METHOD OF SURFACE MANUFACTURE W TH AN APEX DECENTERED FROM A SPI NDLE
AXIS FIELD OF THE | NVENTI ON [ 0001] The enbodi nents found in this

di scl osur ayghfusfoedsds €d to manufacturing surfaces w th %R R%io$021585
decentered fromthe spindle axis. In partl cular, one enbodinment is

related to conpen ) ) es that
i nvol ve an oscil | &t A ooNE—S M_ﬁ%&s

[ 0002] Lat hi ng | enses MS)EGENW&‘RH[EHRWMHNDUE)AX[S oducing rigid
gas perneable | enses (RGs). Wth the advent of corrputer nuneri cal
control (CNC) | at hi ng contact |enses becane a nore viabl e neans of
mass produci | enses, al though DSM (doubl e-si ded nol di ng) processes
may be t h&RgSOfpT HEINVEN [ 0003] Lat hi ng may be a preferred
techni que for creating specialty | enses, such as | enses for

presbyopi §0@01] ast i §haembodinents fsuncius tisdiseisare aksetedtouf act uri ng
techni que, lathing requires specific tolerances, nmuch |Iike any other

process  buarfufdtunvepsdree evifpthe aiXisdetedteied fr@ﬂﬂhé%pﬁﬂﬂb axiongl
machi ni ng steps to achi eve desired tol erances.

particular, one embodiment is related to compensating for tool geometry in

cutting processes that involve an oscillating tool.

BACKGROUND OF THE INVENTION

[0002] Lathing lenses was the favored technique for producing rigid gas
permeable lenses (RGPs). With the advent of computer numerical control (CNC)
lathing contact lenses became a more viable means of mass producing lenses,
although DSM (double-sided molding) processes may be the most preferred way.
[0003] Lathing may be a preferred technique for creating specialty lenses,
such as lenses for presbyopia and astigmatism, or for custom lenses. As a
manufacturing technique, lathing requires specific tolera'nces, much like any
other process but tool wear/compensation may also require additional machining
steps to achieve desired tolerances.

[0004) Lathing may be used to create front and/or back surfaces of lenses
and/or of lens molds. In back surface lathing or machining, a blank or button
may be used. The blank may be fed into a chuck to hold the button. Once the
blank is held by the chuck, the spindle holding the chuck and button begins o

rotate and feed or advance toward the cutting tools. Cutting tools may be made



[ 0004] Lat hi ng may be used to create front and/or back surfaces of
| enses and/or of lens nolds. In back surface | athing or machining, a

bl ank or bRy, be used. The bl ank may be fed intoparsRipko 1985
hol d t he %é’tonlo On4ce the blank is held by the chuck the spin

hol di ng t ut i ns or. ad

Fovar 0t he VTR AR TRy é*%metf?eﬁwa%fﬁgei@f‘?%f@” o i i
20081045444PCT/ Us2007/ 021585 . of ri terials, e r

o orr od MRIEES SUSh s aiRends. and e ke e frat 9P in | ?yﬁrﬁe?ﬁ%@r a

di anonds and the like. The first step in lathing a lens or a nold is

to | athe M isitadathedeblank inodhe proper padidiareeter.. Newxe roughiegitael ng

tool may be used to cut the initial back surface geonetry using a

pl uralitymsy e esadoigreauttheindial backTsuifaceldepmetytuséng a peypalitg oheeded t o

make the final cuts. Each progressive path cut may be adjusted for

dept h and pgrogiammdéy catd] Tybicaly bh@théﬁﬁéﬂﬁg néstisanoensEhetfinapads or

the spindle speed. The back surface of the blank/part may al so be

pol i shed ERCAPBYodTss!E b rﬁwédju&@e@&] AP Bnd BBomRt b%‘deLf%’ﬁﬁg' f

machi ned, the front surface may be bl ocked. I'n thi S process,

may be ”D%Hb;f%@d%ff”aevé‘néé %Buﬁ%ﬁ%gm‘e nd!%%ﬁ&ed O’I“héTB%%RQ&f | d¥h

This step of wax nmounting I's desir avol d e potentia
situation i ck t ngles to the axis
of the spPW@%fﬂﬂ%%ﬁ's pahRRE ﬂ*sﬁﬁ%ﬁ@wﬂ%ﬁn the creat ed
nol d or After bl ockin ntln ron sur f cels | at hed.
St ar t 05 backAGRiriRg 3tk Tivpee, S Hraktiedh theaog S BES MY B 1
(button) is fixed into or onto a chuck to hold the partially-finished
but t on. ~ TRECkEt IrathisPRrRsS: He@ipat MayrPemetnied qnie atfioat pyrfageatoplitsing
which is usually acconplished with a sensor probe that establishes

t he cent elow gfedmgrpaintppint Thigistep ofefax mourtingois desuablews halp avoid the

conputer/controller in a conputer nunerical control lathe to

cal cul at e pbtentiansiuation deeait thergadkonirface s$ nbtestdight anglea e thel axissfder
to arrive at the required or desired center thickness of the |ens.

