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IECHNICAL FIELD
This invention relates to apparatus for cutting

a workpiece, and more particularly to apparatus employing
a rotatable cutting tool which can be quickly coupled to
or decoupled from cutting tool rotating means such as a
rotatable spindle by a kinematic coupling. The disclosed
apparatus has particular application to the generation of
ophthalmic lens curvatures. .

BACKGROUND ART
It is well known to generate ophthalmic lens

curvatures through use of a toric or "cup wheel™ tool or
generator. The traditional toric generator cuts a curve
which is only an approximation of the final lap
curvature, this approximate curvature being attained by
moving the tool about a pivot point relative to the lens
during the generation process. The pivot point is
located at the center of the base curve. A second pivot
point located under the tool’s cutting edge is used to
adjust the angie of the tool relative to the lens surface
prior to the generating process. Separate lapping steps,
including fining (or smoothing) and polishing, must be
carried out in most instances to remove these unwanted
errors of curvature and surface roughness from the lens,
and thus create a perfect {(or near perfect) toric and
transparent lens.

A more recent development in generator
technology has been the three axis generator wherein the
tool (typically a single point diamond cutter or a ball
end mill type cutter) and the lens are relatively moved
in three axes. To date three axes generators have not
proven capable of cutting lenses to the high degree of
accuracy sufficient to eliminate surface curvature
(figure) errors at an acceptable cutting speed.
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di anond cutt estyle generator. However, a desirable feature of such an
approach would be the ability to quickly and accurately
replace the lens cutting tool in the generator apparatus.
The present invention relates to apparatus allowing for
the quick coupling or decoupling of a rotatable lens
cutting tool whereby cutting tools of different diameters
may be employed to generate a final lens surface, thus
avoiding conventional fining and polishing operations.
Rotation of the tool must be at an extremely low level of
vibration to achieve this level of surface finish.

Although the invention as described herein has
particular application to generation of ophthalmic
lenses, the principles of the invention also have
application to other types of rotating tools wherein a
high degree of accuracy in the placement and operation of
the tool is required with minimal vibration.

A search directed to this invention located the
following United States patents: U.S. Patent No.
4,979,284, issued December 25, 1990, U.S. Patent No.
5,226,869, issued July 13, 1993, U.S. Patent No.
4,175,898, issued November 27, 1979, U.S. Patent No.
5,140,782, issued August 25, 1992, U.S. Patent No.
4,718,798, issued January 12, 1988, U.S. Patent No.
4,642,005, issued February 10, 1987, U.S. Patent No.
4,607,989, issued August 26, 1986, U.S. Patent No.
3,716,951, issued February 20, 1973, and U.S. Patent No.
3,586,343, issued June 22, 1971.

Kinematic coupling design principles are
generally discussed in pages 401-404 in Precision Machine
Design by A. H. Slocum, Prentice Hall, 1992.

'~ DISCLOSURE OF INVENTION
The present invention relates to apparatus
which provides for the efficient and accurate replacement
of rotatable cutting tools such as lens cutting tools in
a lens generator. The apparatus includes a rotatable
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or mlling type generator with those of the cup wheel style generator.
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Cutting tool rotating means is provided for
rotating the rotatable cutting tool and includes a
rotatable element having a rotatable element axis of
rotation. |

The appafatus also includes quick-connect and
disconnect kinematic coupling means for releasably
coupling together the rotatable lens cutting tool and the
cutting tool rotating means with the cutting tool axis of
rotation and the rotatable axis of rotation coincident.

The cutting tool rotating means includes a
motor and the rotatable element comprises a spindle
rotatable about said rotatable element axis of rotation.
The guick-connect and disconnect kinematic coupling means
includes tool centering means for centering the rotatable
cutting tool relative to the spindle whereby the
rotatable element axis of rotation and the cutting tool
axis of rotation are coincident.

The quick-connect and disconnect kinematic
coupling means includes a cutting tool base member
affixed to the rotatable cutting tool at a location
spaced from said at least one cutting element.

The tool centering means includes a plurality
of radially extending, outwardly diverging grooves formed
in one of either the cutting tool base member or the
spindle and a plurality of projections projecting
outwardly from the other of the cutting tool base member
or the spindle for seating in the grooves.

The projections and the grooves are cooperable
to maintain the cutting tool axis of rotation coincident
with the rotatable element axis of rotation and to
prevent relative rotation between the rotatable cutting
tool and the spindle.
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BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagrammatic plan view of a lens
generator incorporating the teachings of the present
invention;

FPig. 1A is a view similar to Fig. 1 with the
structural elements thereof in different relative
positions;

Fig. 2 is a perspective view of selected
structural components of the invention including a
rotatable lens cutting tool mounted on a motor for
rotating the tool;

Fig. 3 is a perspective view of decoupled
structural components of Fig. 2;

Fig. 4 is a perspective rear view of the tool,
tool base member and related components;

Fig. 5 is an enlarged elevational view of a
portion of the tool of Pig. 4 illustrating structural
details, including a cutter insert;

Fig. 6 is a greatly enlarged, cross-sectional
view taken along line 6-6 of Fig 5;

Fig. 7 is a partial sectional side view
illustrating the cutting tool base member being brought
into engagement with a motor element;

Fig. 7A is a view similar to Fig. 7 showing the
tool base member fixed in place relative to the motor:;
and

Fig. B is a view similar toc Fig. 3 but
illustrating an alternative embodiment of the invention.

