oi ng, one will understand that any vibration in the radial,
axial or circunfgrentjal di ' AL oakfesurRk orPam @bRthalmic has
a direct effect_%_n théﬁn%gﬁfﬁ%g&%&%%mﬁjﬁli ﬁg forces. Becauge a certain
degree of elasticity jefs hoERAnEA i'Blaim TfHHeE coiprisingf es, variations in the

10 cutting forces are often acconpani ed by microscopic deflections in
the el ement s mhssive bappanednss assaniated ovith and| supporing saibAustor | ess
mat eri al bei ng taken off fromthe surface of t

actuated linear slide means and having a Pe%glthe\ar}lséé measure
extending along said longitudinal axis, for dampening
vibrations of said tool spindle and said chuck means having
an amplitude in a direction generally perpendicular to said

longitudinal axis.

3. An apparatus for generating an optical surface on an. ophthalmic
lens as claimed in claim 2 wherein said tool spindle has a first
circular body for mounting on the rotatable arbor of said motor and
having a moment of inertia of sufficient magnitude to dampen

torsional vibrations of said tool spindle.

4. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 3 wherein said tool spindle has a second
circular body for mounting on the rotatable arbor of said motor and
having a moment of inertia of sufficient magnitude to further

dampen torsional vibrations of said tool spindle.

6. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 21 wherein said coupling means is a

kinematic-type coupling.

7. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 21 wherein at least one of said first and
second circular bodies includes an auxiliary mass damper for further

dampening torsional vibration of said tool spindle.
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One_'wi Il al so appr eci ate t rat—radtal—+-brations are translated into

dom nant radial forces "FR' vm, ﬂ “ nted in a plane which is 15
subst anti al ent to the &mjens Therefore ts
associ at ed déé /?%g{ uations in-~ gzﬂ,ﬁ’ , 'FR' have aPF@@P. vgfsf/
shal | ow depth. The defects associ ated by fI Gct uat i ng axial forces FA '
however, ‘have a deeper dinension and contribute largely to the optical

,quality of a ggnera £ ting an optifsl Skefzed GAPAY SphitaBnippar at us
of the pref errgd enﬁéﬁglhgnt nf]saso%%enera & & gsﬁa\?e upri ght grgnlte bl ock 42

for increasing the $¢id f9ekimed it bRiMI 2L Ghefen said massive/basy meag ishe | ens
hol der 30, and for absorbing the axial vibrations of the t ool

spindl e 20 and the Knsedtahgidar Bike mbentedaindepsaidlfastartodted hineapglideat us
of the preferred enbodi mant has a large nonment of inertia whereby ny 25
fluctuations in themasgs) and sadsepssiveiiack means i andvprightdlack moug

:ﬁSuES?i ght to |a%rg§ %8 otslsgzln%nlde saldﬂ!a{{erecfaa‘nguf'arbrzps,iesseizOf the base 40,

9. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 8 wherein said flat rectangular base and
said upright block are made of granite and weigh about 1500 Ibs.
and about 1,000 lbs. respectively.

10.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 9, wherein the total moment of inertia of
said tool spindle expressed in weight units is at least about 81.4 Ibs-

in?,

11.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 21 wherein;
said lens surfacing tool is a circular-cup-shaped lens surfacing tool;
said first movable support means comprises an actuated turntable
having an axis of rotation perpendicular to said longitudinal
axis, for adjustably angling an axis of operation of said tool
spindle relative to said longitudinal axis;
said lens holder means comprises a second actuated linear slide
means affixed to said structure and to said chuck means for
moving said chuck means in a direction perpendicular to said
longitudinal axis; and wherein said first and said second
actuated linear slide means and said turntable are

simultaneously actuatable, such that said prescribed path and
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WD 98/ 55261 bl ock 42 and the noment—of inertia of the tool spindle

20 cooperate with OnﬂMﬂm ' cing the overall vibration of
the el ements of the : lmml’(!llmﬁportantly t he masses of the
upri ght bl ¥R °¥%528hd t he * Cspindbe 20 =cooperate with oRETEASYHISES f or
reduci ng the axial vibration of 5 the tool 50 and the |ens hol der 30.