200 1 8 QERge AN 1oe RSP ONRaRh sl vsparbp o 11 <
Symret ri Calter plocking/mounting, the front surface is lathed. Similar to the back surface
lathing, the partially-finished part (button) is fixed into or onto a chuck to hold the
partially-finished button. The partially-finished button must be located by the
lathes, which is usually accomplished with a sensor probe that establishes the
center reference point. This reference point allows a computer/controller in a
computer numerical control lathe to calculate the amount the cutting tool must
feed or advance in order to arrive at the required or desired center thickness of
the lens.

[0006] The processes described above are typically used for symmetric

designs. Oftentimes lenses and lens molds are needed that are not symmetrical,



WD 2008/ 045444PCT/ US2007/ 021585 such as for exanple, |enses designed
for presbyopia or astigmati sm These types of |enses and

cor r espondyg4god3pkilss My have optical or nanufacturing %?ﬁfsidﬂ%zlﬁfse
not the sanme axis as the spindle and/or the center of the |ens.

i ckness SUGRPEIC AFRE Thnsed, esg%%hé%h‘?f?sé APt Bt iR, fRete

Techni que for cr eatl n ses nol ds i ncl ude offsetting
Che part - DIRES O feiep ROILaBLapna Rg %mav%anéom'@awﬁ@ne G 5
of the spindle. This nmethod is inefficient as the part nust be noved
nul ti pl e exaethat grenet thagamendnas the @@M@@ﬂglormcwe@@fdheﬂm ftdron
seeks to correct these and other deficiencies in the prior art.

[ 0007] As exainplehtheopart ay needdadeshit froadthepoittef avaxjmumrthickeesdsat i ons
and nodifications of the enbodiments found in this application my be

ef f ect ed whidhomby diepbe thengedmetiic iceates pf thet paat dTschpigiesfusktl dommesting
concepts of the disclosure. SUMVARY OF THE | NVENTI ON [0008] I n

acconpl i skier@ Iefees! AHrReIas bludd e tiry ﬂhé%ﬂ%éh th&t tAE aRisAReSpar L h
one aspect of the present invention, a nethod for cutting a surface

with Lhe aRgs Biin fhodiheBient fodh Jicn@ntﬁ.e%anb@f&.ﬁeﬁaeaha Sgat hod

|nclud|dn]9t e steps o ni ng entralized a a
axi 5. cﬁa@c?g??@é\%@t*ﬁﬁ Pl %gaﬁgéﬁlsrﬂé%%%% i ﬁetp?iﬁ?g?;[‘i ng
the series of .points into a acke ? vc%tfl onal g‘ﬁ stforing the

st acked el'rlé/\?at'g%ﬁ%? p?oé@echiﬁﬁ?ép QUM GEfIEIENCied eI A f or t ool
geonetry; creating a second mni-file with the geometry-conpensated

val ues; t (¢ tti nfys W@%ebwaw&mﬂ@t}om@a%wny variations and

modifications of the embodiments found in this application may be effected
without departing from the spirit and scope of the novel concepts of the

disclosure.

SUMMARY OF THE INVENTION

[0008] In accomplishing the foregoing, there is provided, in accordance
with one aspect of the present invention, a method for cutting a surface with the
apex of a part decentered from the spindle axis, the method including the steps
of aligning a decentralized apex with a spindle axis; defining a central axis as a
radial distance from the spindle axis; characterizing part design as a series of
points; translating the series of points into a stacked elevational map; storing the
stacked elevational map as a first mini-file; compensating for tool geometry;

creating a second mini-file with the geometry-compensated values; transmitting



the second mni-file to a conputer nunerical control |athe; and
cutting part material with an oscillating tool according to the
second m nj ~fi 0009] I n enbodi nents and accordance W

aspect of r{’{Nﬁté’6();%fr('?‘lesétle“nt invention, there is provided a n\%ﬁ’@éﬁ’%’t}%
conpensating for dianmpnd tool geometry which may include the steps of
creating e gsoed Ennkile 4o agomputerRUmgriceheentral Fther and GiitingRark and z
val ues for specific |ocations; calculating the desired position of a
di anond t owiteria wathi areosaillating teel acaerdingdiorine secand wini-fileconpensat i ng
for the dianond tool radius to determ ne proper tool position to
gener at e [0G009] cul atlecnpodimentseardl actocddnatiwith anajfesrrespeyt afdhe presebed
zero neridian. The nethod may, in enbodi nents, include aspects

