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1 FO009840 DESCRI PTION POLI SHI NG METHOD Techni cal Field The present
i'nvention relates to a polishing method and, nore specifically, to a
pol i shing net Wod 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 symretric aspheric surfacepoc@stonic
surface, a progressive surface, or a curved surface forned of a

conmbi nation thereof, and when the surface shape is machi ned, for exanple,

by cutting, it is mrror-polished to an optical surface.
polishing a sinple curved surface, such as a spherical surimm_‘mmmmlm’u iC
surface, face-up grinding using apescgishrehrasi ve platt

Oscar polishing, is used. The nirror polishing nethod uslng—thelﬁﬁ?aslve

platter is a method for transferqurisgrNchremonf ace shape of 't \mm“\
platter to the polishing target. Therefore, a nunber of, formw mmmm
t housands of, types of machining platters corresponding to t s of

surface shapes according to the lens prescriptions are necessary Sl nce
the abras¢hpécpl diekd cannot be used for polishing conplex surfaces other

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

?
significantly different curvatures.
Background Art

A concave surface (referred to also as eye—bali side, or inner
surface) of a spectacle lens is formed into a shape such as a spherical
surface, a rotationally symmetric 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-polished to an optical surface. For mirror polishing a simple
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 mirror polishing method using the abrasive platter is a method
for transferring the surface shape of the abrasive platter to the
polishing target. Therefore, a number of, for example, thousands of,
types of machining platters corresponding 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 thezpolishing target and hayigiagao
different curvatures according to the surface 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 the resilient
abrasive nmenber is properly selected depending on the shape of the

wor kpi ecehanlliBeq20lsii stHdag, Sdccpaial UERS Poldashi NQuwhilse, pqgelﬁégsqge pressure
on the inner surface of the done-shaped hollow resilient Sheet with
pressuri gedatkliad regilgiene riensl fondel {HgedorByShaped portion, sw nging
and rotating the polishing target about its own axis, and rotating the
resilient poliesherguitenite prdseht sinvehedk badposak i JRBRIBLiAE ddiggant er of
curvature of the donme-shaped portion with the center of the sw nging

mot i on ofhicheppldishéid ig perigeted shilhbeiredng Thatr esid amd-sakyaasi ve menber
is selected, for exanple, by the steps of obtaining (Rrax+Rm-n) /2=Rm d
from t hePtigestt thelingsibfenturhratsiive mefper: (hinhel s esenaetrer £odm amsnsabur €)
and the small est radius of curvature Rmn existing on the inner surface of
t he | ensPlUAdiSePrécEisidiert asrasizntmemhpradipyvengrdatrershhpad nortaicdone- shaped
portion Qaving a radius of curvature close to the internediate radi us of

cur vat ur arﬁﬁ‘irthalnntlfehé:oncave surface to be polished, of the polishing target
and having different curvatures according to the surface shape of the
surface to be polished, into abutment with substantially the entire
surface of the surface to be polished. 1In other words, the curvature of
the“resilient 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
resilient 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 polishing member until substantial
alignment of the center of curvature of the dome-shaped portion with the
center-of the swinging motion of the polishing target is achieved.

The resilient abrasive member is selected, for example, by the
steps of obtaining (Rysy+Run)/2=Ry;q from the laréest radius of curvature
Rmax (inverse number of curvature) and the smallest radius of curvature
Rnin existing on the inner surface of 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 Rniae In the



\
F009840 case of the astigmatic surface (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 legs for correcting strong pog9g40
astigmatism the difference in curvature between the base curve and the
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 stanceepaf bEohe 30d AaBeakupAlAl (LNGLCARSS.S OPRI 1.LaNNJ ¥e AlLDONGN the
resilient abrasive nenber is superior in shape followability, 1rn the case
of the sfirthacedioibe: poldsshetndidyl NG 8nl 3iendliibiENANEE Yol &I VAL Ures as
descri bed above, there nay be a case in which sone parts conme into strong
cont act kadehcsuehaad sief acasadgkvepnEhdpRédde 60FB ik rROOHAGHRY @aCt Wi th the
same. Since the portion of poor contact cannot be easily polished, it
requi r esceliindnirali perfaor @l bshiodgshashielenltyhei hoehd @as of i enst4289: wONt act
can be polished in a short tinme. Therefore, when an attenpt is nade to
pol i sh thebssrwhiioh edmegobrtocbentretic sughfac ehétepitmotithogdoy does it require
a long polishing time, but it nmay result in so- called polishing sag, due
t o excesStMewpRIlilshimighot Hihémpodeduse of degbriorrgoromeaedt. Wieveveryi ng to
avoi d polishing sag, the portion of poor

for example, in the case of a spectacle lens for correcting strong
astigmatism, the difference in curvature between the base curve and the
cross curve is significant.

When an addition power, which is the difference 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 into 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 does it require a long polishing time, but it may result in so-
called polishing sag, due to excessive polishing of the portion of

strong contact. When 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 thg use of resilient polishipgggagnbers.
Di scl osure of Invention A polishing nmethod 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
single e&sdaktefdy abiasi v iBIPAL AN .e10;:QYs a nulti-stage polishing
method in which polishing is performed by the use of at |east two
resilient absasi ¥61iNBIRESg0nddifretieneUs MALHIRS ard @b DO WO ds, it is
a polishing nmethod using a resilient abrasive nenber havi ng dome-shaped
port i onspolizhidy,Cland emweraie o fHeUyadlidt ¥ndfint yRESn®Trnk eSinbe e abrasi ve
menbers of different curvatures, including steps of selecting at |least two
resili enpolkilbhéisd seepenriver o abe atediengitlyoot hadStidhal el hagigigofiavehBecsdr f ace
to be polished, and polishing the surface to be polished by the use of

sel ect edr¥@3ein$ entlnabircasp¥ sugkdigrsnstApcer,dihgist oen sakghcta ofutiid pséage
pol i shing nmethod, the difference in FO09840

invention to provide a polishing method 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
peolishing 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 thé
use of selected resilient abrasive members.

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



- curvature, which has previously been nmanaged by a single resilient

abrasi ve nenber, 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 correspondigg to a predeterm ned curyafurne,
respectively, so that the resilient abrasive nenber having the assigned
curvature corresponding to the curvature of the division of the surface to
be polished can be selected. The plurality of divisions can be provi ded by
dividing the surface to be polished having a plurality of curvatures

accor di nguiathhe wﬁy&hvata.ur&erv@ag;iclggbéernomr{a@_@d's’y gesf,guryatpre to the

resl .
smal | est curvature. The nunber of "the resil’ient abraglve nenbers i s

sel ect edaisasdase MRmb PO/ ic8h B SillcbaAGR L 9 RELPLPIJES pmcltgd 1 \407 St.ages,
t hree-stages, or nulti- stages including nore than three stages. For

exanpl e, abheidé frfepbenceandelneennt h@ rFaBédRsin Garvatiteqand fhe lar gest
curvature of the surface to be polished is divided into a plurality of

di vi si onssnagad the sfggliel reditliaby asiye vabididerhoad BY Aeddob®: Shapad portion
of a curvature <close to the average curvature of the specific division can
be sel ecret efer peatthidividedhiiwelistian. thd chse alfspoleasiPbe 4 @iaglect a
resilient abrasive nenber having a done-shape portion of a curvature cl ose
to the | aegesentt @bvativeemeperhe 6 F009840

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
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 from the largest curvature to the smallest curvature.

