1 DESCRI PTI ON POLI SHI NG METHOD F009840 Technical Field The present
invention relates to a polishing nmethod and, nore specifically, to a
pol i shing nmet hod that enabl es accurate polishing of a surface to be
pol i shed having a plurality of surface portions of significantly different
curvatures. Background Art A concave surface (referred to also as eye-bal
side, or inner surface) of a spectacle lens is fornmed into a shape such as
a spherical surface, a rotationally symetric aspheric surfa%% ﬂjtoric
surface, a progressive surface, or la curved surface formed df 38

conmbi nation thereof, and when the surface shape is machined, for exanple,
by cutting, it is mrror-polished to an optical surface. For mrror
polishing a sinple curved surface, such as a spherical surface or a toric
surface, face-up grinding using a rigid abrasive platter, which is called
Oscar polishing, is used. The AEFYRHETHYN i shing net hod using the abrasive
platter is a nethod for transferring the surface shape of the abrasive
platter to the polishing tarﬁ@@ﬁHTﬁg@@FH?%, a nunber of, for exanple,

t housands of, types of machining platters corresponding to the nunber of
surface shapes according to the |l ens prescriptions are necessary. Since

t he %QL%%&%? gﬁ&gter cannot be used for polishing conplex surfaces other

The present invention relates to a polishing methed and, more
specifically, to a polishing method that enables accurate polishing of a
surface to be polished having a plurality of surface portions of

7
significantly different curvatures.
Background Art

A concave surface (referred to also as eye-ball side, or inner
surface) of a spectaclie lens is formed into a shape such as a spherical
surface, a rotationally symmetrie¢ aspheric surface, a toric surface, a
progressive surface, or a curved surface formed of a combination thereof,
and when the surface shape is machined, for example, by cutting, it is
mirror-pelished to an optical surface. For mirror peoclishing a simple
cur?ed surface, such as a spherical surface or a toric surface, face-up
grinding using a rigid abrasive platter, which is called Cscar polishing,
is used.

The mirror polishing metheod using the abrasive platter is a method
for transferring the surface shape of the abrasive platter tc the
polishing target. Therefore, a number of,'for example, thousands of,
types of machining platters cecrresponding to the number of surface

shapes according to the lens prescriptions are necessary. Since the

abrasive platter cannot be used for polishing complex surfaces other



2 F009840 than these surfaces, so-called, free surfaces, such as a
progressive surface, a resilient abrasive nenber is generally used. For
exanpl e, the present inventor proposes a polishing nethod in which
polishing is perfornmed while bringing part of a dome-shaped portion of the
resilient abrasive nmenber, which is selected fromanong a plurality of
resilient abrasive nenbers having done-shaped portions, |arger than the
concave surface to be polished, of the polishing target and havin

di fferent curvatures according to thé surface shape of the sﬁ?%@ég to be
polished, into abutment with substantially the entire surface of the
surface to be polished. In other words, the curvature of the resilient
abrasive nmenber is properly selected depending on the shape of the
wor kpi ece. The polishing step includes polishing while applying pressure
on t hetliggntressurtifeceof sthealdere-Sisapad-thotd oruck @si b irerprstvsése with
‘pressurized fluid to give a tension to the done- shaped portion, sw nging
and rotwtirAty theepolirrhiakgatiaiegetmbabolrn Jensraowh vsgedis, and rotating the
resilient polishing nmenber until substantial alignnment of the center of
curvature JPTt e BOfre-SRaDEIPorifven-t PRORNGES TEALEY 1B 1HhBoSwitngi ng
notion of the polishing target is achieved. The resilient abrasive nenber
i s sel BECBECHSH K AFPIE OB Hot s PEPY8f RS a? hitn§oTRTBXRTRi n) / 2=Rni d
fromthe Larqpst radi us, of curvature . Rrax (i nvers nunbﬁr of curvature)
and t RSB PEstPT AGPATBF TUPTAUFE™Rari KR 61 579°0r <t hE™T ANRY Sur face of

the le skaﬂﬂ%_gglectiﬂgng gesLIient abr%sive nbe% havi ng .a_done- shaped

. res rasive member avi e-shaped portions .
porti di having a Tadits of clurvattre ¢l 05& 1% “the “I'iter fddiat e’ r adi us of

CL“‘Vatfg}%ef&gﬂgnlghé ggncave surface to be polished, of the polishing target
and having different curvatures according to the surféce shape of the
surface to be polished, into abutment with substantially the entire
surface of the surface to be polished. In other words, the curvature of
therresilient abrasive member is properly selected depending on the
shape of the workpiece. The polishing step includes polishing while
applying pressure on the inner surface of the dome-shaped hollow
resilieﬁt sheet with pressurized fluid to give a tension to the dome-
shaped portion, swinging and rotating the polishing target about its own
axis, and rotating the resilient polishiﬁg member until substantial
alignment of the center of curvature of the dome-shaped portion with the
centerrof the swinging meotion of the polishing target is achieved.

The resilient abkrasive member is selected, for example, by the
steps of obtaining {RpaxtRmin) /2=Rpq from the laréest radius of curvature
Rnax (inverse number of curvature) and the smallest radius of curvature
Rpin existing on the inner surface cf the lens, and selecting a resilient
abrasive member having a dome-shaped portion having a radius of

curvature close to the intermediate radius of curvature Ryg. In the



3 F009840 case of the astignaticlsurface (toric surface), the radius of
curvature of the resilient abrasive nenber is an internediate val ue

bet ween the base curve and the cross curve, and hence a toric surface
having a cylindrical surface can be polished evenly with the resilient
abrasive nenber which cones into hernetic contact therewith with good
followability with a m ni nrum degree of defornmation thereof. However, for
exanple, in the case of a spectacle |lens for correcting stron

astigmatism the difference in curvadure between the base curg@”§ﬁ8 t he
cross curve is significant. Wien an addition power, which is the difference
bet ween powers of near and di stance portion of a progressive nmulti-focal

| ens, increases significantly, the difference in curvature between the

di stance portion and a near point increases significantly. Although the
resilieme clbiaskydomeriresuifosypertiiorsyatashapsht clakowalsitl Fty72ti¥e t he case
of the surface to be polished having a |arge difference in curvatures .as
descri pedhaberrélitieprkrafdye FrenReE de 2 i nWRFRIF LIS I/ apar thstietfe thAt o  strong
contact with such a surface and sone parts cone into poor contact wth the
sane. 'ScE e 2PdrFofrBE PUIFE- cBIt BetCec Antt ChEEAST INFVARDI shed, it
requires a long tine for polishing, while the gortion of strong cont act

can be“Horfs _ 7 T4 C8 ™t b?ipr?é.isﬁer‘f‘ete%?rﬂ'ry_e‘f‘i%h R @t T TENREAES Trade to
pol Shife PO LoD 2l RIS FaMLact. aULIL S enilts o qonly, does 11 reauiro
to excfﬁEﬁ%%a JTEL&%iytﬂga(ﬁlnﬁﬁﬁ% Qgéggeogfcgéformation therecf. However,

for example, in the case of a spectacle lens for éorrecting strong

astigmatism, the difference in curvature between the base curve and the

creoss curve is significant.

When an addition power, which is the differeﬁce between powers of

near and distance portion of a progressive multi-focal lens, increases

significantly, the difference in curvature between the distance portion

and a near point increases significantly. Although the resilient

abrasive member is superior in shape followability, in the case of the

surface to be polished having a large difference in curvatures as

described above, there may be a case in which some parts come into

strong contact with such a surface and some parts come intoc poor contact

with the same. Since the portion of poor contact cannot be easily

polished, it requires a long time for polishing, while the portion of

strong contact can be polished in a short time. Therefore, when an

attempt is made to polish the portion of poor contact sufficiently, not

only deoes it require a long polishing time, but it may result in so-

called polishing sag, due to excessive peolishing of the portion of

strong contact. When trying tc aveid polishing sag, the portion of poor




strong contact. Wen trying to avoid polishing sag, the portion of poor 4
F009840 contact may result in insufficient polishing. Both polishing sag
and insufficient polishing are defective polishing, and | owering of the
yield and increasing the nunber of polishing steps due to the necessity of
addi ti onal polishing have becone problens. In view of such circunstances,
it is an object of the present invention to provide a polishing nethod
that can polish evenly a surface to be polished having a very | arge
difference in curvatures evenly by #he use of resilient poliéﬂ?%ﬁ nenber s.
Di scl osure of Invention A polishing nethod of the present invention is an
i nprovenent of a polishing nethod in the related art in which a surface to
be polished of a polishing target including portions of significantly
different curvatures is polished fromthe beginning to the end with a
si ngl ecortast [negnteabdtasi vespiifisernt andigripboys a nulti-stage polishing
method in which polishing is perforned by the use of at |east two
resilient Rdrhagtvehhshisey sarof 1efiffferlenmt ealfivhing ese dafeettier words, it is
a polishing nethod using a resilient abrasive nenber having done-shaped
port i oP¥LishRndhPR HEFE9aPE DepVifldl P19 18Fr13Ppes OF PE%RFieht abrasive
menbers of different curvatures, including steps of selecting at |least two
resi| i BitSAbraSER® R SPadesrHiy Po atd%étls"tlj‘ﬂ RS &M T o PRE™Ssur f ace
to be goh}shed, and golishiﬂg,the surface to, be pq}ished by the yse of
sel ect BIPYE8T 11 &RtV EBr AsiSVER membRIS 2 attor i g P ™9GCh °4 MiF £ S8t ge
pol | Shiég%ngfgéqgg’pggggdglg:Eg{fgﬁggglﬁéthod that can polish evenly a surface

to be polished having a very large difference in curvatures evenly by

the use of resilient polishing members.

Disclosure of Invention

A polishing method of the present invention is an improvement of a
polishing method in the related art in which a surface to be polished of
a polishing target including portions of significantly different
curvatures is polished from the beginning to the end with a single
resilient abrasive member, and employs a multi-stage polishing method in
which polishing is performed by the use of at least two resilient
abrasive members of different curvatures. In other words, it is a
polishing method using a resilient abrasive member having dome-shaped
portions, in which there are a plurality of types of resilient abrasive
members of different curvatures, including steps of selecting at least
two resilient abrasive members according to the surface shape of the
surface to be polished, and polishing the surface to be polished by th;
use of selected resilient abrasive members.

