ASPHERI CAL SURFACE PROCESSI NG METHOD, ASPHERI CAL
SURFACE FORM NG METHOD AND ASPHERI CAL SURFACE
PROCESSI NG APPARATUS CROSS- REFERENCE TO RELATED

APPLI CATION This application clains priority from JPA
2003- 369066, the conplete disclosure of which is
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- relates 1o an asppaER SMWAﬁB bé"é“l“ﬁgm_an
aspherical surfacg rornrng necnod, ana an aspherical .
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grrndrng and cutting an aspnerrcat surface having a
| ar g&hidiappleraton: elaub:epmmﬂy frane e 2003362068, the cumglete
portion. BACKGROUND A so-called progressive-power ~
dis€1BSurb aF WhBhNOh&He i iflddrBorhicl By heferchee ivd dhikaty fdf%ﬂ‘i)uﬂﬁ)ses
a spectacle l.ens for correcting presbyopia. A recent .
proposal has been a so- called inside surface
TREPGESS | MiE] ! in which a progressive surface or a
curve sur ace |s formed by synthesizing a
pr ogFespiesant fyehtiereretates ta an esrherical shrdags pypeessing thethod, an
an eyebal | -si de concave surface. The inside surface
asphaimbasiace foratisg imethodpaidl # asphericalcbueiat®prosessing appmtus
~and distortion, which are drawbacks of the

cdphBlg b??a%hdlf oRAYEE and Bitfing 8f h§hbRch S@PledRL AR a9arge dlfference
i mprovenents in optical Tharacteristics. A related-art

 bSLS LOGRARONGS A0, BulGENNT que for oreating a

non- ax aspherical- = surface, such as a
progressi ve-surface on a concave surface of a
Bégiiggggglgens has been di sclosed in Japanese Patent-
) 02 and JP-A-10-175149. An aspherica
sur fA@6—c@ﬂéﬂqﬁﬁgteﬁﬂve’ipméraéﬂﬁlavfr@no%ﬁﬂirigﬂﬁledlas been w1dely
non-axi symmetrical and aspherical surface

m ne tion by using
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tool on"a p
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E of an. X-axis table, a Y-a %b
ca 1 IIISI e su ace pI'Ogl'CSSlVG lens 111 'W. Ch a pI‘OgI' esswe surface or a Cl.lI'VBd

- surface is formed by synthesizing a p_rogresswe surface and a toric surface prowded
| on an eyeball—lside concave surface. The inside_suffaCe pfogressiverlens-is capable of -
reducing oscillation and distortion, which are drawbacks of the progressive-power
o lens, offering considerable imp}‘ovemer_its-'in optical charabteristics. A rela.ted-ért
reference concerni'ng a technique for c_feating a non-axisymmetrical. and asphérical
surface, such as a progressive-surfacé ona .concave sui'face of a spectacle lens, has
I been d_isblosed in Japanese i’atent No. -3,367, 102 and JP-A—IO-l?S 149.

- An aspherical surface proc_essiné apparatus, for creating a non-axisymmetrical
and aspheﬁcal surface by controlling three axes, successively positions a rotational

tool on a predetermined location by using three axes of an X-axis table, a Y-axis table,



| and a workpiece rotating neans. Thus, it creates a
| ens shape in accordance with a |ens shape design by
grinding and cutting. The followng is an outline of
the control nethod: calculating a rotation position

aft 2 HoVIPideRIrSBAND MR, TREO HKeadiid 1§nsr Phpd in%cérﬁ&lce witha
wor kpi ece, and controlling the three axes of

- l%ggﬁp?ﬁéﬁgegﬁém‘ﬁngﬁh Itg)%bl e, and the workpi ece

nsynchrofiismw th the rotation
posi tjop.., A.normal contr rocessin
Cony She Rilmintcfiap sviingat fis ReBitRgho grfgfml}ﬁngg.fﬂtgﬂ%e
- aspherjcal surface processing apparatus of this type,.
posifinestas workaiese by B enandetwhils tokasing she wWorkpigse, and gontailing
13, and 14. Fig. 12A is a schematic view illustrating

 the thneemsﬁ&esﬁmﬁdssdeble,ftha&’l-eﬁstablepm&ls&edvob}ypiedearotatingmieans
control processing nethod. Fig. 12A is a front view :

inos?n&}hamlsﬁrmthM«i@lrb@u&kﬁesnic%B is a cross-sectional view
the lens taken along a line B-B in Fig. 12A. Fig.
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Nuneri cal val ue data used for. nuneri cal

| d%qudmth referprcefodigs 12dnt2bo 13, adddeBig AgAdpt sdgmptc view
now expl ai ned using an arbitrary point Q shown in

iliBsteating 2/prodassadsarfacaelia lend proatssat tietha nbunal ontesli predessing
control in the normal control processing nethod, a

méthod g SKECisfa fesht jevaof e tenp) Wil Flgf 12BTisa qr6ssisetuiunil abw
around lens to a rotation center is supposed, and

ofctﬁé’feﬁh f&%ﬁ albBb 48he B-BF ﬁﬁﬂ%ciiﬁl %% Ni36E §@6hde ?fh%l ﬁfew sh&%ﬁng

ra ially extending fromthe rotation cente

the %Qﬁn Frohiddl rgc%lﬁsixrlﬁcl) &og g ﬁFfs 9ep(%;]‘. %eﬁv dﬁig)%ﬁghf center

are
dlstar%ce fromth? r ot tlon center %rad of the

RX
PQsitipa of reigtional kRql g n KyAaxis direchen frrike gr ﬁﬂnﬁglﬁ??ea%g
- shape in the Y-axis direction passing through
metbed.shown respective intersections is obtained.

qug}riqal valq_e data used for num.ericalrcontrql_ in the .nprmgl control
prbcessing method is now explained ﬁsing an arbitrary point Qx sﬁowr_l in Fig. 12A.
In the numerical value data for numerical control in the normal control processing
. method, a spiral spe01ﬁed by a feed pitch P from a perlphery of a round lens to a
"rotatlon center is supposed, and coordlnate values of respective 1ntersect1ons of lines
_ radially extending ﬁom the rotation center of the lens at intervqls of a predetermined
angle and the spiral are given by a rotatioﬁ anglle (®) and a distance from the rotation |
center (radiﬁs Rx) of the lens. Also, a heigh_t (v) in accordance with a surface shape in

- the Y-axis direction passing through not-shown respective intersections is obtained.



2 These three values are determ ned as coordi nate
values (O Rx, y) of a processing point. Atoric
surface is-a curved surface which includes a curve
having the mninmumcurvature along a line A-A" (base
ThedMBlee vaRAs SreCldleYRind@ Ul BobriitAGteBNIeTUE) REYSH Bith ?fd%e sing
along a line B-B" (cross curve) perpendicufar to t%e
I#@e A-A" . Wien the difference in curvature between
pP € base curve and the cross curve is large, a, cross

section taken along the ¢ross.curve becones, a.curve .
sur f AcETIES @f@d%as‘%aﬁr ey cﬁaﬁn@dpﬂué%arw@avmﬁ%ﬁ end

portions and a thin central portion as illustrated in

- nfbpignum ogvatupe denga lienmArAt (Gese aurve)r ansl peugeshayengtbe masimum

- a height of the portion having.the m ninmmthickness

canvdtuge dlonginlinoB-B herqes thdve)pdigendingldr ikethedine MUAT. When the
thickness, i.e., in the Y-axis direction every tine

difftferic@iRbilrORate BePPbendhdbiRicARR%nd H F68' @B% is Fa%é%a,cro ss

exanple, the lens rotates 90 degrees fromthe A-

S R ol 1oy RopBb P BB B8 Raeusstondiavive,
inthe plus direction of .the Y-axis.froman arbitrar,
ooyf il iibiend esiSas o hirebinar PoRion Ryl IbRETH AKaB.
thickness to an _arbitrary processing point Qimat the
Aviasalinta o 23 reciprmeates btivesn eeighg ok theceation Bingha
. used for the grinding and cutting has a circular arc
meripwis: thexknessrand b dwehnaf the portehdimving theomas mimothidmess, i.e., in
shape"). In the nornmal control, for exanple, the

theenkeik dabctidneveguife HRapRtiwil todd 1 Ptothtds 180 @e%@ées.tM'
rotational tool 214 is positioned in a norne

eﬁh{ﬁ%@r&nmé}@é SENETeR ol e -6 553k Q%tieﬁ ke B1B? Eross
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ens. More specitica at the ar rary
.0cessi i nt. n .t cyrv ving.the mpimum
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point. Pn of the rotational tqol 214 is positiqgned in
the He2 ¥ R an APitREt Professise aoint Qi the PerHen hrdes g migimum
. _point Qn. At an arbitrary point Qumon the curve

thivko¢ssgo e arbitsaty pravessisigyhnint(Qum 9sthe maximum height.

. The tip of the rotational tool 214 used for the grinding and cutting has a
circular arc cross section (hereinafter referred to as “round shape™). In the normal
- control, for example, the center of the round shape portion of the tip of the rotational
tool 214 is positioned in a normal direction established at _the processing point Qn of
the lens.
More specifically, at the arbitrary processing point Qn on the curve having the

minimum thickness (baée curve, A-A’ cross section), a center point Pn of the
rotational tool 214 is positioned in the normal direction established at the processing

- point Qn. At an arbitrary point Qnm on the curve having the maximum height (crdss

~ curve, B-B’ cross section) with the lens rotated 90 degrees from the processing point -



curve, B-B' cross section) with the lens rotated 90
degrees fromthe processing point 3 Qn, a center point
Pnm of the rotational tool 214 is positioned in the
normal direction established at the processing point
da) Hcertbr pdIhiSPrih 88@e réthGorl RBES H4 R?o@iﬁbﬁéd 2R nothiaf Hﬁecﬁon

gquarter of a pitch fromthg processi ng point O toward
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to the processing point m At an arbitrary
dgﬁfams Eheeptgisinak tool i meves M tuthe plulg dupetg:mqféherﬁf raxtpLARd
hei ght (base curve, A-A" cross section) with the lens
Xmotctaed tieurehtee in 180 Xdedy desctioh helati vl duringathe sldfilfraid the
shifts in the mnus direction of the Y-axis though
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speed of the outward novement with reduction in
Iéﬁ Sty %ﬂfvﬁﬁtﬂ%lﬁlﬂm %Qﬁhﬁ?%%%{ea%*“ naPREERD )
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curve an th B-B' cross section provides an

of the Ye#¥ip &musb npt shayn i therfigure AJikhis stage, rsinee thaspestheigle
to the opposite. Thus, the novenent direction of the
outiat movehert gGth 2duttiah frethicknesstis brgaphosthe speed of e
boundary cross curve on the B-B cross section, so
mbkétherit @ tHeehfer Ok feddGitch, Ahd rdt@tdral RORL ﬁ'ﬁrelaﬁv&lﬁ}%hlﬂs Xr
Y-axis and X-axis directions. In the normal control

' toﬁ{a?&ﬁl%?eﬂﬁh&f LOARstribe Ir?ff gcf‘tﬁ M sﬁ&lﬁ%ﬁy,ﬁ%@ rc*o%? @l?r%g on the

sect1 ons he sSpira

tendln lines,as j.lLu :
BP0 sBian T8 im0k Do ol Bnichitng 6 ire i raps to
. I's positioned in the r mal i.rection tabl i shed at
the H’BB tc B ﬂg mRyiepest difgy  dligshen opibeireiation ?poo??hdr lfggs to the

nor rral control processing nethod, the rotational tool _
opppaiteyen g doundiry. otoss eurvioek fiedt8’ \hisk eectipoy seithef the rotational
- conplicated zigzag spiral track by repeatedly altering
tobhl nmevipreeates irdihe 8Ghxio andXK-dxiediraetiahd. onal  t ool 214 to
the opposite ‘direction as descri bed above. '

In the normal control proces.sing method, the processing points are located at
| Vthe intersections of the spiral and the rédially extending lines as illustrated in Fig. 12A,
and the center position of the tip of the 'roté.tional téol 214 is positioned in the normal
.' directioﬁs establiShed at the processing points. More specifically, in the normal
control processing method, the rotational tool 214 grinds and cuts a workpiece while
| forming a complicated zig;ag spiral track by repeatedly altering the movem_eﬁt

direction of the rotational tool 214 to the opposite direction as described above.