The -operation of the ophthalmic | ens generating apparatus of the
preferred enbodinent is c er.l .re kabl e..snmpot.hness .

wherei n a high quality optl al(&‘s{ﬁ‘f%g%%&%@k%m?ﬂn%s%’finﬁ?sea% at i-on.
the ophthal m ¢ | enses gengleal gendriirvocles ddtind e félid MUrEREorPQlia #isn9- 10
Surface roughness neasurenentS of under 1 mcron are generzﬂ y

consi stently obtainable on the | enses generated by the apparatus of the
preferred enbodi nent. A surface roughness neasure being defined as the
arithmetic averkge dbniappamtus fongenerating an fopticslusurface arf an lophthahmic

As a further disclosure, the circular face plate 52 and the circular 15
di sk plate 60 have &8Bhaselaimed wrelaign ddnwherein said fustarhentendagtusyetini c

vi bration absorbers 1such ﬁa t hose iIIustrateocI]tﬁn Figures 8 to 11. Dynanic
vi bration absorbers H% §hiemeans baye pressusized fhud 8S-vi bration anal ysis

as

13.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 11 wherein said circular-cup-shaped tool
has cutting inserts mounted on a periphery thereof, an operational
rotational speed of between about 7,500 RPM and about 10,000
RPM and a dynamic balance at said rotational speed being

characterized by a total radial runout of about 1.0 microinch.

16.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 26, further comprising massive block
means associated with said chuck means and having a dimension
extending across said longitudinal axis, the mass of said massive
block means being of sufficient magnitude to dampen vibrations of

said chuck means having an amplitude along said longitudinal axis.

17. An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 26 additionally comprising a massive base
means associated with said first actuated linear slide means and
having a lengthwise measure extending along said longitudinal axis,
for dampening vibrations of said tool spindle and said chuck means
having an amplitude in a direction generally perpendicular to said

longitudinal axis.
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auxiliary nmass danpers and are used-to-feduce-thetorsional or angular

vibration in rotating el ements. “ﬂlm itative results are not yet
20 avai l abl e for the applicat ’ 3’ rbers to t]k@igg 005y ndl e
20 of the w°98’552§bpar atus of the p m |rrent it /el | eved t hat
t he optical surfaces generated by the apparat us of the preferred
enbaodi nent can still | nproved by the of such S.

A first suggest eélsm)dehf “&?lth?fgﬁgrﬁ %ﬁ?p?%al SPHaky Pﬁta@aoﬂqﬁﬁggﬁg 4

Fi gures- 8 and 9. Acir d) “%&}éégé & 60° has a series of vibration

danpers conpr|5|n I ndrical mass 80 which is | oosely
confined in a ishppotifg SalS &Mdmsmahhnbnmaﬁeofaﬁmmahmc
cylindrical mass 80 ha{s315 8 pﬁ

WD 98/ 55261 ci r cullens gemeoatengdpparatmsy its cylindrical surface for
mating over a circular rib 86 around the |n5|dT surface of ih?

t hrough hol e 82 such wmheing Rdens surfacing portion of a rotating lens surfacing tool o

said ophthalmic lens generating apparatus along a path
corresponding to a determined curvature of said ophthalmic
lens;

dampening vibrations in said chuck means having an amplitude in

a direction generally perpendicular to said ophthalmic lens.

19. A method for generating an optical surface on an ophthalmic lens as
claimed in claim 18, comprising the additional step of dampening

torsional vibrations of said rotating lens surfacing tool.

20. A method for generating an optical surface on an ophthalmic lens as
claimed in claim 19, comprising the additional step of dampemng
radial vibrations of said rotating lens surfacing tool and said chuck

means.

21,  An apparatus for generating an optical surface on an ophthalmic
lens, comprising:

a tool spindle having a motor and a lens surfacing tool for mounting

on a rotatable arbor of said motor for rotation by said motor;

first actuated linear slide means having a longitudinal axis and a

first movable support means affixed to said tool spindle for

movably supporting said tool spindle along said longitudinal

axis; 3

e
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cyl i r{dri cal mass 80 is held_in a coplanar alignment with the circular plate
60. A second su ested t @l of dynam c absor ber whi ch |s

conpat i bI e with the s ”ﬂl““ U |ar face plate 52 or
ci rcul ar .di &0313’55(2@1 60 in Figures 10 Sﬁﬁ/CHs’oqut h| s

exanple, a circular disk pl ate has a groove around the rim
portion thereof A ring-shaped nass 90 Is resiliently bonded into

el ast ?£°%fe$’¥a{"9a23cﬁen§%aioa%ﬁ%ea?{swé‘” et s SRagfleg o ofld P RGRGE,
fluctuations in the ci rcunjlﬁgglntsz) @ers ta%m tRscidingdank! Alo8nf@ on said
sor