According to such a multi-stage polishing methoed, the difference in




FO09840 curvature, which has previously been managed by a single resilient
abrasive nmenber, can be divided into a nunber of selected resilient
abrasi ve nmenbers, and hence the difference in curvature which is to be
managed by a single resilient abrasive nenber can be reduced. Therefore,
nore even polishing is achieved than the case of polishing by a single
resilient abrasive nmenber. The plurality of resilient abrasive nenbers each
is assigned to a division corresponding to a predeterm ned curvature,
respectively, so that the resilient>abrasi ve menber having t hi&°848i gned
curvature corresponding to the curvature of the division of the surface to
be | polished can be selected. The plurality of divisions can be provided
by dividing the surface to be polished having a plurality of curvatures
according to the curvature ranging fromthe |argest curvature to the

smal | estrvetryaat vriech The prardrars lpfeechananagpd itone dingdsinesibianiers i s
selected so as to polish the surface to be polished in two-stages,

t hr ee- 3xagese merl sl £7n bst djesed nigitadd myher et telirctet eesstiageés. For
exanmple, the difference between the smallest curvature and the |argest

cur vat ¥ @sdYe PREPYr f 2k heree (RS pUItfesFEgei & gryraedsi mishaipltarki ity of
divisions, and the resilient abrasive nenber having a donme-shaped portion
of a CHRIEUrRY 2cPPdest Bsthesv P atjd Ve urFatar @bt figuspdei FRerdivFsi on can
PgsfﬂIg?ﬁ{eegw;giﬁvg&gg%g%‘r’L%ﬁ%vg%"%iho&e Llad 3889 R0SPLDI 8 Lo pel ect a

resilient abrasive member.

The plurality of resilient abrasive members each is assigned to a
division corresponding to a predetermined curvature, respectively, so
that the resilient abrasive member having the assigned curvature
cerresponding to the curvature of the divisionkof the surface to be

;
polished can be selected.

The plurality of divisions can be provided by dividing the surface
to be polished having a plurality of curvatures according to the
cuivature ranging from the largest curvature to the smallest curvature.

The number of the resilient abrasive members is selected so as to
pelish the surface to be polished in two-stages, three—sﬁages, or multi-
stages including mcre than three stages. For exa%ple, the difference
between the smallest curvature and the largest curvature of the surface
to be polished is divided intec a plurality of divisions, and the
resilient abrasive member having a dome-shaped portion of a curvature
close to the average curvature of the specific division can be selected
for each divided division.

It is also possible to select a resilient abrasive member having a

dome-shape portion of a curvature close t¢ the largest curvature of the



done- shape portion of a curvature close to the |argest curvature of the
F009840 surface to be polished, a resilient abrasive nenber having a

dome- shaped. portion of a curvature close to the smallest curvature of the
surface to be polished, and a resilient abrasive nenber having a

done- shaped portion of a curvature close to the average curvature between
the~ Jlargest curvature and the smallest curvature of the surface to be
polished. In addition to the usual resilient abrasive nenber, it is
possible to select a resilient abra8ive nember having a donefehEs&d
portion of a curvature close to the curvature at the central area of the
surface to be polished, which is nost liable to be insufficiently
pol i shed. Preferably, the polishing step includes polishing while rotating
t he polishing target about its own axis, rotating the resilient abrasive
menber satfegt 4d semiiaxis, aandisiwnigrhpstie meobes iangng ar gete-ghdeddhe
resilient abrasive nmenber with respect to each other until substanti al

al i gnnenttiof tthe ewmveerroflets attheesofllche doretwirapédhportifens it h t he
center of swi nging notion of the polishing target is achieved. Wen the
sur f acke L&' Yol shed Sl At PRIV ergFrbesiiyeny e IR 1#BEPd cont act

bet ween the surface to be polished and the surface of the resilient

abr asi ¥ HeRisEr 2 %uﬁ‘fﬁF‘l‘ﬁeaicE%?f EontaAteraPReS SR Face PED's58@ Pl i shed and the
surface of the resilient abrasive nenber cone into contact evenly wth
each ot &Pt {HErRBF Seth TB6I TEALRY FU-FEHFRVEd P Pregfr &t abi-g, P he pol i shing
nmet hod np%o s a resilient abrasive nenber whose done-shaped portion is
fornedpgﬂf °A hol | ow dome shape, and

In addition to the usual resilient abrasive member, it is possible
to select a resilient abrasive member having a dome-shaped portion of a
curvature close to the curvature at the central area of the surface to
be polished, which is meost liable to be iﬁsufficiently pelished.

Preferably, the pelishing step includes polishing while rotating
the polishing target about its own axis; rotating the resilient abrasive
member about.its own axis, and swinging the polishing target and the
regilient abrasive member with respect tec each other until substantial
alignment of the center of curvature of the dome-shaped porticn with the
center of swinging motiocn of the polishing target is achieved. When the
surface to ke polished swings relatively, since the hermetic contact
between the surface te be polished and the surface of the resilient
abrasive member is maintained constant, the surface to pe pelished and
the surface of the resilient abrasive member come into contact evenly
with each other, whereby even polishing is achiewved.

Preferably, the polishing methed employs a resilient abrasive
member whose dome-shaped portion is formed into a hollow dome shape, and

includes a step of applying pressure to the inner surface of the




i ncludes a step of applying pressure to the inner surface of the F009840
resilient sheet to provide tension to the dome-shaped portion while
polishing. Since adjustnment of internal pressure of the resilient abrasive
menber is added to the conditions of polishing in conparison wth the case
in which the entire resilient abrasive nenber is fornmed of resilient

mat eri al, adequate polishing can be carried out easily. Therefore, the
first aspect of the invention provides a polishing nethod using resilient
abrasi ve nenbers each having a dome-3haped portion, the resil F&M®44brasive
menbers being of a plurality of types having the dome-shaped portions of
different curvatures, including the steps of selecting nore than two of
the resilient abrasive nenbers according to the surface shape of the
surface to be polished, and polishing the surface to be polished by the
use of redidiset ebted tor psividettenabrraspverendatrersiapsihecsgeondridspect of the

i nvention provides a polishing nethod according to the first aspect of the
i nvent Poishelar atters zeésicnenthat intsenpl pratdivry of thesjdsiémntabr asi ve
menbers each are assigned to one of the plurality of divisions

cor r esPOTAL Y MEBP eheé s prisset B fPAetPrehEirasup 9ol i HH@9t He coreFisPr sel ecti ng
includes selecting a resilient abrasive nmenmber having a curvature which
cor r esPoidErt G Rel Rt GRe BfithecassisghetP 28 VA SFPBF piF ol 8% tHe step of
polishing._a curvature of the surface to he polished. The third aspect of

the in FOH Provi'@es HePOT IS RPhBE HGd Pacesftihg 't 52Phe second aspect
first aspéé% EPaghe invention provides a polishing

of the invgﬂkkggn%ba&%gterized
method using resilient abrasive members each having a dome-shaped
portion, the ;esiliént abrasive members being of a plurality of types
having the dome-shaped portions of different curvatures, including the
steps of selecting more than two of the resilient abrasive members
according to the surface shape of the surface to be polished, and
polishing the surface to be polished by the use of the‘sélected
resilient abrasive members.

The second aspect of the invention provides a polishing.method
according to the first aspect of the invention, characteri%ed in that
the plurality of resilient abrasive members each are assigned to one of
the plurality of divisions corresponding tec the predetermined curvatures,
and the step of selecting incliudes sélecting a resilient abrasive member
having a curvature which correspends to thé curvature of the assigned
division prior to the step of polishing a curvature of the surface toc be
pelished.

The third aspect of the invention provides a polishing method
according to the second aspect of the invention characterized in that

the plurality of divisions are provided by dividing the surface to be




the plurality of divisions are provided by dividing the surface to be 8
F009840 polished having the plurality of curvatures according to the
curvature ranging fromthe |largest curvature to the snallest curvature.
The fourth aspect of the invention provides a polishing nmethod according
to the first aspect, characterized in that the step of selecting includes
selecting resilient abrasion nenbers having the done- shaped portions of
curvatures close to the average curvature of the respective divisions of
the surface to be polished of a plurfllity of curvatures, whi ER°3AE divi ded
according to the curvature ranging from the |argest curvature to the
smal | est curvature. The fifth aspect of the invention provides a polishing
met hod according to the first aspect, characterized in that the step of

sel ecting includes selecting a resilient abrasive nmenber having the

done- shabedeportvion tbe pluratvat af ecwglveasaresoatdeadiay gesthecanratture of the
surface to be polished, a resilient abrasive nenber having the done- shaped
porti oRamsfing EigrvERuAergdsfseutvgtetre tondld enellcgrvarypenssft the surface to
be polished, and a resilient abrasive nenber having the done- shaped nenber
of a curvatthte ferdSe2trFofhel &perdgereinvaiurdepet ReetiRe m9thPYest
curvature and the smallest curvature of the surface to be ol i shed. The

si xt h ASPEet oot e ihTENnEFBiF pr oviTae5ea 2691 i Pty et HS8 °according to the

first aspec characterized in that the step of
sef%ctgﬁg includes selecting resfﬁient abras££n members having the dome-

shaped portions of curvatures close to the average curvature of the
respective divisions of the surface to be polished of a plurality of
curvatures, which are divided according to the curvature ranging from
the largest curvature to the smallest curvature.

The fifth aspect of the invention provides a polishing method
according to the first aspect, characterized in that the step of
selecting includes selecting a resilient abrasive member having the
dome-shaped portion of a curvature close to the largest curvature of the
surface to be peolished, a resilient abrasive member having the dome-
shaped portion of a curvature close to the smallest curvature of the
surface to be polished, and a resilient abrasive member having the dome-
shaped member of a curvature close to the average curvature between the
largest curvature and the smallest curvature of the surface to be
pélished.