The number of the resilient abrasive members is selected so as to
polish the surface to be polished in two-stages, three-stages, or multi-
stages including more than three stages. For exaﬁple, the difference
between the smallest curvature and the largest curvature of the surface
to be polished is divided into 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 to the largest curvature of the



surface to be polished, a resilient abrasive nenber having a done-shaped
portion of a curvature close to the smallest curvature of the surface to
be polished, and a resilient abrasive nenber having a dome-shaped portion
of a curvature close to the average curvature between the |argest
curvature and the snallest curvature of the surface to be polished. In
addition to the usual resilient abrasive nenber, it is possible to select
a resilient abrasive nenber having a dgne-shaped portion of a g&ﬁ%?gure '
close to the curvature at the central area of the surface to be polTshed,
which is nost liable to be insufficiently polished. Preferably, the
polishing step includes polishing while rotating the polishing target
about its own axis, rotating the resilient abrasive nenber about its own

axis, and,smi.poing.t ship get, and the | ient abrasjve menber
with respect to eaghpogltlﬁglr’& th |%ltl? Bt &R al‘sallve 1N gnsrﬁ‘;?ﬁff’n%fa P ERIRSEr of

cur vat ur goafs chher dopervahaped:pos ti,0 id s&%ll Q&?e o% lg:lf 9 r%ti on of

the polishing target is achieved. sur ace Wi ngs

rel ati veby,po3k ey, t biga faewﬁtlllen@%&@&tve Q&E\é@%vﬁhg aSHEJl@%%a;E be pol i shed
and the surface of the resilient abrasive nenber |nta|ned const ant,

t he surfaeeiba e apelivhede andse ttlersd Efr@-ﬁ‘a%eoi:urtvlagufeegbi:‘be%gt cigbr asi ve
nmenber cone into contact evenly with each other, whereby even polishing is

achi evedlafyestetwadvhyyrd hed polki skulmgstrr&hb%tuegmpyﬁe auestd k8Nl abrasive
menber whose done-shaped portion is formed into a holl ow done shape, and
i ncl udespalisthep. of applying pressure to the inner surface of the F009840
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 most liable to be insufficiently polished.
Preferably, the polishing 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
resilient abrasive member with respect to each other until substantial
alignment of the center of curvature of the dome-shaped portion with the
center of swinging motion of the polishing target is achieved. When the
surface to be polished swings relatively, since the hermetic contact
between the surface to be polished and the surface of the resilient
abrasive member is maintained constant, the surface to be polished and
the surface of the resilient abrasive member come into contact evenly
with each other, whereby even polishing is achieved.
Preferably, the polishing method 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



resilient sheet to provide tension to the done-shaped portion while
polishing. Since adjustnent 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
abrasive nenbers each having a dome-shgped portion, the resiliegptsgalrasive
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_ t QES@.@.'e_QEtﬁQetr&SbH)ﬁ@"e @Q{s%il\lt% @F’Q@%{né—'sh-gpgd %%9?{5% 91§ﬂeeCt of the
i nvention provides a polishing nethod according to the first aspect of the

i nventi opplodrakgct @LhZedaldsthlBat oft DR dIhbl &ret ¥u.Qf oF BSiel &Nt ; ahr asi ve
menbers each are assigned to one of the plurality of divisions

cor r espordiag veondriber prededdr ibnek coHAal LSt pARShihe: st@Rpfissgl ecting .
includes selecting a resilient abrasive nmenber having a curvature which
cor r espomdish tthet drasec ins watl o echef edthiee assignant aliasiisé MRnpPéd Qk tnmbhe St ep of
polishing a curvature of the surface to be polished. The third aspect of

t he i nvenesoriepr owitdesrla paédqushe rplistimgdcarabe oradired oot td@isgcond aspect
of the invention characterized in that the plurality of divisions are
provi ded by dF¥gw¢ifatet fee siirfhcereot v BheF@098UAQon provides a polishing

method using resilient abrasive members each having a dome-shaped
portion, the resilient 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 selected
resilient abrasive members.

" The second aspect of the invention provides a polishing method
according to the first aspect of the invention, characteriéed in that
the plurality of resilient abrasive members each are assigned to one of
the 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 thé curvature of the assigned
division prior to the step of polishing a curvature of the surface to be
polished.

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



pol i shed having the plurality of curvatures according to the curvature
ranging fromthe | argest curvature to the smallest curvature. The fourth
aspect of the invention provides a polishing nethod 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 plurality of curvgtures, which are divided ﬁ%&%%ding
to the curvature ranging from the |argest curvature to the smaf ! &st
curvature. The fifth aspect of the invention provides a polishing nethod
according to the first aspect, characterized in that the step of selecting
i ncludes selecting a resilient abrasive nenber having the dome-shaped

portion pblixnedInsat HE &-nel 9864 0 RE L curvature of the surface to be
pol i shed, a resilién% abr asi ve &Lnbefﬁﬁgéﬁ%é He a0k S sHSpEW BEFET on of a

cur vat ur eagdiagesicn the 139’@ééte§&r\i%ldﬁi/@ttur@ne()fsm!\l'l%stsé{frfvgﬁ?ret.0 be pol i shed,
and a resilient abrasive nenber having the done- shaped nenber of a

curvature cl oBe fouttheadmetage thul MUt SDELNREES @%oliﬁﬁgé%etﬁﬁé vature and
the smal |l est curvature of the surface to be polished. The sixth aspect of

the i nveatiwripy ovi tes farpolasphit)gcnntbeocki-aacor dhag tho ddag §4 rst aspect,
characterized in that the step of selecting includes selecting a
'‘resili eptlegbiasiinel wmsbesl havigges fid end e SI@PREMPRAET hAn LR Galevat ure
close to the curvature of the central area of the surface to be polished.
O F00984¢haped 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 polished, 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 thé smallest curvature of the surface to be

polished.

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-shaped portion of a curvature close to the curvature of the central

area of the surface to be polished,



The seventh aspect of the invention provides a polishing nethod according
to any one of the first to sixth aspects, characterized in that the step
of polishing includes polishing while rotating the polishing target and the
resilient abrasive nmenber about their own axes, and sw 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 nenber
with the center of swinging notion ofgthe polishing target is aghjgyed.
The ei ghth aspect of the invention is a polishing nethod according to any
one of the first to the seventh aspects, characterized in that the
done-shaped portion of the resilient abrasive nenber is forned into a

hol | ow done shape by the resilient sheet, and the step of polishing '

i ncl udes pol i Btd Bgvarthl espeRl ¥f REe PIRSSU S Lpovtiggs in gﬂ[is%&!lgf aceghgcl( the
resilient sheet with a pressurized fluid injected into the holfFo%ed

portion hkecqang de heNshenod @né ha -don®- shaneds s ti %arg%\je?g.z%§gri ption of
the Drawings Fig. 1 shows a resilient abrasive nenber and an abrasive
nmenber  mmamtthagsfepgoti potli fmihg ainRbis b FRLHGM: 8032 PQl4 M Ng devi ce
according to an enbodi nent of the present invention, in which (a) is a

Cr 0ss- see¢lichahg aguetshowi tig eaci iennpobalvel ferdedi £356 iRl edbiBRRALS .,  and
(b) is atop viewshowing a state in which the resilient abrasive nenber

i s nount geH tsyirdicegdabraveleshivabmrgaownti g jregilibhe).ab2at Sream&@Rer ilth

expl anatory cross-sectional view show ng a 10 FO09840 state of polishing a
surface FO°HSELPH ie3hedthawiwmglih subptpntdel fdiemeati ¢f 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 igvention 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 into the hollowed

portion 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 polishing device
according ;o an embodiment of the present invention, in which (a) is a
cross-sectional view showing each component in a disassembled manner,
and (b) is a top view showing a state in which the resilient abrasive
member is mounted to the abrasive member mounting jig.