Al t hough the dynami c vibration a us described and their

effects in reduci ng torsi opghcturdfdit ieGsinigearkoginhalntictlbes with »peniineteat i on
anal ysis and rotating machinery, the | ens generating apparatus of the prior

15 art do not have a sﬂremnfldeﬁningrapian@bnmgasmbsﬁgns mpdmmdwlal‘me t ool
spindl e 20 of the apparatus of the preferred. e howevq%ie has a

circul ar face plate 52, ansgidleng agfsciaidyt S\PERSIOVAbLe aloRger s
may be advant ageouslp\r/esrc%%dl | tﬂpeigtnpeotroasta‘leéi chuck means;

massive block means associated with said chuck means and having
a dimension extending across said longitudinal axis;

massive base means associated with and supporting said first
actuated linear slide means and having a lengthwise measure
extending along said longitudinal axis,

said tool spindle having a first circular body for mounting on said
rotatable arbor of said motor and having a moment of inerfia
of sufficient magnitude for dampening torsional vibrations of
said tool spindle;

said tool spindle having a second circular body for mounting on
said rotatable arbor of said motor and having a moment of
inertia of sufficient magnitude for further dampening
torsional vibrations of said tool spindle, and

said tool spindle further comprising coupling means for removably
retaining said lens surfacing tool to said rotatable arbor, and
said first and said second circular bodies being integral
components of said coupling means;

whereby when said apparatus is generating an optical surface of an
ophthalmic lens, vibrations of said chuck means having an
amplitude along said longitudinal axis are dampened by said
massive block means; vibrations of said chuck means and
said tool spindie having an amplitude in a direction generally

perpendicular to said longitudinal axis are dampened by said

e

e
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Wi l'e the above descriptior—provides a fill and conplete disclosure 20
of the preferred enbodi nent this invention, various nodifications,
alternate cQbBIBEENEEI ONS andﬁb’, M muﬂsﬂm ‘)e enpl oyed wi t roarCAb8foe315i ng
fromthe true spirit and sc [ m on. Such changes m ght invol ve
alternate materials, conponents, st rlictural arrangenents, sizes,
construction features or the |like. Therefore, the above description and the

25 " illustrations shoulnassbte basecmesns, wad togsipnati vibrafions eofseaa 40k t he
| |12vent on whtch | Sspicxil%iel ar}gcgial%xe;[lgf b;i1 Shi nc%%glircxlg %rixerra!rsxs, and a quality
of a surface finish on said ophthalmic lens is thereby
enhanced.

22.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 21, wherein said first actuated linear slide
means has a horizontal planar structure and a turntable mounted

thereon for movably supporting said tool spindle.

23.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 22, further comprising a second actuated
liner slide means having a vertical axis extending vertically relative
to said horizontal planar structure; said second actuated linear slide
means being connected to said massive block means and to said
chuck means for movably supporting said chuck means along said

vertical axis relative to said massive block means.

24.  An apparatus for generating an optical surface on an ophthalmic
lens as claimed in claim 23, further comprising a third actuated
linear slide means having a transversal horizontal axis extending
perpendicularly relative to said longitudinal and vertical axes; said
third linear slide means being connected to said massive block
means and to said second slide means for movably supporting said
second slide means along said transversal horizontal axis relative to

said massive block means.