4 SUMVARY OF THE | NVENTI ON According to the nornal
control processing nethod by using the aspherical
surface processing apparatus as descri bed above, the
X-axis table finely reciprocates the workpiece in the

SKMINIAR Y OFCEHE QRVENHONe Y- axi s table finely

reci procates the rotational tool in the Y-axis

di r eédcr@rdingtth e narmel ¢ontropproeessing gnethudbievringtha aspberical
over the X-axis table and the-reciprocating novenent
surfuet pedcessiney applasatoé-zaxdescribad hieove] thie Sf-weia vablenditidly emipnocates
other, resulting in conplicated control over both of

B tﬂehﬁorkﬁl@bé?ﬁt the YOS dirdcAbh Gn@theOVhR{s tame el rEéif)rocates the
correcting strong astigmati sm which has a | arge
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_cause other probl enms during the reciprocating notion.
InfrWER S Wigh gachothesnissyling nomphicatedl cerire] euerdinih af the tables.
hi gh- perf ornmance control device capabl e of practicing
~ Vithiee arretihodothersurfecpufior eotrectidg stromgastigmatisekich has a large
X-axis table is required to be shifted at | east a

ditifefnodb&weH tHR doaekve an@torivie® pYRIJKR) i€ &found and cut by a control
mniaturization of the X-axis table Is limted,
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follom;the mork |e?e when rotated at, the sane
mpRb IAFCPISINELY & Gemplicatad serstr] msthqsh asdedghrgeriormangs prptpl
| ens, when the toric or other surface is ground and
deyise camthde ef practicinpthe inksithad arepfquirthé X-axis table
rapidly reciprocating by using a notor having
ext r &dditiynd1By siacotht plHixis table ik hajuired t616é sHifteCatileat a dbtince
a result, the revolution of the workpiece is | owered
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which . decreases productivity. The present invention
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and rapidly reciprocate the workpiece in the X-axis direction; consequently, the X-

ams table cannot follow the workpiece when rotated é.t the same revolution as that
adopted for processing an ordinary lens when the foric or other surface is ground and |
cut. There is a posszblhty of the X-axis table rapldly rec1procat1ng by using a motor
having extremely large output, but that 18 not practlcal As a result, the revolution of
the workpiece is lowered 1:0 a level at which the X-axis table can follow it, Which
decreases productivity. -

The present invention has been devel.oped to soive thé abo.ve problems, among
| others. It is thus an object of the invention ‘to provide an aspherical surface prOCessipg

method, an aspherical surface forming method, and an aspherical surface processing



others. It is thus an objéct of . the invention to
provi de an aspherical surface processing nethod, an
aspherical surface form ng nethod, and an aspherica
surface processing 5 apparatus: capable of rapidly:
a%_Ja'rﬁﬁ‘é: 'Egpa"&'l'@oﬁ\'s;\lgigl 2 irRiNIIRLBR 2 VEkbIRge, %_a{/iﬁg ’%q%r)g/e .

I fference bet oncave and Convex portion -

i 0l ont sSin .conventional, as ric :
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roduct For, solving the. above object, an aspherj.ca
cdyertiona! piRbEre WA SO AP 1] DRoUSR o Srgcate it

-of the present invention conprises a workpiece to be

pdgetessed rotating around a rotation axis, and a _
rotational -tool novable relative to the workpiece in

' the Banehdig thetabove slsiedtha asphaicabsurfixé prooéssinganethod

- workpiece and in a direction perpendicular to the

adcRFdhd Randoph lﬁ)d%eﬂt_%?tﬁé‘}fr&é&hﬁiﬁ%ent%ﬂ%oﬁ?ﬁ?&rd WétkpRYE T

~ processing method is wherein the rotational tool is
pl?}gé%éc?%tétﬁlgaaréﬂﬁaeadm%ibﬁ ﬁ&i's Oﬁld"%ft &ﬁti%nal%&qﬁc%v%fy rBfiflve to the

eed pitchy 1n a partial or entire region froma

center.of the rotation axis . of fhe workpiece tp a

WEKPISH i the SR HE echisings ik Totation axis, ot Ehiawoikpisge prghin 2
perpendicular to the rotation axis of the workpiece

- difestipn pependicyar ipdhgistation axistad the werkpiege shheraspharical surface
and aspherical surface. According to the aspherica

proneskiag engialie sdiergn thetrbatdowd tddiés shifeininiadixed slinectéon witlea
rotational tool is shifted in a fixed direction with a

pred@eiiféd b giteh; if B phidiaPérQabfsSregiondr oM b kBt BICST thd Rftation axis
rotational tool grinds and cuts the workpiece while

* of 3% BolpiBo & pefyRAPHL e Hohiaatle, fninTRe Gir&ioh BprihdiCa to
reciprocate.but rel.ativel es i.n.a fixed direction.

o PR G gkt ks lhS Rotist il Pepigh ey binieal
rotation axis of the workpiece. As a result, the

?@t%ﬁh%“@%ﬁﬂ@@%f t he aspherical surface processing
apparatus noves the workpiece in a fixed direction
wi t hisesording tpihe @splierigalistfackimrecessihg methndraflthe invention, since

the rotational tool is shifted in a fixed direction W_ith.. a ﬁredetermined pitch to process .
the workpiece, the rotational tool grinds and cuts ihé wbrkpieqe while forming not a
zigzag track but a siniple spira} track. More specifically, the rotatibnal tool does not
reciprocate but reiatiyely moves in a fixed .direction all the time along the direction
perpendicular to the rotation axis of the \%vofkpiece. |

* As a result, the X-axis table of the aspherical surface processing apparatus
moves the workpiece in a fixed direction without reciprocating it. Thus, the control
method over the X-axis table is simplified and a high-performance contfoi device for

practicing the method is not required. Additionally, the X-axis table can follow the

. workpiece, having a large difference between the concave and convex portions,



nmet hod over the X-axis table is sinplified and a

hi gh- performance control device for practicing the
nmethod is not required. Additionally, the X-axis table
can follow the workpiece, having a | arge difference

rdtbyeeh ihf8akel @%\mt@n@hé}%y@ ¥a;ﬁd) bd Hl@ﬁ-qu@lltﬁr%&ﬁﬂﬁ&@ aAd
' an i ncreased revol ution. There ore, ram

r by
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convent met hod. Moreover, provided is an

CopyARna g’le%é’ﬂrface processing nethod wherei'n the
‘rotational tool is disposed in such a position that a
r ot aMogepven prevideshis gn a¥pharieal gurdicetprecessieg method atherepihe
is located in a normal direction established at a
rqpatmnelkteohnig dppbsed inofudhleepositiomkpatacetatidol derttercaxid dfia, tip of the
provided is an.aspherical surface processing method :

roMRLEI tBol B 1aRASHh B Softialtdi@ctidH GtabRERY at @ ProdeSsirit Foiktest the
from.a point where the distance between the rotation

H‘%’F of the workpiece and the tip-of the rot ati onal
to I'n the direction perpendicular to the rotation

axi.s vvork i S _zero,or .approxi mat el ero, .
or A3 Ymﬁervgdeﬁﬁ%afatsgﬁ%th%S%&C%E%e%tlwt%ﬂi Fhptein
edge, of the wor kpi ece and the tip of the rotatlona
Progessing by 2kg ’@t%t@na]ﬁﬁﬁldi ﬁt@ﬁ@%ﬁymzaemnt where Hierdigiance between
provi ded is an aspherical surface processing nethod
thehetpieomcentee of thetaerkpreed anddbe tip of thewbiationadeol i thetdinection
around a rotation axis. Miyreover, provided is an

peRpgidRiulas 3d tiRubladtior ags of:ﬂﬁsxrdigplem is@erowreppioRinidiely zero, or a.
rotational tool is a cutting tool rotating around a

(flﬁ’tt\?ﬁéré’ fhe"ﬂfétﬁlce%gbéeh Q%hh%eralwdg¥ bfad W&kﬁi@c@zﬁf&r’tﬁé h? @%‘ the

surtace orntng net hod rsi Toughi ng step

the vvork i ece | hape S|mlar to a desired
roft:%gg%lrtg na“g° o PR 1mateﬁ§?er for form ng the wor kpi ece

in the desired sha e by e ing the aspherijc )
sur f%g@egpg@eg@vw& HAHSH Plgtg%ce BIOcRSSHIgVE! 0(? wherein the

subsequent to the roughlng
rotational tool is a whetstone rotatmg around a rotation axis.

Moreover, provided is an aspherical surface processing method wherein the
rotational tool.is a cuttihg tool rotating arounti a rotation axis.

Arlditionally, provided is an aspherical surface forming method comprising a
. roughing step for forming .the workpiece in a shape similar to a desired shape, and a
finishing step for forming the workpiece in the desired shape by employing the
aspherical surface Iproces‘s_ing methods. as set forth above, sub.sequent to the roughing
 step.
Furthermore, provided is an aspherical surface prooeséing apparatus in which .

the aspherical surface forming methods as set forth above are employed.



step. Furthernore, provided is an aspherical surface
processing apparatus in which the aspherical surface
form ng nethods as set forth above are enployed. 7 The
present invention is capable of processing an

asphegl Pﬁ:‘setﬁ WiJeRfi6n i%fcaﬁ‘aﬂ)le SPrb&&bink %ﬂ%sph%fi&ﬂ stifad of an

spect ac l'ens with high accuracy. nvention is
t aught bel ow f va S eCIfIC exenpl ary
‘.-’Bt?&?g%ns P % %(He\éﬁélsgens e e‘?‘%ﬁf‘“’ W il ustrated in
- the losed dr av‘%ﬂgbél %r es. BRI EF DESCRI PTI OF
THE VRIS da ‘g ¥ MGy é’aﬁ%‘bﬁsé’ﬁm It AXARR Yy
: ngllfled schematic form enbodiments reflecting the
epbo igiepisexplained e détailand ilbistrated iny thetepploseindiawimgdiguses.

that will be readily understood by one famliar wth
this field have been omtted so as to avoid obscuring

W@.ﬂm Fig. 1 is an elevation
;LS;&@%E@%@ FHTE ?%i{;;lggl}g fﬂﬂ‘i'? g§|sa§mz? 83 m, embodiments

processing nmethod in a first errbodl nent
reflegting the pringiales of thevnvention tYany mn%andé}%mlaéhag ﬁvﬂé Jea rﬁﬂdéy

of a workpiece. Fig. 3Ais a schematic view
- uiderspand tat omefamilpr odthsbisdieklihdvadbeendmittddens:s kmavdikobscuring
aspherical surface processing nethod and is a front

theii@wntibn. tThehd dawingfi 9. 3B is a cross-sectional view of
the lens taken along a line B-B in Fig. 3A. Fig. 4A

| S apgONGeRs bRVattnRiew anﬁg ah Q?ﬁ%ﬂgﬂ%ﬁﬁ(ﬁeﬂﬂ@éessm

~coordinates of atip surt arotatio t oo
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showi ng a positional relationship between the
¢ Bf¥ce and the rotational tool.