MODES ¥ C NG OUT T ION

Figs. 1 and 1A illustrate in diagrammatic
fashion apparatus constructed in accordance with the
teachings of the present invention, the components
thereof having different relative positions in these
figures.
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More specifically, the apparatus is for the purpose of

generating ophthalmic lens curvatures and to provide an

optically accurate curve that once cut is also optically

transparent or can easily be made transparent through the

application of a transparent coating. To accomplish

this, vibration of the cutting tool must be held to a

‘minimum.

The illustrated lens generator includes a first
table 14 linearly movable in the X direction. A second
table 16 is rotatably mounted on first table 14. Cutting
tool rotating means in the form of electric motor 18 for
rotating tool 10 is affixed to and rotatable with second
table 16.

A third table 20 is movable in the Y direction,
the third table 20 supporting a lens holder 22. The lens
holder is linearly movable in the Z direction (toward the
reader) orthogonally with respect to the X and ¥
directions on the third table 20.

The arrangement shown in Fig. 1 is a four-axis
lens curve generator, the generator resulting in
controlled relative movement between the cutting tool 10
and the lens 12 which will enable a precise cut of the
lens to be accomplished.

The rotatable lens cutting tool is one of a
plurality of such tools which are alternatively employed
to provide the desired lens cut. The cutting tools
(other than tool 10) are not illustrated and have
different diameters, and to efficiently and expeditiously
carry out the cutting process it is necessary that the
cutting tools be connected to the cutting tool rotating
means by a mechanism which will provide for quick and
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axis of Referring now to Figs. 2-4 and 5-7A, rotatable
lens cutting tool 10 is shown in detail. More
specifically, tool 10 is generally of the "cup wheel"
type, including a tool body 24 having the general
appearance of a truncated cone. The tool body is formed
of any suitable material such as stainless steel or
carbon steel. Located at the round open distal end of
the tool body 24 are lens cutting elements in the form of
removable cutter inserts 26 having diamond cutting tips.
The cutter inserts are disposed in notches formed in the
tool body, the notches and inserts being 120 degrees
apart in the illustrated embodiment. Screw fasteners 30
(Figs. 5 and 6) are utilized to secure the cutter inserts
to the tool body.

It will be appreciated that the cutter inserts
are co-planar and will define a circular path in a common
plane upon rotation of the tool. One suitable
commercially available insert is the T~MAX V, VCMW-F
diamond tipped insert made available by Sandvik
Corporation, having a location of business at Fair Lawn,
New Jersey.

Affixed to the small end of tool body 24 is a
cutting tool base member 34 which is in the form of a
circular plate. Cutting tool base member 34 may be
constructed of any suitable material such as stainless
steel or carbon steel. A mechanical interference fit or
any other suitable expedient, such as welding, may be
utilized to effect attachment between the tcol body and
the cutting tool base member.

Projecting from the center of cutting tool base
member 34 on the side thereof opposed to tool body 24 is
a tension rod 36 constructed of high tensile strength
steel or other suitable material. The tension rod has
some degree of flexibility. An enlargement or knob 38 is
located at the distal end of the flexible rod. Rod 36
has a longitudinal axis coincident with the lens cutting
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segments of a sphere. The projections 40 are of
identical construction and are disposed at approximately
120 degree increments at locations spaced outwardly from
the tension rod 36. The generally hemispherical
projections 40 may be of constructed of any suitable
material, examples being silicon nitride or steel, and
are secured in place by any suitable expedient such as
epoxy adhesive.

The cutting tool rotating means in the form of
electric motor 18 includes a rotatable spindle 42

including an armature plate having a circular-shaped
outer periphery. Three radially extending, outwardly
diverging grooves or channels 44 are formed in the
spindle plate, the front face of the plate being
otherwise flat. The grooves 44 are defined by spaced,
outwardly diverging side walls 46. Grooves 44 are of
identical configuration and are arrayed approximately 120
degrees apart. Spindle 42 is preferably made of steel
and side walls 46 are surfaced by a ceramic layer, such
as silicon nitride, bonded to the rest of the spindle.
The layer of ceramic material is designated in Fig. 3 by
reference numeral 52.

A hole 54 is formed at the center of spindle 42
which receives the distal end of tension rod 36 when the
rotatable lens cutting tool is being operatively
connected to the cutting tool rotating means. See Fig.
7. Tension will be exerted on the distal end of the
tension rod 36 to maintain it under tension when the
projections 40 are located in the grooves 44 as shown in
Fig. 7A. As can be seen in Fig. 7A, the projections do
not bottom out in the grooves. Rather, they are in
engagement with the groove side walls 46 at a location
outwardly of the groove bottoms sufficient to maintain
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grooves will maintain the lens cutting tool axis of
rotation coincident with the spindle element axis of
rotation and also prevent relative rotation between the
rotatable lens cutting tool and the motor element. The
flexibility of the tension rod allows precise placement
of the lens cutting tool relative to the spindle.
Precise placement of the tool in such manner minimizes
vibration during rotation.

In order for proper balance and rotational
stability of the tool to be maintained, it is necessary
that any given projection always seats in the same
groove. To ensure that this occurs, an index pin 53
projecting from cutting tool base member 34 must align
with and enter over sized hole 55 in the spindle.

When the projections are in engagement with the
groove side walls 46, the distal end of the tension rod
36 having the enlargement 38 thereon is positioned in a
recess 60 (Figs. 7 and 7A) formed at the end of a draw
bar 62, the draw bar itself being telescopically mounted
within the interior 64 of spindle 42. Adjacent to recess
60 draw bar 62 has a tapered surface 66. This taper
generally conforms to a tapered segment 68 defined by the
inner interior wall of spindle 42.