The sixth aspect of the invention provides a polishing method
according to the first aspect, characterized in that the step of
selecting includes selecting a resilient abrasive member having the
dome—shaéed portion of & curvature close to the curvature of the central

~

area of the surface to be polished.




sel ecting includes selecting a resilient abrasive nenber having the
done-shaped portion of a curvature close to the curvature of the central
area of the surface to be polished. g FO09840 The seventh aspect of the
i nvention provides a polishing nethod according to any one of the first to
si xth aspects, characterized in that the step of polishing includes
polishing while rotating the polishing target and the resilient abrasive
menber about their own axes, and swi nging the polishing target aSnd t he
resilient abrasive member with resp8ct to each other until sGbt®afiti al
alignment of the center of curvature of the donme-shaped nenber wth the
center of swinging notion of the polishing target is achieved. The eighth
aspect of the invention is a polishing nmethod according to any one of the
first to the seventh aspects, characterized in that the done-shaped
portion of ThHreseeyithi amecabrfashednvenbeon providenedrphisding Meshedw done
shape by the resilient sheet, and the step of polishing includes polishing
whi | e appining tor essgre tfothhdirphdr shtftasepstst darreSsirirehtinsheet with a
pressurized fluid injected into the hollowed portion to grovi de tension to
t he dofetisiapetfeport Poh-sIBPP emobrdS PPtisdArefPihe 1AW WyS "Fig. 1 shows a
resilient abrasive nmenber and an abrasive nenber nounting jig used for a
pol i shPPlg SAERhFa=&id 28¢ pdisi §Tﬁlﬁ¢elﬂ‘é\?f°6%51v§cl&%?b8‘ﬁna§’°f’15 il PAETt of the
present jnvention, in TYT\%I ch EFZ% iS a, cross-sectjonal view show each
_corrpo_n@?ﬂ THhE i ?_éesgg héag_ A8t 2rdaf B &R FEp Ve ™S eSWW{;l%l a state
In whi gehspterc!g tl:oe%!acl:l'll eo@%ef?‘%%%?i Vs%.bstantial alignment of the center of

curvature of the dome-shaped member with the center of swinging motion

of the polishing target is achieved.

The eighth aspect of the invention is a polishing method according

to any one of the first to the seventh aspects, characterized in that

the dome-shaped portion of the resilient abrasive member is formed into

a hollow dome shape by the resilient sheet, and the step of polishing

includes polishing while applying pressure to the inner surface of the

resilient sheet with a pressurized fluid injected intc the hollowed

pertion to provide tension to the dome-shaped portion.

Brief Description of the Drawings

Fig. 1 shows a resilient abrasive member and an abrasive member
mounting jig used for a polishing method and a peolishing device
according Fo an embodiment of the present invention, in which (a) is a
crocss—sectional view showing each component in a disassembled manner,
and (b) is a top view showing a state in which the resilient abrasive
member i1s mounted te the abrasive member mounting Jjig.

Fig. 2 is a general explanatory cross—sectional wview showing a




menber is nounted to the abrasive nenber nounting jig. Fig. 2 is a general
expl anat ory cross-sectional view showing a 1 0 FO09840 state of polishing a
surface to be polished having a |large difference in curvature byithe use
of three types of resilient abrasive nenbers. Fig. 3 is a cross sectional
vi ew showi ng a polishing nmethod according to an enbodi nent of the present
invention, in which (a) shows an exanple of the resilient abrasive nenber
having a small curvature, and (b) shows an exanple of the resilient
abrasi ve member having a large curvdture. Fig. 4 shows a pol F§Hi?A§ devi ce
according to an enbodi nent of the present invention in which (a) is a
front view, and (b) is a side view Best Mde for Carrying Qut the
I nventi on Wil e enbodi nents of a polishing nmethod according to the present
invention will now be described, it is to be understood that the present
i nvent $torvei of wolidhiputedurbadehse fil Polishgdaryddd mentsge Astdresert Bad above,
the polishing nethod according to the present invention is perfornmed by
sel ect frgyabuys] gy athiet ysofofr tigide byresabf asisvblenrentesivh aeithersdone- shaped
portions of different curvatures corresponding to the surface shape of the
concave surfifce’ tié BFHIEF | SIHEEONHLr BRI GBI "d PIAMAFIDE BItCESI | i ent
abrasi ve nmenbers havi ng done-shaped portions of different curvatures, and
car ryi #Fosttnda tet Bp SBPOBIFLS Hitn G PRESWir FAER H P bé > pdiicehd 887'Fg t he
selected resilient abrasive mepbers. Tr}% olishing target of the polishing
met hod® b X e SpP e <&t “*I v &Ht FBR* Y Bt §gelbaivflil%aﬂ PP+ A EEE 4% 1 ong as it
IS I'e|§§d Yg})ghgggjgn example of the resilient abrasive member having a large
curvature.
Fig. 4 shows a polishing device according to an embodiment of the

present invention in which (a) is a front view, and (b) is a side view.

Best Mode for Carrying Out the Inveption

While embodiments of a polishing method accerding te the present
invention will now be described, it is to be understood that the present
invention is not limited to the following embodiments.

As described above, the polishing method according to the present
invention is performed by selecting a plurality of resilient abrasive
members having dome-shaped portions of different curvatures
corresponding to the surface shape of the concave surface to be polished
from among a plurality of resilient abrasive members having dome-shaped
portions of different curvatures, and carrying out a step of polishing
the surface to be polished using the selected resilient abrasive members.

The polishing target of the polishing method of the present
inveéntion is not specifically limited as long as it is relatively small

in area and has a concave surface tc ke polished which requires mirror



in area and has a concave surface to be polished which requires mrror 11
F009840 polishing. For exanple, in addition to optical |lenses as typified
by a canera lens, a telescope lens, a mcroscope |lens, a condenser |ens
for a stepper, and a spectacle lens, it nmay be a glass nold for cast

pol ymerizing a plastic lens, or optical conponents as a cover glass for
portabl e devices. Description will be made about a plastic spectacle |ens
bel ow as an exanple. A concave surface of a plastic spectacle |ens
(referred to also as eye-ball sidellor inner surface) is forRgH®#Pth a
spherical surface, a rotationally symretric aspheric surface, a toric
surface, a progressive surface, or a curved surface forned of a

conmbi nation thereof. A convex surface on the other hand is formed with a
spherical surface, a rotationally symretric aspheric surface, a progressive
sur f aceqlishinde Féi legampllee Hhapdigfont he cobihedy éesaast atavbsifedr e by
cutting by nunerical control or the like in many cases. After such cutting
wor k, canmerpslamgeesdalystapemgnsera pikckstrape erdest reeddopreirceinsstef ace. A
resilient abrasive nenber used in the present invention referably has a
dome- sHisyedr pGRei DEPRAVATRG hﬂFarﬁéWﬁéﬁéaatﬁEﬁstW@d-é%ﬁéﬁ@g‘surface to be
pol i shed. Accordingly, polishing can be carried out by keeping the

done- sPYBE T38| DRLRAt ConERTt OM AT ISUh SCEPRTREF 5t ReS°VERt T13¢ st ace of
the surface to be polished, and hence the pqlishin speed can_be inproved.
By pr oRFIPRLE CRE Sl f ol SAHRE OBf e SIES sHEpE R PPBT tiRPBT2Ehe resili ent
abrasi ve nenper | arger than the area of the surface to be polished, the

per i phtFdl P& 02F 37 6F* & rotati on of the

A concave surface of a plastic spectacle lens (referred to also as
eye-ball side, or inner surface) is formed with a spherical surface, a
rotationally symmetric aspheric surface, a toric surface, a progressive
surface, or a curved surface formed of a combination thereof. A convex
surface on the other hand is formed with a spherical surface, a
rotationally symmetriec aspheric surface, a progressive surface, or the
like. The shape of the concave surface is formed by cutting by
numerical contreol or the like in many cases. After such cutting work,
it is necessary to mirror polish to a desired optical surface,

A resilient abrasive member used in the present invention
preferably has a dome-shaped portion having a larger area than the
concave surface to be polished. Accordingly, polishing can be carried
out by keeping the dome-shaped portiocn in contact with substantially the
entire surface of the surface toc be polished, and hence the polishing
speed can be improved. By providing the surface area of the dome-shaped
portion of the resilient abrasive member larger than the area of the
surface to be polished, the peripheral velocity of the rotation of the

resilient abrasive member about its own axis can be increased to improve




resilient abrasive nmenber about its own axis can be increased to inprove 12
FO009840 the polishing speed, and the shape followability of the resilient
abr asi ve nmenber can be inproved. The dianeter of the dome-shaped portion
of the resilient abrasive nenber is preferably 1.1-10 tines, and nore
preferably, on the order of 1.5-5 tines the dianeter of the lens to be
pol i shed. The done-shaped portion can be obtained by formng the resilient
sheet into a dome-shape and maintaining the dome shape by an inner

pressure of a pressurized fluid, by ¥orming the resilient nat&7¥%%into a
done- shaped bl ock, and by filling the hollow portion of the done- shaped
resilient sheet with another resilient material. The resilient sheet has a
t hi ckness preferably in the range from0.1 to 10 mm and, nore
specifically, in the range from0.2 to 5 mm and preferably has

proper theprlihit@OsrHerdd |BdAtirastaes So{ Typei N dupbridtergsilaem 102_1 03 Ncm
2 in Young's nodulus. The quality of the resilient sheet or the resilient
mat er i aprazaye rerbéprapampiuescviedt urTak digybees oAl the Hemesbbesd  chl oroprene
rubber, styrene butadi ene rubber (SBgi, acrylonitrile butadi ene rubber

( NBR) , P&titiipe orf Itn%bf@ﬁil#%b@?r%a% mggbey dorpirder#tlyor okdPbBHSE ubyEY |

thermal plastic resin such as yet hyl ene and yl on, and ther nal plastlc
resi n B PenEraklibh cAsthst 9F%ﬁ’r¥e°5r1 Sp%IW‘F%t%n%l%ﬁF%u% AR re8F it Fig. 1
shows an enbadi nrent of a resilient abrasive nenber and an enbodi nent of an
abr asi V2 PRS- nounting jig for holding the resilient

The dome-shaped portion can be obtaired by forming the resilient
sheet into a dome-shape and maintaining the dome shape by an inner
pressure of a pressurized fluid, by forming the resilient material into
a dome-shaped biock, and by filling the hollow portion of the dome-
shaped resilient sheet with another resilient material. The resilient
sheet has a thickness preferably in the range from 0.1 to 10 mm and,
more specifically, in the range from 0.2 to 5 mm, and preferably has
properties: 106-100 in JIS A hardness (Type-A durometer), and 10°-10% Ntcm
Z in Young's modulus._ The quality of the resilient sheet-or the
resilient material may be, for example, natural rukber, nitrile rubber,
chloroprene rubber, styrene butadiene rubber (SBR), acrylonitrile
butadiene rubber {(NBR), silicon rubﬁer, rubber such as fluorine
fluorocarbon rubber, thermal plastic resin such as polyeﬁhylene and
nylon, and thermal plastic resin elastomer such as styrene or
polyurethane centaining resin.