wher ei n t restien teéreds pRIVIdEEH & nicdidcERe BbMbEASatPG for didfiondnedludes
representing a part surface as a spiral and defining neridians within

the spir abeohBiry Which RaDHcIGILRS HBY 5 crédif &dertaldribral patg the X
and Z val Egg for? spl)ecif C cI ocations nnycr?urtgﬁéafébirncel ude meas%ri ng the
di st ance e . kral . . i vd.di d | Stance
bt weont Ao galpURRY IR dho 2 U88Pidrtpeahl Mealyfe coltaiiG fie °, 20
al ong the zero, neridian. [ 000 In st.il not her enbodi pent, the -
et hod nageR iR BRRIAT o e borreBtie to 83163 BOREH PEAUosi 11 on

of a dianond tool includes ro&rg:tl ncg aline at the tool axis angle
from the sempeRsatingifanthedliamend{aql sadivs ipedaigrmeipapeoresteel;positign to
projecting a vector normal to the point determned in the preceding
step to fOAGERRtRresaleulatedpoints and gateulating @ geomintewnpensatehzgiPe nmay
be between about 0 degrees and about 45 degrees. In further

enbodi nenterididne Trenpetieat may is eeppodigerats siociude laspects iwheetin tmgstep of
desired surface location by the WD) 2008/ 045444PCT/ 1JS2007/ 021585

tool radi yreating werepriseatidion Wf arpdriointinges predEnting al ghrbsurfabeeassd ep of
cal cul ating a geonetry-conpensated zero neridian may further include

rotating Gphealrapa<hinllReridahs WihARAESpirAe IREHiIDbRePY¥mBobliRYntsthe
angl e, and averaging the values of the highest and | owest neridi ans

e oA R TSRS s g0

recordi ng al'l conpensated 'va

ot hod. of RS g i BT Bt WAy A1 66 S ER BER ISP S o s

BRI EF DESg@taPn-lc_:le(g\eltvge:er;r E‘% (I:?JRréc\aAs' yﬁ\e number of meridians, and equating a Z value
along the zero meridian.
[00010] In still another embodiment, the method may include aspects
wherein calculating the desired position of a diamond tool includes projecting a
line at the tool axis angle from the zero meridian to the meridian being
compensated; and projecting a vector normal to the point determined in the
preceding step to find the center of the diamond tool. The tool axis angle may be

between about 0 degrees and about 45 degrees. In further embodiments, the

compensating step may also include offsetting the desired surface location by the



[ 00011] Figure 1 shows an exenplary lens or surface of a lens nold in
whi ch the optical axis is not aligned wwth the central axis.

[ 00012] Fi gm)%(%mgﬁ%cts a build-map of the lens or Surfp@‘fﬁ]S?{fowﬁngﬁns

nol d of Figure 1. 0013] Figure 3 depicts a spiral representation of
a lens or | d,.geonetry. [00014]Figure 4 depicts the spiral )
" epr ovent 409 RUIGE VARG APPSR ARUAT R HIEETHETAa B HEB of caloulating a
[ 00015] Figure 5 depicts a representation of the tool g{.eomet ry
conpensat 96AMelY1fompensated zero meridian may further include rotating the
recalculated points about the origin by a tool axis angle, and averaging the
values of the highest and lowest meridians at each point calculated. The method
may further include the step of recording all tool geometry compensated values

in a mini-file. Exemplary surfaces or parts which may be produced according to

the method of the invention include, for example, lenses and lens molds.

BRIEF DESCRIPTION OF THE DRAWINGS
[00011] Figure 1 shows an exemplary lens or surface of a lens mold in

which the optical axis is not aligned with the central axis.

[00012] Figure 2 depicts a build-map of the lens or surface of a lens mold of
Figure 1.
[00013] Figure 3 depicts a spiral representation of a lens or mold geometry.

[00014] Figure 4 depicts the spiral representation of Figure 3 with defined
meridian points.
[00015] Figure 5 depicts a representation of the tool geometry

compensation method.



WO 2008/ 045444PCT/ US2007/ 021585 DETAI LED DESCRI PTI ON [ 00016] Ref er ence
now will be nade in detail to the enbodi nents of the invention. It

will be a those skilled in the art that vari
nodi fi cat Bgﬁé&g}r%sg@ari ations can be nade without depar ??E’SS%"P?{%I?%

scope or i1 f I ion. For instance, features illustrated
or descri gfﬁgEgﬁéggﬁﬁéﬁ@%nbodi ment, can be used on anot her

enbodi nent_to vield a still further enbodinment. Thus, it is intended
that the RSht i nReferense row will kemadadedetad 4o therembediments efithens as
come within the scope of the appended clains and their equival ents.
Q her obj éwestion.chmilt be agpareat teibose skillehin the astdhat varipestmarifications

di sclosed in or are obvious fromthe follow ng detail ed description.
It is to laedwadeaticrisorzh by made withoat depertityg fréinl the isbopener spitit dfliaé  t he
present discussion is a description of exenplary enbodi nents only,

and i s nofnviehtiemdeer inStantca] febfifled MEstPited dPHeSGBRE S Pt ditthePr esent
i nvention. [00017] Unl ess defined otherwi se, all technical and

sci enti 11 eniediiertSesh Betiska ohBBiHeR enitRMndas Y A RIARRE! Y

under stood by one o rdinary ski in the ar .

