[ Name of Docunent] SPECIFICATION [Title of the Invention] POLISH NG METHCOD
[CLalns] [Cdaim1] A polishing nmethod characterized by conprising
sel'ecting, froma plurality of resilient abrasive nenbers havin

done- shaped portions of different curvatures, the plurality ﬂmmg '
abrasi ve menmbers having the dome- shaped portions of differen mm,mw
according to the shape of a curved surface of the concave surfacesgg.be
pol i shed; and sequentially performng a step of polishing the surface to
be polished using the selected resilient abrasive nenbers by i

the selected resilient abrasive nenbers. [Caim2] A polishi )‘m,nmmmmmmm
according to Claiml, characterized in that the selected resilient

abr asi ve[Namabef sDaceners] | | 8RECABIGBTVeNenmbers i n whi ch cur vat uP&ge
between the | argest curvature and the small est curvature of the surface to
be pol i shedtheeofi ¥heefnvanbianpl ur alPOiyy SHINGeFETHOR vi si ons, and whi ch
have the done-shaped portions close to the internediate curvatures of the
respecti Velaghgided divisions. [Caim3] A polishing nethod according to
Claiml, characterized in that the selected resilient_abrasive , nenbers

are resiliéalaa®rasi vB RekbehéngabrhBotnehasaeleshipedPBoFPBRESEREh havi ng

the curvature close to the , s .
selecting, from a plurality of resilient abrasive members

having dome-shaped portions of different curvatures, the
plurality of resilient abrasive members having the dome-
shaped portions of different curvatures according to the
shape of a curved surface of the concave surface to be
polished; and sequentially performing a step of polishing
the surface to be polished using the selected resilient
abrasive members by exchanging the selected resilient
abrasive members.

[Claim 2] A polishing method according to Claim 1,
characterized in that the selected resilient abrasive
members are resilient abrasive members in which curvatures
bétween the largest curvature and the smallest curvature of
the surface to be polished are divided into a plurality of
equal divisions, and which have the dome-shaped portions
close to the intermediate curvatures of the respective
divided divisions.

[Claim 3] A polishing method according to Claim 1,
characterized in that the selected resilient abrasive
members are resilient abrasive members having the dome-

shaped portions each having the curvature close to the



| argest curvature of the surface to be polished; resilient abrasive
menbers havi ng the done-shaped portions each having the curvature close to
the smal |l est curvature of the surface to be polished; and resilient
abrasi ve nmenbers having the dome-shaped portions each having the average
curvature between the |argest curvature and the smallest curvature of the
surface to be polished. [Caim4] A polishing nmethod according to Caim1l,
characterized in that the selected resilient abrasive nmenbers include
resilient abrasive nenbers having done- shaped portions close to the
curvature of the central area of the surface to be polished. [Caim5] A
pol i shing nethod according to any one of Clains 1 to 4, characterized in

t hat pol ishgesti supeatoreedf bigessbrfanei bd|peapdfhshgdt heesehient of
curvature of the done-shaped portion and the center of swinging of a

pol i shi ngbtasjee manberswhaging the d@m@tshgpﬁﬂePQBFFQHEngacgahagﬁnﬁbout
its own axis and rotating the resilient_ abrasive nenber about its own
axi s. [Ctheneervatpsei shorg het kba aBestarhgcubvahyrenefotheCPEFAECE to 5,
characterized in_that the done-shaped portion of fhe resiLiené abr asi ve
menber i §ofbenealbphads eandi sAF1LERRE: aPRESI XS HBPIBRT Hofte ViRgpECand
polishing is performed while agglxing Erg sure to the innﬁr surface of the
resi| i enfoBRsERaRPENPAT bt BREURRZBINRV IR CpfETradct EREVBAYESE t he

done-shagggw ggtkgg'largest curvature and the smallest curvature of

the surface to be polished.

[Claim 4] A polishing method according to Claim 1,
characterized in that the selected resilient abrasive
members include resilient abrasive members having dome-
shaped portions close to the curvature of the central area
of the surface to be polished.

[Claim 5] A polishing method according to any one of
Claims 1 to 4, characterized in that polishing is performed
by substantially aligning the center of curvature of the
dome-shaped portion and the center of swinging of a
polishing target while swinging and rotating the polishing
target about its own axis and rotating the resilient
abrasive member about its own axis.

[Claim 6] A polishing method according to any one of
Claims 1 to 5, characterized in that the dome-shaped portion
of the resilient abrasive member is formed of a resilient
sheet into a hollow dome shape, and polishing is performed
while applying pressure to the inner surface of the

resilient sheet with a pressurized fluid to provide tension



[Detail ed Description of the Invention] [0001] [Technical Field of the

| nvention] The present invention relates to a polishing nethod and, nore
specifically, to a polishing nethod that enables accurate polishing of a
surface to be polished having a plurality of curved surfaces of
significantly different curvatures. [0002] [Description of the Rel ated
Art] A concave surface (referred to also as eye-ball side, or inner
surface) of a spectacle lens is forned,into a shape such as a spheri cal
surface, a rotationally symetric asp%eric surface, a toric surface, a
progressive surface, or a curved surface fornmed of a conbination thereof,
and when the surface shape is machined, for exanple, by cutting, it 1is
m rror- pbbi sheddonmeashapedcpbrsupface. For mirror polishing a sinple
curved surface, such as a spherical surface or a toric surface, face-up
grindi nglDstayladr Pgedrinbiasi ¢& phat faventiapeh is called Oscar polishing,
is used. The mrror polishing nethod using the abrasive platter is a

met hod for trb%@%Elring the surface shape of the abrasive platter to the
polishing target. Therefore, a number of, for exanple, thousands of, types
of machi ni h§ephaicatsFéstfespoRBiPnd?VERER& Aunber of surface shapes

according to the |l ens prescriptions_are necessary., ,
d The presentpinventgon relates %o a pgﬁlshlng method and,

more specifically, to a polishing method that enables
accurate polishing of a surface to be polished having a
plurality of curved surfaces of significantly different
curvatures.