Fig. 1 shows an embodiment of a resilient abrasive member and an
embodiment of an abrasive member mounting jig for holding the resilient
abrasive member, in which (a) is an exploded cross-sectional view, and

(b) is a top view showing a state in which the resilient abrasive member




abrasive nmenber, in which (a) is an exploded cross-sectional view, and (b)
is atop view showng a state in which the resilient abrasive nenber 13
F009840 is nounted to the abrasive nenber nounting jig. The resilient
abrasive nmenber 10 of this enmbodinment is formed of a resilient sheet, as
shown in Fig. 1(a), and includes a holl ow donme- shaped portion 11 forned
into a done shape, and a ring-shaped flange portion 12 provided integrally
wi th the done-shaped portion 11 around the peripheral edge thereof so as
to project outward. An abrasive pad:l3 13 formed of non-woven FEb®#8 cut out
into the shape of flower petals, as shown in Fig. 1(b) for exanple, is
adhered on the outer surface of the donme-shaped portion 11 with an
adhesive or the like. The abrasive pad 13 has a function such as to hold
abrasive fluid, and gaps 13a of the abrasive pad 13 function as passages
for supplyhnmigedabe ddieveb gsain membengpertingr J¥or di schargi ng ground wast e.
The shape of the abrasive pad 13 is not |imted to the shape of flower

pet al s, butTheheeHBiart porpuids meader otlt of nthg scemedghiment évaformpd qfokygonal
shapes may be adhered densely. The abrasive nenber nounting jig 20 holds

t he restdiileent abeefsi 98 Shehber F19, lialngnd Weadrdr spaeldoBria®e i nner side
of the resilient abrasive nenber 10, and functions as a flow path for

i nt r odtEPARY ReTEpredSuFTFEd F1Gi d IHESHR/E. rBSh R i TR HBPESi VEé Renber 10. in
addition, it has a function to be nmounted and fixed to a_ polishing device
t hat P/ﬁﬁth°‘be12d8§%"ﬁdﬁ‘gd”‘ltﬁgféﬁl.lYT‘?‘féChablFeaSP’{?“e"Srl?‘é%%rpf’ﬁib‘d’ﬁlt thd°PY® 20 has a
Tount LA hefhapot 2hofe 84 0% S13PGY 500 ARG IETORT B%a: TS, IPUN 11O T 0

13 formed of nen-woven fabric cut out into the shape of flower petals,
as shown in Fig. 1{(b) for example, is adhered on the outer surface of
the dome-shaped portion 11 with an adhesive or the like. The abrasive
pad 13 has a function such as to hold abrasiwve fluid, and gaps 1l3a of
the abrasive pad 13 function as passages for supplying abrasive grain or
water, or for discharging ground(waste._ The shape of the abrasive pad
13 is not limited to the shape of flower petals, but the abrasive pads
cut out into circular, oval, or polygonal shapes may be adhered densely.

The abrasive member mounting jig 20 holds the resilient abrasive
member 10, forms a sealed space on the inner side of the resilient
abrasive member 10, and functions as a flow path for intreducing a
pressurized fluid intec the resilient abrasive member 10. In addition,
it has a function to be mounted and fixed to a polishing device that
will be described later.

The abrasive member mounting jig 20 has a mounting jig body 21 and
a ring-shaped heolding member 22. The mounting jig body 21 includes a

cylindrical portion 211 shaped like a circular cylinder and a flange-

shaped abrasive member mounting portion 212 formed integrally and



cylindrical portion 211 shaped like a circular cylinder and a fl ange-
shaped abrasi ve nenber nounting portion 212 forned integrally and 14
F009840 coaxially with the cylindrical portion 211 at the outer periphery
of the upper end thereof so as to extend in the direction orthogonal to
the axis of the cylindrical portion 211. The abrasive nenber nounting
portion 212 is provided at the upper periphery thereof with a ring- shaped
shal | ow recess 2121 in which the flange portion 12 of the resilient
abrasive member 10 is acconmodat ed. Fhe recess 2121 is forned™Weth

not ches, not shown, at three |ocations at constant angular intervals
around the center thereof. Bolts 23 are rotatably attached to the | ower
surface of the abrasive nmenber nounting portion 212, so that the bolts 23
can be inserted into and detached fromthe notches. A washer 24 and a nut
25 ar ecatxtiatheditio thheciohtiri23l Adwrien drlé at sbe prtevi gredehotic hésthenot
shown, on the flange portion 12 of the resilient abrasive nenber 10 at the
posi t i wrrsrcerd éhpoardi Ay asot¢ resenchdnchies diJdg iomoixghagpraenbreth2? i s
ring-shaped, having a flat |ower surface so that it can be accommpdated in
the rewtisseD 1Pt 0vindd A phidiabrddi-velhre e ivadisRiP e h@opdEiidon 212, and is
formed wth notches, not shown, at the p03|t|ons corresponding to the

not cheRCI5HoR I¥d2abt REPVedeibdhe neRASE] PR IPPRTY thrrefovithhe &% ndri cal
portion 211 is fornmed with a tapered nounting portion 2111 to be nounted
and fi X&&°t e pIrreti ﬁﬂ)zjde‘\?l Elélcéﬂt thg H&2PBWEPTEtd theérfebt® so as to

proj ect Qtvvard I n orde fi.x the resilient abrasi 10 to the

s
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abraSIVQj1notches, not shown, at three locations at constant angular

intervals around the center thereof. Bolts 23 are rotatably attached to
the lower surface of the ébrasive member mounting portion 212, sco that
the bolts 23 can be inserted into and detached from the notches. A
washer 24 and a nut 25 are attached to the bolt 23. There are also
provided notches, not shown, on the flange portion 12 of the resilient
abrasive member 10 at the positions corresponding to these notches. The
holding member 22 is ring-shaped, having a flat lower éurface so that it
can be accommcdated in the recess 2121 formed on the abrasive member
mounting portion 212, and is formed with notches, not shown, at the
positions corresponding to the notches of the abrasive menber mounting
poftion 212. The e¢ylindrical portion 211 is formed with a tapered
mounting portion 2111 to be mounted and fixed to the polishing device at
the lower end thereof so as to.project outward.

In crder to fix the resilient abrasive member 1C to the abrasive
member mounting jig 20, the flange portion 12 of the resilient abrasive
member 10 is interposed and fixed between the abrasive member mounting

portion 212 and the holding member 22, as shown in Fig. 1(k), by placing



menber 10 is interposed and fixed between the abrasive nmenber nounting
portion 212 and the hol di ng nenber 22, as shown in Fig. 1(b), by placing 15
F009840 the flange portion 12 of the resilient abrasive nmenber 10 in the
recess 2121 of the abrasive nenber nounting portion 212 so as to align the
notches with respect to each other, placing the holding nenber 22 on the
flange portion 12 of the resilient abrasive nenber 10 so as to align the
notches with respect to each other, and inserting the bolts 23 upright

t hr ough the notches and tightening tffemwith nuts 25. ConsequeEt®®y® a

done- shaped seal ed space is defined between the inner surface of the

done- shaped portion 11 and the upper surface of the abrasive nenber
nmounting portion 212, and the seal ed space comuni cates with the outside
via a gap in the cylindrical portion 211. Polishing is performed while -
appl yi fig ftessupertdrent He of ntler retirlfigee abohs tisengthes- Shdpethpartson 11 with
pressurized fluid to provide tension to the done-shaped portion 11,

pressi g lt At denekiiapedeport PFOWTERY Reyaiast2lEhte $8rfaceivo he pol i shed
with a predeterm ned polishing pressure, sw nging the polishing target and
r ot at i M oPRe "B&fersBett St $2cPoRRPHxi Bl2aRd TGt g‘f]icgrﬂgt F&sid PRMtPeabr asi ve
menber 10 until substantial alignment of the center of curvature of the
done- shEp&8 PHELR dd 24 TPt IFStheteAPERSI8F THESBVCnET G ADtALIA™ oSt he
polishin targ IS achieveg. For the polishing nethod gf t he present

get )
i nvent O % "PrirdPEy. 6f “tesPHidnt *ubrast Ve trembel s Fo“halrng t he

dOﬂE-SgEy%ggh[¥%£t£é¥l eglgngftightening them with nuts 25. Consequently, a
dome-shaped sealed space 1s defined between the inner surface of the
dome-shaped portien 11 and the upper surface of the abrasive member
mounting portion 212, and the sealed space communicates with the outside
via a gap in the cylindrical portion 211.

Pclishing is performed while applying pressure on the inner surface
of the dome-shaped porticen 1l with pressurized fluid to provide tension
to the dome-shaped portion 11, pressing the dome-shaped portion 11
against the surface to be polished with a predetermined polishiné
pressure, swinging the polishing target and rectating the same about its
own axis, and rotating the resilient abrasive member 10 until
‘substantial alignment of the center of curvature of the dome-shaped
portion 11 with the center of the swinging motion of the polishing
target is achieved.