i ti I | rein.and t

manat act uPTRSCRE N T 8s i ttenRf TR Pt BB B gEa " n the
t. Co t). I t hod d f I , f

Those pr o TRLEAANY AR SAFRRG 35 StGB G SPORCR e ABBIIAERE

termis provided in the singular, the inventors al so contenplate the
plural of apfdheit eqyiyalepiso faNehebigsisdientuses and asprets et bepresasnt t o
provi de an efficient method for lathing a surface with the axis
decent er ednvention erecdisglpset i enare obiong fram thegollowing detailed description.
2008/ 045444PCT/ US2007/ 021585

It is to be understood by one of ordinary skill in the art that the present discussion

is a description of exemplary embodiments only, and is not intended as limiting
the broader aspects of the present invention.

[00017] Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs. Generally, the nomenclature used
herein and the manufacturing procedures are well known and commonly
employed in the art. Conventional methods are used for these procedures, such
as those provided in the art and various general references. Where a term is
provided in the singular, the inventors also contemplate the plural of that term.
[00018] The embodiments found herein seek to provide an efficient method

for lathing a surface with the axis decentered from the spindle axis using an



oscillating tool. This nethod is an inprovenent over the prior art
and provides a nethod in which part "re-chucking" during the cutting

operation \%ézmsmﬂfed' [ 00019] Referring to Figure 1, §C§@gmyl§8 of
C , S fO

a side sectional view of |ens design is shown. In Figure I'en

is shown in .which the optical apex 20 is decentered. fromthe central
i 30 oposilanadne! TP stied 8% imbioteinamt ¥R MehTor AR AbrapfnP o
(not shown for clarity) is not aligned with the apex 20 of the part
(1 ens), ofMmeiRpchin WhichRRtnigehuskingn 8yEngthe gitingereratign is<nininpiged.apex
20 of the part lies offset fromthe central axis 30 and the spindle
axis, and[ 9] ur t Meferingtiof Figuref 1, @nsahiematiptof 8 sideasgatiopalhvigw ohitens
dotted line 40) of the lens 10. The spindle axis and the optical axis
may be al dgsign.is AR O0lnCEigpret £ riemsun@is shmwncinmhich tHeadpticalgapex 20 is
acconpl i shed by programming the lathe to cut according to a |ens or

nol d desi gBecentbicd fisti the céfr BRisi 3 eFdhé Wneud) |AAkiE @Afddifie@N thevalid OUS
types of software including software capable of representing a

t hr ee- di ”Bﬂguiefﬁﬁrldzé %pgﬂﬁ f&%%ﬁﬁft%}@{é‘awﬁ?{h@éﬁem PAREDart,

however, S of no esign t be “translated” into a series

t
of points t Lt ; i Y, I t e
conput er ﬂ%ﬁ@r ngﬁnggrn%?%'ﬁ%?ﬁé%%gg %?g{c? 38# z%gtg%b q@%? Eé% 3@85?% pnatr!(;ne
enmbodi nent., the .design nma i rst,.be t egor,i zed by di vi di Lt into
Soot | ome. s, itSatiHR e dhhal ki a0FhoiRe SHRAIEET, Hgrimik Ry b orrdét
the design can be translated into a stacked el evational map of the
part 70, mvbﬂhemcy@%@how as Jolied lige %pat,hea[gng hewhhe ﬁpiﬂﬂ{ﬁﬁ’ﬁs 3.
This information or data is stored as a "mni-file", that is, a data
file cont andithgyopticabaxatmanbewnligned. ncl udes both the information for
t he header or identification of the lens, and information WO
2008/ 0454 401R20] US200ampates danevioal cantrel aéome tsrgccomplistherhisy whi ch dat a
isinaformthat is interpretable by a conputer-controlled

manuf act Uprgygafieiing theSldtHe tocud ab&urding @6 adémd 610bRIdsigm €Thid\ddh beonal
information relating to methods for converting a desired | ens design

to a 990”ﬁ&édfn&lfslhédQ%h@ﬁtmétﬁ&%afi&aénd %ﬂdhsttg?ﬁ%m%ré hoding,

conmput er-control |l ed mantfacturing systemis sed 1n US.
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such as t ngtv%lr'el. c1for all purposes, however, the lens or mold design must be

“translated” into a series of points that can be fit to a mathematically defined
curve that the computer numerical control lathe can recognize and cut.