~ The spindle interior includes an enlarged
interior segment 70 at a location spaced from the tapered
segment 68. Located within enlarged interior segment 70
is a coil compression spring 72.

Coil compression spring 72 bears at one end
thereof against the spindle and at the other end thereof
against a flange 74 affixed to draw bar 62. That is,
coil compression spring 72 continuously biases or urges
the draw bar 62 toward the right as viewed in Figs. 7 and
7A.

A plurality of openings are formed in the side
wall of the draw bar 62 defining recess 60. These
openings 80 accommodate therein movable lock balls 82
which are forced inwardly into the recess 60 by the
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the compression spring 72 results in this being the
normal condition. The spring 72 will also serve to exert

a continuous tensile force on tension rod 36.

Openings -

80 are somewhat restricted so that the lock balls cannot

completely enter recess 60.

By exerting a sufficient force on the draw bar
62 to move it to the left as viewed in Figs. 7 and 73,
the lock balls will disengage from the tapered segment of
the housing and can readily be displaced outwardly.
Thus, the operator can readily remove the tool 10,
cutting tool base member 34, and tension rod 36 from
cperative association with the motor and replace it with
another. The other tool will, of course, be associated
with a cutting tool base member and tension rod of like
construction so that ready and exact interchange is

allowed.

Inward displacement of the draw bar 62 can be

effected by any desired expedient. For example, this

inward displacement may be effected manually.

Alternatively, a mechanism such as a air or hydraulic

cylinder 90 may be utilized for such purpose.
Fig. 8 illustrates an alternative embodiment of
the invention wherein an electromagnet 94 is utilized to
secure the tool base member and tool 10 supported thereby
to the spindle 42. In this embodiment, the tool plate is
constructed of a magnetically attractive material, for
example carbon steel. Any suitable conventional
arrangement, e.g. slip rings (not shown), may be utilized

to energize the electromagnet.
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a curved lens surface with a high degreel®f precision, avoiding the

requi renent of lapping the lens as is commonly the case with prior art
arrangenments. Mre specifically, the aﬁ%@%%ﬁus I's for the purpose of
generating ophthalmc | ens curvatures and to provide an optically accurate
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a rotatable cutting tool having at least one cutting
element for engaging and cutting a workpiece upon |
rotation of said rotatable cutting tool about a lens
cutting tool axis of rotation, said at least one cutting
element being spaced from said cutting tool axis of
rotation and following a circular path of movement upon
rotation of said rotatable cutting tool;
cutting tool rotating means for rdtating said
rotatable cutting tool and including a rotatable element
having a rotatable element axis of rotation; and
quick-connect and disconnect kinematic coupling
means for releasably coupling together said rotatable
cutting tool and said cutting tool rotating means with
said cutting tool axis of rotation and said rotatable
element axis of rotation coincident.

2. The apparatus according to Cclaim 1 wherein
said cutting tool rotating means includes a motor and
wherein said rotatable element comprises a spindle
rotatable about said rotatable element axis of rotation,
said quick-connect and disconnect kinematic coupling
means including tocl centering means for centering said
rotatable cutting tool relative to said spindle whereby
the rotatable element axis of rotation and the cutting
tool axis of rotation are coincident.

. 3. The apparatus according to Claim 2 wherein
said quick-connect and disconnect kinematic coupling
means includes a cutting tool base member affixed to said
rotatable cutting tool at a location spaced from said at
least one cutting element and wherein said tool centering
means includes a plurality of radially extending,
outwardly diverging grooves formed in one of either said
cutting tool base member or said spindle and a plurality
of projections projecting outwardly from the other of
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cutting tool and said spindle.

4. The apparatus according to Claim 3 wherein
said grooves are at least partially defined by spaced,
outwardly diverging side walls.

5. The apparatus according to Claim 3 wherein
each of said projections has a curved outer projection
surface defining a segment of a sphere.

6. The apparatus according to Claim 3
additionally comprising indexing means for locating said
projections relative to said grooves.

7. The apparatus according to Claim 3 wherein
said tool centering means comprises three radially
extending, outwardly divérging grooves spaced from one
another defined by one of either said cutting tool base
member or said spindle and three projections spaced from
one another and projecting outwardly from the other of
said cutting tool base member or said spindle.

8. The apparatus according to Claim 3 wherein
said quick-connect and disconnect kinematic coupling
means additionally includes an elongated member for
connection to said spindle projecting from said cutting
tool base member on a side of said cutting tool base
member opposed to said rotatable cutting tool, said
elongated member having a longitudinal axis substantially
coincident with said lens cutting tool axis of rotation
when said rotatable cutting tool is coupled with said
cutting tool rotating means by said ¢quick-connect and
disconnect kinematic coupling means.
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a truncated c@add ghtckeosdmimty anfl QdsoBshedt AiyeadtiabtouplHmgr i al such as

stainless stege qs &8 Pe{bﬁ@g 1nk208LE 0 e ddiRs) aggﬂsogﬁf?&a%%i& end of

t he tool body are ens C ng e enment
associated with said spindle for releasably engaging said

elongated member and applying pulling forces on said
elongated member in a direction away from said rotatable
cutting tool to maintain said elongated member under
tension when said rotatable cutting tool is coupled with
said cutting tool rotating means by said guick-connect
and disconnect kinematic coupling means.