For the peolishing method of the present invention, a plurality of
resilient abrasive members 10 having the dome-shaped portions 11 of
different curvatures is provided in advance. When the curvatures of the
dome-shaped members 11 are different, the diameters of the dome-shaped

members 11 are also different, and hence the diameters of the abrasive



different curvatures is provided in advance. \Wien the curvatures of the
done-shaped nenbers 11 are different, the dianeters of the done-shaped
menbers 11 are also different, and hence the dianeters of the abrasive 1 6
F009840 menber nounting portions 212 for fixing the resilient abrasive
menber. 10 are also different. As will be described later, since it is
necessary to substantially align the center of the swi nging notion and the
center of the curvature of the done-shaped portion 11, a specific abrasive
menber mounting jig 20 is used in céfbination with the respect{’784°
resilient abrasive nmenbers 10 having the done-shaped portions 11 of
different curvatures. Wen polishing the inner surface of a spectacle |ens,
the plurality of resilient abrasive nenbers 10 having the done-shaped
portions 11 of different curvatures are assigned to the divisions within a
range wofmbehencudoiver shapiedspdr ton fiiipettheeresA0iqnh amckhs800 mwrpenhioch 1s the
range of the radius of curvature of the inner surface of the spectacle

| ens. &br elspaéifimsak} y Aspriflepableperiiofdelatery epiincesit ilentecesrasy ve nenbers
10 having the done-shaped portions 11 of different curvatures for every
10- AOtmerbaprEiptlef etidsl fhe feoptev ety sSBONGHME i TP AR FAnBE GH"EY 200 nm
and a plurality of the resilient abrasive nenbers 10 for every 100-200 mm
i n t heot &hge et Ween o0t enfiteendP 800 AMEre Prodi TEF T The>Ha4H"Si ons
descri bed above may be divided so as to overlap the radi us, of curvature.
Accor dTHHEY , "MREP L dhI Ppds WSER HhyoBh5E* Ot Wﬁﬁ%etlhesﬁ‘?sfpﬁﬁﬁ’s"ebased on
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different curvatures.

When polishing the inner surface of a spectacle lens, the plurality
of resilient abrasive members 10 having the dome-shaped portions 11 of
different curvatures are assigned to the divisions within a range of the
dome-shaped portion 11 between 40 mm and 600 mm, which is the range of
the radius of curvature of the inner surface of the spectacle lens.

More specifically, preferably, five to ten resilient abrasive members 10
having the dome-shaped portions 11 of different curvatures for every 10-
40 mm, more preferably, for every 14-30 mm in the range up teo 200 mm,
and a plurality of the resiliept abrasive members 10 for every 100-200
mm in the range between 200 mm and 600 mm are provided. The divisicns
described above may be divided so as to overlap the radius of curvature.
Accordingly, they can cope with any shape of inner surfaces based on
almost all prescriptions.

Fig. 2 is a cross-sectiocnal view showing an example cf an inner
surface progressive multi-focal point lens including a progressive
surface and a toric surface in combination. The inner surface

progressive multi~focal peint lens L1 is an example of a lens for




surface progressive multi-focal point lens including a progressive surface
and a tonic surface in conbination. The inner surface progressive
mul ti-focal point lens L1 is an exanple of a lens for 17 F009840 correcting
strong astigmatism which is significantly different in curvature, being
shown in simlar figure to the actual lens. The central area of the
concave surface exhibits the |argest curvature (reciprocal of the radius
of curvature), the outer peripheral area exhibits the snmallest curvature,
and the curvature at the internedi atld portion exhibits a curvBR{#&%i n
between. In the polishing nmethod of the present invention, a plurality of
resilient abrasive nenbers having the done-shaped portions of different
curvatures are selected according to the surface shape of the surface to
be polished so that the surface to be polished is polished in two-stages,
t hr ee- stagesindor t st s tHigageisn, neliydi by shonefichan t B derstagas. A net hod of
selecting the resilient abrasive nmenbers that can be enployed is to select
t hr ee- phrystsreof beiasi Fhem iabriadlisve fhewsers, thenetudilinges - dbife- shaped
portion 1la having a curvature close to the average curvature of the outer
peri phetrarahraggaoft he JoRARYe SUFfacCec W Pipe Ghenkeroett Arddheeshaped porti on
11b having a curvature close to the average curvature at the internediate
port i offS6EPEI&L| ehdheafifiys FfnEYEHRAPEY - HBT tI°6RT PEC R AP E2cur vat ur e
cl ose toh_t he ave\r/%%g curvat ure of thet centracl area. Accordi ngl%/, since the
range BPPHE® &GP & o EHE S Bir 1P8Ce 1D “BET PoT i ¥hEY ag5PHiEd o one
resilient ,abra%i. ve menber | S aboubt one-third in

portion exhibits a curvature 1n between.

In the polishing method of the present invention, a plurality of

resilient abrasive members having the dome-shaped portions of different

curvatures are selected according to the surface shape of the surface to

be polished so that the surface to be polished is polished in two-stages,

three-stages, or multi-stages including more than three stages. A

method of selecting the resilient abrasive members that can be employed

is to select three-phases of resilient abrasive members, including a

dome-shaped portion lla having a curvature close to the average

curvature of the outer peripheral area of the inner surface of the lens

L1, a dome-shaped portion 1llk having a curvature close to the average

curvature at the intermediate portion of the lens, and a dome-shaped

portion 1lc having a curvature close to the average curvatﬁre of the
central area.

Accordingly, since the range of the curvature of the surface to be
peolished assigned to one resilient abrasive member is about one-third in
comparison with the case in which a single resilient abrasive member is
used for pelishing the entire surface to be polished, the followability

of the resilient abrasive members can sufficiently cover the surface to



conparison wth the case in which a single resilient abrasive nmenber is
used for polishing the entire surface to be polished, the followability of
the resilient abrasive nenbers can sufficiently cover the surface to 18
F009840 be polished, even those having significantly different curvatures,
and hence an even polishing is achieved. Since even polishing is achieved,
the polishing speed increases, and hence the total tine required for
polishing the entire surface can be reduced even when considering the tine
required for changing the resilient Mbrasive menber. In additFe¥%4§ the
above-descri bed surface including the progressive surface and the toric
surface in conbination, the concave surface including the portions of
significantly different curvatures may have a significantly large addition
power, which is the difference between powers of near and di stance portion
of a phogréssiede evdnt thdpchbvimgnsignifpcsudh didaset thevadinfémr emte bet ween
the curvatures of the distance portion and the near point are

si gni f hermst by dvangeelivhindods sratibods ofingel e nglishény dsi hédntedbr asi ve
menber are contenpl ated according to the shape of the surface to be

pol i shele pRbishiagaipsied, incereesi-sand faled ~8eagpdapotimshiertinet Hod i ncl udi ng
the steps of dividing the difference in curvatures between the | argest

cur vat Bt shher PReenShRe | Rsfacuriatiiy sedicethevSuridc 6°r 5 58 Holthehed into a
plurality of divisions, and selecting resilient abrasive nenbers having

t he dohE®® SRAPEGS pBIt FOHY R L€ tT L he" aPBrayeecti™Patures of the respective

di vided divisions.. There is also. a thod of se]ecti a resilient abrasive
menber In agdition to the above—descgfied surgace inéiudig% the

progressive surface and the toric surface in combination, the concave
surface including the portions of significantly different curvatures may
have a significantly large addition power, which is the difference between
powers of near and distance pertion of a progressive multi-focal lens.
In such a case, the difference between the curvatures of the distance
portion and the near point are significantly large.

Various metheds of selecting the resilient abrasive member are
contemplated according to the shape of the surface to be polished. For
example, there is a multi-stage polishing method including the steps of
dividing the difference in curvatures between the largest curvature and
the smallest curvature of the surface to be pclished into a plurality of
divisions, and selecting resilient abrasive members having the dome-
shaped portions c¢lose to the average curvatures of the respective
divided divisions.

There is alsc a method of selecting a resilient abrasive member
having the dome-shaped portion.of a curvature close to the largest
curvature of the surface to be polished, a resilient abrasive member

having the dome-shaped portion of a curvature clese to the smallest




havi ng the done-shaped portion of a curvature close to the | argest
curvature of the surface to be polished, a resilient abrasive nenber

havi ng t he done-shaped portion of a curvature close to the smallest 19
F009840 curvature of the surface to be polished, and a resilient abrasive
menber having a dome-shaped portion of a curvature close to the average
curvature between the |argest curvature and the snmallest curvature of the
surface to be polished. Wen the surface to be polished has a | arge
curvature as a whole, the curvaturé%f the dome-shaped porti 8A°FFOt he
resilient abrasive nenber to be selected increases. Therefore, the
done-shaped portion becones small, and hence sufficient width of sw nging
notion cannot be secured in sone cases. Wien the width of the sw nging
notion is not sufficient, the area near the top of the donme-shaped portion
i s keptuivatugoptfadie wiitfrcehee denpyldlshed.eandfa trheikignt adeat ovehaepedn shed.
Consequently, the polishing speed at the central area of the surface to be
pol i shkainghi clempsshiegpd HomtEontrdct wievd-urheckoseatndae adsgagop of the

done- shaped portion and is lowin peripheral speed, is |owered, which may
resul t S¥yvarpsuPrrédenthpdrretitnguaatihe agentircarmarleat ofurvagisupface to be
polished. In this manner, when polishing the concave surface of the |ens,
the CcEHt Farfascel OF Rhiichean hardly be polished, a nethod of selecting

the resilient abrasive nenber havi nc? t he done-shaped portion with a
curvature cif68e % SEHEAvET? 2GePturdat dreé dHetwBe i ERE Y Er o st "BUr'vat ure  and

t he sma_llest curvature of the surface to he polished, and selectin
the curvature of the J;mewéaaped pertion o tﬁ% resfyieht abrasive 9

member to be selected increases. Therefore, the dome-shaped portion
becomes small, and hence sufficient width of swinging motion cannot be
secured in some cases. When the width of the swinging motion is not
sufficient, the area near the top of the dome-shaped portion is kept in
contact with the central area of the surface to be polished.
Consequently, the polishing speed at the central area of the surface to
be polished, which is kept in contact with the area near the top of the
dome-shaped portion and is low in peripheral speed, is lowered, which
may result in insufficient polishing at the central area of the surface
te be polished.