[00021] In one embodiment, the design may first be categorized by dividing
it into sections. Once the design has been captured as a series of points, the
design can be translated into a stacked elevational map of the part 70, which
may be such as a lens or mold, as shown in Figure 3. This information or data is
stored as a “mini-file”, that is, a data file containing information which includes

both the information for the header or identification of the lens, and information



map 50 shown in Figure 2. Each of the lines 60 illustrated in Figure
2 defines a path that the cutting tool follows to cut that particular

cross secty,89,Rfadipe 1 ens. For purposes of clarity, onky A %0% hi1kd3es
oog tS a¥y many

60 are shown in Figure 2; however, it is to be underst

nore paths for, the cutti tool to follow be and, conventionally
are, descPPpaldhgggo Wié]gd?n%é’ﬂ]‘qa’l Q?t?r\%'"t%gﬁ)‘%‘ tS?@Sdéthm%@bWMVi ng
a dianond cutting tool (or other cutting part) nounted on a Variform
(avai | abl. 6ompyiarpeatpliastmanufiaeturing evieg SUER Bs @scamputerserntralied lathe.
Hanpshire) or other suitable device which has the ability to

osci | | at e Additiohal isformdtien odlatingetol raetheds &ir abegertiog aatasirgd ensatesign to
rotationally symmetrical surface. [00023] For oscillating tools, an
addi t i onal geonmetiylsfta dohtacthens thbt ©rto delProduceliih @ domput&adsntrollddi s
step, referred to as "tool geonetry conpensation”, is designed to

conpensat ghdrifactlivthg Sydtets isddciobePm 0fs. PaterlisppredtiondUblidatbr Ro.

distinct from for ‘eXxanple, sinple tool wear conpensation. \Wen the

di amond 1 98be@Be7ERY Sinich st orPlaalde1@ 3o, the comput er

nureri cal con systemo al culates or controls the cut

if th i d t4 f .t | .t h ti | h that , i
e
J ) rac e,. an alno Ul a adl us
Chat s of1aRED ST ATtz BaCH bt (eiineS B dhafkasniFloyia: defnas s

conpensated for, undesired effects will occur, such a tool drag
across t heatihat the qudting tool fotiows i quidhatinasicuargosssacion of thenlens.y
conpensation may include reading a pre-generated mni-file into a
conput er enpusposeerf Glarityf enly iafgwdipes ©0tase Bhgwn én Biguren2; spveval, it is
step-over distance (the distance between the neridian |lines 74 al ong
t he spi r ako bé mgderéthodwhatinasp more pathsder theecuttingetoat tedokbw m2g b and,
machi ni ng/ cutting process), iIs represented on the surface of the

desi red pabhveitiohaily &, 86&Mbet anti BYZ&]. 30sdilldtihgtBblsdre dafindteby having
cal cul at ed based upon the appropriate revolutions per mnute and feed
rate spechidigfoy cﬁttﬂﬁgttékﬁl(%l‘:&ﬂ?re&?t@ﬁ é'rt)%?@ﬁt@g‘o r% 95%§m29\95ﬂ%§§ The

nunber of spiral ring , the n er’ of revol utions r eat is

det er mi ne r in [ | Ut . pe L nut e, re
spiral ri ﬁ&gygiegﬁ%érggg%dﬁévﬁ?iggfggh Q%%Qaedﬂ/eg‘f ggﬁgﬁﬁ@gﬁﬁ%%@@?a i ons
per mnute. [00025]0Once the. spiral, step.,s plotted, the distance

Dot ween 1 ABVIER W 7S Prebdiy Rupsaitete &6 s sadle ofte hifveidts

meridi ans defining the surface of the part is pre-determ ned by the
i ni - i | eCERYPI &naRpotatiopally symmeiricabaurfase: di ans). The neri di ans
represent the cross_section of the surface at a particular angle.
Wien | ar g€00023hber sFerfosediatiag tands, ancadditiomal step naust dedakemafterianmnini+ | e
i ncreases; however the representation of the actual surface is nore

accur at e. filehe ctiadedinChis séepyeefierrad o Baltospgearhetcyicoraperdatiog”, s gi ven
nmeridian is then preferably divided by the nunber of neridians to

est abl i shdesignéd tooesrhpensatd foraled raaisiand Shape défftRe aRmMslidedoband 8 Shown
in Figure 4. For purposes of clarity, only 4 |location points