Fig. 2 is a general explanatory cross-sectional view showing a



curvature by the use of three types of resilient abrasive nenbers. Fig, 3
is a cross sectional view showi ng a polishing nethod according to an
enbodi ment of the present invention, in which (a) shows an exanple of the
resilient abrasive menber having a small curvature, and (b) shows an
exanpl e of the resilient abrasive nenber having a large curvature. Fig. 4
shows a polishing device according to an enbodi nent of the present
invention in which (a) is a front viemgand (b) is a side view pBagt,,Mde
for Carrying Qut the Invention Wile enbodi nents of a polishing nethod
according to the present invention will now be described, it is to be
understood that the present invention is not limted to the foll ow ng
enbodi ments. As descri bed above, the polishing nethod according to the
present staneenfigniksigeekf arsrede by seleetd r al,i f_resilient
abrasi ve nenbers havfﬁg done- shaped 66%%%%%sﬁgghgi%ﬁg%%%%lgﬁ?ﬁﬁfﬁﬁﬁﬁ

COr r espondrngut® Hyhehs ust ad® thhapeypds bRerL&INCAME a5 Y L el € POl i shed
fromanong a plurality of resilient abrasive nenbers having dome-shaped

portions of dFfd.eBeit acarosat se@sonfiNGiearshywity QUlo13s8ilPmdfnoRol i shing the
surface to be polished using the selected resilient abrasive nenbers. The
pol i shi ngceadgey tof an trabpdirieshi ofg thetdrederaf 1hhentpeLSeAt whilcAVENt k& S Not
specifically limted as long as it is relatively small in area and has a
concave 3urfaEele efbeheporsidient whirasivecrenbeeshaving or shd11IFRASBAQ@P! i shi ng.
For exanple, in addition to optical lenses as typified by a canera lens, a
t el escope”? dRS, SRWAi ¥t G¥RBPE PEfde resdbirrenserasiemsnehber daving 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 Invention

While embodiments of a polishing method according to 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 to be polished which requires mirror



stepper, and a spectacle lens, it may be a glass nold for cast polynerizing
a plastic lens, or optical conponents as a cover glass for portable
devices. Description will be nade about a plastic spectacle |ens bel ow as
an exanple. A concave surface of a plastic spectacle lens (referred to al so
as eye-ball side, or inner surface) is forned with a spherical surface, a
rotationally symetric aspheric surface, a toric surface, a progressive
surface, or a curved surface fornmed of;p conbination thereof. Apgonyex
surface on-the other hand is forned with a spherical surface, a
rotationally symmetric aspheric surface, a progressive surface, or the

| i ke. The shape of the concave surface is forned by cutting by nunerical
control or the like in many cases. After such cutting work, it is

necessar polshih§r OFopadasPld,0iR LRBSEIEH tORLS c tesidient
abr asi ve nmenber used in tﬁe pr esent inveﬁﬁﬂggalpﬁg%;e%a fy@ﬁéglea? h%r?e-shaped
portion kavemglend,angesleat@m tbwy) hhﬁcregé@@vgerggr;a&gdg,psegelggl 'h§p%d.
Accordi ngly, polishing can be carried out by keeping the dome-shaped
portion FhRerreHt autd i tdecsadist amid,abit walyhee 9lddsemsiy fraee.QE-t he surface to
be polished, and hence the polishing speed can be inproved. By providing

t he surf Bebmgréaingf atiestdbndeshapedopicnt i @Rpafentbead @stdie@ng1 AR Asi Ve
menber | arger than the area of the surface to be polished, the peripheral
vel oci t yPo¥tabhe eyt aes-onDefcrippion wsil bemadabaasitve prasber spbaiab1éts own
axis can_be increased to inprove 12 F009840 the polishing speed, and the
shape folfHWEBIIY 5§ ¥F eKRBPLeesi | i ent abrasi ve nenmber can be inproved. The

di aneter of the done-shqped
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 thereocf. A convex
surface on the other hand is formed with a spherical surface, a
rotationally symmetric aspheric surface, a progressive surface, or the
like. The shape of the concave surface is formed by cutting by
numerical control 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 portion in contact with substantially the
entire surface of the surface to belpolished, 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 aréa 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



portion of the resilient abrasive nenber is preferably 1.1-10 tines, and
nore preferably, on the order of 1.5-5 tinmes the dianeter of the lens to
be polished. The dome-shaped portion can be obtained by form ng the
resilient sheet into a dome-shape and maintai ning the done shape by an-
inner pressure of a pressurized fluid, by formng the resilient materi al
into a donme-shaped block, and by filling the hollow portion of the dome-
shaped resilient sheet with another regplient material. The res%h5%ﬂ%
sheet has a thickness preferably in the range from0.1 to 10 nmm and,  nore
specifically, in the range from0.2 to 5 mm and preferably has
properties: 10-100 in JI'S A hardness (Type-A duroneter), and 102 103 Nrcm 2
in Young's nodulus. The quality of the resilient sheet or the resilient

mat eri al thaypobeshingr spveanPph@ cRAtmeal AubhSk 1 N Lil & ubhst, . chl oroprene
rubber, styrene butadi ene rubber (S R)? acryﬁdﬁ#%??f%m B%Jaé?@he r ubber

(NBR), Skbiasdne rmsrber cantbdeipseieda. asriel MOeRE, Jol LAY %ﬁé-%%g Lyibber,
thermal plastic resin such as polyethylene and nylon, an her mal pl astic

resin el netwwerofsbh e isistenRrnive PRIYSF AshaRScONLAL N NG \Eﬁ%iin'an%i 9. 1

shows an enbodi ment of a resilient abrasive menber and an enbodi ment of an

abr asi vempearheetenshbyi vg fhiegokder bel Tisng tiesresi bisrker a2 asd e, fmauaber, in
whi ch (ag is an exploded cross-sectional view, and (b) is a top view
showi ng &° featehdd which the resilient abrasive menber 13 F009840 is
nounted to the abrasive nenber nounting jig. The resilient abrasive nmenber
10 of this enbtdifgtshrred gphE@Profargbe obtained 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: 10-100 in JIS A hardness (Type-A durometer), and 102-10° N*cm™
2 in Young's modulus. The quality of the resilient sheet.or the
resilient material may be, for example, natural rubber, 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 polyethylene and
nylen, and thermal plastic resin elastomer such as styrene or
polyurethane containing 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 expioded cross-sectional view, and