In this mannher, when polishing the concave surface of the lens, the
central area of which can hardly be polished, a method of selecting the
resilient abrasive member ﬁaving the dome-shaped portion with a
curvature close to the average curvature between the largest curvature
and the smallest curvature of the surface to be peclished, and selecting
the resilient abrasive member having the dome-shaped portion close to
the curvature at the central area of the surface to be polished in

combination therewith may be emploved.




the resilient abrasive nenber having the done-shaped portion close to the
curvature at the central area of the surface to be polished in conbination
therewith nay be enpl oyed. 20 F009840 Fig. 3 is a cross-sectional view of a
pol i shing met hod according to an enbodi nrent of the present invention,
showing a nulti-stage polishing nethod including the steps of selecting a
plurality of resilient abrasive nenbers having the dome-shaped portions of
different curvatures and replacing the resilient abrasive nmenber in
sequence for polishing, in which (80 shows an exanple of theFPeSitlient
abrasi ve menber having a small curvature, and (b) shows an exanple of the
resilient abrasive nenber having a |arge curvature. In the description in
conjunction with Fig. 3, a case in which a concave surface of a spectacle
| ens L2 having a surface of small curvature in the outer peripheral area
and a surf ati@.of Isapgercearseaitiemnl vhew lvdé ceamtlisiingresthiod puolordiradtas a
surface to be polished will be described. As shown in Fig. 3(a), for
exanpl en eabedigiehierit thbrraseee renbeion0ghotan agnd tdovevshapddhporti on 1la
of small curvature (radius of curvature Ra is large) close to the smaller
cur vat @ opninedyin Ehe peePpindr atlagtény pPlutdisyrffatesitéede pol i shed of
the spectacle lens L2 is selected. As shown in Fig. 3(b), a resilient

abr asi YRFATRRDEE™MOE Ravinigthe Jore-SRApEFOrprei oh et gtyétetfsvat ur e
(radius of curvature Rb is small) close to the large curvature in the

cent r af*hr &R UFPF hd*Ss pettdth e FPEHE VE2N T sB} §EfepcE for polishing,

in which ({(a} shows an example of the resilient abrasive member having a
small curvature, and (b) shows an example of the resilient abrasive
member having a large curvature.

In the description in conjunction with Fig. 3, a case in which a
concave surface ¢f a spectacle lens L2 having a surface of small
curvature in the outer peripheral area and a surface of large curvature
in the central area is polished as a surface to be polished will be
described.

As shown in Fig. 3(a}, for example, a resilient abrasive member 10a
having a deme-shaped portion lia of small curvature (radius of curvature
Ra is large) close to the smaller curvature in the outer peripheral area
of the surface to be polished of the spectacle lens LZ is selected. As
shown in Fig. 3(b), a resilient abrasive member 10b having a dome-shaped
portion llc of large curvafure {(radius of curvature Rb is small) close
to the large curvature in the central area of the spectacle lens L2 is
selected.

In the first step of the pelishing process, as shown in Fig. 3(a),
the resilient abrasive member 10a is attached to a specific abrasive

member mounting jig 20a, the abrasive member mounting jig 20a is mounted




In the first step of the polishing process, as shown in Fig. 3(a), the
resilient abrasive nenber 10a is attached to a specific abrasive nenber
nounting jig 20a, the abrasive nenber nmounting jig 20a is mounted 2 1
FO09840 to a rotating table of the polishing device that will be descri bed
| ater, conpressed air of a predeterm ned pressure is supplied to a seal ed
space 30 between the inner surface of the donme-shaped portion 1la and the
abrasi ve menber nounting portion 212a, and the seal ed space 30 is
mai nt ai ned at a predeterm ned pressdite to provide tension to W& tbme-
shaped portion 1la. The center of the curvature 40 of the done-shaped
portion Ila exists on the central axis of the cylindrical portion 211la.
Then the resilient abrasive nmenber 10a is rotated about the central axis

of the cylindrical portion 21la of the abrasive nounting jig 20a, in other
wor ds, tesebsttantihalaplabgutha doil hehiggndedcenghathel tleheedesiripere Lagafvat ur e
40 of the done-shaped portion 1la and the apex thereof. A polishing target
nmount i srge persteiont 152 £ vihipchdd te rnbnader peasit e d-saAdPP e &P Rose1EAUTIRBT t he
pol i shing device via a joining material 51 such as fusible pnetal or wax is
j 0i necB® bettrensthr aeeet 6ubcport shediwr teedpRATEERR gt #YELSL2 on the
opposite side fromthe concave surface. The chuck, not shown, of the

pol i sHibFgs ey rerPatsmeBttabe POrAiP ehed paPt shicngeE2edr JeeeL? St at es about its
own axis at a predetermned rotating speed. The chuck is adggted to have

ai r presatt@cdptt Pel THEFBET S P EE T B8 P epabIE bt hrassi™g the pol i shing
Pl SHTAG-RREEE e T n SAEI TGN, It N GHOESr o1 Lo Appgrt f A CRE ol  Shi ng
tar getpo'?:%ic?xI l&gee J.glcsli Sob—zi nge %%Xl:gaei axis of the cylindrical portion 2lla.

Then the resilient abrasive member 10a is rotated about the central azxis

of the c¢ylindrical porticon 21la of thelabrasive mounting jig 20a, in

other words, substantially about a line connecting the center of the

curvature 40 of the dome-shaped portion 1lla and the apex thereof.

A polishing target mounting portion 52 which is to be mounted and

fixed to a chuck of the polishing device via a joining material 51 such

as fusible metal.or wax is joined to the surface to be polished.of the

polishing target L2 on the opposite side from the concave surface. The

chuck, not shown, of the polishing device is rotated, and the polishing

target L2 rotates aboul its own axis at a predetermined rotating speed.

The chuck is adapted to have air pressure applied thereto so as to be

capable of pressing the polishing target L2 against the resilient

abrasive member 1l0a at a predetermined polishing pressure. In addition,

the chuck for supporting the polishing target L2 of the polishing device

performs such swinging motion that the axis of rotation of the pelishing

target L2 reciprocates between the portion near the apex and the end of

the dome-shaped portion lla. The center of swinging motion 41




perfornms such swinging notion that the axis of rotation of the polishing
target L2 reciprocates between the portion near the apex and the end of
t he done-shaped portion 1la. The center of swi nging notion 41 22 F009840
substantially cones into alignment with the center of curvature 40 of the
resilient abrasive menber 1la. The axis of rotation of the chuck
supporting the polishing target L2 al ways passes through the center of
SwW ngi ng notion 41. The swi nging notion nmay be such that the surface to be
polished and the resilient abrasi v@2nenber nove with respectft%5%&%ch
other, and is not limted to the swinging notion of the chuck but may be
swinging notion of the resilient abrasive nmenber. Wen polishing, as shown
in Fig. 3(a), the resilient abrasive nenber 10a on which the abrasive pad
13 (See Fig. 1) is adhered on the surface thereof has a tension applied
t her et oibatantipl tdetoeemiméd aliigtesntalilpy éssureatancti survatatedlatt a
predeterm ned rotary speed about its own axis, while the polishing target
L2 i s Presseidiaghiahsestiseneniesi Lient Tkibrasi wé pembéen Pdaths rchugk
predet erm ned polishing pressure while being rotated at a predeterm ned
r ot ar yS4ppestingbbiin Pakladng t45dstiltg 2t FYEURAT SER eI TG “E\iFatiure (center
of rotation) 40 and, at the sane time, the polishing target L2 is swung
whi | e BUppIA AGESIufty 61 containing abrasive material onto the surface of
the resilient abrasive nmenber 10a froma nozzle 60. IQ this case

e to be polished ahd

pol i shing C&ff BETEaPT "8G B Uit P SLERTINi T17GAS

the resilient abrasive member move with respect to each other, and is
not limited to the swinging motion of the chuck but may be swinging
motion of the resilient abrasive member.

When polishing, as shown in Fig. 3(a), the resilient abrasive
member 1l0a on which the abrasive pad 13 (See Fig. 1) is adhered on the
surface thereof has a tension applied thereto at a predetermined
internal pressure and is rotated at a predetermined rotary speed about
its own axis, while the polishing target L2 is pressed against the
resilient abrasive member 10a with a predetermined polishing pressure
while being rotated at a predetermined rotary speed about an axis
passing through the center of curvature (center of rotation) 40 and, at
the same time, the polishing target L2 is swung while supplying slurry
61 containing abrasive material onto the surface of the resilient
abrasive member 10a from a nozzle 60.

In this case, polishing can be carried out under such conditions
that the internal pressures to be applied to the resilient abrasive
members 10a, 10b are, for example, 0.2-1.2 kgf/cm?, the rotary speeds of
the resilient abrasive members 1Ca, 10b are, for example, 50-50C rpm,

the rotary speed of the polishing target L2 is, for example, 1-30 Ipm,




that the internal pressures to be applied to the resilient abrasive
nmenbers 10a, 10b are, for exanple, 0.2-1.2 kgf/cnR, the rotary speeds of
the resilient abrasive nenbers 10a, 10b are, for exanple, 50-500 rpm the
rotary speed of the polishing target L2 is, for exanple, 1-30 rpm 23
FO009840 the swi nging speed is, for exanple, 1-20 to and fro/mn., and the
polishing pressure is, for exanple, 3-30 kgf/cn2. In the first stage of the
pol i shing process, the surface having a snall curvature in the outer
peri pheral area of the surface to b&3 polished of the polishi Af%4Pget L2
is miinly polished by the resilient polishing nenber 10a. Subsequently, in
the second stage of the polishing process, as shown in Fig. 3(b), the
resilient abrasive nmenber 10b is nounted to the abrasive nmenber nounting
portion 121b of the specific abrasive nmenber nounting jig 20b, and
pol i shtimg sivsn@apriregddoin, 4sr isxamdle.f L+t tgtap Ofo/mihe, poHish ng process. In
the second step of the polishing process as well, the center of sw nging
not i onpALsping heepoire st nfox dxgerld.23-Yubsfamtial |y cones into alignnent
with the center of the curvature 40 of the donme-shaped portion 11lc of the
resilient di5r Akt érperiere rébthe polbities RGrASS, &8 sheWmcs A2FYY. 23, the
| engths of the cylindrical portions 21la, 211b of the abrasive nenber
nmount i AL GEVeDaEe 2Dbhar 8utRet BEFAPREER! $6°1 Ifdt thheEUERRfteF° & curvature 40
of the dome-shaped ggr,ti ons t11a, 1L%c al vvagg cones into alignpent with the
cent er®?Uf-S8H 1gi Wy Rt g aRfARh L2t hie ™GHPhs PoLt HERDRY “RBUTiNG™5 gs 20a,
290 arg mounted 1o thg, poli shing
Subsequently, in the second stage of the polishing process, as