distinct from, for example, simple tool wear compensation. When the diamond

tool oscillates in and out of the part, the computer numerical control system on

the lathe calculates or controls the cut as if the diamond tip of the tool is a

theoretical sharp, that is, a finite point not having an appreciable radius. In



76 are shown in Figure 4; however, it is to be understood that many
rmre points may be described and utilized. [00026] Referring to Figure

one as§§55%ej045t4h@ conpensation methodol ogy is shown, ﬁf“ﬁ%”ﬁﬂg%%x

I ocation unconpensat ed surface points is establis

| ocation be rrat hed to. the Z zero .ner

ae” T ne 1BEHCtR AL oni i s Atagehals - Bbyinr &t eigtoRd, AR
corresponds. to the defi ned p th of the |l athe slides, which is

pr ef er abl yA4Hs wge@p@nsateﬁ B uvﬁes'r?é!rérf&%\y"l OfREr. RUFHALRPI ST ar e

i ndicated by the current slice dianeter, represented by |line 250. For
every X | @eeassdhe padit@beictk 250 there is only one Z location on the
zero neridian 100. For each point on the zero neridian 100, a line
200 (the f@00243xi s Emyfirs} stepyin beol geometly edmgpiensat@dnomay incdudenrgatdingla
angle until it intersects the neridian being conpensated (current
meri di an ?;Eé)bené?éteﬁ rinpileditosa ao@ atez%m@rrs dexbTeefing@ghin ffo t he

| at he configuration, and may be of any angle between and including O

degr ees a'FQ;n ute 308@" Ghal stEQ%?hétaﬁcge(tHéﬁlﬁéﬁé‘éBé%e‘ﬁfthé hf‘erﬁi"é?i ected

line 200 (the tool axis angle) fromt e preceding step and

current Igp;?l ’ ) may
be project ed??}%?@g%?%pﬁﬂ rﬁ@ elprlt%“[(}?)#p e(?‘ da(t?@%iuﬁﬁé’gnnd t he
center 300 0 amond t ool res b rcI 350. .The radi us
of "the o DRmTgeiid BRikskRS s rPRissatey E5iRauisbs of ik eerehet poi nt
300 represents t he unconpensated .di g ool n ferr| ng to

Fi gure 5, 9EREN;ASSEOWEID; &P'@T%- gﬂ'ﬁ%??'%ﬁ?% etcé‘r%@n ﬂ’? as
dotted line F-H) and the dianond radius is the theoretlcal sharp a
di amond wapnrcmﬂawetr@luapn@pemn@%eﬁnefee@fratwaﬂf@ﬁdwdhnéwlng a radi us
of O, onthis lathe is taken to be point "G, which WO

2008 10454¢4menmmmfbgmesoimr deyricet edeluuamtm: af spiral Gnge (iF6. gthee 5.
Location Gis the location where the cut may be applied to adhere to

the | ens defibgnof revdiutibes)dreatedds détedrined beths feed @te 8A¢ BpiXdrRnNd Z.
The collection of all of the generated |location Gs (for each X and

Z) is theréyongions'pee AfiRited Metefspial Ars drB@rdted With!sidwelifas® ide bAA! -
The true conpensated surface is to conpensate for the dianond radi us,

which is HE@%FF%%WQPE?% h?nﬁt@e | at he software for an oscillating
e va h

surface, heor et i cal sharp is used to determ ne the
geonet ry sat t t t tiical sharp is
determ ne he t@ngme pg{%hgt Eéﬁa%ﬁtﬁg tth% 'ﬁtgﬁ(f?eg%ﬁggngﬁ cHe%S
program IS .pro eate or each neridjian, in the spiral to
Create n bt R & cAGBE! T “["%b?ifémﬁtdt%ﬁ{ﬁﬁf‘@g \ppauithce.pLbE £RGn
of horizont al tangent | ines and vertic

is pre-determined by the mini-file (for example 24, 96, or 384 meridians). The

meridians represent the cross section of the surface at a particular angle. When

larger numbers of meridians are used, the size of the mini-file increases;

however the representation of the actual surface is more accurate. The distance

between any two spiral curves along a given meridian is then preferably divided

by the number of meridians to establish the X location of each point 76 on the

meridian as is shown in Figure 4. For purposes of clarity, only 4 location points



tangent |ines bounding the dianond radi us descri be a square such as
the square shown in Figure 5 described by horizontal |ines A-C and

F-H, and \ﬁ?f)rzj)o%f'ﬂ!tsdd nes A-F and CGH . In sone enbodi m%&?m@%qé/ﬁ){lsgsor
ot her toolTng equipnent, the value used to determ ne the

geonetry- ensated position nmay be. gt point or cation "A" as
doscri bed 7S BhOWRM BBt 4 JReRvesnisdp herdesstond, hof biany v sSF i ng
equi pnrent, the value may be at any of points A, B, C D, E F, Gor H
as shown, MAyhedessrined apd ytilgedi ons AL C, H and F are located at the
i ntersections of the horizontal and vertical tangent |ines, and

poi nts B, [00026] and Retering teckigew &toneraspeot aftbe compansgsdtioniteethodology
hori zontal and vertical tangent lines with the di anond radi us.