[0002]

[Description of the Related Art]

A concave surface (referred to also as eye-ball 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



[ 0003]

[ 0004]

whi eh polishing is perfornmed while bringing part

Since the abrasive platter cannot be used for polishing conplex
surfaces other than these curved surfaces, so-called, free surfaces,
as ‘a progressive surface, a resilient abrasive nenber is generally used.
For exanple, the present inventor proposes a polishing nethod in

of the resilient abrasive nenber, which is selected froma plurality
resilient abrasive nenbers having dong-shaped portions, |arger than the

concave

different curvatures according to the surface shape of the

surface to be polished, of the polishing target and havi ng

polished, into abutnent with substantially the entire surface of the
surface ¢orbespoidishedto | thotmanbenoe fissur firce ushap e c2a@FOXRENY e8P | i ent
abrasive nmenber is properly sel ected depending on the shape of the
wor kpi ecehe 1O095prher Hotishs ngretepcepedtdes pol i shing whil e applying

pressure on the inner surface of the dome-shaped hol | ow

with pressuriZP3Iluid to give a tension to the dome-shaped porti on,
swi nging and rotating the polishing target abqut its own axis, .and
rotating the $659 i€ %WQ%JhV%éﬂr%gfrﬁfe? ‘?ﬁﬂl?c?% (s)'ifofs‘{%‘?ﬂ iﬁ& &9 Ht9 of the
of curvature of thggdo -shagg%srortlon wth the centeQAHle&pe

center

SW ngi ngCHBP+eR BRCEAESHoP
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free surfaces, such as a progressive surface, a resilient
abrasive member i1s generally used.

[0004]

For example, the present inventor proposes a polishing
method in which polishing is performed while bringing part
of a dome-shaped portion of the resilient abrasive member,
which is selected from a plurality of resilient abrasive
members having dome-shaped portions, larger than the concave
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. In other
words, the curvature of the resilient abrasive member is
pro?erly selected depending on the shape of the workpiece.

[0005]

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

such

of a dome-shaped portion

of

surface to be

resilient sheet



[ 00061 The resilient abrasive nenber is selected, for exanple, by the
steps of obtaining (Rm-,.+R,,,in) /2=pmMd fromthe | argest radius of
curvature Rm,x (inverse nunber of curvature) and the snallest radius of
curvature Rmn existing on the inner surface of the lens, and selecting a
restlient abrasive nenber having a donme-shaped portion having a radius of
curvature close to the internediate radius of curvature Rmd- In the case
of the astigmatic surface (toric surfage), the radius of curvature of the
resilient abrasive nmenber is an internedi ate val ue between 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
comes i ntol helimeg i temloet acttthesdobténiah gbbanment | ohabhei €§nWeEh a

m ni mum degree of deformation thereof. [00071 [Problens to be Solved by
the | nvenficnivioweserf the dxpepskared poetterewbthatBpeeeRtsE PEns for
correcting strong astigmatism the difference in curvature between the
base curvee asidingitngroetienref Fae RPhhhicantar9penlancalbePeder, which is
the difference between near and distance powers of a progressive nulti
focal lens, iMRY¥ses significantly, the difference in curvature between

Fosi 1 ant  abra¥ ottt | BB TS rEpes 1T oo, 115" P The case

of by the steps of obtaining (Ry,,*+Ryin)/2=Rpijq from the largest
radius of curvature Ry, (inverse number of curvature) and
the smallest radius of curvature Ry, 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 Rpig.
In the case of the astigmatic surface (toric surface), the
radius of curvature of the resilient abrasive member is an
intermediate value between the base curve and the cross
curve, and hence a toric surface having a cylindrical
surface can be polished evenly with the resilient abrasive
member which comes into hermetic contact therewith with good
followability with a minimum degree of deformation thereof.

[0007]

[Problems to be Solved by the Invention]

However, 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 add power, which is the difference

between near and distance powers of a progressive multi-



the surface to be polished having a curved surface of large difference in
curvatures as described above, there nay be a case in which sone parts
corne into strong contact with such a surface and sone parts come into poor
contact with the same. Since the portion of poor contact cannot be easily
pol tshed, it requires a long tinme for polishing, while the portion of
strong contact can be polished in a short tine. Therefore, when an attenpt
is made to polish the portion of poor_.contact sufficiently, not only does
it require along polishing tinme, but it may result in so-called polishing
sag, due to excessive polishing of the portion of strong contact. Wen
trying to avoid polishing sag, the portion of poor contact may result in

i nsuf fi cfentlpdknshi ngcrBeshspelipshifngassdyvantthenddffeceane polishing are
defective polishing, and |lowering of the yield and increasing the nunber
of polishiimgastepsbdtween the déséssiceypofinidantdi enararpppPiisi ng have
becone problens. [0008] The present invention has been made in view of the
above ci ipgnsrarcesigandicentdvan HBjtbetiobf thrergeésdfirt PR¥ER/EVEN to

provi de a polishing nethod that can polish evenly a surface to be polished
havi ng cBeVbETsdFf GURSréPraln) shgeediipldPUARd LihYeudPatife§26¢ e use of

resilient_ polishing nenbers.,[OOOQL Ewbans for oIvi%% t he Probl ens]
the surface to be polished having a curved surface of 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
contact may result in insufficient polishing. Both
polishing sag and insufficient polishing are defective
polishing, and lowering of the yield and increasing the
number of polishing steps due to the necessity of additional
polishing have become problems.

[0008]

The present invention has been made in view of the
above circumstances, and it is an object of the present

invention to provide a polishing method that can polish



A polishing nethod of the present invention is an inprovenment of a
polishing nethod in the related art in which a surface to be polished of a
poli shing target including curved surfaces of significantly different
curvatures is polished fromthe beginning to the end with a single
resilient abrasive nmenber, and enploys a nulti-stage polishing nethod in
which a plurality of resilient abrasive nenbers having donme-shaped
portions of different curvatures are ielected according to the surface to
be polished, and a single surface to be polished is sequentially polished
by exchanging the selected plurality of resilient abrasive nenbers.

[ 0010] According to such a nulti-stage polishing nmethod, the difference

i n curvatuealywai shrifiaseptevbeupbyibkerd hmmaggdcubyed siumfbeesesifl pent
abrasi ve nmenber, can be divided into nunber of resilient abrasive nenbers,
and henceéatrpe diffternneeinncouvastiuee iy thei yseochersandgedtby a single
resilient abrasive nmenber can be reduced. Therefore, nore even polishing
can be aphilégbdnghaambhescase of polishing by - 8 a single resilient

abr asi ve nenber. 0011] The nunber of the resilient abrasive nenbers is
sel ected so a§%9®%polish the surface to be polished in two- stages,

t hree-stages, or nulti-stages includkn% n?re t han
[Means for Solvihg the Problems

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 curved surfaces 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 a plurality of resilient abrasive
members having dome-shaped portions of different curvatures
are selected according to the surface to be polished, and a
single surface to be polished is sequentially polished by
exchanging the selected plurality of resilient abrasive
members.