- Fig. 2 is a cross-sectional view illustrating a lens as an example of a
-workpiece.
F 1g 3Ais a'schemat_ic view illustrating a processed surface of a lens in the
aspherical surface processing method aﬁd is a front View of the.lens. |
Fig. 3Bisa cross_-sectibnal view of fhe lens taken along aline B-B’ in Fig, 3A..
Fig. 4Aisa concéptual viev? showing three-dimensional coordinates. ofatip -
surface of a rotatiénal tool divided in a grid pattern, and Fig. 4A is an elevation view,
_ .a plane view, and a side view with each view showing a positional relationship
bétween the Workpiecé and the rotational tool.
VFig‘ 4B is an enlarged view of the rotational tool shown in Fig. 4A.
Fig. 5 is a conceptual view illustrating three—dimeqsio‘nal coordin‘ﬁtes ona
surface of the Workpieée-and a surface of the rotational tool tip.

Fig. 6isa éonceptual view showing the aspherical surface processing method.



Fig. 4B is an enlarged view of the rotational tool
shown in Fig. 4A. Fig. 5 is a conceptual view
illustrating three-dimensional coordinates on a
surface of the workpi ece and a surface of the

rot atFignals 4 @Rkegthdl vidw Showdng & céht&gﬂ)%@iféh lé?‘che‘ﬂr)]ﬁidibnal 15:;001 in

showi ng the aspherical surface processing nethod.
A 7 4 : V) LAg _a cenfer position
o5 Pl o b AR Bl P IR e TR T the
aspher.i c .sur%ace. r.oce sing nethod.-FigﬁygA i? a.
scherfdi ¥ 1§ BIIPPRLsYFYvrating p pEQcsssed surfpor of a lggs iman
lens in an. aspherical surface processing nethod )
aghetedl isndageprecesting methodiseentdingito awprond embgdimesn vihsreFig.
- front viewof the lens. Fig. 8B is a cross-sectional
Biiewfioht view dfeéhsiechaken along a line B-B' in Fig. 8A
"Fig. 9 is a. conceptual view showi ng the aspherica

sur f gpe 8Briog @Askk-RELHOBRAINGSY of filk Jens tD@niaforR SIHREUBP EFig. 8A.
view illustrating a rotational tool in an aspherical

surfagg ' ' 1.9 [ .

cbody Ent & COpaPRAL PR ARIRE ittt hoicd dfoesying method.
rotati.onal, tool. Fig. .10B is a side view of. the .
ot a2 isgopheyfhyicth isGathecucotaiogal oS inan gspperical
schematic view illustrating a rotational tool in an

- suftasp Brqcesping wethpd aecopding kxathing embodaenicehare Figg 194 ipa front
fourth enbodi ment, where Fig. 11Ais a front view of

vieweofithe mtatomal tovlool . Fig. 11B is a side view of the
rotational tool. Fig. 12A is a schematic view
i || UBigl 20B ioa ddPviesagsRrobdfich@a8olGhown i€ PR, 10AA
normal control processing nmethod as a conventi onal

exanphe.11and akbkmatidAidv j1Ristiiata roYdt%WalqgoltiH &n b§fRrical

~Fig. 1I2Bis a cross-sectiona I ew of the |l ens taken
, su%igggro%eslsin%eméhgd a(!:crc])rcﬁlllgqto a f(L)lzllAth embodiment, where Fig. 11Aisa

front Vif_:w of the rotétional tool.
'Fig; 11B is a side view of the rotational tool.
Flg 12Ais a s_cherhatic view illustrating a pfoceésed surface of a léné ina
" normal control proceésing method as a conventional example, and Fig. 12A is a front
view of the lensf
| Fig. 12B is a cross-sectional yiew of the lens taken along a line B-B’ in Fig.
| 12A. -
| Fig. 13 is a conceptual view showing the normﬁl control processing method.
Fig. 14 is a conceptual view showing a center position of a rotational ‘thl in

an X-axis direction in the normal control processing method. -



Fig.. 13 is a conceptual view show ng the nornal

control processing nethod. - Fig. 14 is a conceptual
vi ew showi ng a center position of a rotational tool in
an X-axis direction in-the normal control processing

. DESORIPTION DESEREPREPERAED HMRBRMERAR EMBODI MENTS

Enbodi ments of an aspherical surface processing nethod
accoEmbadimeatsof anasplisacshsHtacerprperssipg asind JeeRreingite An
—are hereinafter described. Al though the enbodinents
embediohestosfi thepresant dekatidn are hersirlaftebdesaplpade Althowgh théat -
the invention is not |imted to just these
e AkAR At Sdeshiibeda detdil SiE OIEbE Asredigted tintHeli@antiby is not
broader. The appended cl ai ns should be consulted to

J%SCE@fd?uﬁechésté%fﬁHB?g%ezlgsg Bt 125 als @pe:' tﬂé(tqggigai‘ﬁcantgr roader. The

1
scri‘ption o I Ng parat us al ne erelrn

i S spherical, surfac cessi appar at (.al s '
apegpdit e shodld bg Shimled idereriiag BF B Sk ol B Ricdion
for grinding and cutting a spectacle lens, for
—exanpl e, by an, aspherical surface processing net hod- of
REIDHOR BRSPS A& ction with Fig. 1. Fig. 1is

N eE@)fihb®RerdinG¥Va® RHbichi Eﬁﬁc@%ﬁﬂiﬁg‘l&pp‘é}&t&ﬁ]ﬁﬂo referred to
a

- processing apparatus 200 used in an aspheric

; - : e
Pl e e A i ey
3plc, Bhan goshericel e Boorits B tige iRoion Gotetion

driving_notor 204 so as to reciprocate in an X-axis
with Fic i 6. 1 % 5elevation view shewing the jasphegicg] suttacerprpeessing
- cal culated by a not-shown encoder contained in the _
_ apgamRis200nised mopnmasplesrical@ufacedprooessipigenehakofs first enbahiment.
unit 205 as a workpiece axis rotating neans is fixed

on TheeasphéidabsurRlot Bro¢stingApparaliiai2e0 éndhides kn 308xib table 202
attached to the workpiece axis rotation unit 205 and

arkdS YkRL S8 269URY bd P8I h%‘)éﬁkis%lé?z@?fsglhiv@ﬁ?b %h X-axi
- extending in a Y-axis direction perpendicular to the
C o X=axis b ans, of .a workpi e rotati.on axis,. driyi .
Iy nOn 204 39 85 o deaiProsite S ad Kranis teriRE: AdoRgipk inthe Xaxis
.chuck, 206 {s cal cul ated by e . e _
- direction is calculated by a not-shown encoder contained in the X-axis driving motor

f=—y

204. A wor_kpiece axis rotation unit 205 as a workpiece axis rotating :means is fixed on
. the X—axié table 202. A workpiece chuck 206 is attached to the. workpiece axis
rotation unit 205 and is rotated around a main shaft as a rotation axis extending in a
Y—axis direcﬁon perpendicular to the X-axis by me.ans of a workpiece rotation axis
driving motor 207. The rotation pésition of the workpiece chuck 206 is calculated by
‘a not-shown encoder contained in the workpiece rotation axis driving motor 207. A
| wbrkpiece 208 to be processed (spectacle lens) is attached to the workpiece chuck 206
via a not—silown blpck jig. The Y-axis table 203 is driven by a Y-axis driving motor

209 so as to reciprocate in the substantially horizontal Y-axis direction which is

10



a not-shown encoder contained in the workpiece
rotation axis driving notor 207. A workpiece 208 to
be processed (spectacle lens) is attached to the
morkpiece chuck 206 via a not shown bl ock jig. The

91%11&115149 g ROZisi bbby, %@ éh %ﬁ JE&S(YSax?é' alyécgan PR lated

9 so as to reC|procate | e tanti al
b{z‘ grnlf)ﬁé}lm al(,&zcgc? élgépt%fnrﬁ t'th{p 8’%? I'lglﬁlg %OQ?wgp ?j-hﬁ({;llsj lta%'ie |

direction is c cula d b -shown en )
2 (b saRnees GrHine Heass Ekies0dr Y0f 7 %g"xrﬁdﬂfb‘F 208, dcrwezbmzsam
. table 210 is nnunted on the Y-axis table 203. The
diivigg impteraddileo2s @ fesipdrdatedn alfraxis Rirestion. Agositipmin Trlitgtzoms
- 211 so as to reciprocate in a Z-axis direction. A
- dipasioh intaldutattdby 7 naxshdwnEnteduir icomainsd athe @-adiedtihiye motor
not - shown encoder contained in the Z-axi's driving

ZI‘PtﬁPfotat%;ﬂI tol\ fofkioh LA 2l 2 hoPlothRinal ﬂo@f‘ro\zﬁi‘ﬂn@ néchds ASixdd on
rotatlona tool rotating neans is fixed-on” the Z-axis

{
thtei%ﬁ s fable 21’6 r%ﬁ?% ﬁz{i?@?ﬁg i %héd?tg?&a%)iﬁgﬁaq téo‘f sﬁaﬁ 213 of
rotatio is.rotate 0 n shaf
thg SO S ppretcpndl Sz e Wé“‘tP‘ﬂafPHléX 5 imafh Ths Sepietion
. perpendicular to the X axis nmeans of the Z- axis
axdy expensgngiisthe Zaaxis diregtiempern grdalthes exig by means of the Z-
processi ng apparatus 200, such a structure may be
axaddrtieg motonitilch t he wor kpi ece axis rotation unit 205
is immobilized and the Y-axis table 203 is nounted on

t he IK-tBXhsphbaddl Surfide potelsind\@ipatdies 200t alchAndhiciubOinay Bé

can reciprocate in the X-axis direction by the

%ﬁrﬂ? %c@lfth%gg l?sfn&)é'ﬁlstr@ﬂh& v\ﬁ;2?§ f&tlﬂlﬁ{obﬂ&g&&'ﬂn& bR Y-ax1s

OVG descri tructure 1n he wor prece axi

- ta 0?@% 5 Igﬂu’ﬂfyé ap ﬂ}? %ﬁmﬁﬁéﬁg(géi %gzgltge gglonaﬁOOISZM can

Addi ti qnal I% a |l.inear scale may be_enpl oyed as neans
 regigrocateria dhe wxpsieetionky the rmq‘ﬁ@ext Oﬂth%%daxzs ighle202rather

lieu of the encoder. The control nethod is now
thatethe mbtresideskiibest structuee inovkith the werkpiece ofis tdtaion unit 205 is
rotational tool 214 in the Z-axis direction
- reciprocated in the X-axis direction by driving the X-axis table 202.
'Additionally, a linear scale may be employed as means for detecting positions'
“onthe X, Y and Z axes in lieu of the encoder.