25.  An apparatus for generating an optical surface on an ophthalmic

lens, comprising: - o
heet Has Been Replaced
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AVENDED CLAI VB (under Article19) [received by the

I nt'ernati onal Bureau on 27 Ocltm“ ﬂﬂ“ﬂ(ﬂ'llmm) 98) ; ori gi nal
clainms 5, 1%’%@(3/5}5 cancel | ed; l H“ 1, 6-8, 11, 12, 123?%51157

anended:. 261 newt cl%i s 21-26 *added; remai ni n§
unchanged (8 pages) 1. Apparatus for generating an optical surface on
an oephthal mc | ens, having a base(40); a tool spindle (20).

i ncluding a nmotor (5 Al . | ( led to
the motor for rotati aioghifdledayamk hitibhd PRasiiackl ShF HobafE) 50
means (26) nounted to thepoRang rofathtl@by ihe fothlabRs arbby 8PbAd Ber t Means
(24) affixed to the tool spindle for nbvably supporting the tool spindle
(20) al ong sai d | ongcowplingainears sofmgctedital said rotatable arbos fowoteteovabB0) f or
retaining an ophthalmc lens (72) with a perineter thereof substantially
perpendi cul ar to the | ongreteiainga lensisyrtaringdael orgidicatatablecarbpy; and;

' bl ock 4 ' he 1. hal d 3 di
nor oss the. | ongi tudi FIE koA FUEREY PRsiet FROFAGRIEL 1D SBPERS BISAR] ve t o
the base (40) for | mbedl ng (R R rofaiD Brto 5 APLEIE b 30k RBtoR! il 10 the

| ongi tudi nal axis (x).
first and second circular bodies having respective moment of

nertia of a first and second determinable magnitudes;
whereby when said apparatus is generating an optical surface of an
ophthalmic lens, torsional vibrations of said tool spindle are

dampened by inertia of said first and second circular bodies.

26. An apparatus for generating an optical surface on an ophthalmic

lens as claimed in claim 25, further comprising;

first actuated linear slide means having a longitudinal axis and first
movable support means affixed to said tool spindle for
movably supporting said tool spindle for movement along
said longitudinal axis;

lens holder means having structure connected to said first actuated
linear slide means and chuck means mounted on said
structure for retaining an ophthalmic lens with a perimeter
thereof defining a plane being substantially perpendicular to
said longitudinal axis; and

said tool spindle being movable along a prescribed path relative to

said chuck means.

————
——

—————
T ———
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2 Appar atus according to aim1l and characterised in that the base

(40) IS massive to inpede vibrations of the tool spindle (20) and
of a chuck formng part of the Iens holder (30) in a direction generally
t ransver.se W@ 9/5@61 ongi t udi nal axi s(x). 3. Appar at us BEBEABRNELS o

Caim1l or 2 and characterised in that the tool spindle (20) has a first
circul ar body (60) for nounting on a rotatable
21
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SUBSTITUTE SHEET (RULE 26)



arbor of the notor (54) having a nonment of inertia of sufficient magnitude
to inpede torsional vibrations of the tool spindle(20). 4, Appar at us
accordi ng towolssisma63 and characterised in that the tool spi nd#ggjg%gg/wgfss a
second ci-rcul ar body (52) for nounting on a rotatable arbor o or
(54) having a nonent of inertia of sufficient magnitude further to inpede
torsional vibrations of the tool spindle(20). 5. Appar at us accordi ng
to Claim4 and characterised in that tool spindle (20) further includes
coupling means (66) for renovably coupling the | ens surfacing tool (50) to
a rotatable arbor of the notor (54) and in that the first and second

circular bodies are integral conponents of the coupling neans (66). 6.
Apparatus according to Claim5 and characterised in that the coupling neans
(66) is a kinematic-type coupling. 7. Appar atus according to any one
of Claim4 to 6 and charact4gzised in 40 22
[ / (
T \
“”unummlllm
plie
3 36 _
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t hat. at | east one of the first and second circul ar bodies |ncludes an
auxiliary mass danper (80, 90) for further danpening torsional vibration of
t he tool 5pH98'§é§% 8. Apparatus according to any one of Clalns 1 to
7 and characterrsed in that the massive base (40) is a flat rgegiang

menber’ nounted under the first actuated linear slide means(26), and the
massi ve bl ock neans (42) is an upright block nmounted at and extendi ng
across an end of the base(40). 9. Apparatus according to Caim8 and
characterised in that the base (40) and nassive bl ock means (42) are made
of granite and have a wei ght of about 680kg and about 450kg respectively.