[0010]

According to such a multi-stage polishing method, the
difference in curvature, which has previously been managed
by a single resilient abrasive member, can be divided into
number of resilient abrasive members, and hence the
difference in curvature which is to be managed by a single
resilient abrasive member can be reduced. Therefore, more

even polishing can be achieved than the case of polishing by



three stages. For exanple, the difference between the smallest curvature
and the | argest curvature of the surface to be polished is divided into a
plurality of equal divisions, and the resilient abrasive nenber having a
donme- shaped portion of a curvature close to the internediate curvature of
t he- specific division can be selected for each divided division. [0012]

It is also possible to select a resilient abrasive nenber having a
done-shaped portion of a curvature close to the l[argest curvature of the
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 curyasimeglel oseilbehheabnsginednatleercurvature between the | argest
curvature and the smallest curvature of the surface to be polished. [0013]
In addition tpoatie] usual resilient abrasive nenber, it is possible to
select a resilient abrasive nenber having a - 9 done-shaped portion of a
curvat ure cl oBee trountlber cuf Vidherreesitliemte derashve anembefsthe surface to be
polished, which is nost liable to be insufficiently polished. L00141

Pr ef er abbglechedpebi shi hg Pelpehf bhaedubfasabseahei Aplyshed in two-

stages, three-stages, or multi-stages including more than
three stages. For example, the difference between the
smallest curvature and the largest curvature of the surface
to be polished is divided into a plurality of equal
divisions, and the resilient abrasive member having a dome-
shaped portion of a curvature close to the intermediate
curvature of the specific division can be selected for each
divided division.

[0012]

It is also possible to select a resilient abrasive
member having a dome-shaped portion of a curvature close to
the largest curvature of the surface to be polished, a
resilient abrasive member having a dome-shaped portion of a
curvature close to the smallest curvature of the surface to
be polished, and a resilient abrasive member having a dome-
shaped portion of a curvature close to the intermediate
curvature between the largest curvature and the smallest
curvature of the surface to be polished.

[0013]

In addition to the usual resilient abrasive member, it

is possible to select a resilient abrasive member having a



aligning the center of curvature of the dome-shaped portion wth the
center of swinging of the polishing target while sw nging and rotating the
pol'i shing target about its own axis and rotating the resilient abrasive
menber about its own axis. Wen the surface to be polished sw ngs, since
the- hernetic contact between the surface to be polished and the surface
of the resilient abrasive nenber is maintained constant, the surface to be
pol i shed and the surface of the resilient abrasive menber come into
contact evenly with each other, whereby even polishing is achieved. [00151
As a polishing nethod, preferably, the done-shaped portion of the
resilient abrasive nmenber is formed into a hollow done shape, and the

met hod i dohedsisapedt pprofionappl i ngrpatesarelosct he theeecusvatate af the
resilient sheet to provide tension to the donme-shaped portion while

pol i shi nghe Stentralj aseaenf bhei auefaat peebsupelbshede WResh| L8nt abrasi ve
menber is added to the conditions of olishlng i.n conparison with the case
in whi chmefe thebie t@ebﬁli@ﬁuféb¢a§P§£Ynﬁﬁ%éF fd-forned of resilient
material, - 10 adequate polishing can be performed easily. [00161
Therefore, anl®&kfkt of the invention of aim1 provides a polishing

met hod characterized by compri sj sel ectin froma plurality, o
resilient abr%%?@%rﬂ%h%ergﬁg'pOlP ing 1is peé&ormeg1bypsﬁ£stan 1a{ly

aligning the center of curvature of the dome-shaped portion
with the center of swinging'of the polishing target while
swinging and rotating the polishing target about its own
axis and rotating the resilient abrasive member about its
own axis. When the surface to be polished swings, 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.

[0015]

As a polishing method, preferably, the dome-shaped
portion of the resilient abrasive member is formed into a
hollow dome shape, and the method includes a step of
applying pressure to the inner surface of the resilient
sheet to provide tension to the dome-shaped portion while
polishing. Since adjustment of internal pressure of the
resilient abrasive member is added to the conditions of
polishing in comparison with the case in which the entire

resilient abrasive member is formed of resilient material,



havi ng done-shaped portions of different curvatures, the plurality of
resilient abrasive nenbers having the done- shaped portions of different
curvatures according to the shape of a curved surface of the concave
surface to be polished; and sequentially performng a step of polishing
the- surface to be polished using the selected resilient abrasive nenbers
by exchanging the selected resilient abrasive nenbers. [0017] An aspect
of the present invention of Clain12_p&8dees a polishing nethod as cl ai med
in Caiml, characterized in that thé selected resilient abrasive nenbers
are resilient abrasive nenbers in which curvatures between the |argest
curvature and the smallest curvature of the surface to be polished are

di vi ded daddquatelpohlshinofcaguod pkvfsimed, eamhlywhi ch have the

done- shaped portions close to the internmediate curvatures of the
respective diMMed divisions. [0018] An aspect of the present invention of
Claim 3 provides a polishing nethod as clained in Claim 1, characterized
in - 11 thatTherefuiectad a8t aff Hn dN¥RHeabas @R esi | i ent
abrasi ve nenbers having the done-shaped portions each having, the curvature
cl ose topréieides gespotishingreebrogdhehatiprfheeized BE porPEheddresili ent

abr asi ve nenbers having the_done- shaged goitiogs each.havinﬂbthe curvature
cl ose tosgh@cting, from a plurality of resilient abrasive members

having dome-shaped portions of different curvatures, the
plurality of resilient abrasive members having the dome-
shaped portions of different curvatures according to the
shape of a curved surface of the concave surface to be
polished; and sequentially performing a step of polishing
the surface to be polished using the selected resilient
abrasive members by exchanging the selected resilient
abrasive members.

[0017]

An aspect of the present invention of Claim 2 provides
a polishing method as claimed in Claim 1, characterized in
that the selected resilient abrasive members are resilient
abrasive members in which curvatures between the largest
curvature and the smallest curvature of the surface to be
polished are divided into a plurality of equal divisions,
and which have the dome-shaped portions close to the
intermediate curvatures of the respective divided divisions.

[0018]

An aspect of the present invention of Claim 3 provides

a polishing method as claimed in Claim 1, characterized in



smal | est curvature of the surface to be polished; and resilient abrasive
nmenbers havi ng the done-shaped portions each having the average curvature
between the | argest curvature and the smallest curvature of the surface to
be polished. [0019] An aspect of the invention of Caim4 provides a
polishing nmethod as clainmed in Caim1l, characterized in that the selected
resilient abrasive nenbers include resilient abrasive nenbers having

done- shaped portions close to the curyature of the central area of the
surface to be polished. [00201 An asSpect of the invention of Caimb5
provides a polishing nethod as clained in any one of Clains | to 4,
characterized in that polishing is perforned by substantially aligning the
center oﬁhaUrwmeusel@éte@erdshbiesha@bua@bveimﬁmbﬁﬁsthéecéﬁ@éiigmtsmjnging
of a polishing target while swinging and rotating the polishing target

abut i taboawiwxisempersoharing the desetrsbapedbpastienfeadelr haydndapout
its own axis. [00211 An aspect of the invention of Caim®6 provides a

pol i shi ngheethodabere| aloed ta Bhy basgestcrarwetureocs, thenapréeeri zed in

that the done-shaped portion of the _ _
to be polished; resilient abrasive members having the dome-

shaped portions each having the curvature close to the
smallest curvature of the surface to be polished; and
resilient abrasive members having the dome-shaped portions
each having the average curvature between the largest
curvafure and the smallest curvature of the surface to be
polished.