The control method is now described.

First, the rotation center of the rotational tool 214 in the Z-axis direction
calculated by the encoder is positioned at the rotation center of the workpiece 208.
Next, the rotation position of the workpiece 208 is calculated by the encoder while
rotating the workpiece 208. Then, the position of the rotational tool 214, as the

rotation axis of the workpiece 208 calculated by the encoder in the Y-axis direction

- relative to the position of the workpiece 208, is synchronized with the rotation of the

1



cal cul ated by the encoder is positioned at the
rotation center of the workpiece 208. Next, the
rotation position of the workpiece 208 is cal cul ated
by the encoder while rotating the workpiece 208.

whiEHeceD08. AP Hid Lafi tﬁ’ﬁe eiE A AltYeRARh tﬁ@[%ltau%%em@lsoﬁth@

rotation aX|s of the workpiece 208 cal cul ated by t

BRERATll B PR GOS0 @'ﬁéﬁ?gﬁ&g@ﬂ%ﬂ@ e
11
'rétatfpélrc%%%téb ﬁnhgg% hg%&%ﬁgémgh%%)g a’flth&he Eéﬁt%roafgfe t he

rotational tool axis 213 cal culated by the encoder in
woHkpigce 20B sAsidesedbddp theantationad toal 3d 4is nnsitiveed afra prpceskias

wor kpi ece 208 is synchronized with the rotation of the
paiat iginethe 1208 axedsthd 6saxih tubth 2020 ther Dk kb0, and th214

is positioned at a processing. point using the three

| “@H&ﬁ’eceta;iﬁ rétafdh Snit 20¥. The Geds shijR 1Y oR%led i ARbAIAZABwitR M lens

wor kpi ece axis rotation unit 205 The | ens shape
d sf’ Jh?i@é & sdc@?sgﬁ/%%r Aohin cordr&ulﬂa es o%qﬁ'e ro?:ﬁl%b%@ntgp@ﬂﬁe
suc stvel'y p 1°C1 oni g coordinates o
rotatgon center of the rotational tool axis 213
%-é} GIERIIGIEIREY GCHPEPO M rhe nunreri cal
val ue data required for processing the workpiece
( spethemyrecricabyplye dasgragyired forpspnsasing tie wogkpieqsdspectacle
processi ng apparatus 200 is calculated by a conputer
lehigir208dlycahkd asphenicall 0.0 fdoa pestessingpappatusROiOoncaatlaed hy ahe
spectacle lens inputted by an input device 300 as

cAniRitért foP €hl ABARS. 400 basdiLTBresciptiva date o Mespestaslt B nputed
a nenory contained in the aspherlcal surface

b}pﬁrp ?ﬁtsd&g:g%gg 3k ﬂﬁmgqgea\ﬁ!s ek ﬁf\%ﬁﬂ%’é 8 is3MlePin a

ran mtte uri n cessi ng fromt Cor‘r‘puter
m3gery Soulalfed if R Rpheifel ol Bl Sr%%teﬁ%?"w@%?z@@ar 7 He

Cilndlng and cuttln procedures, for creating a
| 4% Ugnsmisied daing pOFeRE Tips theipEFOmPUIT 300 fo the

reference to Fig. 2. Fig. 2 is a cross-sectional view
| asphera:al ‘srficapragessingepmuiatis@00a wor kpl ece. :

Description of grinding and cuttin rocedures

Grinding and cutting procedures for creating an aspheripal surface are herein... -
 described with referencé to Fig. 2. Fig. 2 is a cross-sectional view of a lens as an
example of a workpiece.

-The grinding and cuttirig method involves an outside diameter process, an
‘approximate surface roughing process, a finishing process, a chamfering process and
other processes. The outside diameter process cuts off unnecessary peripheral portions
' 208a of the siightly thick workpiece 208 hﬁving an after-process margin (grinding
margin and cutting margin) as an example of the workpiece 208 (hereinafter referred

to as “semifinished lens 208”) to reduce its diameter to a predetermined length as

12



The grinding and cutting nmethod invol ves an.outside
di ameter process, an approxi mate surface roughing
process, a finishing process, a chanfering process and
ot her processes. The outside dianeter process cuts off

SW@&%\/\% ?rk YhO6ksRP ﬁfaﬁrlet 6deRR fa%ség)%?foﬁfledt 3¢ th%'rﬂu?ﬁr?sla ¥f

K prece 208 having an after-process marg |
Pl it BBt PR b PR R P o RLRITECR. The

- "senifinished |l ens 208") to reduce its, di er to a
AR SHERES HAGHOPBINEE RrogsSSTapid s ﬁ%ﬁ Sm&msggf fﬂﬂé _25&0 form a
out si de di anmeter process is also performed for the

piedetpusisedippretimatesniface thape 208he The fjuishing pfapess dvgurately
roughi ng process and the finishing process. The

crefips @ desiret tens yifaeshippBc g cpttdgebsappapiiabte sarfhse dhape
sem finished lens 208 to forma predeterm ned :

2 RBPTARX LA Bridd prod&st cBilARSs <3P2088, ﬁlbaﬂsﬁkmo%i@ﬁgggol

accurately creates a desired |ens ‘surface shape 2

-] t 0X] I
2t s BRENE B 15 g R BRGSO ardtfpep and
rotational tool . 214 (for finishing) since the edges
dageerons andeRsy I8 P Ofthe £ ni shing process are sharp and
dangerous and easy to chip off. The steps for grinding
and Eha stepsdor grendiignand quitténgcthe semidinpbed [eas A0S wsieg the
. aspherical surface processing apparatus 200 shown in
asphayicall suaface poveggappiraths 200showein Fignl sieaww dessrit®@8The
fixed by the not-shown block jig is secured to the

 senRfiliBh@0ns TIREBled 398he AOEshE KA 118 SecufidSo ZRBwhbikpiece

ground and cut by the rotational tool 214 (for

CHaBHISDE AL oL i el %giiggrggﬁ&%ﬁ I8 of AR FonR 3619 or

outsid anet er process Iven

- _senifinished | ens .208. xt, the sem finished |ens 20
roRgh D RS CRri L TE st Ped BB bl Sty Sors4 data
- (for roughing% based on_approxi mate surface . r.oughing
sipridiedhe semitipished lepe208, ithpteandpisheddanssi($ s fustep ground

. The surface shape 208b can be a surface in the shape
andfcunby theaotationad tanl 214 (for ranghmg) based ph apgroxioratasurface

spherical surface simlar to the desired |ens surface

. 1oSHEREpRRES datalth tsupanEmaRULITAGSHaE08bOThe surface shape 208b

ot

5

- can be a surface in the shape of a frée curve surface',, a toric suffacc, ora spherical
surface similar to the desired lens surface shape 208¢ with surface roughness Rmax of
100 1 m or smaller. Subsequently, the semifinished lens i08 having the appro-ximate
Surface shape 208b is further ground and cut by an amount from about 0. lmm to

~ about 5.0mm by the rotational tool 214 (fof finishing) based on. ﬁ.ni.shiAng pfoceés data
to the lens surface shape 208c in accordance with the prescription data of the

: spgctaéle lens with surface roughness Rmax from about 1 12 m to about 10 iz m. Then,
the chémfering process is performed using the rotational tool 214 (for ﬁnishing) ‘based

on chamfering process data to chamfer the edges 208d.
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100 u in or smaller. Subsequently, the semfinished

| ens 208 having the approxi mate surface shape 208b is
further ground and cut by an anmount from about 0. 1nm
to about 5.0mm by the rotational tool 214 (for

Dteécﬁgﬁ&ll B%lgﬁﬁ%gn@@u tingi@hﬂ&n&{@cess data to the
surface shape In accordance wth-the
pr es€hd grindine aisl uttorg repeirenagnicara establishedsimdhe followringaages.

roughness Rmax fromabout 1 in to about 10 u in.

~ Then, the chanfering process is perforned usi ng the

rotational tool 214 (for Ghimdishi ng) based on

chanf e rocess.data to chanfer the edges 208d. 13
Descri eqaglr?g%lftoa WHBFSF‘?é‘eand Cutting Requirenents The

gri ndi menaRheC et N8sih€qui rement s are established in-
the follow'ng ranges.  Ginding Rotational tool:

whet st BeeolutiGoptiweskpiece nkthapughr398irpm fer threauphing pspcesy, and

- wor'kpi or _the roughi ng process,
and q?‘ﬁ?&%ﬁ%@@ﬂﬁ’%"ﬁ%ﬁ?%?Iglgnﬁ%p{gocﬁsshl ng process. Feed

pi t ch: F@e&@t&lhowgﬁroﬁ B 0hineYev. fdithd foaghiag gricess, andOOOS

process, and 0.005 h 1.0mrev. for the

11 ni shithrgugl be@ggrevdmtherén IehiegOces. 1 t hr ough

5. 0 _
o Rl ek { O O0REARES Ry Aol Booss,
( dependioog tiobugihe Smepdss dor the Enishial pravess) (depandiignen the
Rot ati on }é }@gl cutter ‘Material: nonocrystal -or

pol ycr el Pt the a¥hskPne)-Revol ut i on of wor kpi ece: 1

t hrough 300 rpm for the roughing process, and 1
through 300 rpm for the ftvgjtﬁlgi ng process.

» Rotational tool: cutter.
~ » Material: monocrystal or polycrystal diamond.
» Revolution 6f workpiece: 1 through 300 rpm for the roughing process, and
1 through 300 rpm for the finishing process. |
« Feed pitch: 0.05 through 5.0mmv/rev. for the roughmg process and 0. 005
through 1.0mm/rev. for the finishing process.

» Cutting amount: 0.1 through 10.00mm/pass for the roughing process, and, . . .. .. . ..

0.005 through 3.0mm/pass for the finishing process.