[ 00029] Af iseshawrl. Afbenthe Xaloeatitet efrthe medorapensatéd gurfacet puntaliove net hod,
a new zero neridian nmust be calculated. This is acconplished by

t heor et i akiablisheR, 2ROR ISTHbAHRETbSIFRRNEN3 LIRSS |6@itRhidMahalzbro

cal cul at ed val ues about the origin at the tool axis angle and

cal cul ati Reeddieh NiRIs I 166 ThE 9B heAddn 1BYESE 2%%%:%3{; %aﬁml%gi ch

average represents the new geonetry-conpensation zero nerl

conpensat r r 10 at he

o do to FRTPERTIGRED Ihe PR deifi ot Mt SlbE IR Rt et ahe.,

val ues are saved,a second mni-fiJe. This mnj-file is then .

! Fanen 1 GHSRES N cHEERTRe e & IScafons oré intiated By dibirian sice

i nvention has been described in detail, with particular reference to
certai n paEnesteederepepferdytlise 259 JaieveryoX Keatier along ling 2881therg is
practice the invention wi thout undue experinmentation. A person having
ordi nary 9oRlylane 4lacatiomen the kerorrperidiay 10ecbgneach peint omtheyzasd t he
previ ous conponents, conpositions, and/or paranmeters nmay be varied or
nodi fi ed teeraianet0) aairlec2 @ tioantoohakib @ngle)l epearie projdotedrat the osciaimgand
spirit of the invention. Furthernore, titles, headings, exanple

mat eri al s teyl ahfle dntikR iftéReplsare Aestidiah BSING BEMpEASate d6lfFend meridian
conpr ehensi on of this docunent, and should not be read as limting

the scope 1gp .tms%cﬁ%ﬁﬁtaﬂgﬁé&’liﬁ@@ is0dbt 28CefhEd I?grblathg%ohfﬂd@rﬁfiérﬁgnhs

defined by the follow ng clains, and reasonable extensions an
equi val ents, TNCEEMy angf bEMUEN and including 0 degrees and 45 degrees.

[00027] At the intersection of the projected line 200 (the tool axis angle)
from the preceding step and the cur.rent meridian 150 being compensated, a new
vector (not shown) may be projected normal to the meridian being compensated
150 to find the center 300 of the diamond tool represented by circle 350. The
radius of the diamond tool is known and hence, can be programmed. This point
300 represents the uncompensated diamond tool center. Referring to Figure 5,
the intersection of a horizontal tangent line (shown as dotted line F—H) .and the
diamond radius is the theoretical sharp; a diamond with a radius of 0. The center

of the diamond having a radius of 0, on this lathe is taken to be point “G”, which

10



1. Anethod for cutting a surface with the apex of a part decentered
fromthe spindle axis in a lathing process conprising: aligning a

decentr al i\%S%(f%R?E?MW th a spindle axis; defining a centralysdihfids @
radi al distance fromthe spindle axis; characterizing part design as

AP - e e b T S R e e
i 111 o T SPGB RenPLe todip TSR o HlEEent Brdven 61 Ayt
second mni-file to a conputer nunerical control lathe; and cutting a
rotating §ach Xrndd alhegaliection okl ofithe gagenatas logatian @isrfprieach fean
second mni-file.
Z) is the true compensated surface for the particular diamond tool. The true
compensated surface is to compensate for the diamond radius, which is
unaccounted for in the lathe software for an oscillating surface, the value of the
theoretical sharp is used to determine the geometry-compensated position. The
value for the theoretical sharp is determined by the type of lathe used and the
lathe compensation program. This process is repeated for each meridian in the
spiral to create a series of new points.
[00028] Furthermore, the intersection of horizontal tangent lines and vertical
tangent lines bounding the diamond radius describe a square such as the square
shown in Figure 5 described by horizontal lines A—C and F—H, and vertical
lines A—F and C—H . In some embodiments and/or for other tooling equipment,
the value used to determine the geometry-compensated position may be at point
or location “A” as described above, while for other embodiments and/or for other
tooling equipment, the value may be at any of points A, B, C,D,E, F, GorH as
shown, where points or locations A, C, H and F are located at the intersections of
the horizontal and vertical tangent lines, and points B, D, E and G are located at
the intersection of the horizontal and vertical tangent lines with the diamond
radius.