shown in Fig. 3(b), the resilient abrasive member 10b is mounted to the

abrasive member mounting portion 121b of the specific abrasive member

mounting jig 20b, and polishing is carried out as in the first step of

the polishing process. In the second step of the polishing process as

well, the center of swinging motion 41 of the polishing target L2

substantially comes into alignment with the center of the curvature 40

of the dome-shaped portion llc of the resilient abrasive member 10b. In

other words, as shown in Fig. 3, the lengths of the cylindrical portions

211a, 211b of the abrasive member mounting jigs 20a, 20b are determined

so that the center of curvature 40 of the dome-shaped peortions 1lla, 1llc

always comes into alignment with the center of swinging motion 41 when

the abrasive member mounting jigs 20a, 29b are mounted to the polishing

device, and the heights at which the resilient abrasive members 10a, 10b

are held can be changed in the vertical direction. Since the center of

swinging motion 41 aligns substantially with the center of curvature 40

of the dome-shaped portions lla, llc of the resilient abrasive members

10a, 10b, and the relative distance between the surface to be polished




device, and the heights at which the resilient abrasive nenbers 10a, 10b
are held can be changed in the vertical direction. Since the center of
swi ngi ng notion 41 aligns substantially with the center of curvature 40 of
t he done-shaped portions Ila, Ilc of the resilient abrasive nmenbers ' 10a,
10b, and the relative di stance between the surface to be polished 2 4
FO09840 and the resilient abrasive nenbers 10a, 10b is held constant, the
surface to be polished is always kept in even contact with the surfaces of
the resilient abrasive nenbers 10a, 280b, and hence even pol i sH%§%% s
achieved. In the second stage of the polishing process, the curvature in
the central area of the surface to be polished of the polishing target L2
is mainly polished by the resilient abrasive nenber |ob of |arge
curvature. Wth such a nulti-stage polishing nethod, even when the surface
to beapokhshedibfenthabyael vs renketsat ¢ot 1LR Jhabebbﬂpnwtoft@i gnificantly
different curvatures, nore even and qui cker polishing in conparison with
t he casefafe fol bsmchgshad hs @ lypvylkert yigecwin rhetaEsiiibefibe #brdziare nenber
by polishing the surface of large curvature in the central area wth the
resi | i ehtthabreadi @ tntnrel va ol™hesA Ag2 1 HEP dGPE- BIESet PoPPHGhi"Y 1%¢ cl ose to
the curvature thereof, and polishing the surface of small curvature in the
out er FELFpifer al area with the resilient abrasive nenber |O0a having t he
done- shaped portion I]a closg to the curvature thereof. It is %L

e

possi bl e t d"ch¥ng&°T'tie SFe&i T erit® BBIST Ve HSRbEr “4% Sﬁﬁanté‘rfllrns Stage of
t he pole{% Q%ﬁg‘%%cfe§§e sur% zecbondofls%gg of LDe,..pal ShLNg . proFgss and

pol i sh° area o sur face

mainly polished by the resilient abrasive member 10b of large curvature.

With such a multi-stage polishing method, even when the surface to
be polished of the polishing target L2 has portions of significantly
different curvatures, more even and quicker polishing in comparison with
the case of polishing with a single type of the resilient abrasive
member by polishing the surface of large curvature in the central area
with the regilient abrasive member 10b hawving the dome-shaped portion
ll¢ close to the curvature thereof, and pelishing the surface'of small
.curvature in the outer peripheral area with the resilient abrasive
member 10a having tﬁe dome-shaped portion lla c¢lose to the curvature
thereof. It is alsoc possible to change the resilient abrasive member
from the first stage ¢f the polishing process to the second stage cf the
polishing process and polish the central area of the surface to be
polished in the first stage of the pclishing process and the cuter
peripheral area of the surface to be polished in the second stage cof the
polishing prcocess. The order of the polishing procedure is not limited
in the multi-stage polishing method of the present invention.

Referring to Fig. 4, a polishing device which can implement the



polished in the first stage of the polishing process and the outer

peri pheral area of the surface to be polished in the second stage of the
pol i shing process. The order of the polishing procedure is not limted in
the multi-stage polishing nmethod of the present invention. Referring to
Fig. 4, a polishing device which can inplenent the 25 F009840 pol i shing

nmet hod of the present invention wll be described. Fig. 4(a) is a front
view of the polishing device, and Fig. 4(b) is a side view. The EO|IShIng
devi ce 100 includes an abrasive nenBér holding drive 110, th&%Bthsive

menber nounting jig 20, and a polishing target holding drive 120. The
abrasi ve nenber holding drive 110 includes a rotating table 111 which is
rotated about the vertical axis by a notor, not shown, so that the
nounting portion 2111 (See Fig. 1) at the lower end of the cylindrical
porti arrl2iiingf m¢thedadr abe vererentbhenveamunti vwig 1) bg Recrideddetidehablay att ached
to the rotating table 111. The abrasive nenber nounting jig 20 can be

rot at eid at fzenpreiget ef ribnerb ighary dspketed axuisyarktiral sy 2aboist vieveentral axi s
of the cylindrical portion 211, that is, about a |ine connecting the
center of @BP\Emlaﬁ@lwod@fm@héo(Uéﬁéludseﬁaﬁedbﬁﬁﬂt‘ﬁeow@fro*folfﬂhﬁg B8V i ent
abrasi ve menber and the apex of the dome-shaped portion 11 by mounting the
abr asiVé€’ nEfhePraFOURITFGS ] iMgURb W0 I the O ot PrRPILABIRY F119°TAPSEII Bi pi ng for

conpressed air, not shown, is provided on the rotating table Ill so as to

be Coriatt 6t on thet = ShBt M Hor e O of T e LLYIPUNICar FOPEPSH 211.

Furt her g?e 1711 th_chngI nrgotlél’péé %g&t Eatrl]w.g '\?‘e tllc‘,:!:lls ryxgg kE ar gmotor}:?l rgt.!:tn%hown,
so that the mounting portion 2111 (See Fig. 1) at the lower end of the
¢ylindrical. peortion 211 of the abrasive member mounting jig 20 is
detachably attached to the rotating table 111. The abrasive member
mounting jig 20 can be rotated at a predetermined rotary speed
substantially about a central axis of the cylindrical pértion 211, that
is, about a line connecting the center cof curvature 40 of the dome-
shaped portion 11 of the resilient abrasive member and the apex of the
dome-shaped portion 11 by mounting the abrasive member mounting jig 20
to the rotating table 111. Also, piping for compressed air, not shown,
is provided on the rotating table 111 so as to be connected with the
hollow portion of the cylindrical pertion Z211.

Furthermore, a swinéing unit 121 and a polishing target holding
unit 122 which is swung by the swinging unit 121 are precvided as the
polishing target helding drive 120. The swinging unit 121 drives a

"erank 1212 which is rotated by a motor 1211 via a belt transmission, and
swings the polishing target holding unit 122 which is connected to the
crank 1212 via a ceonnecting rod 1213. The polishing target holding unit

122 is adapted to be capable of swinging in the fore-and-aft direction



unit 122 which is swng by the swinging unit 121 are provided as the
polishing target holding drive 120. The swinging unit 121 drives a crank
1212 which is rotated by a notor 1211 via a belt transm ssion, and sw ngs

t he polishing target holding unit 122 which is connected to the crank 1212
via a connecting rod 1213. The polishing target holding unit 122 is
adapted to be capable of swinging in the fore-and-aft direction 26 F009840
bet ween the vertical direction and the inclined angle on the %8§ |de
about the swinging axis 1221. The pdfishing target hol ding umfit 12

provided with an air cylinder 1222 facing vertically dowward on top
thereof, and a chuck 1224 to which the polishing target nounting portion

52 (See Fig. 3) is nounted and fixed is provided at the extremty of a
piston rod 1223 of the air cylinder 1222. The chuck 1224 is rotated about
t he ade$vpris$hagretrhi eugHi e Pht@dstet ionl et virsitet te B8fi igng 9%axi s 1221
and the center axis of the cylindrical portion 211 of the abrasive nmenber
nount i FrGu} i o2 ingiag r?fff—%)ruf%ZS Thfh%"lﬂéIg’r%itﬁ@g@ctaP@JéflngLL?”(?aﬁz%ésnount ed to
t he polishing target holdi unit 122 by nDuntln t he polishing target
mount i%FGVESY o 5‘2 E”r Jg]r“%FFylszGr ﬁaecc}“ﬁn YR p%?”f“?ﬁ?%gont 5?%et L2 via

the joi ni ng naterlal to the cFuck 12 4. The nounted polishi ;g target

L2 carfP5&=tsy 88 taoﬁ}é‘r‘cd‘ artf &RaPiFFoMt RE lsrhégmaéﬁ%t SSFASTVePHEHSEr 10 by

t he ai Ilnder 222, and ted to ressed against the resilient
abrasﬁ%e?nenbe? T mnfhunbiréﬂgﬁggﬁgnedprov thﬁhggpregéﬁ?% %ﬁe pol i shi ng
s
C

devi Ce 1Qon IrodC%f ! gal_‘lrt%d Iinr find%rnﬁya?r 'Ithgaghmep224 is rotated

about the axis passing through the intersection between the swinging
axis 1221 and the center axis of the cylindrical portion 211 of the
abrasive member mounting jig 20 by a motor 1225. The pelishing target
L2 can be mountéd to the pelishing target holding unit 122 by_mounting
the polishing target mounting portion 52, integrally formed with the
polishing target L2 via the joining material 51, to the chuck 1224. The
mounted polizhing target L2 can be moved toward and away from the
resilient abrasive member 10 by the air cylinder 1222, and is adapted to
be pressed against the resilient abrasive member 10 with a predetermined
polishing pressure,