[0019]

An aspect of the invention of Claim 4 provides a
polishing method as claimed in Claim 1, characterized in
that the selected resilient abrasive members include
resilient abrasive members having dome-shaped portions close
to the curvature of the central area of the surface to be
polished.

[0020]

An aspect of the invention of Claim 5 provides a
polishing method as claimed in any one of Claims 1 to 4,
characterized in that polishing is performed by
substantially aligning the center of curvature of the dome-
shaped portion and the center of swinging of a polishing
target while swinging and rotating the polishing target abut

its own axis and rotating the resilient abrasive member



resilient abrasive nmenber is forned of a resilient sheet into a hollow
dome shape, and polishing is perforned while applying pressure to the
inner surface of the resilient sheet with a pressurized fluid to provide
tension to the done-shaped portion. [00221 [Description of the

Enbodi ments] Wil e enbodi nents of a polishing nmethod according to the
present invention will now be described, it is to be wunderstood that the
present invention is not limted to_thg _follow ng enbodi nents. [00231 As
descri bed above, the polishing nethod @ccording to the present invention
is perfornmed by selecting a plurality of resilient abrasive nenbers having
done-shaped portions of different curvatures according to the shape of the
curved- shofitcetsfowheaxbncave surface to be polished froma plurality of
resilient abrasive nenbers having done-shaped portions of different
curvatures, an®Zequentially carrying out a step of polishing the surface
to be polished using the - 13 selected resilient abrasive nenbers by
exchangi ng t i aweet «ff ridze | vt U e hahbet PTPVERA 2 The pol i shing
target of the polishing nethod of the present invention s no

speci fi cAPLyshingtBathed| 8figcadiped in any one of Clalms 1 to o,

characterized in that the dome-shaped portion of the
resilient abrasive member is formed of a resilient sheet
into a hollow dome shape, and polishing is performed while
applying pressure to the inner surface of the resilient
sheet with a pressurized fluid to provide tension to the
dome-shaped portion.

[0022]

[Description of the Embodiments]

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.

[0023]

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 according to the shape of the curved-
surface of the concave surface to be polished from a
plurality of resilient abrasive members having dome-shaped
portions of different curvatures, and sequentially carrying

out a step of polishing the surface to be polished using the



is relatively small in area and has a concave surface to be polished which
requires mrror polishing. For exanple, in addition to optical |enses as
typified by a canera lens, a telescope lens, a nicroscope |lens, a
condenser lens for a stepper, and a spectacle lens, it may be a glass nold
for- cast-polymerizing a plastic lens, or optical conponents as a cover
gl ass for portable devices. Description will be nmade about a plastic’
spectacl e | ens bel ow as an exanple. | 51 A concave surface of a plastic
spectacle lens (referred to also as e-ball side, or inner surface) is
formed wth a spherical surface, a rotationally symmetric aspheric
surface, a toric surface, a progressive surface, or a curved surface
fornmed ofkedecosti natidnehherbobsiMecnrmbersubffacgcbanghag thker hand is
formed with a spherical surface, a rotationally symretric aspheric surface,
a progressiieetedurtacéient theabiike. mghbeghape of the concave surface is
formed by cutting by nunerical control or the like in many cases. After
such cutting WoP%k4lit is necessary to mirror polish to a desired optical
surface. - 14 [0026] A resilient abrasive nenber used in the present
i nventi on prefleeapbylpasng denseshapebhpopel bphhavi Agthod| af geRearea than
t he concave surface to be polished. Accordingly, polishing can be carried
out by kggﬁpﬁ@ttﬁgventlon is not specifically limited as 1long as 1t

is relatively small in area and has a concave surface to be

polished which requires mirror polishing. For example, in

addition to optical lenses as typified by a camera lens, a

telescope lens, a microscope lens, a condenser lens for a

stepper, and a spectacle lens, it may be a glass mold for

cast-polymerizing a plastic lens, or optical components as a

cover glass for portable devices. Description will be made

about a plastic spectacle lens below as an example.

[0025]
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 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.



done- shaped portion in contact wwth substantially the entire surface of
the surface to be polished, and hence the polishing speed can be inproved.
By providing the surface area of the done-shaped portion of the resilient
abrasive nenber |arger than the area of the surface to be polished, the
peri pheral velocity of the rotation of the resilient abrasive nenber about
its own axis can be increased to inprove the polishing speed, and the
shape followability of the resilient . gbrasive nenber can be inproved. The
di ameter of the dome-shaped portion & the resilient abrasive nmenber is
preferably 1.1-10 tinmes, and nore preferably, on the order of 1.5-5 tines
the di anmeter of the Iens to be polished. [0027] The done-shaped portion
can be obtai ne@oDdy] formng the resilient sheet into a donme-shape and

mai ntai ni ng the done shape by an inner pressure of a pressurized fluid, by
form ng the rksi¢skehtembita@prasivatoerbeonesehapedte dekesemtl by fllllng
the holl ow portion of the donme-shaped resilient sheet w th another
resilieninwaneipal prefierpbdy| hadt asHese-shaged PRrEkABsB2FiBAerably in the
range fromO0.1 to 10 nm- 15 and, nore specifically, in the range fromO.2
to 5 nm lahnderppstar AbR) KRS EP65@V€| gyrfage160 PR BPsiAhRErdness (Type-A
duroneter), and 102-103.N- CM -2 in Young' s nodulus. The q uallhy of the
reS|I|enﬁc§ﬁé€ﬁnﬁﬁythEoﬁé§PPP€nFaﬁaP§rFéFrH§9 OBé, bVoFeﬁ?éﬁﬁlé €nhat ur al

rubber, nitrile rubber hl or opr en
dome-shaped portgon in con%act with substantially the entire

surface of the surface to 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 the polishing speed, and the shape followability of
the resilient abrasive member can be improved. The diameter
of the dome-shaped portion of the resilient abrasive member
is preferably 1.1-10 times, and more preferably, on the
order of 1.5-5 times the diameter of the lens to be polished.