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



resilient sheet, as shown in Fig. 1(a), and includes a holl ow dorre-_ shaped
pbrtion 11 formed into a dome shape, and a ring-shaped flange “portion 12
provided integrally with the done-shaped portion 11 around the peripheral
edge thereof so as to project outward. An abrasive pad. 13 formed of _
non-woven fabric cut out into the shape of flower petals, as shown in Fig.
1(b) for exanple, is adhered on the outer surface of the dome-shaped
portion 11 with an adhesive or the |ikes The abrasive pad 13 hag a,,
function such as to hold abrasive fluid, and gaps 13a of the abrasive pad
13 function as passages for supplying abrasive grain or water, or for

di schargi ng ground waste. The shape of the abrasive pad 13 is not [imted
to the shape of flower petals, but the abrasive pads cut out into _
circul ar ,isOMcBJn,ted)rtopﬁhygtBBani@hmrwnb_@ngaqtj_l&l‘ ed densely. The abrasive
menber nounting jig 20 holds the resilient abrasive nenber 10, forms a
seal ed space Ohe tdeeilivneraiadevdinekibe: n6SI4 kRNd emﬁpc[i%g‘é’%]s”?mneéﬁ &0, and
functions as a flow path for introducing a pressurized flurd into the
resi| i entreabrizot \wherentrer simn Ln Fgdi 10D, and indidSied 4 UBLIdOBoHLQ be mount ed
and fixed to a polishing device that wll be described l'ater. The abrasive
menber nmEBFRGNPOJiign2ll Hasmel wotntai Agng sBag0dyn®h afh-sRagddngrsijared .
hol di ng member 22. The mounting jig body 21 includes a cylindrical portion
211 shap&8rtioRelh PePridsdaintagie Hdewitindha ddrangepes hapedoraht agiowgs Menber
nmounting portion 212 fornmed integrally and I 14 FO009840 coaxially with the
cylindri Eg‘F BFoiRYTAL 22dEeatheset oint ef Yveprqivetyowhatdie An abrasive pad.

13 formed of non-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 abrasive fluid, and gaps 13a of
the abrasive pad 13 function as passages for supplying abrasive grain ox
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 introducing a
pressurized fiuid into the resilient abrasive member 10. Iﬁ 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 quy 21 and
a ring-shaped holding 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



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
menber 10 is accommpdated. The recess 2121 is forned wth notches, not
shown, at three locations at constant angular intervals around the center
thereof. Bolts 23 are rotatably attached to the |ower surface efodghs
abrasi ve menber nounting portion 212, so that the bolts 23 can be inserted
into and detached fromthe 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 nenber 10 at the positions

COr I eSPORdaxIg 1LY wikBStheNay Ti@%: caiNBortiGhdi NY A FBWHREELR2 bSribhOGy %Ea&%d1
having a flat |ower surface so that it can be accommobdated in the recess
2121 for repeoRnd theabsMsbvas WBM&REnd NIHIBhE NG PO 1loh 08ktA32onaaNEh, itgef OF Med

wi th notches, not shown, at the positions corresponding to the notches of
t he abr askise ofedirecyhibuint £4ig popioirchi B11.21%he Bheadiyki mshbe € 3loupOfdg on 211 is
formed wth a tapered nounting portion 2111 to be nounted and fixed to the
pol i shi ngodencelzats pivwifighet Eredubimr pefighorpshepedr @ivch oiHgward. | n
order to fix the resilient abrasive nenber 10 to the abrasive nenber

mount i ngShiRpd2ehalilRE F9cgng e 18dr it vhidp thé flhege esrtient2 alfr alsé ve nenber 10
is interposed and fixed between the abrasive nenber nounting portion 212
and the RoTditAQE MBrpRtverpembes T dfinacqemmpdpted( h)The pxecgbadilay 15 £FOBYB40 t he

fl ange port.ion %? of the resilient abrasive nmenber 10 in the recess
with notches, not shown, at three locations at constant angular

intervals around the centef thereof. Bolts 23 are rotatably attached to
the lower surface of the ébrasive member mounting portion 212, so 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 surface so that it
can be accommodated 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 member mounting
poftion 212. The cylindrical 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 order to fix the resilient abrasive member 10 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(b), by placing




2121 of the abrasive nmenber nounting portion 212 so as to align the
notches wth respect to each other, placing the holding nenber 22 on the
flange portion 12 of the resilient abrasive nmenber 10 so as to align the
notches with respect to each other, and inserting the bolts 23 upright

t hrough the notches and tightening themw th nuts 25. Consequently, a
done-shaped seal ed space is defined between the inner surface of the
done-shaped portion 11 and the upper syeface of the abrasive ne 840
mounting portion 212, and the seal ed space communicates with the outside
via a gap in the cylindrical portion 211. Polishing is perfornmed while
appl ying pressure on the inner surface of the donme-shaped portion 11 with
pressurized fluid to provide tension to the done-shaped portion 11,

bressi ng chberidage shapad 1posd icag Lbi1 AGRI DLsLDL NELAGE L0 De Doll shed
with a predeterm ned polishing pressure, sw nging the p&lls Ing tafget and
rotating2the csatie abpidiviel Semb@WhcdXtSng BBELiQt Ad BF fhe,rasi,ligat abrasive
menber 10 until substantial alignment of the center of curvature of the
done- shapetkhegorttitoneddecni td ehbie @aBELH10E: dghens Wo @ MyOmdiek-0fy Qf, e
polishing target is achieved. For the polishing nethod of the present

i nvent i ofilanpepbertdlont 12 off tieesidilanht abtasiwemsmzbers s10:haui N ohha,.

dome- shaped portions 11 of different curvatures is provided in advance.
Wien t heretahest witds refrecheto dene-shepednieimsersinhley @otid er et gnt he

di aneters of the done-shaped nenbers 11 are also different, and hence the
di anet er $PETI9RhehaBPEdiofeand tEQUS840y ribrberi thourtsi 2% posideansentdy? £ or

fixing tge resilient abrasive nmenber 10
ome-shaped sealed space is defined between the inner surface of the

dome-shaped portion 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.