The polishing device 100 is configured in such a manner that when
the abrasive member mounting jig 20 with the specific cylindrical
portion 211 having a length ceorresponding to the curvature of the dome-
shaped portion 11 of the resilient abrasive member 10 is mounted to the
rotating table 111, the holding positicns of the resilient abrasive
member 10 are different for the respective resilient member mounting
jigs 20, and the center of curvature 40 of the dome-shaped porticn 11 of

the resilient abrasive member 10 aligns substantially with the center of




t he abrasive nenber nounting jig 20 with the specific cylindrical portion
211 having a length corresponding to the curvature of the dome- shaped
portion 11 of the resilient abrasive nmenber 10 is nounted to the rotating
table 111, the holding positions of the resilient abrasive nenber 10 are
different for the respective resilient nmenber nounting jigs 20, and the
center of curvature 40 of the done-shaped portion 11 of the resilient
abrasive nmenber 10 aligns substantially with the center of 27 F009840 the
swinging axis 1221. In such a polisRBi’ng device 100, for exampT®’hhen
polishing the concave surface of the |lens as the polishing target L2, the
resilient abrasive nenber 10 having the abrasive pad 13 adhered on the
surface thereof is rotated about its own axis at a predeternmi ned rotary
speed on the rotating table 111 while providing tension thereto with a

pr edeterenswmedinntet nal22pr essure by adjusting the pressure of the
conpressed air, and sinultaneously, the polishing target L2 is pressed
agai nst t hénr esitl peprliabirasivelarehifor £20 apprihla predepeishilned-hsol i shing
pressure of the air cylinder 1222 while rotating the polishing target L2
about domsavwsuaikdcs af thepkwdererthicned iebtat Faspred?, dF¢ FHE 1pots shing
target L2 is swng by the swinging unit 121 while supplying slurry

cont ai FrAg Ehradisrel ipalthergrreehe R8% 2% 2dbrdsiowi® 18 efe surface of
the resilient abrasive nenber 10. The polishing devi ce 100 as descri bed
above §h&rEdhirgtRedcy FPEUERtE HhaARET AhatPFEABTENPET SFATUrFFRTUP8 of the

done-shaped portion_11 aligns L , .
the rotating table 111 while providing tension thereto with a

predetermined internal pressure by adjusting the pressure of the
compressed air, and simultaneously, the polishing target L2 is pressed
against the resilient abrasive mémber 10 with a predetermined polishing
pressure of the air cyiinder 1222 while rotating the polishing target LZ
about its own axis at a predetermined rotary speed, and the polishing

. target L2 is swung by the swinging unit 121 while supplying slurry
containing abrasive material from the nozzle, not shown, to the surface
of the resilient abrasive member 10.

The polishing device 100 as described above is configured in such a
manner that the center of curvature of the dome-shaped portion 11 aligns
substantially with the center of swinging meotion 1221 of the polishing
targets even when the resilient abrasive member 10 is replaced with that
having the dome-shaped portion 11 of a different curvatuge. Therefere,
even and quick polishing is achieved by the swinging motion of the
polishing target L2, which enables effective usage of the surfaces of

the resilient abrasive members 10.



substantially with the center of swi nging notion 1221 of the polishing
targets even when the resilient abrasive nenber 10 is replaced with that
havi ng t he done-shaped portion 11 of a different curvature. Therefore,
even and quick polishing is achieved by the sw nging notion of the
polishing target L2, which enables effective usage of the surfaces of the
resilient abrasive nenbers 10. 2 8 F009840 CLAIMS 1. A polishing nethod
using resilient abrasive nenbers each having a done-shaped portion, the
resilient abrasive members being of 28 plurality of types havitgtthe
done- shaped portions of different curvatures, conprising the steps of:
selecting nore than two of the resilient abrasive nenbers according to the
surface shape of the surface to be polished; and polishing the surface to
be polished by the use of the selected resilient abrasive nmenbers. 2. A
pol i shing nmethod according to C aidI}s characterized in that the plurality
of resilient abrasive nenbers each is assigned to one of a plurality of
di vi si ods corerésgendi Trihed ushag preedbteynibred lvameibaresach dqgirhé step of
sel ecting includes selecting a resilient abrasive nenber having a
cur vatdare-siiPeR RUTEeYpShEsTralié BuragartrEmbrrst Reingk §F ghed = Hitv¥si on
prior to the step of polishing a curvature of the surface to be polished.
3. A pil FERRNGATEIhBlE SeRBTHPRET PSTEI TSNt 2, HLERTTSREL BHIV2EW S5 t hat t he
plurality of divisions are provided by dividing the surface to be
comprising the steps of:
selecting more than two of the resilient abrasive members according
to the surface shape of the surface to be polished; and
polishing the surface to be polished by the use of the selected

resilient abrasive members.

2. A polishing method according te Claim 1, characterized in that the
plurality of resilient abrasive members each is assigned to one of a
plurality of divisions corresponding to the predetermined curvatures,
and the step of selecting includes selecting a resilient abrasive member
having a curvature which corresponds to the curvature of the assigned
division prior to the step of polishing a curvature of the surface to be

polished.

3. A polishing method according to Claim 2, characterized in that the
plurality of divisions are provided by dividing the surface to be
polished, having the plurality of curvatures, according to the curvature

ranging from the largest curvature to the smallest curvature.

4. A polishing metheod according to Claim 1, characterized in that the




pol i shed, having the plurality of curvatures, according to the curvature
ranging fromthe |l argest curvature to the snmallest curvature. 4. A
pol i shing nmethod according to Claim1, characterized in that the 29 F009840
step of selecting conprises selecting resilient abrasion nenbers having
t he done-shaped portions of curvatures close to the average curvature of
the respective divisions of the surface to be polished of a plurality of
curvatures, which are divided according to the curvature ran i% %{on1 t he
| argest curvature to the smallest c@Pvature. 5. A polishing %@tg%
-according to Claim1, characterized in that the step of selecting
conprises selecting a resilient abrasive nenber having the done-shaped
portion of curvature close to the largest curvature of the surface to be
polished, a resilient abrasive nmenber having the donme- shaped portion of a
cur vataree «f esksdtény hengrddsestlaciivatrgs el ight t4heassey rgeReEoPHE Pol i shed,
and a resilient abrasive nenber having the donme- shaped portion of
cur vattireedeiegskared POV iane edgEUEEEVERUFEO et At B 29F ar@et CuPYat ure and
the smal l est curvature of the surface to be polished. 6. A Pplishing
met hodrhacETPErhE et 81 GIsdPRT BT Ebardetass tods RPHTEEY tHe® RSP0 &8l ecti ng
conprises selecting resilient abrasive nmenbers having the donme-shaped
port i GHEVETIrEar VALHR e ec st G TREIRYr VatTFe B2 the 28tit¥af "4t ea of the
surface to be Polished. 7. A Hp%Hnethod according to any one of C aim
t

pol i sh
1 to Ghai e cavaLtE 4 ddel FARaT the s

LUre. . . .
e step of polishing conprises
polishing while

5. A polishing method according to Claim 1, characterized in that the
step of selecting comprises selecting a resilient abrasive member having
the dome-ghaped portion of curvature close to the largest curvature of
the surface to be polished, a resilient abrasive member having the dome-
shaped portion of a curvaturé close to the smallest curvature of the
surface to be polished, and a resilient abrasive member having the dome-
shaped portion of curvature cleose to the average curvature between the
largest curvature and the smallest curvature of the surface to be

polished.

&. A polishing method according to Claim 1, characterized in that the
step of selecting comprises selecting resilient abrasive members having
the dome-shaped portions of curvatures close to the curvature of the

central area of the surface to be polished.

7. A polishing method according to any one of Claim 1 teo Claim &,
characterized in that the step of polishing comprises pelishing while

rotating a polishing target and the resilient abrasive member about



rotating a polishing target and the resilient abrasive nmenber about 3 O
F009840 their own axes, swi nging the polishing target and the resilient
abrasive nenber with respect to each other until substantial alignnent of
the center of curvature of the dome-shaped portion with the center of

swi nging notion of the polishing target is achieved. 8. A polishing nethod
according to any one of Claiml to Caim7, characterized in that the
dome- shaped portion of the resilient abrasive nenber is forned of a
resilient sheet into a hollow dome 3Rape, and the step of pdiiehitthg
conprises polishing while applying pressure to the inner surface of the
resilient sheet with a pressurized fluid injected into the holl owed
portion to provide tension to the done-shaped portion. ABSTRACT A surface
to be polished having a plurality of surfaces of significantly different
cur vatimeés canade potinghes theepdljishing herasteand theexdgsfiibett abrasivee nenbers
by using a polishing nethod including the steps of selecting at |east two
resi | inefbenbialisreragniser s2choatheropnfidopyb sthat ydspliwaenapiasive nmenbers
having a plurality of done-shaped portions of different curvatures

det er rAcRERF B S PREYER Pf yEI6F IeTR PARRAe BT biT t s trt £46B%0 °be pol i shed of
the polishing target, and nmounting the selected resilient abrasive nenbers
10a, TFOB G 9sPeioni Rt &BFRILFED B9t buftPhg' 5% gs 20a, 20b and pol i shing
the surface to be polished of the polishing target L2.

8. A polishing method according to any one of Claim 1 to Claim 7,
characterized in that the dome-shaped portion of the resilient abrasive
member is formed of a resilient sheet into a hollow dome shape, and the
step of polishing comprises polishing while applying pressure to the
inner surface of the resilient sheet with a pressurized fluid injected

into the hollowed portion to provide tension to the dome-shaped portion.



31 F009840

ABSTRACT

A surface to be polished having a plurality of surfaces of
significantly different curvatures can be pelished evenly by the use of
resilient abrasive members by using a polishing method including the
steps of selecting at least two resilient abrasive members 10a, 10b from
the resilient abrasive members having a plurality of dome-shaped
portions of different curvatures determined by a plurality of curvatures
on the surface to be p@lished of the polishing target, and‘mounting the
selected resilient abrasive members 10a, 10b to specific abrasive member
mounting jigs 20a, 20b and polishing the surface to be polished of the

polishing target LZ.