[0027]

The dome-shaped portion can be 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 block, 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



rubber, styrene butadi ene rubber (SBR), acrylonitrile butadi ene rubber
(NBR), silicon rubber, rubber such as fluorine fluorocarbon rubber,
thermal plastic resin such as polyethylene and nylon, and thernmal plastic
resin elastomer such as styrene or pol yurethane containing resin. [0028]
Fig. 1 shows an enbodi ment of a resilient abrasive nenber and an
enbodi nent of an abrasive nenber nDunting jig for holding the resilient
abrasive nmenber, in which (a) is ﬁploded cross-sectional view, and (b)
is atop view shomnng a state in mhlc the resilient abrasive nmenber is
nounted to the abrasive nenber nounting jig. [0029] The resilient abrasive
menber 10 of this enbodinent is fornmed of a resilient sheet, as shown in
Fig. 1(andandorénspedesieahby) oindoie- shapedfpontod 14 Pormedandto a done
shape, and a ring-shaped flange portion 12 provided integrally with the
done- shapeafpoalbipnhdd propedtiae: peripheinl Jedgh hardeesssédTEBSTD proj ect
outward. An abrasive pad 13 forned o; non-woven fabric cut qQut - 16 into
the shapéunsmétener pedald®-H’ Nhehn |#PFﬂ%Pn%(%anQﬁlu%waﬁHF% i s adher ed
on the outer surface of the dome-shaped portion 11 with ap adhesive or the

i ke. Theuabih¥ios pa8 r3Sihashh FORELIOF SOERZSSEoeRbI BAABFASIVERYI Ui d,
and gapsbe}3?o?fe;2§p?gfaggggrg?dr&gbgg?CtIgrlﬂe &ggggescLBOroprene
rubber, styrene butadiene rubber (SBR), acrylonitrile
butadiene rubber (NBR), silicon rubber, rubber such as
fluorine fluorocarbon rubber, thermal plastic resin such as
polyethylene and nylon, and thermal plastic resin elastomer
such as styrene or polyurethane containing resin.

[0028]

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 is
mounted to the abrasive member mounting Jjig.

[0029]

The resilient abrasive member 10 of this embodiment is
formed of a resilient sheet, as shown in Fig. 1l(a), and
includes a hollow dome-shaped portion 11 formed into a dome
shape, and a ring-shaped flange portion 12 provided
integrally with the dome-shaped portion 11 around the
peripheral édge thereof so as to project outward.

An abrasive pad 13 formed of non-woven fabric cut out



suppl ying abrasive grain or water, or for discharging ground waste. The
shape of the abrasive pad 13 is not Iimted to the shape of flower petals,
and may be such a shape that the abrasive pads cut out into circular,

oval, or polygonal shapes are adhered densely. [0030] The abrasive nenber
nmounting jig 20 holds the resilient abrasive nenber 10, forns a seal ed
space on the inner side of the resilient abrasive nenber 10, and functions
as a flow path for introducing a pre %ugized fluid into the resilient
abrasive nmenber 10. In addition, it has a function to be nounted and fixed
to a polishing device that will be described later. [0031] The abrasive
menber nmounting jig 20 has a nounting jig body 21 and a ring-shaped
hol di ng tettbeth@2shdpe abuflowgr pegabedyaglshaghudlesFageylihdr Feal portion
211 shaped like a circular cylinder and a fl ange-shaped abrasive nenber
nmount i ngepampleon 242aflbermed ont Eheablipeanducbageabfytiet domehghapefindri cal
portion 211 at the outer periphery of the - 17 upger end thereof so as to
extend i potheodi tecvith abrefbgsnde o5 the akks.of ThReabypFaHei BAR portion
211. The abrasive nenber nounting portion 212 is provided at the upper

peri pher ¥3t haseaf funehianr FughshapEa BRAPI aRrpreé¥sstlyids PRAWARER the

flange portion 12 of the resilient ,
13a 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, and may be such a shape that the
abrasive pads cut out into circular, oval, or polygonal
shapes are adhered densely.

[0030]

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 fluid into 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.

[0031]

The abrasive member mounting jig 20 has a mounting jig
body 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 coaxially with

the cylindrical portion 211 at the outer periphery of the



abrasive menber 10 is accommpdated. The recess 2121 is fornmed with
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 nenber 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_t?g resilient abrasive nenber 10 at the
positions corresponding to these notcChes. The hol di ng nenber 22 is

ri ng-shaped, having a flat |ower surface so that it can be accommopdated in
the recess 2121 formed on the abrasive nenber nounting portion 212, and is
f ormed wippenotcdieshenedf sbomm, tatexhenposint tbasdtvecespondi ng to the

not ches of the abrasive nmenber nmounting portion 212. The cylindrical
portion @ttthpgohat med Wnehanisapéredenouhindyipattbonrt2eni2lie bEh@punt ed
and fixed to the polishing device at the |lower end thereof so as to

proj ect abraaive ReOBeT meunbiderrebtipr 2hE tesPrpEhfedbphsFie nmenber 10
to the - 18 abrasive nenber mounting jig 20, the flange portion 12 of the
resi | i entPBESF aBRYEPReHBeENeDSPE WhFEr6o§éﬂgéﬁEaP?QeahagéPWeEﬁcFﬁ@ abr asi ve

menber nounting portjion 212 and the hol ding genger 22, as _shown in Fig.
1(b), by2pRacingvhheh Ehan§iapgrtPeRtioNot 2t AL FBSi FREALSBFasi ve menber 10

'n the abrasive member 10 is accommodated. The recess 2121 is
formed with notches, not shown, at three locations at
constant angular intervals around the center thereof. Bolts
23 are rotatably attached to the lower surface of the
abrasive 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 portion 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.

[0032]

In order to fix the resilient abrasive member 10 to the



recess 2121 of the abrasive nmenber 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 hrough the notches and tightening themw th nuts 25. Consequently, a
done-shaped seal ed space is defined between the inner surface of the

dome- shaped portion 11 and the uppgrl%ugface of the abrasive nenber
mounting portion 212, and the seal ed space comuni cates with the outside
via a gap in the cylindrical portion 211. [0033] Polishing is perforned
by substantially aligning the center of curvature of the dome-shaped
portion ibrwsthet hembeennhennbfintyhgigwkfAgi hbenmbirogeoporhéopollRshitng t ar get
while applying pressure on the inner surface of the dome-shaped portion
11 with phessasiieédnt| abdasovpr meinbdert éAsiioninberhesedoandsiiaped porti on
11, pressing the dome-shaped portion 11 against the surface to be polished
wi th a pbeliweennthedabpabiyhi pgnpeessaretisg rgrgonrhélgornehithg target and
- 19 rotating the sanme _about its own axis, and rotating the resilient

abr asi vehpeAbag membBsUL2) t 3SoRACHR| 40 FLge34|(PFor P¥hB1BELPENIERE met hod of

the present invention, a_ plurality of resiljent abrasiyve gbers %0 havi ng
t he doneflange portion 12 of the resilient abrasive member in the

recess 2121 of the abrasive member mounting portion 212 so
as to align the notches with respect to each other, placing
the holding member 22 on the flange portion 12 of the
resilient abrasive member 10 so as to align the notches with
respect to each other, and inserting the bolts 23 upright
through the notches and tightening them with nuts 25.
Consequently, a dome-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.