22
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10. Apparatus according to any one of Clains 1 to 9 and characterise in
that the total nonent of inertia of the tool spindle (20) expressed in

wei ght uni w0 p®ssa61 | east about 241. 3kg- cn?. 11. Appar at RETATADEMEE1Rg t O
any one .of the preceding clains and characterised in that the | ens
surfacing tool (50) is a circul ar-cup-shaped | ens surfacing tool;

the first actuated linear slide neans (26) and support neans (24) include
an actuated turntable (22) having an axis of rotation perpendicular to the
| ongi tudi nal axis(x), for adjustably angling an axis of operation of the
tool spindle (20) relative to said |ongitudinal axis; the | ens

hol der nmeans (30) includes a segond actuated |inear slide neans (34)
affixed to the massive bl ock nEgng (42) and to the I ens holder (30) for
nmoving the lens (72) in a die (2) perpendicular to the |ongitudinal
axi s(x); and wherein the f{rst and the second actuated |inear slide
nmeans and said the turntable are sinultaneously actuatable, such that the
prescri bed path and

FA
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an arc on the lens surfacing tool contacting the | ens conbine during a |l ens
generating process define a toric surface on the | ens. 12. Appar at us
according to Claim1l1l and characterised in that the first (26) and second
(34) act.ual@P¥PHdar slide means include pressurized fluid B RGES 13,
Apparatus for generating an optical sursface on an ophthalnmic |lens as
claired in claim11l or 12 charaterised in that the circul ar-cup-shaped too
. (50) has cutting inserts (58) nmounted on a periphery thereof, is capable of
an operational rotational speed of between about 7,500 RPM and about 10, 000
23
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RPNﬁand has a dynam c bal ance at operational rotational speed characierized—
By a total radial runout of about—0025mtronsT— 14. Ap ahnggﬁﬁﬁgprg

to any one of the preceding clai ed by a tjhir _agLuatedw——

| inear slide neans (36) having anfﬂﬁﬂwmgl uﬂﬂ ntal axi g ( ) extendkm
perpendicularly relative to the |ongitu *vertlcal axek; 2tthé -t hivi

| i near slide nmeans being connected to the nassive bl ock neans
t he second slide neans for novably supporting the second sljde neans (34)
al ong the transverse horizontal axis relative to the massi ve_ hlock—+eans:

15. A nethod for mni m' sN\ENDEDaELA)tMS funder Articled®)an apparatus for

generating an optical Sy a on. a t ha e the appar at us
i nclusdes a | ens hol der gyfthe Inmﬁlglfra%reauo?_lwolctoberelgf per| met er of
i

the | ens generall y°EJgé5'F'|5'§ o ¢ P”P%"e%"’lg' Pt ditntds’ é?( "g (%'Z' "d%md a tool
spindl e (20) with a not ofe" 8%y 2"2hefdes Paiiies SiTF FaRiRYe e8B! (50) rotationally
coupled to the notor, the lens surfacing tool being novable along wth the
notor both lineraly al ong the longitudinal axis and in an arcuate path
across the | ohgi t uppartusfor gengrating an optipalishdaaga apfophihalnzip hensat us,

having

a base(40);

a tool spindle (20) including a motor (54) and a lens surfacing tool
(50) rotatably coupled to the motor for rotation by the motor;

first actuated linear slide means (26) mounted to the base and having
a first movable support means (24) affixed to the tool spindle for movably
supporting the tool spindle (20) along said longitudinal axis (x); and

a lens holder (30) for retaining an ophthalmic lens (72) with a
perimeter thereof substantially perpendicular to the longitudinal axis(x); and
characterised by

massive block means (42) associated with the lens holder (30)
extending across the longitudinal axis (x) and longitudinally immovable
relative to the base (40) for impeding movement of the lens holder (30)
parallel to the longitudinal axis (x).

2. Apparatus according to Claim 1 and characterised in that the base
(40)

is massive to impede vibrations of the tool spindle (20) and of a
chuck forming part of the lens holder (30) in a direction generally transverse

to the longitudinal axis(x).

3. Apparatus according to Claim 1 or 2 and characterised in that the

tool spindle (20) has a first circular body (60) for mounting on a rotatable

21
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(1) ) the ophthalmc lens is supported in the lens holder (30) and __(iLi)—
novi ng a | ens surfacing portion ofumn sur f aci
is nmoved al ong a path correspondin HM“IIH“MML curvat
ophthal nic I ens; and wherein the nmethod i's &hatacterised b

I mpedi ng vi brations in a chuck nmeans for i ng part of the |
(30) having an anplitude in a direction generally perpendi

the ophthal m gu.e 8fthe motor (54) having a moment of inertia of sufficient ma;

to impede torsional vibrations of the tool spindle(20).