Polishing is performed while applying pressure on the inner surface
of the dome-shaped portion 11 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 p;lishing
pressure, swinging the polishing target and rotating 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 polishing 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



are also different. As will be described later, since it is necessary to
substantially align the center of the swnging notion and the center of
the curvature of the done-shaped portion 11, a specific abrasive nenber
mounting jig 20 is used in conmbination with the respective resilient
abrasive nmenbers 10 havi ng the dome-shaped portions 11 of different
curvatures. Wien polishing the inner surface of a spectacle lens, the
plurality of resilient abrasive nenbgrgs 10 having the done- shagﬁg gortions
11 of different curvatures are assigned to the divisions within a range of
the done-shaped portion 11 between 40 nm and 600 nun, which is the range
of the radius of curvature of the inner surface of the spectacl e | ens.
More specifically, preferably, five to ten resilient abrasive nenbers 10

havi ng tﬂ&nﬂi@”ﬁdﬁ*&@-ﬁ)@ o@@fcxdsoﬂﬁ ]flroﬂclxghé ft%ree 51§ UL aLB‘Ea%%.vf Qr ﬁgver% 10- 40
mm nore preferably, for every 14-30 nun in the range up and a

pluralityrofalbbeiitesidntentasabi &S by eadRrDeds 1 16 f oL s gyver JSOQ ' n the
range between 200 mm and 600 nm are provi ded. The Jﬁblsgdhs a%%g%?

above mayo babdtastderlsalagn tthe BLRELAR FL Pige rsﬁﬂﬂdi%gqaotqgﬁvﬁhu&?e center
Accordi ngly, they can cope with any shape of inner surfaces based on

al nost abf threscrvapticons. tHe gomeZ shSpedl B6AIBnSEGT hOdRlc1i ¥i LWL SAYWL NG an
exanple of an inner surface progressive multi-focal point |lens including a
pr ogr essiherersupingtey did 20 tierisedsin fcaneiranieo it aiheOfespbBeivenner surface
progressive nmulti-focal point lens L1 is an exanple of a lens for 1 7
FO009840 teridéert pyrativenuemhbsts gitahasimg v cbmé-shapeghivbiciank|y dief ferent in

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 to 200 mm,

and a plurality of the resiliept abrasive members 10 for every 100-200

mu in the range between 200 mm and 600 mm are provided. The divisions

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-sectional view showing an example of an inner
surface progressive multi-focal point lens including a progressive

surface and a toric surface in combination.  The inner surface

progressive multi-focal point lens L1 is an example of a lens for



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 snall est
curvature, and the curvature at the internediate portion exhibits a
curvature in between. In the polishing nethod of the present invention, a
plurality of resilient abrasive nenbers having the dome-shaped portions of
different curvatures are selected accpjding to the surface shap e%othe
surface to be polished so that the surface to be polished is polished in
two-stages, three-stages, or nulti-stages including nore than three
stages. A nethod of selecting the resilient abrasive nenbers that can be
enployed is to select three-phases of resilient abrasive nenbers,

i ncl udi ngoarectOn® -Thafe d s POYrlal O, 1 183 LN %ure | ose to the
average curvature o?@fhe g%tera%e%?3ﬂ2¥§|£%@égﬂ%¥@ glfﬁﬁgPtsﬁ?face of the
lens Llcusvatone, seapsedhpes tin0ni&lR- hayLRg @ el vatune,;glose fo the average

curvature at the internedi ate portion of the lens, and a dong-Shaped

portion &4ethdvarmy af cihevaditae CdudgLed @xhNA taVEAIAYE - Sk VAL NLE, Qf the
central area. Accordingly, since the range of the curvature ol the surface
to be poéresipedeads i grted rédiwener reasi-dtieel, alpeasitwe BLrah S, ARout
one-third in conparison with the case in which a single resilient abrasive
menber i §*¥hipdEd Fher spolilieshi wgvetheeendridr ehs Wik e rk Cathehd alnics A at he
followability of the resilient abrasive nenbers can sufficiently cover the
surface POFHoB §39BYD abeupsthshed, bewernt hose having significantly

di fferent curyvatures, and
In the polishing method of the present invention, a plurality of

resilient abrasive members having the dome-shaped pertions 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 1lla having a curvature close to the average
curvature of the outer peripheral area of the inner surface of the lens
Ll, a dome-shaped portion 1lb having a curvature close to the average
curvature at the intermediate portion of the lens, and a dome-shaped
portion llc having a curvature close to the average curvature of the
central area.

Accordingly, since the range of the curvature of the surface to be
polished 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 polishing the entire surface to be polished, the followability

of the resilient abrasive members can sufficiently cover the surface to



hence. an even polishing is achieved. Since even polishing is achieved, the
pol i shing 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 abrasive nenber. In addition to 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,ghave a significantly Iaggggﬁgdition
power, which is the difference between powers of near and distance portion
of a progressive nmulti-focal lens. In such a case, the difference between
the curvatures of the distance portion and the near point are
significantly large. Various nethods of selecting the resilient abrasive

nmenber amne pdIaRhEedIPkatLdnass Hadi g st Qi pg; Af. . Lhe surface to be
pol i shed. For exanpl e, thereaisﬁgsn%Ff??gﬁg'egﬁﬁ%fghiﬁﬁrﬁﬁfﬁﬁﬂ 2RI udi ng

the stepaenie adi swedli peLifshendisfsf £68RGEq .1 NsEVat L %glps%g.yl\%%.r; gmelelvg'crlgeSt
curvature and the smallest curvature of the surface to be poli'shéd into a

pl ural it yhefpoldiNirgi opssd anckeaebsChhdthenesitheendtabtanl Yo TR, havi ng

t he done- shaped portions close to the average curvatures of the respective
di vi ded d@p¥isiiopstheTherigei sudhse @ankd hedual sediLahinGods{RStA] @QL abrasive
menber havi ng the dome-shaped portion of a curvature close to the |argest
curvat ur &ind rehelredr facehtoyibe pol irshiadent abesidvecnémsall asi ve menber

havi ng the done-shaped portion of a curvature close to the smallest 19
F009840 cur vafuragdbtionheo sipef slovetdedyeilpol isshisde anduaidgeshéi ent abrasive

menber ,
progressive surface and the torie surface in combination, the concave

surface inclu@ing the portions of significantly different curvatures may
have a significantly large addition power, which is the difference between
powers of near and distance portion 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 methods 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 polished into a plurality of
divisions, and selecting resilient abrasive members having the dome-
shaped portions close to the average curvatures of the respective
divided divisions.

There is also 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 membexr

having the dome-shaped portion of a curvature close to the smalle#t



havi ng a done-shaped portion of a curvature close to the average curvature
between the | argest curvature and the smallest curvature of the surface to
be polished. Wien the surface to be polished has a |arge curvature as a
whol e, the curvature of the done-shaped portion of the resilient abrasive
menber to be selected increases. Therefore, the dome-shaped portion

becones small, and hence sufficient width of sw nging notion cannot be
secured in sone cases. Wen the width p§ the swinging notion iSFE&%4o
sufficient, the area near the top of the done-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 done-shaped

portion adgvadtare W¥ tRe RALENNLESIbSPEEANLS JQVEred s hich may result in
i nsufficient polishing at the cent rBaI area of the Suri gc%rafby%’éleﬁ%ﬁri shed.

In this mavinera ddieRsp@elShirtgot ke Q%Q%(@u%ugf&getﬁft gh%elrgnés, t he
central area of which can hardly be polished, a net og 0 se?ecting t he

resili entuabrtasé vetrenbene havhag thevAane-shapad sRTilds@Neivh b, A (gurvature
close to the average curvature between the | argest curvature and the

smal | est teairspatagee tofbet heliseiace to be polished, and selecting the
resilient abrasive nmenber having the dome-shaped portion close to the
curvature at ¥ire eemtstafacer ta kof pohishsdrifaace laagbecupobtiwraess ianwha@ybi nati on
therewith may be enployed. 2 0 FO09840 Fig. 3 is a cross-sectional view of
a poli ShF?ﬁ)CHﬁY?ﬁﬂjeagﬁnﬁhgiqﬂgetqhaped portion of the resilient abrasive

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
to be polished.