10. The apparatus according to Claim 9 wherein
said elongated member comprises a flexible rod having a
distal end.

11. The apparatus according to Claim 10
wherein said flexible rod has an enlargement at the
distal end thereof, said tensioner means engageable with
said enlargement to maintain said flexible rod under
tension when said rotatable cutting tool is coupled with
said cutting tool rotating means by said quick-connect
and disconnect kinematic means.

12. The apparatus according to Claim 11
additionally including lock means for selectively locking
said tensioner means in engagement with said enlargement.

13. The apparatus according to Claim 12
wherein said tensioner means includes a draw bar defining
a recess for receiving said enlargement and wherein said
lock means includes at least one movable lock member
engageable with said enlargement to retain said
enlargement in said recess.

14. The apparatus according te Claim 13
wherein said spindle includes an inner surface defining
a spindle interior telescopically receiving said draw bar
and said flexible rod, said spindle inner surface for
engagement by said at least one movable lock member to
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renmovabl e cutter inserts 26 having dianond cutting tips. Th
are di sposed in notches fornmed in_the tool-body E

e not che

—t

bei ng 120 degrees apart in the il TH{S SREET HASBEENTEN . ScreW*ﬁastelnerls

(Figs. 5 and
It will be a

6) are utilized to hecureggpygcggtter nserts to the tool
8¥188Bed that the &stter—rAserts—are co- pl andCTAREONH] |

IHAl

win

body.

define a circular path in a common pl ane upon rotation of the tool. One
suitable commercially available insert i s1Bhe T-MAX V, VCMWF di anond
ti pped i nsert nmade ava I abl Sandvi k rp i on, havin | ocation of
busi ness at Fai Prﬁﬁwﬁa ﬁ@F\éEym%’F‘? 3"? MeItheY I8 52801 body 24
is a cutting todleradbtermewber 34 which is'in the formof a circular plate.

Cutting tool

base nenber 34 may be constructed of any suitable materi al

such as stainless steel s ca Son stexealt sAamagrﬁg ail_o i<{1|t eirfzr ence fit or
any ot her suitable expedi GcAPBRT Net%AN 9 pe Gt 8 to effect
attachment bet wwberefn !Q)ieﬂ %903% neansc g P-ﬁ@otl@)bly Hasdugesber .

biasing means for biasing said draw bar relative to said
spindle toward a position in which said at least one
movable lock member engages the spindle inner surface,
said biasing means maintaining said elongated member
under tension.

16. The apparatus according to Claim 1 wherein
said rotatable cutting tool is a generator tool for
generating a lens surface on a lens.

17. The apparatus according to Claim 1 wherein
said rotatable cutting tool includes a plurality of
cutting elements, said plurality of cutting elements
being spaced from one another and generally co-planar.

18. The apparatus according to Claim 17
wherein said cutting elements comprise removable cutter
inserts, said apparatus including fastener means for
securing said removable cutter inserts to the remainder
of said rotatable cutting tool.

19. The apparatus according to Claim 18
wherein said inserts include diamond cutter tips.

20. The apparatus according to Claim 7 wherein
said projections are of substantially identical
configuration.

21. The apparatus according to Claim 4 wherein
said spaced, outwardly diverging side walls are at least
partially comprised of ceramic material.

22. The apparatus according to Claim 3 wherein
said quick-connect and disconnect kinematic coupling

This Sheet Has Been Replaced
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Projecting fromthe center of cutting tool base nmenber 34 o [

t hereof opposed to tool body 24 is a tension rod 36 constrummmulnmujull””“l
tensile strength steel or othe i %e g The tensi 6n fod- hds sone
degree of flexibility. An enl TFﬂ'SS HA@IBEEQ is located at the distal
end of the Wawnbhe rod. Rod al axis cecmuyseatss with t he
| ens cutting WO 97/ 18918

PCT/ 1 B96/ 00741 7 tool axis of rotation. Algso conprising part of the

ki nemati c coupling are projections 40 secured to cutting tool base nenber
34 and proj ect megnsuinglufies fanoeleqtrowadrede for vaghetiaaldyf in opposition
to the | ens culteplctony  salite cRiteingt teus vadehAkRbER Mt Gaddl 8pifde.eCtion
surfaces defining segnents of a sphere. The projections 40 are of identical
construction and are di sposed at approximately 120 degree increnents at

| ocati ons spaced outwardly from

This Sheet Has Been Replaced




the.tension rod 36. The generally hem spherical projections 40 may be of
constructed of any suitable material, exanples being silicon nitride or
Steel, and are secured in place by any suitabl e expedi ent such as epoxy
adhesive. The cutting tool rotating neans in the form of I tor 18
i.ncl udes a MR &V®¥8 spindle 42 including an armature plaﬁgﬁﬁgé@ﬁgpg
circul ar-shaped outer periphery. Three radially extending, outwardly

di vergi ng grooves or channels 44 are ﬁqupd in the spindl e
frace of the plate being otherwise flat. The grooves efi ned by
spaced, outwardly diverging side walls 46. G ooves 44 are 0 al
configuration and are arrayed approxi mately 120 degr . Spindlle 42
is preferably nade of steel and side walls 46 are suff-aced-Hy a ceramc

| ayer, such as siliconpitride, bonded to the rest o
| ayer of ceramc matgrial isldesignated in Fig. 3 hyireferepce nunefal 52.
A hole 54 is formed 3 } i chh recei i
end of tension rod]36 ‘