[00029] After all points are determined according to the above method, a

new zero meridian must'be calculated. This is accomplished by theoretically

11



2. A method for conpensating for dianond tool geonetry conprising:
creating a representation of a part surface as a spiral and defining

meri di ans

calculating t

surface p
radius to

%Eﬁy’s& e spiral; calculating the X and Z | 99?&15%%21%85
e e

esired position of a dianond tool relative to t
ensat.in

i : he di |
%tBling B Aoyl valves pERRRE Salih Bt hel S ShEEAT i ot e

points; and cal culating a ggometrl%/-corrpensat ed zero neridian. 3. The

met hod of CeicHiaing thihayaipge

. measuring the distance between two curves of the spiral;

conpri ses

fhenigliest gn fwest meridanse v ayarage

di vi di ng feesends hceew geemstiytaespansatien grotmperidiamtydriclhcompensstess
and equating a Z value along the zero neridian. 4. The nethod of
claim 2, whemreatentheadocreichtaohgutting pdthsior e |pthei dlide to fifllow. dAftertimeset ool

conpri ses

calculations are completed the new values are saved as a second mini-file. This
mini-file is then transmitted to the computer numerical control lathe.

[00030] The invention has been described in detail, with particular reference
to certain preferred embodiments, in order to enable the reader to practice the
invention without undue experimentation. A person having ordinary skill in the art
will readily recognize that many of the previous components, compositions,
and/or parameters may be varied or modified to a reasonable extent without
departing from the scope and spirit of the invention. Furthermore, titles,
headings, example materials or the like are provided to enhance the reader's
comprehension of this document, and should not be read as limiting the scope of
the present invention. Accordingly, the invention is defined by the following

claims, and reasonable extensions and equivalents thereof.

12



projecting a line at the tool axis angle fromthe zero neridian to

the neridi an bei ng conpensat ed; and projecting a vector nornmnal
to the point determned in the preceding step to find the center of
the dianond tool. 5. The nethod of claim2, wherein the conpensating

step further conprises offsetting the desired surface |ocation by the
tool rd¥ 6YIMAI ue perpendicular to the current neridian. 6. The

nmet hod of claim 2, wherein calculating a geonetry-conpensated zero
meridian further conprises rotating the recal cul ated poi nts about the
ori gi nlby aAtfbémoéf@@UﬁWQIaeS%ﬁmewfgrt%ﬁﬁ@( efrreparhfiecentesed frae the ghiegie

and | ogggtin oe thﬂb%@&e@% Cgﬁggn?ig@i nt calculated. 7. The nethod of

claim further nprisin ording all tool geometry conpensated
val ues i n aalgnng & ideeentrazedragexwithedpriotiedxisi m 4, wherein the tool

axis angle gé@gﬁ WRERA ARG 4a5|iagﬁ9f?§e ce ffom tm]ﬁ%pc fd'gds.0f claimd,

wher ei n sai is a lens. met hod o alm121, wherein said
part is a | enaranterizing pat deige aset devigs of peintsi m 2, wherein said part is
a lens. translating the series of points into a stacked elevational map;

storing the stacked elevational map as a first mini-file;

compensating for tool geometry;

creating a second mini-file with the geometry-compensated values;
transmitting the second mini-file to a computer numerical control lathe; and
cutting a rotating part material with an oscillating tool according to the second

mini-file.

2. A method for compensating for diamond tool geometry comprising:

creating a representation of a part surface as a spiral and defining meridians within
the spiral;

calculating the X and Z locations;

calculating the desired position of a diamond tool relative to the surface point to be
cut;

compensating for the diamond tool radius to determine proper tool position to
generate recalculated points; and

calculating a geometry-compensated zero meridian.

3. The method of claim 2 wherein calculating the X and Z locations comprises:
measuring the distance between two curves of the spiral;
dividing the distance between the curves by the number of meridians; and

equating a Z value along the zero meridian.

4, The method of claim 2, wherein calculating the desired position of a diamond tool

comprises:

13



12. The method of claim2, wherein said part is a |lens nold.

projecting a line at the tool axis angle from the zero meridian to the meridian being
compensated; and
projecting a vector normal to the point determined in the preceding step to find the

center of the diamond tool.

5. The method of claim 2, wherein the compensating step further comprises offsetting

the desired surface location by the tool radius value perpendicular to the current meridian.
6. The method of claim 2, wherein calculating a geometry-compensated zero meridian
further comprises rotating the recalculated points about the origin by a tool axis angle and

averaging the values of the highest and lowest meridians at each point calculated.

7. The method of claim 2, further comprising recording all tool geometry compensated

values in a mini-file.

8. The method of claim 4, wherein the tool axis angle is between 0 and 45 degrees.

9. The method of claim 1, wherein said part is a lens.

10.  The method of claim 1, wherein said part is a lens mold.

1. The method of claim 2, wherein said part is a lens.

12. The method of claim 2, wherein said part is a lens mold.
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