In this manner, 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 having 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 polished, and selecting
the resilient abrasive member having the deme-shaped portion close to
the curvature at the central area of the surface to be polished in

combination therewith may be employed,



an enbodi rent of the present invention, showing a nulti-stage polishing

nmet hod i ncluding the steps of selecting a plurality of resilient abrasive
menbers havi ng the dome-shaped portions of different curvatures and
replacing the resilient abrasive nmenber in sequence for polishing, in which
(a) shows an exanple of the resilient abrasive nenber having a snal
curvature, and (b) shows an exanple of the resilient abrasive nenber

having a large curvature. In the descrjgtion in conjunction wt 3, a
case in which a concave surface of a spectacle lens L2 having a surPace of
small curvature in the outer peripheral area and a surface of |arge

curvature in the central area is polished as a surface to be polished wll
be described. As shown in Fig. 3(a), for exanple, a resilient abr asi ve

menber 10a hawd.ng &s doBBsshaped ReL il Jila OfiSHBld rvatgcre %ra@ us of
curvature Ra is large) close to the smaller curvat re tﬁ =i

peri pher ah emedinoft bheheusfaaest tl@:vbﬁtﬁ%'aﬁl&%@n fa &1@&139?{#)53&&1% h gns L2 is
selected. As shown in Fig. 3(b), a resilient a rasive 5 ﬂ%V|ng a

dome- shapethodpontliuwinng ktheoftdpar g€ seUEMALYT £ pﬁ.{l?éillltl? & ceynvaiure Rb s
small) close to the large curvature in the central area of the spectacle
| ens L2 pBrasjgkeaudmddrs [haviie the rdimesiiepealpdriCoOb SNifROr Ht06€SStuAS Shown
in Fig. 3(a), the resilient abrasive nenber 10a is attached to a specific
abr asi veantrgitbercimgubtd ngsiliignROwrathe abrasi ve seaudee pRURbLIGhipEg 20a iS
nmounted 2 1 FO09840 to a rotating table of the polishing device that wll
be deSCI’ilBé’ﬂliFat bar) 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 of a spedtacle 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 dome-shaped portion lla 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 L2 is selected. As
shown in Fig. 3(b), a resilient abrasive member 10b having a dome-shaped
portion 1llc of large curvature (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 polishing 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



conpressed air of a predeterm ned pressure is supplied to a seal ed space
30 between the inner surface of the done-shaped portion 1la and the
abrasi ve nmenber nounting portion 212a, and the seal ed space 30 is
mai nt ai ned at a predeterm ned pressure to provide tension to the dome-
shaped portion 1la. The center of the curvature 40 of the done-shaped
portion 1la exists on the central axis of the cylindrical portion 211a.
Then the resilient abrasive nmenber 1034 s rotated about the ceng&ﬁ%4@xis

of the cylindrical portion 21la of the abrasive nounting jig 20a, in other
wor ds, substantially about a |line connecting the center of the curvature
40 of the done-shaped portion 1la and the apex thereof. A polishing target
nmounting portion 52 which is to be nounted and fixed to a chuck of the

pol i shi ng, devhe La Ok fi t.eri . Su a sifle tal. or wax is
joined to the sﬁcri%gcé%ﬂce) JBg e%gl lesaiﬁgéhgdf d?%lecse %g § swgllin:}et g?sgcerggf Bhtne

0pposi t ecsripliesidouit he §oNCAVE SHEERAGS NS 1 £RUGK: 0L, Shown, 4Of .t he
pol i shing device is rotaﬁgﬁ, and thegpg??shihg H?é#ﬁ%taif ?%qﬁ eF%bout its

own axi s3@beawqnedRs anik AadrEQAbE NtheSpaRA snaptiepShlcK 113 adaRted to have
air pressure applied thereto so as to be capable of pressing the polishing

target Lebragaiastembdie mpesiingepdrtiabraghyandeiheteda atacd Bs adet er ni ned
polishing pressure. In addition, the chuck for supporting the polishing
target Lfaigtaiirsl pold phiederetemicicpreentordssp siiGhe StnBgbNgoMtd aond-hat t he
axis of rotation of the polishing target L2 reciprocates between the
portion sle@edtiretapexland Thhecerndr off thdeudonmrehaped fer oM shdged The
center of swi nging notion 41 22 F009840 substantially cones into alignnment
W th t hePTdheerllaf @ity agrurtbe 4@ngfal axis of the cylindrical portion 211la.

Then the resilient abrasive member 10a is rotated about the central axis
of the cylindrical portion 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 lla 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 about 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 10a 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 polishing
target L2 reciprocates between the portion near the apex and the end of

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



the resilient abrasive nenber 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 abrasive nenber nove with respect to each
other, and is not limted to the swinging notion of the chuck but may be
swinging notion of the resilient abrasive nenber. Wen polishing, as shown
in Fig. 3(a), the resilient abrasive genrber 10a on which the aBpgsiye 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
predeterm ned rotary speed about its own axis, while the polishing target
L2 is pressed against the resilient abrasive nenber 10a with a

pr edet er mimetnpod 115N sPLess WL Sgnmeht 118 theifag Latat 86 gt A RLedet er m ned
rotary speed about an axis passing through the center of curvature (center

of rotat itbe)red4Ol pumdt, aldrtasitéi@neHBE® 11k MB ThE N 1RO ¢ SBENG hasH8he LA UL SWwung
whil e supplying slurry 61 containing abrasive material onto the surface of

the resi kippvirtiabreasi nainpieradfda £7 GliwvayN@a2ds €Rrough {HY Sef@S$Cor
polishing can be carried out under such conditions that the internal
pressur eswingibe regdpbred.to the resilient abrasive nenbers 10a, 10b are,
for exanple, 0.2-1.2 kgf/cnR2, the rotary speeds of the resilient abrasive
menbers 10a, 1o sHirgingopetdrarmplyebe 50cB0hatprie sthfaceotaby 5AeeReDhng he
polishing target L2 is, for exanple, 1-30 rpm 23 F009840 the sw ngi ng
speed i s FESEXERH| Prasi vy mepbemaors kb rEespestd toheach 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 10a 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 12 is swung while supplying slurry
6l 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/em?, the rotary speeds of
the resilient abrasive members 10a, 10b are, for example, 50-500 rpm,