[0033]

Polishing is performed by substantially aligning the
center of curvature of the dome-shaped portion 11 with the
center of the swinging motion of the polishing target 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

polishing pressure, swinging the polishing target and




shaped portions 11 of different curvatures is provided in advance. Wen
the curvatures of the done-shaped nenbers 11 are different, the dianeters
of "'t he done-shaped nenbers 11 are also different, and hence the dianeters
of the abrasive nenber nounting portions 212 for fixing the resilient
abr-asi ve menber 10 are also different. As wll be described later, since
it I's necessary to substantially align the center of the swi nging notion
and the center of the curvature of t dome- shaped portion 11, a specific
abrasive nenber nmounting jig 20 is uséd in conbination with the

respective resilient abrasive nenbers 10 having the dome- shaped portions
11 of different curvatures. [0035] Wen polishing the inner surface of a
spect acl eotehsng the samgeabbuthétsadinsasiseupndt upeabinghéhenner surface
of the spectacle lens is, for exanple, within 40 nmto 60 mm and five to
ten resitéebliabtasbyasherboenbed havehguthétsdenn- skaped portions 11 of
different curvatures for every 10-40 nm preferably, for every 14-30 mmin
the range up E@3200 nmm and a plurality of the resilient abrasive nmenbers
10 it - 20 for every 100-200 mmin the range between 200 nm and 600 mMm
are provi ded. Foeclerali pret yshimgynehrdopk Wit PEASRhapeV et t1Phne? curved

sur faces based on al npbst all rescriptions 00
plurality of resilient abrasive membe& %8 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
member mounting portions 212 for fixing the resilient
abrasive member 10 are also different. As will be described
later, since it is necessary to substantially align the
center of the swinging motion and the center of the
curvature of the dome-shaped portion 11, a specific abrasive
member mounting jig 20 is used in combination with the
respective resilient abrasive members 10 having the dome-
shaped portions 11 of different curvatures.

[0035]

When polishing the inner surface of a spectacle lens,
the range of the radius of curvature of the inner surface of
the spectacle lens is, for example, within 40 mm to 60 mm,
and five to ten resilient abrasive members 10 having the
dome-shaped portions 11 of different curvatures for every
10-40 mm, preferably, for every 14-30 mm in the range up to

200 mm, and a plurality of the resilient abrasive members 10



Fig. 2 is a cross-sectional view show ng an exanple of an inner surface
pregressive nmulti-focal point lens including a progressive surface and a
toric surface in conbination. The inner surface progressive nulti-focal
point lens L1 is an exanple of a lens for correcting strong astigmatism
whisch is significantly different in curvature, being shown in simlar
figure to the actual lens. The <central area of the concave surface
exhibits the largest curvature (reci bogal of the radius of curvature),
the outer peripheral area exhibits the smallest curvature, and the
curvature at the intermediate portion exhibits a curvature in between.
[0037] In the polishing nethod of the present invention, a plurality of
resi | i enfoabsastyel aenHed smhaim nghe headoeebe sheged2 pormn oard of 0@i T er ent
curvatures are selected according to the shape of the curved surface to be
pol i shedarsoprératdetie shetardinglhe Potvshed FePpoViEhednynshalesehges,
three-stages, or nulti-stages including nore than three  stages. A nethod
of sel ectimgrt@ervedi suehecaprhased pendbrestnat!lcBheperehpteYed is to

sel ect three-phases of - 21 resilient abrasive nenbers, including a

done- shaped pdt?3®h Ila having a curvature close to the average curvature
of the outer_peripheral area of the i . surface, of the |ens. LI

er a
dome- shaped pordi on 13 B HRATY SECUIRRA Lirel Y GO iRq 1 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 correcting strong
astigmatism, which is significantly different in curvature,
being shown in similar figure to the actual lens. The
central area of the concave surface exhibits the largest
curvature (reciprocal of the radius of curvature), the outer
peripheral area exhibits the smallest curvature, and the
curvature at the intermediate portion exhibits a curvature
in between.

[0037]

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 shape of the curved 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



average curvature at the internediate portion of the lens, and a
done-shaped portion Ilc having a curvature close to the average curvature
of the central area. [00381 Accordingly, since the range of the curvature
of the surface to be polished assigned to one resilient abrasive nenber

i s -about one-third in conparison with the case in which a single resilient
abrasi ve nenber is used for polishing the entire surface to be polished,
the followability of the resilient _abrasive nmenbers can sufficiently
cover the surface to be polished, even'those having curved surfaces of
significantly different curvatures, and hence an even polishing is

achi eved. Since even polishing is achieved, the polishing speed increases,
and hencesihieenbt @brasinee reegubers, f bhcpodirvdi agdohe-ehaped PeUEi@Re can be
reduced even when considering the tinme required for changing the resilient
abr asi vel henbeving 083gurvahunddéioem to the aveveddeservaedreupfebh8urface
including the progressive surface and the toric surface in_ conbination,
the concoveesupéntphehel uarag ehetperinons srrfage ofj gheriendt by dff f er ent
curvatures may have a significantly |arge add power, which is the

di f f er endemeesherpdneartanl 1 4P shaiERI pBWEREVAEURS pFbEFesEPVERfuUI ti - f ocal

| ens. In such a case, the difference bet n the, curvatures of the
average curvature at the %ntermedygge portgon o% £ge gens,

and a dome-shaped portion 1llc having a curvature close to
the average curvature of the central area.

[0038]

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 be polished, even those
having curved surfaces of significantly different curvatures,
and hence an even polishing is achieved. Since even
polishing is achieved, the polishing speed increases, and
hence the total time required for polishing the entire
surface can be reduced even when considering the time
required for changing the resilient abrasive member.

[0039]

In addition to the above-described curved surface
including the progressive surface and the toric surface in

combination, the concave surface including the portions of



di stance point and the near point are significantly large. [0040] Various
met hods of selecting the resilient abrasive nenber are contenplated
according to the shape of the surface to be polished. For exanple, there
is amulti-stage polishing nmethod including the steps of dividing the .

di ff erence in curvatures between the |argest curvature and the small est
curvature of the surface to be polished into a plurality of equal

di visions, and selecting resilient _a 5a§ive menbers havi ng t he dome- shaped
portions close to the internediate clirvatures of the respective divided
divisions. [0041] There is also a nmethod of selecting a resilient

abrasi ve nenber having the dome-shaped portion of a curvature close to the
| ar gest sigwvaficanibly tdief Serdémcectovaber ol nahedave 2 esiynbhicapehgi ve
menber having the dome- shaped portion of a curvature close to the small est
cur vat urbanfe t fid spowere wolde bl theedif bovence RetvesR NadF adhde nenber
havi ng a donme-shaped portion of a curvature. close to the average curvature
bet ween dhetincgerewens vaf uz eprog@resahve thelshnfreat tervat ute 8¢Ckne
surface to be polished. [ 0 0 4 2 1 Wien the surface tgo be polished has a

| arge cuzveasee the @ififefencenkebuesht the SR YAELESFE°ShEPRd portion of
the distance point and the near point are significantly large.