The process is performed with a constant feed pitch in most éases,_ but the feed

~ pitch may be varied during processing. For example, when an astigmatic-power lens
has 2.00D or larger, fhe periphery of the lens often chips regardless of the refractive
index of the lens. For processing such a lens, the outer periphéry of the lens is
'processetli with a small feed pitch P1, and the inner periphery of the lens édj acent té

| the lens center is processed with a large feed pitch PO (P1<lP0)f More specifically, P1
is determiﬁed ina range ﬁom 0.0lmm/rcv. to 0.07mm/rev., while PO is deterﬂﬁned in

‘a range from 0.03mm/rev. to 0.10mm/rev. The outer periphery of the lens to be

14



Feed pitch: 0.05 through 5.0mrev. for the roughing
process, and 0.005 through 1.0mirev. for the
finishing process. Cutting armount: 0.1 through

10. 00nm pass for the roughi ng. process, and 0.005

pldeb Qe 1Y T@écpﬁﬁc% Iﬁpfan%,&e_%rﬁlh% $5hRorRh Qﬁ‘f,eﬁ&hes-ﬂﬂ%phery of
process i s performed w a constant feed pitch

TSt cases, but the feed pitch nay be varied durl ng

,5 ocCessi ng. For exanple when an astigmati c-power |ens
has 2.00D or larger, the periphery of the lens often

C igs regardl ess of the refractive index of the lens. -
—?@PJﬁﬁg%gssing such a lens, the outer periphery of the

| ensThéfirsPEMFGHMEHk dﬂth@as’}hh&ﬁ@h burfRe fravedsaly Method addrding

the i nner periphery of the lens adjacent to the lens

-tocﬁ%g&dhﬁ?\lg ?’gﬁggjzgs?Pl cg tid lf%i&scésﬁgg %ﬁff%{leéjlglnsn (haeremaﬁer
framQ.Qlmirey. . o s WA
"o R b LSRRG i 39&%%%rf‘rﬂwpafé}mnt%lﬂbF'far%ﬁfé& 4,
The outer_periphery of the lens to be 14 processed

4R % 1§ andd- FigedAps 2 s¢heptic Yicgeillusirating @ progpssed syrpee @ the lens
farthest periphery of the lens. Enbodinent | The

- infthe ssphemdad girfeen pravessingemethptidrip B issulr et curipreofdbsieny

- met hod according to an enbodi nent of the present

whilvEigt 3B s £ osPsceaiess vy &f the ek akks aloap a line®-B nalhge:sA
referred to as "lens"), for exanple, is described in

FIEO‘QA H’sn&&drﬁ@pt%ltxﬂe\g i1fRtratify th?h% dlﬂ?(@nmoﬁ]alﬁcéordﬁmﬁe@ &t 4 tip surface

I's a schematic view Il lustrati ng a pr ocessed

' t ) ri cal
0%%@%@3&1% %\?ﬁ&ﬁfﬁ vl rddky B 5E ele%?t%%nﬁ‘é&gfayﬁne view,
l.ens, . whil 3B is a cross-sect vi ew of the
e fada iRW iEh S0 SIS @S@onﬁﬁdﬂﬁl@sh@ etwegnghe yRripiecs
- conceptual view illustrating three-di nensional
- andghe witatienalstook while Fig. 4Bris as enlarged iewoefthp sefationabisiol shown
divided in a grid pattern. Fig. 4A is an elevation
in\Hie WA, Figlsane conceptual eed iHustateg tiresadimenkioasladvosdimtesnn a
-~ a positional relationship between the workpiece _
~ surface of the workpiece and a surface of the rotational tool tip. Fig. 6 is a conceptual

. view showing the aspherical surface précessirig method. Fig. 7 is a conceptual view,
" showing a center position of the rotational tool in an X-axis direction in the asphérical
'sux:face processing method. | |
| In the aspherical surface processing method 6f the first embodiment, the
_ whetstone of the rotational tool 2_14 grinds with thé rotation center of the rotational
tolol axis 213 forming a spiral track as illustrated in Fig, 37A. In a conventional normal
control method, processing points shown by rotation angles of a lens and distances
from a rotation center are determined in advance. However, in the aspherical surface
processing method of the first embodiment, a spiral shape forn’ied by the rotation

center position of the rotational tool axis 213 is determined in advance. More
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and the rotational tool, while Fig. 4B is an enl arged
-view of the rotational tool showmn in Fig. 4A. Fig. 5
is a conceptual view illustrating three-di nensi onal
coordi nates on a surface of the workpiece and a
spUlHcaEE tﬁ’_&f spifaftrh ﬂ'ﬂ‘l;&f‘? the@¥atibd Bentdrl o theGrolafioRal tool axis
conceptua vi ew show ng the aspherical surface
congept.ua

Qcessi thod, Fig. .7 isS. e [ Vi
2L B rrRisheq ¥ p dedstorinited focgiih 4 B direkeioR gfdefidicplar 1o the
X-axis, directign,in_the aspherical ;syrface proqcessi.n
refgtomaetis afdhe werkpigss 208 Py ip Hiven Smed; ﬁaﬁfﬁgﬁﬁw iBf
the first. enbodi mrent, the whetstone of the rotational
formed when a gistangs figint the rotationgeater ofithsavarkpieesf 208He the rotation
rotational tool axis 213 formng a spiral track as
cdnkdrwf theabemionhal t60l@xis2A3 (RR) i3 scarysivily devadasabivithla
control method, processing points shown by rotation

pRB&kESn&d feid pREP T EhSHARASRe rotdtRN cBntePbthé ARatRHAL R6]
are determ ned in advance. However, in the aspherical

' ' t il odi nent, a
A U R ST A
of the.rotational tool axis 213 is .determ.n [
oy ARk e atplgriedt Sutecs Drosisit ebioos ot e
by the rotation center of the rotational tool axis
epbglimgntethe aymesipad valyg datantcaendinatas{edofibe eptgiancaris genter of
direction perpendicular to the rotation axis of the
themstkiiorat ol @ds £33 eati tw) sholv biyhhee pointd(@rRxt y) & wipch:dB) isa
. shape is fornmed when a distance fromthe rotation

rofeidh Posifbn bhﬂlewdqlale@cmz ti9a tRencofraki 18 rotS@st Rhted bf
the rotational tool axis 213 (Rx) is successively

th %@i&%o@&mcﬁdie{aﬁée% %ﬁé(?fe&t?ﬁ%)? §&dedibd ﬁrﬂfl a}g%cf%té?ﬁlﬂéﬁs

g _
when ‘the rotation center rotati ona axl s
213 tr.avel.s f.romthe.peripher f the l.ens toward
refd ety % Salieeb ot b P Ry efim S ar B ¢ RR0E 208 6
processing nethod of the first enhodinent, the
- axilnand (his angsiiondhphichitbe B phibg piadona topl 21 eontatatheon
axis center of - the rotational tool axis 213 can be
pretrssing pyint bf the wrwkpiees 208,in Fbe sagie directidri adthe glyshosngotation
- rotation position of the workpiece 208; (Rx) is a
axth slib ¢ eripica20R €Y r-atia! Theleas iape iwhccordance with the lens design
‘ sha_p'e is created by successively positioning the rotation axis center coordinates of the -
: rotational tool axis 213. The numerical value data for processing may be constituted
by coordinates which are absolute values of each point or values relative to one point
prior tc; that point.
As illustrated in Fig. 4B, three-dimensional coordinates of a grid point are
‘found, which point is disposed at a predetermined position of a surface of the tip of

the rotational tool 214 having a radius R in a round shape, with the surface being

' divided in a grid pattern according to a predetermined rule.
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t he wor kpi ece 208 which distance is successively
decreased with a predeterm ned feed pitch in a
direction perpendicular to the rotation axis of the
wor kpi ece 208 (X- axis); and (y) is a position at

whi CR qhfnityp _aeﬁhfs!f?a?eri] gi%.i ongd th}&Q&iim%ﬁﬁoﬁa]‘z Bb&Qtnstel BEthe

processing point o rkpiece 208 in the sane
di.r ect.j.aon. a he . not -sh rotation -axis of .fhe
R B UBdr3T b et 3y s Bhistredork B didfian smerd
wWth the | ens . design shapée is created by successively
theseiein b, 3—1%0%31@&% cegfi the B’é’ﬁ‘ﬂ%‘?w@@g toifRd e of
the rotational tool axis 213. The nunerical val ue _
digeensionarcoprdiussessifribe svafachef the merkpiecesdd? diwidesbipraditidaqnagiem
whi ch are absolute val ues of each point or val ues
adcetdiig toethté samdprefietemmiinedoiruleods thex dfhied supface bf thé\gotational tool
illustrated in Fig. 4B, three-dinmensional coordinates
2pf a grid point are - found, which point is disposed at
" a predeterm ned position of a surface of the tip of
t he ' i r adi ' '
 ShapbRe ety ahORks Sl etk ask e ihdioolele 2K he
ttegrn according:. a predetermned rule. 16 .
sifit 6F B egonan B Pt B R BE 4o e g pofi gbiiesponding to the
t hree- di_ nmensi onal coordi nates of the _surface of the
thyqerdigensipeal coerdinates of thegurfageiof the workpiges 288 peditodhe thyee-
the direction toward the origin of the Y-axis onto
ditrieesienal cacelimatestdfi hevenrfivps eftthe AA&idml foohzil 4 torfexd a combination
di mensi onal coordi nates of the surface -of the

oMBIdKRIRS 8t WA Bhe/dislastel atwecalthelgR@bbiRtss nAERzed] The t O
the sanme predetermned rule as that of the surface of

! _ , 7 et
il G003 pb R E M UEREA! 4 il e
S 5 g 0B e By of R 2185l
t hree- di nensi onal coordi nates_of the surface of the , .
Poj % fovesred. Sonversely.rwhanesidg pldbe shd ppvhorigned, the accuracy is

coordi nates of the surface of the rotational tool 214

- impeovied but alangabiime ts requiredffogthedalsolatips. Rractighlly he lsegth of

di stance between the grid points is mnimzed. The
the side is in a range from about 0.001mm to ablout 0.1mm.

A concepfual_ view of the aspherical surface processing method is shown in

4 Figs. 6 and 7, when the center axis of the tip of the rotational tool 214 (hereinafter
lreferred to as “tip center axis”) is iﬁ a direction perpendicular to the rotation axis of
the Wofkpiece 208 (X axis) and is located at an arbitrary point Cn of a portioﬁ having
thé minimum thickness (bése curve, A-A’ cross section)., Then, the tip ceﬁter axis of
the rotational. tool 214 in the Y-axis direction is disposed in such a position that a
contact point (processing point) c’oin_cides with a point Qs (Lxn,, Lyms), where the
grid point corresponding to the three-dimensional coordinates of the surface of the tip

of the rotational tool 214 and the grid point corresponding to the three-dimensional
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coordi nates of the grid points (Lxn, Lym) coincide
with the contact point. Wen a side of the grid is’
el ongated, the accuracy of finding a processing point
is | owered. Conversely, when a side of the grid is

cRR@nb R0 6Fhe k@%&%ﬁ%@@ ce 20PLR R b%ﬂghlf"iln't@&?lﬁz[ect Widke

: s required for the ca?lrcl:(B%atl on. Practically,

t h,of h ide is, |. . f bout . 0.
ef W50 08 el W E Bl 10 GRS L T O sl
iletiod HeRBen e tegespot AEderpasemal ol 2 Rirodianed ot

214 (hereinafter Teferred to as "tip center axis") is
normabediblished @rhppoipe@eiascilustratedintfigs. 6andfi on axi s of
t he workpi ece 208 (X axis) and is-located at an o
ar bi Whan yheplongis ré@ated 00 alepees arainthb sothtiten cehitee axik of thertip of
t hi'ckness (base curve, A-A cross section)., Then, -the

theirdaiGA B0l 2X4 & sBiftedififn Rk Wb ah AitradPoidt Gniieof a

- Y-axis direction is disposed in such a poSition that a
: ( y caiReci des ;
- p80h Btk B e R ATARRAGE (BGlHulved BB LM, o cip
correspanding to.th hr ee- d, nensi onal .coordi nates of
oo 5 3513108 MSOBIORH OG5 Toie, Fais TS BHSPOT G St el
the grid point corresponding.to the three-dinmensional
estaplishedat ¢ipaint Esmofcortaet point). i shepointHAsmdh gidpeinb 08
are first brought into contact wwth each other by
cdrespdndingieithgthtdeadimebsivnad nadrdinatds of fhe surfatehef the tix pbEthe