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



polishing pressure is, for exanple, 3-30 kgf/cnR. In the first stage of the
polishing process, the surface having a small curvature in the outer
peripheral area of the surface to be polished of the polishing target L2
is mainly polished by the resilient polishing menber 10a. Subsequently, in
the second stage of the polishing process, as shown in Fig. 3(b), the
resilient abrasive member 10b is nounted to the abrasive nmember nounting
portion 121b of the specific abrasive ggnber nmounting jig 20b’F@&%4g I
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 sw nging
notion 41 of.the polishing target L2 substantially comes into alignnent
with the center of the curvature 40 of the gone-shaﬁéd pprt%pn 1%0 ?Lethe
resilienthabias eelhis L0y Lfhmp®t el ¥ardg, 4 35, wn | 1 g. 3,

| engt hs of the g?ﬁ%ﬁgricallportiong 211a, 211% g% %ﬁ% aH?%%.W% menber

i pligshi } f curvature 40
nmount i NngppligdhiRfapre2Birate, drlesttnped, 3580 i@l fzhe center o .
of the goﬁe-shaped portions |Ia, |FC al ways conmes into alignnent with the

enter of swiwithg fbtstomadt whefe gdlesriHABEYRsIENRE! < (RYPL i1g:jd gs 20a,
ggb are nnuntgg tg the polishing device, and the heights at mhlé% t he

resi| i ensmaldr asivasumenivetse asr kebipiaiel hald saRnbechanged id the

vertical direction. Since the center of swi nging notion 41 aligns _ :
subst ant Patispedi ¢fh thhercdésitien ofrgetriatiurmidly miishe spr@e=shaped.portions
1la, 11c of the resilient abrasive nenbers 10a, 10b, and the relative

di st ancePpEtshéen mepees iPhace to be polished 2 4 FO09840 and the resilient

i menbers 10a, 10b is held constant, the
abrasi ve 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. 1In 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 1lle¢ of the resilient abrasive member 10b, 1In
other words, as shown in Fig. 3, the lengths of the cylindrical portions
21la, 211b of the abrasive member mounting jigs 20a, 20b are determined
so that the center of curvature 40 of the dome-shaped portions 1lla, 1llc
always comes into alignment with the center of swinging motion 41 when
thé 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, 1lc of the resilient abrasive members

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



surface to be polished is always kept in even contact with the surfaces of
the resilient abrasive nenbers 10a, 10b, and hence even polishing is
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 minly polished by the resilient abrasive nenber 10b of |arge
curvature. Wth such a nulti-stage polishing nethod, even when the surface
to be polished of the polishing targepsL2 has portions of signihpeant!y
di fferent curvatures, nore even and qui cker polishing in conparison with
the case of polishing with a single type of the resilient abrasive nenber
by polishing the surface of large curvature in the central area wth the
resilient abrasive nmenber 10b havi ng the dome-shaped portion |lc close to

the curvaharnet hesiaatnt andafolel abhivags the, St ace,9f §Jr%umt cypyature in the
outer peripheral area with the resilient abrasive nenber 10a %aving t he

dome- shapedfgzer to are fdhisabosi® hOudyRex&gt YAtdYeR odnRQEEQf en Idhel 4.3, 89,
possi ble to change the resilient abrasive nenber fromthe first stage of

the pol i ofii thy peoidésst tabrabieres renrdsStmgel®f, hhe nepod iesbi N1 PLNGESSs and
polish the central area of the surface to be polished in the fifst stage
of the péFpkiviedg process and the outer peripheral area of the surface to
be polished in the second stage of the polishing process. The order of the
pol i shi ng protediifes§®rActtagenit ¢éHe Hodishimgnpiddesst age @olvhshiengn reakhod of
the present invention. Referring to Fig. 4, a polishing device which can
i mpl emenfetHEL 225 aE0H JdL0S diars Hinge metlhokecobf tthe poldsbing itavent Lonswi | | be
described. Fig. 4

malnlygpolJ;%Ld 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 resilient abrasive member 10b having the dome-shaped portion

llc close to the curvature thereof, and polishing the surface of small

curvature in the outer peripheral area with the resilient abrasive

member 10a having the dome-shaped portion 1la close to the curvature

thereof. It is also possible to change the resilient abrasive member

from the first stage of the polishing process to the second stage of the

polishing process and polish the central area of the surface to be

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

peripheral area of the surface to be polished in the second stage of the

polishing process. 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



is a front view of the polishing device, and Fig. 4(b) is a side view. The
pol i shing device 100 includes an abrasive nenber holding drive 110, the
abrasi ve nmenber nounting jig 20, and a polishing target holding drive 120.
The abrasive nenber holding drive 110 includes a rotating table 111 which
is rotated about the vertical axis by a notor, not shown, so that the
nmounting portion 2111 (See Fig. 1) at the |ower end of the «cylindrical :
portion 211 of the abrasive nmenber nmoupt¢ing jig 20 is detachab%goﬁﬂgached
to the rotating table 111. The abrasive nenber nounting jig 20 can be
rotated at a predetermned rotary speed substantially about a central axis
of the cylindrical portion 211, that 1is, about a |line connecting the
center of curvature 40 of the done- shaped portion 11 of the resilient

abr asi vepariEheng ardnbd @ rapeX pelsddie; 5 peLdd.on. 11 b ting the
abrasi ve nmenber nounting ji gp20 to trh\%gr@%?rg?’?gg%tea %stecrql)kﬁ% AP%/%”?E?%. ng for
conpr esséd aifirontnoties h@wBhe poifHiaYi 4RM4 0N hReriOt afd)ng takl g 111 so as to
be connected with the hollow portion of the cyIindricaT porti on P11.

Furt hernore, Theswbhigihngg uidvﬁ.cé.afb0ai’rd:lad&o|ahS$Hrﬁgi\'}@-'ingﬂ$ethLfgigg gLt 122
which is swng by the swinging unit 121 are provided as the polishing

target hél@i sge drtirael 2 Qenskrememitagy Nggumi t add@la §61iMBInd tathdNko1dg Whi ch
is rotated by a notor 1211 via a belt transm ssion, and sw ngs the
pol i shi ngr¥ver §¢Q- hBheliabgasiniet mér@2 rwinlching SirG 0o Naot fk1t8ed herotGiapk 1212 via
a connecting rod 1213. The polishing target holding unit 122 is adapted to
be capabF¥i5f 1shivhdrhg si notatedf groataris abttitial etiisony 26 5009846 hatween t he
vertical direction and the inclined angle on the back side
so that the mounting portion 2111 (See Fig. 1) at the lower end of the
cylindrical portion 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 portion 211, that
is, about a line connecting the center of 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 portion 211.
Furthermore, a swinging unit 121 and a polishing target holding
unit 122 which is swung 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 motor 1211 via a belt transmission, and
swings the polishing target holding unit 122 which is connected to the

crank 1212 via a connecting red 1213. The polishing target holding unit

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



about .the swinging axis 1221. The polishing target holding unit 122 is
provided with an air cylinder 1222 facing vertically downward on top

t hereof, 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
the axis passing through the intersection between the swnging axis 1221
and the center axis of the cylindricalyportion 211 of the abragiye ﬁenber
mounting jig 20 by a notor 1225. The polishing target L2 can be rount ed to
the polishing target holding unit 122 by nounting the polishing target
nmounting portion 52, integrally formed with the polishing target L2 via
the joining material 51, to the chuck 1224. The nounted polishing target
L2 can beetmssadeiOWaEeh AndaawRY; § the i{8%hLd gnt, abrasive menber 10 by
the air cylinder 1222, and is adé%?g%i?%.l(gi%%%gggﬂeéﬁaﬁﬁkgafmél?%siIient

abr asi ve anenmbere vivbidy axpy adet er whoed; poli,shing ure. . The_pol i shing
device 100 is configured in such a naﬁﬁé? tﬁgt ¢%éﬁ“ﬂﬁﬁgm%nggﬂ%g Henber

mount i NgPEe\gaRe wiithhat he rspachidc 1052 ifRdiisE dk e QAT %wgﬂa]rdh%’it;ég a length
corresponding to the curvature of the dome- shaped portion 11 of "the
resilienthainodsiarg aesthek 1A24i so mbtidh eflet ¥ 1t BRing Q&%eitnﬂodn%@hf b1dsont he
hol di ng positions of the resilient abrasive nenber 10 are di Férent for

t he respg%tﬁS\?é Figni Bl eirft momsyHedramibittddngs friogsdeDat aihd &haembt F Pf
curvature 40 of the done-shaped portion 11 of the resilient abrasive
menber 1B HPgRed daBdtednthalaliy sltihdehazzzant e chudk 12E0Q3846:4the sw ngi ng
axi s 1221.