4. Apparatus according to Claim 3 and characterised in that the tool
spindle (20) has a second circular body (52) for mounting on a rotatable
arbor of said motor (54) having a moment of inertia of sufficient magnitude

further to impede torsional vibrations of the tool spindle(20).

5. Apparatus according to Claim 4 and characterised in that tool spindle
(20) further includes coupling means (66) for removably coupling the lens
surfacing tool (50) to a rotatable arbor of the motor (54) and in that the first
and second circular bodies are integral components of the coupling means
(66).

6. Apparatus according to Claim 5 and characterised in that the

coupling means (66) is a kinematic-type coupling.

7. Apparatus according to any one of Claim 4 to 6 and characterised in
that at least one of the first and second circular bodies includes an auxiliary
mass damper (80, 90) for further dampening torsional vibration of the tool
spindle(20).

8. Apparatus according to any one of Claims 1 to 7 and characterised in
that the massive base (40) is a flat rectangular member mounted under the
first actuated linear slide means(26), and the massive block means (42) is an

upright block mounted at and extending across an end of the base(40).

9. Apparatus according to Claim 8 and characterised in that the base
(40) and massive block means (42) are made of granite and have a weight of

about 680kg and about 450kg respectively.

22°
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16. A nmet hod according to d ai m-15—-and-charaecterised by the additional

T'

step of inpeding torsional vibrati ng | ens suf PR
t ool (50). 17. A et hod accordi M“Um;&“ﬂm" 16 and chi r @E@EE%W HLH
the additional step of inpeding ra «0f the rotali fig Tens A
surfacing tool and the chuck neans. A met hod accordi ng {o2G atiy 28)
16 or 17 wherein: Step (iii) is accorrpllshed by affixing an upright massi ve !
bl ock means (42) to the lens holder to extend arross the |ong{tudi nal axis,

t he upright massive block neans being a | ongtudinally i mobvable part of

M-uw e d

sai d appar at u$0.andAppgreitts agrordingtoemy oot of Githeht hatdidharactertséem| ongi t udi nal
direction. that the total moment of inertia of the tool spindle (20) expressed in weight

units is at least about 241.3kg-cm’.

11.  Apparatus according to any one of the preceding claims and
characterised in that

the lens surfacing tool (50) is a circular-cup-shaped lens surfacing
tool;

the first actuated linear slide means (26) and support means (24)
include an actuated turntable (22) having an axis of rotation perpendicular to
the longitudinal axis(x), for adjustably angling an axis of operation of the
tool spindle (20) relative to said longitudinal axis;

the lens holder means (30) includes a second actuated linear slide
means (34) affixed to the massive block means (42) and to the lens holder
(30) for moving the lens (72) in a direction (2) perpendicular to the
longitudinal axis(x); and

wherein the first and the second actuated linear slide means and said
the turntable are simultaneously actuatable, such that the prescribed path and
an arc on the lens surfacing tool contacting the lens combine during a lens

generating process define a toric surface on the lens.

12.  Apparatus according to Claim 11 and characterised in that the first
(26) and second (34) actuated linear slide means include pressurized fluid

bearings.

13.  Apparatus for generating an optical sursface on an ophthalmic lens
as claimed in claim 11 or 12 charaterised in that the circular-cup-shaped tool
(50) has cutting inserts (58) mounted on a periphery thereof, is capable of an
operationa) rotational speed of between about 7,500 RPM and about 10,000
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ﬂ AMENDED _ SHEET \‘,




19. © A rmethod as claimed in daim 15, 16, 17 or 18 and characterised by

means spaced apart romtne | ongi | AN MU <% 2ncng ThaRetity TosHeeT

i npede novenent to the tool spindl & ahd‘thd | &ns" hol der transye

| ongi t udi nal direction. 20. A met hod according to Claim1P

characterised by i mmovably attaching the upright massive bl ock

base massive ol C ain
S TR e bt AR AT et

t he upright nassive

angd o HO 360
heans to the

Se to the

wher ei n

avinig a lweight of

about 450kg. chéatacterized byritbiabiradatmnduting aboutOlRSMicdnsavher ei n t

e base

massi ve bl ock neans is a granite block having a weight of about 680kg.