: ~
l A 12
| 10 2

FIG._1A

10
22

12

FiG._1B
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rotatable lens cutting tool is being operatively connected to the cutting
tool rotating neans. See Fig. 7. Tension will be exerted on the distal end
of the tension rod 36 to naintain it under tension when the projections 40
are located in the grooves 44 as shown in Fig. 7A. As can be seen in Fig.
7A, the proj WO a#d8 do not bottomout in the grooves. Rat WETIBMA e in
engagenent with the groove side walls 46 at a | ocation outwardly of the
groove bottons sufficient to naintain 97/ 1818

PCT/ 1 B96/ 00741 8 the projections out o?/ gagenei Wt h the groove bottons.
Thi s cooperation between the projections and grof@s mai nt gt he | ens
cutting tool axis of rotation coincident with th;,, el orfEnt ax of
rotation and al so prevent relative rotation b%/y"’ the rongt™bl e | ens

cutting tool and thedyiﬁﬁ;el nt. THeJ|exiB ity of the t¥
al l ows precise placenen - _

FiIG._6




of the lens cutting tool relative to the spindle. Precise placenent of the
tool in such manner mnimzes vibration during rotation. In order for
proper bal ance and rotational stability of the tool to be maintained, it is
necessary that any given projection always seats in the sane qgr Qve. To
ensure that won#188i8curs, an index pin 53 projecting from EGT’f*f%ng“ g‘()ol base
menber 34 nust align with and enter over sized hole 55 in the spindle. Wen
the projections are in engagenent wt ?ge groove side walls 46, the distal
end of the tension rod 36 having the rgenent 38 thereon is positioned
in a recess 60 (Figs. 7 and 7A) forned at the end of a draw bar 62, the
draw bar itself being copically nmounted within the interior 64 of
spindl e 42. Adj acep ‘tx has a tapered surface 66.

interior wall
I nterior segnen
Located within



I's a coil conpression spring 72. Coil conpression spring 72 bears at one
end t hereof against the spindle and at the other end thereof against a
f'lange 74 affixed to draw bar 62. That is, coil conpression spring 72
continuously biases or urges the draw bar 62 toward the r“gﬁ@ ﬁﬁgykemed in
Figs. 7 and YR/ urality of openings are formed in the B of the
draw bar 62 defining recess 60. These openi ngs 80 accommdate therein
nmovabl e | ock balls 82 which are forcedqygwardly into the recess 60 by the

WD 97/ 18918 10 ~34,40,-46,-42 PCT/ | B96/ 00741 9 spindl e
I nner wall as f{apefed rha (66 approaches tapered seg 1868 of the
spindle interijr|walllf ®iis{in | ecti arrows in
Fig. 7A) causgs {he l}lck H 5y nd t hus

prevent its re¢noyal fjrqm

Y- : ;

]
]

53 - 4 E=
=

NN 36— 80

64 82 38 ,66 72,62

/
T 7] <=
Al

TR =

60 -82~-80 68 74

FIG._7A

55 / 18

53

T 64, ,38 ;66 ,72 62}
Ny 36— —>
~ = Z
I =

| | =|-6¢7 a0 68 74 \ 70| ]
~er 90
140

FIG._7B
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t he_conpression spring 72 results in this being the normal condition. The
spring 72 will also serve to exert a continuous tensile force on tension
rod 36. Openings 80 are sonmewhat restricted so that the | ock balls cannot
conpletely enter recess 60. By exerting a sufficient forcgcfwhﬂyaﬁ4pram1bar
62 to nove WOYP8MBe |eft as viewed in Figs. 7 and 7A, the [ock balls will
di sengage fromthe tapered segnent of the housing and can readily be

di spl aced outwardly. Thus, the operatog qfn readily renove the tool 10,
cutting tool base menber 34, and tensi A od 36 from operative association

with the notor and replace it with another. The other tool will, of course,
be associated with a cuttRg tool base ne r and tension rod of |ike
construction so thg : i nterchapge is allowed. Inward

di spl acenent of tMe dr g/ by any desired expedient.
For exanple, thifS i ected manual | y.

Al ternatively, ulic cylinder
utilized for

90 may be



Fig. 8 illustrates an alternative enbodi nent of the invention wherein an
el ectromagnet 94 is utilized to secure the tool base nenmber and tool 10
supported thereby to the spindle 42. In this enbodinent, the tool plate is
constructed of a magnetically attractive gmterial, for exanple carbon
steel . Any suitable conventional arrangenent, e.g. slip rings (not shown) ,

may be utilized to energigg 1&h&héifiﬁié0&?9&E£§poraég- dmbine”RRa" atus for

cutting a workpiece, said apparatus conmprising; Inh combination:- a rotatable
cutting tool (lejivantages of thedihregcaxen single|poigit: dismgnd sutéayagi ng and

cutting a workp| ax?fsﬁ%‘ Q;?g é}{br‘&ftof df’th’@fx@éé‘mietﬁﬂtﬁbﬁglﬂéé‘il about a

| ens cutting t 00, |on sai east one cutting el enent being
spaced from sai étgle tqem;rp&er- aoweyer, & Sepirablel foatnnei ofy suChi AR Ul ar

path of nmovement POk YolllObe FheSabiL Ity tbakhFoIAY hhBladdiiately
replace the lens cutting tool in the generator apparatus.
The present invention relates to apparatus allowing for
the quick coupling or decoubling of a rotatable lens
cutting tool whereby cutting tools of different diameters
may be employed to generate a final lens surface, thus
avoiding conventional ‘fining and polishing operations.
Rotation of the tool must be at an extremely low level of
vibration to achieve this level of surface finish.