[0040]

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 equal divisions, and selecting resilient
abrasive members having the dome-shaped portions close to
the intermediate curvatures of the respective divided
divisions.

[0041]

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 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 a dome-shaped portion of a curvature

close to the average curvature between the largest curvature



resilient abrasive menber to be selected increases. Therefore, the
dore-shaped portion becones snmall, and hence sufficient width of sw nging
notion cannot be secured in sone cases. Wen the width of the sw nging
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 _wth_the area near the top of the
donme-shaped portion and is low in peripheral speed, is |owered, which may
result in insufficient polishing at the central area of the surface to be
polished. [00431 In this manner, when polishing the concave surface of

the | ensand heheesmahl est equbyathieho Eabhtasdrfade polbehpalishedet hod of
selecting the resilient abrasive nenber having the done-shaped portion
with a curvatif®<Zl ose to the average curvature between the |argest
curvature and the smallest curvature of the surface to be ollshed and

sel ecting t hd'hassithemusiaesite Ryl $hed Mt k% 2 GHapRH ’f)%rtl on
close to the curvature at the central area of - the urfac %
pol i shed®f n2 céndifat FoR EREVRGIER Ahythe %ﬂﬁTB@@Hed[B@ﬁ }onFPg |s a

cross-sectional view of  a O|IShIn nmet hod
resilient abra51vepme go 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.

[0043]

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 dome-

shaped portion close to the curvature at the central area of



according to an enbodi nent of the present invention, showng a multi-stage
polishing nethod including the steps of selecting a plurality of resilient
abr asi ve nenbers having the done-shaped portions of different curvatures
and replacing the resilient abrasive nenber in sequence for polishing, in
whi-ch (a) shows an exanple of the resilient abrasive nenber having a snal
curvature, and.(b) shows an exanple of the resilient abrasive nmenber
having a large curvature. [0045] In,the description in conjunction with
Fig. 3, a case in which a concave su? ace of a spectacle lens L2 having a
curved surface of small curvature in the outer peripheral area and a
curved surface of large curvature in the central area is polished as a
surface tive bsupbhéshed el pobieshedsini cenbif@dich thsrewbbhn hayFbg. 3(a),
for exanple, a resilient abrasive nenber 10a havi ng a done-shaped portion
lla of «ammléyedrvature (radius of curvature Ra is large) close to the
smal l er curvature in the outer peripheral area of the - 25 curved surface
to be polishelP@®4k he spectacle lens L2 is selected. As shown in Fig.

3(b), a resilient abrasive nenber 10b having a done-shaped portion |lc of
large curvatEr® (3 alf 1B @foimsetikenad Tiew il 13 Rebs irg tHethod

according to an embodiment of the present invention, showing
a multi-stage polishing method including the steps of
selecting a plurality of resilient abrasive members having
the dome-shaped portions of different curvatures and
replacing the resilient abrasive member in sequence 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,

t0045]

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

[0046]

As shown in Fig. 3(a), for example, a resilient
abrasive member 10a having a dome-shaped portion 1lla of
small curvature (radius of curvature Ra 1is large) close to

the smaller curvature in the outer peripheral area of the



| arge curvature of the curved surface in the central area of surface to be
polished of the spectacle lens.L2 is selected. [0047] In the first step of
t he polishing process, as showmn in Fig. 3(a), the resilient abrasive
nmenber 10a is attached to a specific abrasive member nounting jig 20a, the
abrasive menmber nounting jig 20a is nounted to a rotating table of the
polishing device that will be described |later, conpressed air of a
predeterm ned pressure is supplied to _seal ed space 30 between the inner
surface of the donme-shaped portion IF§ and the abrasive nmenber nounting
portion 212a, and the seal ed space 30 is nmaintained at a predeterm ned
pressure to provide tension to the done -shaped portion 1la. The center of
the curvatmved 4unfatdetadone pobhsiped pbrthenspéataxlsttenn bheligentral
axis of the cylindrical portion 21la. Then the resilient abrasive nenber
10a is ret¢heetedabols shewsehnrBlgaxd ébbf @heegiliemEiadrapbyei on 211a of
the abrasive nmounting jig 20a, in other words, substantially about a

| i ne cormemp¢ngl hehaeht@ra oflonpeskapsdtPPBEL 4O ot 1CtPE YBRBEshaped portion

| la and the apex thereof. [0048] - 26 ,
curvature (radius of curvature Rb is small) close to the

large curvature of the curved surface in the central area of
surface to be polished of the spectacle lens. L2 is selected.

[0047]

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 to a rotating table of
the polishing device that will be described later,
compressed air of a predetermined pressure is supplied to a
sealed space 30 between the inner surface of the dome-shaped
portion 1la and the abrasive member mounting portion 212a,
and the sealed space 30 is maintained at a predetermined
pressure to provide tension to the dome-shaped portion lla.
The center of the curvature 40 of the dome-shaped portion
1la exists on the central axis of the cylindrical portion
21la. Then the resilient abrasive member 10a is rotated
about the central axis of the cylindrical portion 21la of
the abrasive 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.

[0048]



A polishing target nmounting portion 52 which is to be nounted and fixed to
a chuck of the polishing device via a joining material 51 such as fusible
nmetal or wax is joined to the surface to be polished of the polishing
target L2 on the opposite side fromthe concave surface. The chuck, not
shown, of the polishing device is rotated, and the polishing target L2
rotates about its own axis at a predetermned rotating speed. The chuck is
adapted to have air pressure appligdzghgreto so as to be capabl e of
pressing the polishing target L2 against the resilient abrasive nenber

10a at a predeterm ned polishing pressure. In addition, the chuck for
supporting the polishing target L2 of the polishing device perfornms such
SW ngi ng not iZorpalhiathitte wadiget efourdtiatd aowfiarthe pothishl nig tler deg L2

reci procates between the portion near the apex and the end of the

done- shapedntpdrandnfixed Theaceeek of e gphishbed oRedicsubstantially
cones into alignment with the center of curvature 40 of the .resilient

abr asi vel pbbed Meberimb 2kisueh aotEesbhlermehal CRUER*sUPpdPLRRY the

polishing target L2 always passes . through the center of sw pging notion
41, [0045p CHRCRUBERFENTAgPE AROLhBNRTI i FHES BPLISRERG FRZPPFeHt Ohbr asi ve

nmenber 10a on whi ch the abrasive pad 13 (See FLg. 1)..i h d th
sur f ace F%%r%BPOﬁéEeasf@ﬁsFBﬂmaEBEiEanc? %rﬁPB%gFea LF%%e?gpﬁkgeaggntefnal

pressuresgggnlSo%o£ﬁéegoii§ﬁing 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 1la. The center of swinging motion 41 substantially
comes into alignment with the center of curvature 40 of the
resilient abrasive member 1lla. The axis of rotation of the
chuck supporting the polishing target L2 always passes
through the center of swinging motion 41.