25
14,  Apparatus according to any one of the preceding claims and

characterised by a third actuated linear slide means (36) having a transverse

horizontal axis (y) extending perpendicularly relative to the longitudinal and

vertical axes; the third linear slide means being connected to the massive

block means (42) and to the second slide means for movably supporting the

second slide means (34) along the transverse horizontal axis relative to the

massive block means.

15. A method for minimising vibration in the use of an apparatus for

generating an optical surface on an ophthalmic lens where the apparatus

inclusdes a lens holder (30) for holding the lens (72) with a perimeter of the

lens generally perpendicular to a longitudinal axis (x) and a tool spindle (20)

with a motor (54) and a lens surfacing tool (50) rotationally coupled to the
motor, the lens surfacing tool being movable along with the motor both
lineraly along the longitudinal axis and in an arcuate path across the

longitudinal axis wherein, in the use of the apparatus,

1) the ophthalmic lens is supported in the lens holder (30) and

(i)  moving a lens surfacing portion of a rotating lens surfacing tool (50)

is moved along a path corresponding to a determined curvature of

the ophthalmic lens; and wherein the method is characterised by

(iii) impeding vibrations in a chuck means forming part of the lens holder

(30) having an amplitude in a direction generally perpendicular to
the ophthalmic lens,

24
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- 23 A nethod according to any one of Gains 16, 17, 181872027~

ofr 22 wherein the inpeding of torsignal vibrations of the r

: A t
surfacing tool (50) is achieved SH'B’H"'"("'Hmnmfmtor Wi th ja etat-ablbe~—
arbour connected to the tool spi ndfef ikl I 28 O 2001 '.
* SR B A Y

16. A method according to Claim 15 and characterised by the additional

step of impeding torsional vibrations of the rotating lens surfacing tool(50).

17. A method according to Claim 15 or 16 and characterised by the
additional step of impeding radial vibrations of the rotating lens surfacing

tool and the chuck means.

18. A method according to Claim 15, 16 or 17 wherein:

Step (iii) is accomplished by affixing an upright massive block means (42)
to the lens holder to extend arross the longitudinal axis, the upright massive
block means being a longtudinally immovable part of said apparatus and

impeding movement of the lens holder in the longitudinal direction.

19. A method as claimed in Claim 15, 16, 17 or 18 and characterised by
the further step of afixing the tool spindle (20) to a base massive block
means spaced apart from the longitudinal axis and extending therealong to
impede movement to the tool spindle and the lens holder transverse to the

longitudinal direction.

20. A method according to Claim 19 and characterised by immovably

attaching the upright massive block means to the base massive block means.

21. A method according to Claim 20 wherein the upright massive block

means is a granite block havinig a weight of about 450kg.

22. A method according to Claim 21 wherein the base massive block

means is a granite block having a weight of about 680kg.

25
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23, A method according to any one of Claims 16, 17, 18, 19, 20, 21, or

22 wherein the impeding of torsional vibrations of the rotating lens
surfacing tool (50) is achieved by providing the motor with a rotatable

arbour connected to the tool spindle.
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(57) Abstract

An  ophthalmic  lens
generating  apparatus  having
a tool spindle comprising a
motor, a lens surfacing tool and
a coupling mounted between
the motor and the lens surfacing
tool for retaining the lens
sutfacing tool to the arbor of
the motor, The apparatus of the
present invention also comprises
a first actuated table supporting
the tool spindie in a movable
manner along the Iongitudinal
axis of the apparatus. A massive
base is mounted beneath the first
actuated table for supporting the
table and for dampening radial
vibrations of the tool spindle.
The apparatus further comprises

ophthalmic lens in a plane
substantially perpendicular to
the longitudinal axis of the
apparatus. A massive upright
block is mounted on one end
of the massive base behind the
structural support suporting the
lens holder, for dampening axial

vibrations of the tool spindle and of the lens holder. The coupling of the tool spindle is a kinematic coupling having first and second disks
having each substantial mass and radius of gyration. Thus, when the tool spindlie rotates, both disks increase the nominal moment of
inertia of the spindle and dampen the torsional vibrations of the spindle.