Although the invention as described herein has
particular application to generaticn of ophthalmic
lenses, the principles of the invention also have
application to other types of rotating tools wherein a
high degree of accuraéy in the placement and operation of
the tool is required with minimal vibration. '

A search directed to this invention located the
following United States patents: U.S. Patent No.
4,979,284, issued December 25, 1990, U.S. Patent No.
5,226,869, issued July 13, 1993, U.S. Patent No.
4,175,898, 1ssued chember 27, 1979, U.S. Patent No.
5,140,782, issued Angust 25, 1992, U.S. Patent No.

4,718,798, issued January 12, 1988, U.S. Patent No.
4,642,005, issued February 10, 1987, U.S. Patent No.
4,607,989, issued August 26, 1986, U.S. Patent No.
3,716,951, issued February 20, 1973, and U.S. Patent No.
3,586,343, 1ssued June 22, 1971.

] Kinematic coupling design principles are
generally discussed in pages 401-404 in Precision Machine
Design by A. H. Slocum Prentice Hall, 1992.
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cutting tool rotating nmeans for rotating said rotatable cutting tool and
including a rotatable el ement having a rotatable el enent axis of rotation,
wherein said cutting tool rotating means includes a notor (18) and wherein

sai d rotatabl e el enent qgg?ses a s i ndl e é4%g&rotatable about said
rotatabl e el SHEhtOEBE% ats oRel Hané'rw Fn@BP LR ikt Gt

ki nematic coﬂ (ﬁgeal dagﬁ%%ﬁg@ é@i%ncﬁlﬂpb' Bgol 998t ey ddnd at abl e

cutting tool rotating neans with said cutting tool
axis of rot atcahumcb;slaua:lal oIndubtrieselinot ands Ul ted Stades: @atwrdent

sai d qui ck-cgnnect connect ki ne |.c_coupling neans including t ool
centering nedls QWSHiﬁéﬁ ?dn?B?SEQBIBleﬁPPﬁngrPSHFQQﬂQHQVe to said
spi ndl e whereby the rotatable el enent axis of rotation are coincident,
characterised in that said quick-connect and di sconnect kinematic coupling

means incIud@mnmpaaniEgﬁentﬂAnpébcabhberN934p avoi 180 dissdicdesotzat abl e

cutting tool .at .a Ioca lon fromsaid.at .| east ope uttln el enent
and wherein <8 (& $$£%%%%h§ |ﬁcF¥ﬁé§dﬁlca& shart ‘and'%

radial shoulder secured tec the shaft of a motor for
rapidly rotating the tool by means of a draw bar
extending the lecgth_of the shaft and threaded into an
axial threaded bore in the cylindrical shank. The
location of the tool is precisely fixed by means of ring-
shaped shims adapted for placement about the cylindrical
shaft of the tool between the shoulder and either a
mating surface on the shaft or intermediate means for

securing the tool in the shaft.

United States Patent No. 4,901,480 discloses a tool for
generating a prescription surface in a plastic eyeglass
lens. A pair of replaceable, cutting elements are mounted
on a tool having a spindle. Each cutting element has a
solid polycrystalline diamond material forming a cutting
edge for progressively shaviﬁg a surface on the backside
of the lens as the tool is swing back and forth. The
surface so generated need only be polished, without the

conventional abrasive finishing steps.

DISCLOSURE OF INVENTION

The present invention relates to apparatus which
provides for the efficient and accurate replacement of
rotatable cuttlng tools such as lens cutting tools in a

lens generator. The apparatus includes a rotatable
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plurality of radially extending, outmardly dlverglng grooves (
one of either said cutting tool base nenberi1fr:.said spindle an n&iﬁ I, lm””"‘

of projections

cutti'ng tool base menber or said spindle for.seating in said grooves

(40) projecting outwardly fromthe other of
sald

proj ections and said grooves cooperabl e t<EM®tain the cutting tool axis

of rotation co

incident with the rotatable elenment axis of rotation and to

prevent relative rotation between said rotatable cutting tool and said
spindl e. 2. The appdr.at udppeomatiisnofenw @Gibting ahwoekpieeed gaddves are at

| east partiall
appar at us -acco
curved outer p
apparatus acco

defined b aced, outwardl dlverglng side walls. 3. The
% %9 4§Wﬁ) SHIG i IR HB2ELeR: proj ecti ons has a

rol g;h{ WA AR EIHG 0o CHB ndbiAgSRRCL8ast: ohE°
cutting element (26) for engaging and cutting a
workpiece upon rotation of said rotatable cutting tool
about a lens cutting tool axis of rotation, said at least
one cutting element being spaced from said cutting tool
axis of rotation and following a circular path of
movement upon rotation of said rotatable cutting tool;

cutting tool rotating means for rotating said
rotatable cutting tecel and including a rotatable element
having a rotatable element axis of rotation, wherein said
cutting tool rotating means includes a motor (18) and °
wherein said rotatable element comprises a spindle (42)
rotatable about said rotatable element axis of rotation,
and

quick-connéct and disconnect kinematic coupling
means for releasably coupling together said rotatable
cutting tool and said cutting tool rotating means with
said cutting tool axis of rotation and said rotatable
element axis of rotation coincident, said quick-connect
and disconnect kinematic coupling means including tool
centering means for centering said rotatable cutting tool
relative to said spindle whereby the rotatable element
axis of rotation are coincident, '