~direction as illustrated in Fig. 5. T.he.t'ip center
roffioBalQboll 218 2h@ iR drithyint! RBlespbhdirigSo PRSthide U@ Enshall
normal established at the point as illustrated in

qo{c:ahcgﬁatesfoﬁﬁg sufrfac¥Be &e%k{ui@{l?%q]iiar{e ?E&Ggfcg.\gtﬁﬁinﬁ?&fn%? wird

rotation center axis o e rotational
. tpo|, 214 is.shifted fromt j-nt. 0_an.arbitar
caff Pine? S S BovipE P ot g 41 an FibY ok iR S he
(cross curve, B-B' cross_section),.the tip ent er
lensds sotged PRelepisprindaharotatingal @thf%IStShléted(ﬁam e point Cn to
direction is positioned on a normal . established at a
thppoint Cosnthecotatiomal tqed2id noves by mreapoinitof &3nin théplug direiction
~ point corresponding to the three-di nmensional
‘ofeRoY dixirdrdTefivéli enoses s ambuitif Xnnf) vlfick Baccurately equal to -
a quarter of a pitch, toward the center of the X-axis. That is, the workpiece 208 is
. shiﬁed by the amount of Xnm which is accurately equal to a quarter of a pitch
outward in the X-axis direction by the X-axis table 202. |
When the lens is rotated further 90 degrees and the center of the tip of the
rotational tool 214 is shifted from the point Cnm to an arbitrary point Cnr of the
portion having the minimum thickness, the rotational tool 214 moves in the minus

direction of the Y-axis and relatively moves by an amount of Xnr, which is accurately

equal to a quarter of a pitch, to the center of the X-axis direction. ‘That is, the
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rotational tool 214 and the grid point corresponding
to the three-di nensional coordinates of the surface
of the workpiece 208 are first brought into contact
with. each other, by freely noving the rotational tool

w%%iéc@ 2b8% sﬁli?e)ﬂ' bﬁr tAL hRGhAQT XnY\K!\ﬁﬁ‘cht 8 8ccuk R0 eh§a1 rt@taﬁhﬁ@er

degrees and rotatlonal tool 214 |s Shifted from
JeTeTHlY onal t ool
ftZal Ouéwaginéh% ar%lurﬁlfr% @%#E’gs paI% | rection of
the Y- and rel atively nove t .of Xn
whi cH e a%l)é&ﬁ?aéﬁmﬁe@mﬂ%m@ H@g%ﬁr rl)gdml?n& he -

toward the center of the X-axis. That is, the )

- axiptaklsi W2t tgasphericahiurfagel pipgessing apnoais 260 dxernaimecitocate
Is accurately equal to a quarter. of a pitch outward

thiewdrkigiecé(lans) 208 Betcinistend, iymbhe the aorlpidcalflens)208 in ¥figad |
the lens is rotated further 90 degrees and the center

ditdctibR 8y tsud%eﬁfve‘lﬁ&ecréa@fn%&h@&‘i@ﬂan&@ﬂk béider ﬁm%@ﬂaﬁ&@@eﬁtéﬁ?ﬂ‘
the point Chmto an arbitrary point Cur of

| ‘thg%qtrfqggcf m)'aﬂ& tﬁehtﬁ{ %@n%rwotf% CRRgRRal b1 1 ﬁ?ﬁ%d‘?ﬂ%@ﬂmn

ves rect I on o t he
and re

el y, moves by.an ajmount
peeegiealadio Healfalpr Fos &Y wh areliies 2 G pin i anéeteﬂnmed
- center of the X-axis dlrectlon That is, the
- fepibpiegh Shentbgraveluginn pf the wrkpigee %ﬂ%oaa\dtth%fee&mtclmedqepﬁ s
accurately equal to a quarter of a pitch outward in -
cankanttlexX-axditabde 202motes a‘tlae:oxstantlspeeldabls e r@nf, thetrack ormed
- aspherical surface processing nethod of the first :

orEihB brkmede(lehs) 20X by thetwotBiohaltbsl 22035 Adt 4 igzag SPAIRIds Gk
surface processing apparatus 200 does not reciprocate-

Cohb@r&i%ﬁlkrﬂét?ﬁ? ()ﬁtfi%%lgl%%ﬁlraﬁ?‘fage g.ﬁ& gﬁ@%e Xtaxﬁocgﬁé 2bP8an

I ece ens ection

SSI easi n i stapce Rx..betwe

o §FEE kaiste aPE bR Al ﬁ'ﬁ’%re&eagmem i sy Sonvex

cent er aX| s of the rotati tool 214 in -
pogtions@veR whem the geyaiition Heed @f‘ e &vorgrieqe; 208 l%sacgeaﬁﬁd {mether
- workpi ece 208 (X-axis) with a predetermined feed
worids,cdrindingent athigher guuding bmed of allawedwor kpi-ece 208 and
the feed pitch are kept

The aspherical surface processing method of the first embodiment offers about

1.3 times higher productivity than that of a conventlonal normal control processing -
‘method.
As described above in detail, the following advantages can be provided in this
embodiment. | |
According to the aspherical surface processing method, the aspherical surface
forming method, and the aspherical surface processing apparatus of the present
invention, the table having a large inertial force is not recipfocated but moved in a
fixed direction, therefore requiring only simple control over the table. Accqr_dingly,

the table can sufficiently follow the workpiece, and the workpiece 208 having a large
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const ant, fhe X-axis table 202 noves at a constant
speed. As a result, the track formed on the _

wor kpi ece(l ens) 208 by the rotational tool 214 is not

a zigzag shape as in a conventional .nethod but a
d%?fgﬁﬁb@b&ﬁﬂeé@ihe%ﬁiﬁ&% Rl BorVak PofifdBs l&‘arﬁ% Pt higdlpecho

ow t he workpi ece 208 having a large difference
aon portions even when the

bet ween_ t he_ concave,and,: X
b Iy Progre R0 T B bt ¥ Ecs . 208 i @ i nor eased. I
other words, grinding at.a higher grinding speed is
- al | owed, . The aspherical surface processing nethod of
,Eghgﬁﬁﬁﬁ%%_enbodinent of fers about 1.3 times higher
pr odug bipHetival tshdicel fradessihg thefRAER s @dlenibRE@dnt according
control processing nethod. As described above in

0 a " . v |
ot Bkt Wich 1 AU AN RBTMEAL FUPFR S5 Bnd o
processin t hod,...t he aspherical, syrface . farmn . o
FlgL R Gt SR Lo ot BER Pevrer e o5t edpigh A Apherical
lgpparatus_of the present invention, the table haying.
sugtare prpsessingmpgthaed acsppding to mypeondsgnbodimentekigpdd inpirept view
~in a fixed direction, therefore requiring only sinple
ofttber teng)| wholedrig t 8Fbistaalybss: sepioamal diewgifyhe lendhakemilpng g dine B-B’
sufficiently foll ow the workpi ece,. and the workpi ece
- inZ68 M FiHG iaalan@prubbvidilillesteriag theskpheital iefacomoaysing
and convex portions can be rotated at high speeds to.
mkihBg rapidly processed into a high-quality product.
- Enbodi nent 2 An aspherical surface processing nethod

o R IR S o e e e, o

igs. 8A, 8B, and 9 _Fig. 8A s a .schenmmtic view

whetflgieq olthe ffgatépnﬁf@eé%%{@g@@ ehile dogting a e tagk g llustrated
_aspherical surface processing nmethod according to a
indég $n i disrseliodiment, the gistaise frompthe regationgesigr oftherwerkpiece
- lens, while Fig. 8B is a cross-sectional view of the
20180 shet thkenter lagis @f shd dotutioBalBool 214 (Rx) is increased with a
' _predetermined' feed pitch. More specifically, the grinding is started at a processing
~ point located at or adjacent to the rotation center of the workpiece 208 and is shifted
toward the periphery of the workpiece 208. The grinding process data is created along
a spiral which extends from the rotation center of the workpiece 208 toward the

periphery of the workpiece 208.
| In the aspherical surface processing method of the second embodiment, the
numerical value data for coordinates of the tip center axis of the rotational tool 214 is
~ shown by the distance from the rotation center of the workpiece 208 (Rx), which is
increased with a predetermined feed pitch in a direction perpendicular to the rotation

axis of the workpiece 208 (X-axis), instead of the distance Rx described in the first

embodiment.
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in Fig. 8A. Fig. 9 is a conceptual view.llustrating

the aspherical surface processing nethod. In the

aspherical surface processing nethod of the second .
- enbodi nent, the whetstone of the rotational tool 214

gri nds ;\Wairht@d PEEs oA _@ncﬁ@,itﬁ@ﬁ% béRGHaxRofithd #edtioRhlgeol 218 is
Fig. 8 1In this enbodi nent, the distance fromthe :

b WO e VPSR RS s
[ dw det’ 1 hed feed pitch. M . .
G i S BASREL S B E58B e AP s o

poi nt located at or adjacent to the rotation center of

- axipet fherskast efche gosding in the asphefied gurfacs\pieesssing method sh ey

- of the workpi ece 208. The grinding process data is

- secombémbbdimentg Thapspessad stadtedforatheprdsesking poidh 8o positioned at
rotation center of the workpiece 208 toward the

thR @6thiibieEentelof tHRGwYRPIER 208 FPScandple, tiHRn AP Edriédt axis of the
~ surface processing nethod of the second enbodi nent,
1G i p
rol el B4 Epodfut of B Bl GO S 008 BBl pholfic ieP
t he di tince fromther‘igi;ation el{a}tﬁxr of the wor ﬁ\iece
magg ckngsi(E4955 QUrve. f-Pe SOSYSSRFOR: eiPABIcE AR REH®
feed pitch i.n a direction perpendicular to the
rofasioglitep] 214,in theo¥ -aisalingeiqnys dspoed @n@aoimpkgstablishadas g
of the distance Rx described in the first enbodinent.
- pdift Q(contherpoimdl diie pninFQy s witkte thedzrid, paitteotriegpondmg éo the
- axis of the rotational tool 214 is positioned in the

thRRtdimbngibia 6odraMates oF falsuFhbfake fp Bf 106 esiaiicial il R14 and
and | ocated at the rotation center of the .