about the axis passing through the intersection between the swinging
axis 1221 and the center axis of the cylindriqal portion 211 of the
abrasive member mounting jig 20 by a motor 1225. The polishing target
L2 can be mounted to the polishing 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 polishing térget 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 corresponding to the curvature of the dome-
shaped portion 11 of the resilient abrasive member 10 is mounted to the
rotating table 111, the holding positions 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 portion 11 of

the resilient abrasive member 10 aligns substantially with the center of



In such a polishing device 100, for exanple, when polishing the concave
surface of the lens as the polishing target L2, the resilient abrasive
menber 10 having the abrasive pad 13 adhered on the surface thereof is
rotated about its own axis at a predeterm ned rotary speed on the rotating
table 111 while providing tension thereto with a predeterm ned internal
pressure by adjusting the pressure of the conpressed air, and

si mul taneously, the polishing target L27is pressed against thepesilient
abrasive nmenber 10 with a predeterm ned polishing pressure of the air
cylinder 1222 while rotating the polishing target L2 about its own axis at
a predetermned rotary speed, and the polishing target L2 is swng by the
sSWinging unit 121 while supplying slurry containing abrasive material from
t he nozzltee Mahgst0WRis 1021 he surface of the resilient abrasive nenber 10.
The polishing device 100 as descri bed above is configured in such a manner

that the centen sakhcalpeatsHiagodevibe WoNMesshapaROT AN bt i J
substantially with the center of sw nging nnt?%h 1221 gf t %L{oPﬁ%hing

targets everwhewrfahe dfoshé ilent ADERSIpse:MRECEarkAti %, el %Q@Pli%%h t hat
havi ng the done-shaped portion 11 of a different curvature. Therefore,
even andabtasdke poimbshiIfghasingchiewbdadiyet ferl S NYepgy Rt LN sQf ralhe
polishing target L2, which enables effective usage of the surfaces of the
resili en?h%ﬁﬁ° sty eoniAsepROW0 it BnROGS840 aChAdddBerdined fdlaic§ NipRgq gt hod
using resjlient. abrasive nenbers each having a done-shaped portion, the
resilientPabPa8t Ve Remitsels! wbikey Popvidiph urealsitly 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 cylinder 1222 while rotating the polishing target L2
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 motion 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 curvature. Therefore,
even and quick polishing is achieved by the swinging motion of the
polishing target L2, which enables effective usége of the surfaces of

the resilient abrasive members 10.



s having the dome-shaped portions of different curvatures, _
ggn%??iing thegsteps of: selecting nore than two of the resilient ﬁbggSlvg
menbers according to the surface shape of the surface to be p3|IS e_i_ggt
polishing the surface to be polished by the use of the selecte ] resilie |
abrasi ve members. 2. A polishing nmethod according to Caim1l, characterize
inthat the plurality of resilient abrasive menbers each is assigned to
one of a plurality of divisions corresponding to the predeternkpﬁﬂ%p
curvatures, and the step of selecting includes selecting a resifie f
abrasi ve member having a curvature which corresponds to the curvatureho
the assigned division prior to the step of polishing a curvature of the
surface to be polished. 3. A polishing nethod according to Caim 2, i
characterized in that the plurality.pf;divisions are provided by d|V|d!ng
the surface to be polished, having the plurality of curvatures,laccor i ng
to the curvatarglichAngy ngthdom {he Langest a‘BE!méé]%%e Lo, ter;%h rg%ltipgz% .
curvature. 4. A polishing method according to aim 1, charactel in
that thedo8-FOaSBUPostieR, OfheS B&LQL NG 26LINVeSHSHIEL 8RL OS¢ gsgllu'rgfittg,
abrasi on menbers having the done-shaped portions of curvatures cl'o ebto
the aver agevess vavine the diMeeshampesddtiendioti &i@asetf LAg SYLd ace to et "
polished of a plurality of curvatures, which are divided according to g
curvaturé“ﬁ&ﬁgIﬁgth?GWﬁp§h€=largest_curvature to the snmallest curvature. 5.
A polishing nethod according to Claim1, characterized in that the

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 to Claim 1, characterized in that the
plurality of resilient abrasive members each is assigned to one of a
plurality pf 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, aécording to the curvature

ranging from the largest curvature to the smallest curvature.

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



step of selecting conprises selecting a resilient abrasive nenber having

t he done-shaped portion of curvature close to the |argest curvature of the
surface to be polished, a resilient abrasive nenber having the done- shaped
portion of a curvature close to the smallest curvature of the surface to
be polished, and a resilient abrasive nenber having the done- shaped
portion of curvature close to the average curvature between the | argest
curvature and the smallest curvature ojgthe surface to be polighed. 6. A
pol i shing nethod according to Claim1, characterized in that the st8p of
sel ecting conprises selecting resilient abrasive nmenbers having the
done-shaped portions of curvatures close to the curvature of the central
area of the surface to be polished. 7. A polishing nmethod according to any
one of Ckaépnot &d1eCkaigNcbmpriGhAr ized j.n.that.the step. of polishing
conpri ses polishing V\/ndiT}ce ot at%%tgeg%ngo ?gs'} f%\’tg}:atagfagsé‘tonarﬁ%bf’ﬁse%§§?q i ent

abr asi vethenbes-aheud par0i 09840 &k s O sBXES i Aging the polishing
target and the resilient abrasive member wth rggﬁg%gg?ggggﬁatgFﬁéF unt i

subst ant k¢ r2pepuivatdiofisidia of aihkesur@hc€ WoVEd l-HoQiQ’fedt be adBHFfaﬁfi‘ eoC%
portion wth the center of sw nging notion of the polishing targgt i's

achi evedcugatargrol wehihngreratiliodedaacadding toOtad eu SN uRE Qngi,(q Jfr%,g Cdaim?7,
characterized in that the dome-shaped portion of the resilient abrasive
menber i 8h¥ GRAERF tofutVatess [toettie shekltesk néwxvachel.| ow done shape, and the.
step of polishing conprises polishing while applying pressure to the inner
surface of the resilient sheet wwth a pressurized fluid injected

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

polished.

6. 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 to Claim 6,
characterized in that the step of polishing comprises polishing while

rotating a polishing target and the resilient abrasive member about



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

30 F009840

their own axes, swinging the polishing target and the resilient abrasive
member with respect to each other until substantial alignment of the
center of curvature of the dome-shaped portion with the center of

swinging motion of the polishing target is achieved.

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.