characterised in that said quick-connect and
disconnect kinematic coupling means includes a cutting
tool base member (34) affixed to said rotatable cutting
tool at a location spaced from said at least one cutting
element and wherein said tool centering means includes a
plurality of radially extending, ocutwardly diverging
grooves (44) formed in one of either said cutting tool
base member or said spindle and a plurality of
projections (40) projecting outwardly from the other of

o . - .
AVl L T
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addi tionally conprising indexing means for locating said proje
rel.ative to said grooves. 5. The apparatus according to Caim mg;’ "u'”"m,”",
said tool centering nmeans conprises three radially extending, O

di vergi ng grooves spaced from one anot her defined by one of either said

cutting tool base menmber or said spindle amd three projections spaced from

one anot her and projecting outwardly fromthe other of said cutting tool

base nenber or saafk squtitdhg. téol Bbeeamnfe&t o8 e@rd)rsguﬁmé Fod seatingwherein

sai d qui ck-conne¢t and, di sconnect ki ne cou g neans additionally
i ncl udes an el ondBt 2L GrBAYeq o Sat rﬁ%ﬁ ciong F240i FRRY®Hr oj ecting from

sai d Cgttl ng thho&m&mn’aermmtamuftm @:htganl ¢l ot aﬁﬂs to¥olrobasiomenber
opposed to said rofat ti t 00 el ongat e aving a

| ongi t udi nal axi €° %‘Eﬁ!@%&ﬁtvgﬁ f?‘gof?ﬁﬁ ﬁ}?‘vﬁ'ﬂgﬁﬁlﬁﬁreﬁﬁﬁ% t ool axis
of rotation whenasdith preventirelative nptiatdbn i setneen! salidvrobatable cutting
tool rotating neanétfaé %359 éHH gglacggﬁﬂaieand di sconnect kinematic coupling

neans.

2. The apparatus according to Claim 1 wherein
said grooves are at least partially defined by spaced,
outwardly diverging side walls.,

3. The apparatus according to Claim 1 wherein
each of said projections has a curved outer projection
surface defining a segment of a sphere. '

4. The apparatus according to Claim 1
additionally comprising indexing means for locating said
projections relative to said grooves.

5. The apparatus according to Claim 1 wherein
said tool centering means comprises three radially
extending, outwardly diverging grooves spaced from one
another defined by one of either said cutting tool base
member or said spindle and three projections spaced from
one another and projecting outwardly from the other of
said cutting tool base member or said spindle.

6. The apparatus according to Claim 1 wherein
said quick-connect and disconnect kinematic coupling
means additionally includes an elongated member for
connection to said spindle projecting from said cutting

- tool base member on a side of said cutting tool base
member opposed to said rotatable cutting tool, said
elongated member having a longitudinal axis substantially
coincident with said lens cutting tool axis of rotation
when said rotatable cutting tool is coupled with said
cutting tool rotating means by said quick-connect and
disconnect kinematic coupling means.
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12 7. The apparatus according to Claim6 wherein said qui ck-co
di sconnect . ki nematic coupling means additionally includes tens ﬂnmmﬂgm#"m"m,
operatively associated with said spindl e for rel easably engagi ng sal moos  a

el ongat ed nenber and applying pulling forces on said elongated member in a |

direction away fromsaid rotatable cutting tool to naintain said el ongated
menber under tension when said rotatable cutting tool is coupled with said

cutting tool rotating meajs fie S girﬁﬁﬁfkimgﬁ w@lgmcgmﬁﬁeml nematic

coupling nmeans. 8. The apparatus accordin aim7 wherein said

el ongat ed rrenbersaé-énﬁ‘#l@‘é'ﬁﬁoﬁnw%)é‘@l ai sww&&. kinepakis GPURBHT 9. The
appar at us accorqf B Saditdofa bl cufes AchsibRl BcunkO ?Qﬁ@n&l&lyn' ar gement
at the distal g ﬁereo sai d tensi onfg%J 1gﬁans nga th sai.d
enl argenent to m&Bn@hﬁ“Fﬁ%!ﬂiﬁhf?@Q gpdnd ST W&Q\g@afﬂ"?ot at abl e
cutting tool is ¢qoHghesh WeBer and applying pulling forces on said

elongated member in a direction away from said rotatable

cutting tool to maintain said elongated member under

tension when said rotatable cutting tool is coupled with

said cutting tool rotating means by said quick-connect

and disconnect kinematic coupling means.

B. The apparatus according to Claim 7 wherein
said elongated member comprises a flexible rod having a
distal end.

9. The apparatus according to Claim B
wherein said flexible rod has an enlargement at the
distal end thereof, said tensioner means engageable with
said enlargement to maintain said flexible rod under
tension when said rotatable cutting tool is coupled with
said cutting tool rotating means by said quick-connect
and disconnect kinematic means. '

10, The apparatus according to Claim 9
additionally including lock means for selectively locking
said tensioner means in engagement with said enlargement.

11. The apparatus according to Claim 10
wherein said tensioner means includes a draw bar defining
a recess for receiving said enlargement and wherein said
lock means includés at least one movable lock member -
engageable with said enlargement to retain said
enlargement in said recess.