So,
thfﬁgg ﬁbﬁ@ e'o%%ﬁoﬂ&ﬁﬁ%{b fk ﬂﬁsénh@netn' Pnaltd ilpaifes_t(iﬁhe;(s'etﬁ‘fﬁ@ of the

axi at the start o e grinding int
i EoERec® Hhs U AL ASERR 8 Pl Vi e REhos RS, g
mRBrReabeton o eSS 1 p center axis
of the rotational tool 214 is positioned at an
ar bi When the derisr208 Snrasdtech 9 degreesrand 4he tipycaniter axis of the
fotational tool 214 is shifted from the point Sn to an arbitrary point Snm of a portion
B V-having the minimum t_hjckness- (base curve, -A-A’ ‘cross section), the tip center axis of
‘the rotational tool 214 1n the Y-axis direction is disposed in such a position that the
grid point co.rresponding to the three-dimensional coordinates of the surface of the tip
of the rotational tool 214 and the grid point correspcihding to the 'three;;iime.nsional
coordinates of the surface of the tip of the workpiece 208 are first brought into contact
with each other by ﬁeely moving the rotatilonal tool 214 in the Y-axis direction. A -
processing point coincides with a point Qtm (contact point) where tﬁe grid point

corresponding to the three-dimensional coordinates of the surface of the tip of the -

- rotational tool 214 and the grid point corresponding to the three-dimensional
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maxi mum t hi ckness (cross curve, B-B' cross section),
the tip center axis of the rotational tool 214 in the
Y-axis direction is disposed on a nornmal established
at a point @ (contact point). The point QG is where

cd8indieh Of MR isifadeIFHIRSHPHCHE azoﬂqnédaqostmgt%nﬁbmm beal
coordi nates of the surface of the tip of the

Wh%h?l%é l%ﬁﬁéost@g&a%ﬁ‘boad%gﬁeeé Ql%t Lid tPo‘?l' Pﬁoof%g 53R ?}@&’h% the

nmensi on coor |na SUI' ace O

. of t i ece 20 e flrst br ou
pegenta P ppit Ser b aarony oo 28 Goveny angpersigt of AL the
~rotational tool 214 inn the Y-axis direction. V\hen t he
" minussliregreon of the Vaasvamigelatiyel s van by amameysy of S il is
of the rotational tool 214 is shifted fromthe point
adSorately aquahtda tjuatey op @ pitch, Bnward thepepiphényaf theHans 208 ih e X-
m ni mum t hi ckness (base curve, A-A cross secti on),

adi§@irddtidn CERY &, tiRWdrkpiete 20918 shified bl @Pdmdia@ bf Rash Wihich is
the Y-axis direction is di sposed in such a position

ocfiPAet) Sfal 13 ol BE o BRCH ERACOMN i IR B drecton by the X
‘ tl{%Hb g@ the rotational tool 214 and the grid p0|nt
5 8nding to the three-di nensional coordinates of
the surface of the tip of the workpiece 208 are first
br oukgtibe pspheriead sariace progesyingmerod of the ssgond cspiodimeny F‘ﬁg
the rotational tool 214 in the Y-axis direction. A
descritmdsbvg thoiradk founedoordibs lens 208 by plod mtatQnah tpeldldag ot a
poi nt) where the grid point corresponding to the
zighipaeBagh 460 3 iconvintion mEithed RS aGimyplBepisal ishaee Thé sitripde spiral
tip of the rotational tool 214 and the grid point

shf ?é fs%ﬁ%ﬁmcﬁeg?ﬁg&etmﬁ&e R RAR LA RS rc%ﬂtlcﬁﬂ%ﬁﬂak BAteS

the surface he tip of the vvorkpl ece 208 first
e e T L
 ChaorBiake Sﬂaﬁgraa%ﬂf};f&ﬁ%?&w%%?wo%ﬁ%%ﬁ%'g?%%s'egtea%%% feed

of the Y-axis and relatively noves by an anount of

pitthm which is accurately equal to a quarter of a

- pitch, toward the periphery of the lens 208 in the X-
axi sWtlen ehetrotational ladl 2i14 js dppliedvar Kpariadar2PBighsspedi ;fehcpﬁeral
by the amount of Xnmwhich is

surface of the workpiece 208 rotatmg at hzgh speed to start the grinding process from -

the periphery of the workpiece 208, the rotational tool 214 cannot 1mmed1ately
contact fhe péripheral surface of the workpiece 208. It is thus necessary to diépose the
- rotational tool 214 at a position slightly outward and separated from the peripheral
surface of the workpiece 208 and subsequentlsf to shift the rotational tool 214 sloiﬁly-
to the rotation center with a feed pitch for ﬁormal grin.ding before applying the
rotational tool 214 to the peripheral surface to start the grinding. The rotational tool

214 is generally shifted about 5Smm outward from the peripheral surface of the
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accurately equal to a quarter of a pitch to the cenfer

inthe X-axis direction by the X- axis table 202. In

t he aspherical surface processing nethod of the second

enmbodi nrent as descri bed above, the track fornmed on
wol§idc2n98 20/ thi¥ pbhed st ithd 8RR fof HotiucibA dufing Ghich the

zi gzag shape as'in a conventional nethod buf a sinple

| rcﬁQanﬂitoﬁ %Oelgg%é{ﬂpl e spiral shape is formed by

I'ncreasl ng ance Rx between the rotation center

of t wor, k 08 in the direct.ion pendi.cul ar .

to tﬂethﬁafp&nf’ (] S PSpORoHiES st cEcis sobd rabodies since
and the tip center_ axis of the rotational tool 214
thgigrinding s siadediomibairotasion cepfier efthe weslrieas208 otha rotafinmal
tool 214 is applied to a particularly high-speed
taobR 1 pisdirsil appBei fodberctdtionventenokppertion 2dj8cenoteathe nafatidn

hi gh speed to start the grinding process from the

- cd@dri IRy Workbicb 1 208\Rh iR REBheIGpeéd R ZERY dHal e lzerdo0 Ol
214 cannot 1 mrediately contact the peripheral surface

AQ oralﬁg% ‘YBiaﬁ ?&ﬁzﬂﬁad éon’tJb%‘ﬁler\%rﬁﬁé@{ Yog!{ ﬂpﬁécﬁs&@l?%nd

|ona at a pOSItIO

se t fromth her surfa
isﬁﬁg e o o8 SBRaT AR it hStn ey R uRing O Rt e
rotational tool 214 slowy to the rotation center
PIRFeSHING. f eed pitch for normal grinding before applying.
the rotational tool 214 to the peripheral surface to
st ar As tiéserihed atdiveghe filne reqtizetlifomgrinding, whichlig staged from the
generally shifted about 5mm outward fromthe '

roftiohRBaEAbr Spufias ediadent tvethe 2otwisrkgenRe of 2R8vorkpied 1085 is
period is a dead time for production during which the

'shhﬁbﬁnh@ﬁé' tirh QR RIArHQRAABL WAL Wbrarld it ngﬁérslal

sur ace processing ne the second enbodi
g arte t.i
Bl G enf Vol eéC%S%OEp?fé% BRI P Rah s B ed iy in
is. first, dto the rotati nce or a
ar&a}%@%ﬂlﬂ{l@g ng Bthpyigicereasing Saﬁef{ Wréhmwf’néﬁ obig as
whose peripheral speed is zero or al nost zero. :
" 1n the former case. L : - _

The grinding process data for the grinding process is required to corrpspond |
only to the processed surface of the wofkpiece 208, which reduces the yolume of the
grinding process data.

It is desirable to apply the aspherical surface processing method in which the
grinding ig started from the rotation center of the workpiece 208 to a fmishing process
in the processing procedures described later, since the grinding begins at the rotation |
center whose peripheral speed is zero or almost zero. It is also possible to start
gﬁnding=by directly applying the rotational tool 214 to the rotation center of the
‘workpiece 208 when the grinding amount (depth of cut) is in a range from about

0.1mm to about 5.0mm:.
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Accordingly, the rotational tool 214 can contact the
wor kpi.ece 208 imedi ately and is thus required to be
shifted only in a region in need for grinding to
conplete the processing. As described above, the tine

r equisdaRiohlly, af IHRGaADhT tNO:CAHIAS RS @hted dxib bPMerBEnd portion of
rotation center or a pOI‘tI on adj a_cent to the rotation

t f . [ [ Ler t the .t i
e enlord M BEERAE Botihod o f RPpAG e Al sihd R
- eri pheral _ surface . of.the workpiece.208. This
PRSP UH SO Bt FeFladt O Btauoneenter of {he misgkRipie 208 The,
~region requiring grinding wthout decreasing the s%eed
pesitigthef the raietiasabiiool Dl ingheY zaxis directipreistdgtenimed gaeh thatihe
grinding process data for the grinding process is
 lene grocessthgt pwiorittewhioh the ottipnilacsid 4 gonaets dethisscontlgioa can
" of the workpi ece 208, which reduces the volune of the

. b&pioReHsBd THe MR SBaféak Brealell i BcdREint@RitE tﬁéleﬁdoﬁsigﬁtshﬁpe by
aspherical surface processing nethod in which the

SO e UL IOk PP B il
zg‘\{"i‘ ﬁﬁg %gﬁgﬂﬁﬁgﬁ g#ﬁ(?r%gg&%gg rgrllotlrjrg e I1" taﬁc{rg e%%&? %Eglteqsorkpi_ece 208

~peripheral speed is _zero or alnost zero. It is also
topessdthe|outsids. $heypymerigal walipdatn Jordirpeassing map be pragitytpdby
~rotational tool 214 to the rotation center of the
conndikpeewhich@8: atiselutd Yeduayrof ek hngpistnyvalues tidgiivie to bne paint
is in a range fromabout O0.1lnmto about 5. 0mm 23
prisidbtha®paint.y, at the start of the grinding, the center
axis of the round portion of the tip of the )
" Ot Ak Rk a0k, . Ao | : s Ciming
. axis) gg{aés{s]? neg’ t ﬁe Bfrd ?gg%é%lh%epm n?%EB?XY?ﬁ?p? ?Ig@b%faw
the rotatio nter of the wo i ec 08. Th
PR D8 ot B o b fimEl P8 S A patOfment
.~ direction js, determ ned such that the |ens_prqcessing
poi ns @?SPHLW%NG f‘l’]‘éet?lgtﬂéq ol)rune akypnisges capE aewed i this
~ this condition can :
- embodiment.

According to the aspherical_ surface pfoceésing method, the aspherical surface
forming method, .and thé aspherical surface processing apI-Jalratus of the invention, the
.'table having a large ihertial force is not reciprocatéd but moved in a fixed direction,
thus requiring only simple control over the table. Accord/i;lgly, thé table can
sufficiently follow the workpiece, and the workpiece 208 having a large difference
between the concave and convex portions can be rotated at high speeds to be rapidly |
procéssed into a high—quélity product. |

Embodiment 3

An aspherical surface processing method of a third embodiment of rthe present

invention is now described with reference to F igs. 10A and 10B. Fig. 10A'isa |
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be processed. The | ens shape is created in accordance,
Wwth the |l ens design shape by successively
positioning the coordinates of the tip center axis of
the rotational tool 214 along the spiral track which

 sEReRIRE Sidw DLtHRR ra%ﬁhbﬁ’d] 1618 n Bk at;lth%nw rstiﬂhcﬁﬁﬁ‘ogééﬁng
tovvard the out si The nunerical value data for

' n{éltlﬂ)% rH%X‘tbpgm?e?lﬂ :’rﬁ%tllfbﬁ& 1g a@ont Gy &'tﬁ‘eaﬁto?a%o tt?{:')}leZM,

are a e val ues o nt or 'val'ues re
menti oned, -nore

i.nt rJ or that p

Wﬁlﬁﬁ% ﬂBﬁd%%? ﬁle@’ ?ftﬁef%ttff%ﬂ % t he aspheri cal
surface processing method of the second enbodi nment

- t hanln thenprheripy] surfesetivecaraing methpd s $he thisd @mbpdiment, @ pair of
detail, the foll ow ng advantages can be offered in
cmttérszl@amaingetnols edchoafrwehicigistppotitiel asp biesundatensaisi@aockthe
processi ng net hod, the aspherical surface formng
rétEidarooBRIh 4r66 ﬁﬁ@@ﬁf édeRotlRdithGR e Rfthdded between the
- apparatus of the i nvention, the table having a | arge
uétﬂa? gl force is not reci procated but noved in a

I xed direction, thus requiring only sinple control

over I Acc t he tab

ourt AEREabll: Fis REiRERL 4 piostel BT i ece

208. having a | ar di fference . between the concave and
embpimentds pimigh o %ﬁﬂﬂ@@ngét%twnathim@ﬁ retatienid %Z%URS a

rapidly processed into a high-quality product.