12, The apparatus aécording to Claim 11
wherein said spindle includes an inner surface defining
a spindle interior telescopically receiving said draw bar
and said flexible rod, said spindle inner surface for

- engagement by said at least one novable lock member to
| AMENDED SHEET
iPEN..P/



said cutting tool rotating neans by said qui ck-connect and di sconnect

ki nematic nmeans. 10. The apparatus according to Caim9 additi i ﬂ,w
i ncluding | ock neans for selectively |ocking said tensioner ne u " l","m""'"u"
engagenent with said enlargenent. 11. The apparatus according to daimth s *
wherein said tensioner neans includes a dkdaw bar defining a recess for
receiving said enlargenent and wherein said | ock means includes at |east

one novabl e | ockingenBeid atgdgash qene,mpvakls dosk Bemker toward &g n sai d

enl argenent in sii.¢ibfeS¥a. 12. The apparatus according to Caim 11l wherein
said spi.ndle includes an i nner surface defining a spindle interior

tel escopically receiving said draw bar and said flexible rod, said spindle

i nner surface for engagengnt $Ne ppdratus etoraify Y ebhem! 02k menmber to
13 urge said at least one novabl e | ock nenmbgr, . { oward saig
wherein said tensioner means additionally includes
biasing means for biasing said draw bar relative to said
spindle toward a position in which said at least one
movable lock member engages the spindle inner surface,
said biasing means maintaining said elongated member

under tension.

14, The apparatus according to Claim 1 wherein
said rotatable cutting tool is a generator tool for
generating a lens surface on a lens.

15. The apparatus according to Claim 1 wherein
said rotatable cutting tool includes a plurality of
cutting elements, said plurality of cutting elements
being spaced from one another and generally co-planar.

16. The apparatus according to Claim 15
wherein said cutting elements comprise removable cutter
inserts, said apparatus including fastener means for
securing said removable cutter inserts to the remainder
of said rotatable cutting tool.

17. The apparatus according to Claim 16
wherein said inserts include diamond cutter tips.

18. The apparatus according to Claim 5 wherein
said projections are of substantially identical ' :

configuration.

13. The apparatus according to Claim 2 wherein
said spaced, outwardly diverging side walls are at least
partially comprised of ceramic material.

J 20 . The apparatus according to Claim 1 wherein
- said quick~-connect and disconnect kinematic coupling
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IDEAED



R
3

flexi'bl e rod. 13. The apparatus accor di n re| "PGIABAd 36 0074 1
tensi oner nmeans additionally includes bi ' |aS|ng sai d draw
on tn [

badr relative to said spindle toward a posi sch=sai d at | east one
novabl e | ock nenber engages the spindle inner surface, said biasing neans
mai nt ai ni ng sai d el ongated nenber under tension. 14. The apparatus
according to Claim1 wherein said rotatabhg cutting tool is a generator
tool for generating a Iens surface on a lens. 15. The apparatus accordi ng

to Gaim1l g fﬁeﬁu{aegaaﬁbbeee&m&@nwIfd:nq&a@ﬁc vpality of

cutting elenents, said uralit cutti_ng el ements bein ced, fr. n1one
anot he? and mwtynﬁosﬂFﬁnﬁPztiB ?ﬁ@lag’ﬁﬁeat“lﬁmbﬁ,‘&o‘?%?ﬂ@fs oSeiad
wherein said cutting el enents conprise renovable cutter inserts, said
apparatus including fastener nmeans for securing said renovable cutter
inserts to the renmainder of said rotatable cutting tool. 17. The apparatus
according to Claim16



whefein sai a‘*"'n
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serts include dianond cutter tips. 18. The apparh$@9963-0

according to Claim5 wherein said projections are of substantiall Rtmp
I dentical configuration. 19. The apparatus according to Claim?2 vvhgégi\?n

sai d spaced,

conpri sed of c&s
wherein said g

1c material. 20.

outwardly diverging side walls are at

The apparatus according t
connect ﬂWWMi?M@WF@@OUpI i ng

| east par y
im1
4 neans

."»“":‘
P
LIPS

KoL
o)

el udes rgfil i56RRITABASE TR ST HHC bk Hib PRAE T SoORIRhI TRERTY B
(51) International Patent Classification 6 : (11) International Publication Number: WO 9718918
B23B 31/26, B_z“B 1301 Al (43) International Publication Date: 29 May 1997 (29.05.97)
(21) International Application Number: PCT/IB96(00741 | (81) Désignnted States: AL, AM, AU, AZ,

(22) International Flling Date: 19 June 1996 \(90696)

(30} Priority Data:

08561404~

(71) Applicant: MICRO O
[CA/CA); 40 Roone:
EIE 4M3 (CA).

21 November 1995 (11195)  US

CS DESIGN CORPORATION
scent, Moncton, New Brunswick

(72) Inventor: SAVOIE, Mare, Y.; 166 Maple Street, Moncton,
New Brunswick E1C 6A4 (CA).

BB, BG, BR, BY, CA,
CN, CZ, EE, Fl, GE, HU, IS, JP, KG, KP, KR, KZ, LK,

LR, LS, LV, MD, MG, MK, MN, MX, NO, NZ, PL,
RO, RU, SL SK, TR, TT, UA, UZ, VN, ARIPO patent
(KE, LS,"MW, SD, SZ, UG), Eurasian patent (AM, AZ,

BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, F, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG).

Published
With international search repori.

(57) Abstract

(54) Title: APPARATUS FOR CUTTING A WORKPIECE AND INCLUDING A KINEMATIC TOOL COUPLING

. . Apparatus for cutting a workpiece includes a rotatable cutting tool (10), a rotatable spindle (42) for rotating the cutting tool, and a
quick-connect and disconnect kinematic coupler for releasably coupling together the rotatable cutting tool and the rotatable spindle. The
kinematic coupler includes a plurality of projections (40) which cooperate with and enter a corresponding number of grooves (44) to
precisely place the cutting tool (10) relative to the spindie (42) and prevent relative movement between the cutting tool and the spindle.