- whetblodé ardascribedrin sleptbore Gost asdisdcavd epbodimesisng net hod

of a third enbodi mrent of the present invention is now
descAtdedingits thiy @htsdenest ds @xplaided aBovdin dedlil] adoBatafdsGimilar

I OAis a 24 schematic viewillustrating a rotationa
tottH@ée sﬁ&\ﬂ’n iDtht PRstan R &k he %tnb%ﬂirrﬂe%‘sea,rﬁ’ biRfifRRd leQ&h in R &Qﬁilple
he third enmbodinent. Fig Als a front view of °

| tool 214, mhlle Flg 10B is a side
OfttHgCﬁt?bg%’%g&%ot ational tool 214. In the aspheri cal
surface processing nethod of the third enbodinment, a

 BRBLfn2 4 | |
An aspherical surface processing method of a fourth embodiment of the

| preseht invention is now described with reférence to'Figs. 11A and 11B. Fig. 11Aisa
- schematic view illustrating a rotatiortal tool 214 in the aspherical surfaée,proéessing o

- method of the fourth embodiment. Fig. 11A is a front view of the rotational tool 214,
while Fig, 11B is a side view of the rotational tool 214,

| In the aspherical surface processing method of the fourth embodiment, a cutter
216 is provided on a circumference sidé' of the rotational tool 214;
Additionally, the espherical surface processing rhethod ef the fourth

embodiment is similar to the grinding method in which the rotational tool 214 uses a

whetstone as described in the above first and second embodiments.
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cutters 216 as cutting tools each of which is provided
on a circunference side of the rotational tool 214
are opposed to each other with its center interposed
between the cutters 216. Additionally, the aspherical

‘sur f ageordn@ae $isis AdbsmmeACasikplaliRdtabbvedin deros vaBAked $milar
simlar to the grinding method in which the rotational
. - r - -

1 ¥ by 13 0% Birg BRELHRAE 0B DrO (R YRR b AR ingle
enbaqdi ment expl ai ned. ab in detail, advantages
¢ tlt%aﬁgreqm{’%e%ts%@gr‘gﬁtwl Feﬁ’?)ffﬁ% first and second

enbodi ments are provided even in an_exanple of the

cut t Mgy prieiions to thesbevaridentifiedgmbadinents aig posuble yghout
processi ng nethod of a fourth enbodi nent of the
depaetgrenfrom mheesebpoand spinitonf thiemwentivadPodstbhe varfaboenizayetbeen

. Figs. 11A and 118. Fig. 11A is.a schematic view

' piekdrited thachighutahé Rk el dikcussioh RMedv@r,ﬁﬁWill%ngpfdcﬁ@éd that

-surface processing nethod of the fourth enbodi nment.

_tH\%HJ?ng&t']:iﬁvérﬁioﬂ if i& ri‘i'init\sé:dg&vtﬁg ab%b@—glés?ﬁﬁéd OB .Iés?P{)r %%g}Tple, the

Ig. 11B1s a e viewo e rotationa

14. In.the aspherical -surface processing nethod of
. f ‘ﬂ&"‘f%%?‘?ﬁ“@ﬁ@“%&?ﬂ%‘ﬁ?, a cutter 216 is provided on a
rence ,side of the rotatio 214.

i nf | tool y .
Z'd:jfﬁ) Jﬁaw erigg] SUGSHEPFSHNg wﬂmggéﬂgﬁ?%e&%mﬁamﬁvﬁ%be

of the fourth enbodinment is simlar to the grinding
emplopestifor praghssing thy entfre densi2dR ahlteroativeiy) dhalsns268 may be

whet st oné as described in the above first ‘and second ~
proéseet paztidlby bythe Aspherickl ngrhee rbéssiaghrtdiodtthemvention and

expl ai ned above in detail, advantages simlar to :

pArBABEL PN NV ehtloralBorkfdl EShtRITPRHSBRY mathed WaAihlat, e a

in an ‘exanple of the single cutter 216 equipped on
e g Bl e B T3 B 20
- processed, for exarple, there is a possibility of interference caused between the
| rotational tqol 214 on the center side of the workpiece 208 and the prism inrthe |
| processing method of the i{l\_relition. Thus, it is effective to grind and cut a lens
* partially by employing a conventional norr_nal..control processi_ng method.

(2) The aspherical surface processing methéd of the present .invention is
particularly effective for processing a periphery of a lens wﬁose peripheral speed is
high. The productivity is not so much decrea.sed when the center and the surrouﬁding
portion are processed by a conventional normal control proéessing rﬁethod, since the
| difference between the concave and convéx portions at.that. region is small. It is thus
..possible to adopt the aspherical surface processing method of the present invention at

the periphery of the lens and the normal control processing method at the center and

the surrounding region of the lens.
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departing fromthe scope and spirit of the invention.
Possi bl e vari ati.-ons have been presented throughout

t he foregoi ng di scussion. Mreover, it wll be

appreci ated that the present invention is not limted

t o t (3 Ieb pusitleacddobetie AXFRELA SurfiR® processing Mettoldef the
followi ng points may be adopted: (1) The aspherica
. 1 . ,
PR B DR Dol Yer SRp DR InE Hpf e ARSI sebfict Ml
Al t ernati vel t he | ens 8 be rocesse : .
plssrBR b4 e Gelsia, BBl BEmoBFBLERIY fo e Sllpstine
of the invention and partjally hy a conyentiona
atheltRde diagiier procsrsduediingy leas Kogdugeanquisifeipmeteigen a
lens with a prismhaving a slope in the vicinity of .
roughing eracess fof farmegrofépivrve suztige,i astorip surtass sy spherrical
- exanple, there is a possibility of interference caused
supRatysigtilat Rethe fiahldensvnefacd sidpe;2hd ahainfeing@nd ks fir dettiaf
the workpi ece 208 and the prismin the processing
ﬂﬁﬁ;aggsgfakﬁg invention. Thus, it is effective to
grind and cut a lens partially by enploying a
Conte Th QDR AL Bk n?ag'}héo%e i%'il?e%eo;g)g]%gp%?% g&gds {ed £die

aspherical "surface processing met. resent

invention.is -particularly effective for processing a
casiing plemgrigfion, and pheg Bsigad, i snsFaFiaenspe Adaftionafy e

The productivity is not so much decreased when the
preesssesk susfaee ismet kmitedimaitongaypuiriarobutdy may bouseddetia bynvgx
- conventional normal control processing nethod, since

sutfhee asdwélf.er ence bet ween the concave and convex :
portions at that region is small. It is thus possible
t o ataRbinkthfhs A8 BchABinafiBhi 8C8e PARRA THILOLinERE Rl cted
the present invention at the periphery of the lens.

_ Ol . 3
00 R AP LB BRSS9 WAL A 8 g
ossjb¥ t.0 adopt the aspherical surface processing '
P8 lFﬁglogresent i nvention not only for shaping
the final lens surface in accordance with the :
prescription data for a, spectacle |ens, but also the

met hod can apply to the follow ng:
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an outside dianeter process by cutting a lens to
reduce an outside dianmeter; a roughing process for
formng a free curve surface, a toric surface, or a
spherical surface simlar to the final-Ilens surface
shape; and a chanfering process for cutting sharp
vaaTrIsSdLaMEDss: (4) The wor kpi ece 208 nmay i nvol ve

| enses of other types, nolds used for casting

pol yneri zation, and others instead of spectacle

1] AR aspheridd diifAcepabdeysing ARthodlcompssiag surface is not -
limted to a concave surface but it nmay be used for a
Peonidng agiprkpiece tadenerdessedbirsptating yaunds fotation axis;

[ j: . i e i ts: crih .
AR ARLNE 150 SR TR R BBl ctin
Wi tdxotht rdepien takis goff sabimiobgpiceipd inan diréddiohi gergdndicaRr to the
invention. 27 WHAT | S CLAIMED I'S: 1. An aspheri cal _
surfolaien gxis o sy mprkRiesso @t onpri sing: providing a
SR RPN EORIREA ekl P AP Fiotithel food pitch in o
r el lasst \aepartinl Segidn ek pi ceater iofi thehwtg@reaxih ofewid orkpece to a
the rotatiqn .gxi s, of sai rkpiece and in a_ direction
perqféwb?ra i s stipieos P o pePeptioaal i the retpiarasis of
andaifivfdrieces % broQis@tdalN HorkRele o 2 foneskiGniBGtiEANand

wWth a predetermned feed pitch in at | east parti al

r egispherfcalosrfaceent er of the rotation axis of said

_ wor kpi ece to a periphery of said workpiece in the :
direction perpendicular to the rotation axis of said ,

‘ ' t C ' | ecesint "y -

2. SBhRG it SyrBloB oGl cudkied B G5 8 Beimy 1, pperein seid

rotiehsirtoclak dispoicdc thiator fRe@lonGeiRt B ofls tipedf saldl idbatioal tool

. claim1, wherein said rotational togol is disposed so

is{qeateddn p seEnal G epléon established 4 procepngPoiBERipald workpiece.
rotational tool

: 3. An aspherical surface processing method as set forth in claim 1 or 2, wherein
processing by s&id rotational tool is started from a point where the distance between
the rotation center of said workpiece and the tip of said rotational tool 1n the direction
perpendicular to fhe rotation axis of said workpiece is zero or approximately zero, or a
point where the distance between a peripheral edge of said workpiece and the tip of

said rotational tool is zero or approximately zero.

4. An aspherical surface processing method as set forth in claim 1 or 2, wherein said

rotational tool is a whetstone rotating around a rotation axis.

5. An aspherical surface processing method as set forth in claim 1 or 2, wherein said

rotational tool is a cutting tool rotating around a rotation axis.

6. The method as set forth in claim 1, wherein the providing of the workpiece includes

a roughing step of forming said workpiece in a shape similar to a desired shape.
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Is located in a normal direction established at a
processi ng point of said workpiece. 3. An aspherica
surface processing nethod as set forth in claim1l or
2, wherein processing by said rotational tool is
7SAﬁratsﬂférﬁc£10§ﬁ‘rﬁc@ Pldkess Y\%ei]ﬁ)aidﬁﬁs &thibPRE Qb AR deb ﬁ)rth in
rotation center of said workpiece and'the tip of sa
claima it i onal tool in the direction perpendicul ar to the
rotation axis of said wor kpi ece 'is zero or
approxi mately zero, or a  point where the dlstance
bet ween a peri pheral edge of said morkplece and. t he
tip of said rotational tool is zero or approxinately
zero. 4. An aspherical surface processing nethod as
set forth in claim1 or 2, wherein said rotationa
“tool is a whetstone rotating around a rotation axis.
5. An aspherical surface processing nethod as set
forth inclaiml or 2, wherein said rotational too
is a cutting tool rotating around a rotati on axis. 6.
The nethod as set forth in claiml, wherein the
provi di ng of the workpiece includes a roughing step
-of forming said workpiece in a shape sinilar to a
desired shape. 28 7. An aspherical surface processing
appar at us enploylng t he nethod as set forth in claim
6. 29 S
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