[0049]

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 predetermned rotary speed about its own axis, while the polishing
target L2 is pressed against the resilient abrasive nenber 10a with a
predet erm ned polishing pressure while being rotated at a predeterm ned
rotary speed about an axis passing through the center of curvature (center
of - rotation) 40 and, at the sane tine, the polishing target L2 is swing
whi | e supplying slurry 61 containing abrasive material onto the surface of
the resilient abrasive nmenber 10a fr ma nozzle 60. [0050] In this case,
polishing can be carried out under suCh conditions that the internal
pressures to be applied to the resilient abrasive nenbers 10a, 10b are,
for exanple, 0.2- 1.2 kgf/cnR2, the rotary speeds of the resilient abrasive
nmenbers d0aa pbbdererminedexahptre, spOed0@boph it s, owehaxisptehilepeed of
the polishing target L2 is, for exanple, 1- 30 rpmnmin., the sw nging speed
is, for exanpbbisiling teraet LZrbsnPressafdaghénpbl FBai A§SptesBhre is, for
exampl e, 3-30 kgf /cn2 . [0051 In the first stage, of ,the polishing
process, abhesiverperpes 1AatMetbuteprpdetprBiaedapeilshiPEePEGPTRESsur f ace

~to be polished of the polishing target L2 is nainly polished by the
resi | i envhpbeiBAIAG ﬁ@gﬁéﬁdlea.a[Eegéft@r@Bned rotiry speed abott 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
materiél onto the surface of the resilient abrasive member
10a from a nozzle 60.

[0050]

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 10a, 10b are, for example, 50-500 rpm/min., the
rotary speed of the polishing target L2 is, for example, 1-
30 rpm/min., the swinging speed is, for example, 1-20 to and
fro/min., and the polishing pressure is, for example, 3-30
kgf/cm2.

[0051]

In the first stage of the polishing process, the
curvature in the outer peripheral area of the curved surface
to be polished of the polishing target L2 is mainly polished
by the resilient polishing member 10a.

[0052]




Subsequently, in the second stage of the polishing process, as shown in
Fig. 3(b), the resilient abrasive nenber 10b is nounted to the abrasive
menber nounting portion 121b of the specific abrasive nmenber nounting jig
20b, and polishing is carried out as in the first step of the polishing
precess. In the second step of the polishing process as well, the center
of swinging notion 41 of the polishing target L2 substantially comes into
alignnent with the center of the cgrggtgre 40 of the dome-shaped portion
Ilc of the resilient abrasive nenber b. I'n other words, as shown in Fig.
3, the lengths of the cylindrical portions 21la, 211b of the abrasive
menber nmounting jigs 20a, 20b are determ ned so that the center of

curvat ure 40 safoscmetdries, simapde paddrohstdgs dfl e wdsidoimss i nto
alignment with the center of sw nging notion 41 when the abrasive nenber
mount i ngpFogss 20aas 28Hoen el molihg ed3 tlo) + heh@oreshl hgnEesPE@sSivand t he

hei ghts at which the resilient abrasive nenbers 10a, 10b are held can be
changed membére L@ptisahodntedt fonthsi aleeashee ceafRer FFOUNFHYPng notion 41
aligns substantially wth the center of curvature 40 of {he dope-shaped
porti onsportion|12lfof hehe e8PEFEAEC aBPERT VB BFBRES BOANT1RY, I8Ad t he

rel ative di stance between the surface to be polished_and, th resilient
abr asi veZ ¥enmbaiRrd H@h}sﬁﬁ%gi%sh%?ﬁrh%ﬁs?gﬁt?sth% EEErFéﬁﬁttﬁgﬁg 8§Iished i's

ol vays kept [ even contact uith;,the syrfaces of the [gi LLentagesi ve

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
11lc of the resilient abrasive member 10b. In 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 1la, llc always comes into alignment with
the center of swinging motion 41 whenvthe 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
1la, 1llc of the resilient abrasive members 10a, 10b, and the
relative distance between the surface to be polished and the
resilient abrasive members 10a, 10b is held constant, the
surface to be polished is always kept in even contact with

the surfaces of the resilient abrasive members 10a, 10b, and



hence even polishing is achieved. [0053] In the second stage of the
polishing process, the curvature in the central area of the curved surface
to be polished of the polishing target L2 is mainly polished by the
resilient abrasive nenber 10b of large curvature. [0054] Wth such a
nmukti - stage polishing nethod, even when the surface to be polished of the
polishing target L2 has curved surfaces of significantly different
curvatures, nore even and quicker polishing in conparison with the case of
polishing with a single type of the resilient abrasive nenber by the
curved surface of large curvature in the central area is achieved by
polishing the curved surface of Ilarge curvature in the central area with
the resilémre ewdm asd Vesmbnbers 1@bheedhg t he dome- shaped portion | 1c close
to the curvature thereof, and polishing the curved surface of smal
curvature in [tf3dut er peripheral area with the resilient abrasive nenber
10a having the dome-shaped portion |la close to the curvatyre thereof. In
the first stdde Wdfe arOnsblsiATn P hHrideRe Eih ik RGP st of the
pol i shing process, the resilient abrasive nmenbers are changed.. It is also
possi bl eCepvaHangel® hehe cSePFERt abPasPbetRRnDRTVEF oF tRES T FP sPest age of

boi 1 5 UReLEEHER aFE afeh B TRRLE0 ggeraet 12 s MEiREY! BOLIGBACEFSS AnC

the resilient abrasive member 10b of iarge curvature.

[0054]

With such a multi-stage polishing method, even when the
surface to be polished of the polishing target L2 has curved
surfaces 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 the curved surface of large curvature in the
central area is achieved by polishing the curved surface of
large curvature in the central area with the resilient
abrasive member 10b having the dome-shaped portion 1llc close
to the curvature thereof, and polishing the curved surface
of small curvature in the outer peripheral area with the
resilient abrasive member 10a having the dome-shaped portion
lla close to the curvature thereof. In.the first stage of
the polishing process and the second stage of the polishing
process, the resilient abrasive members are changed. 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
out er peripheral area of the surface to be polished in the second stage of
t he polishing process. The order of the polishing procedure is not limted
in the nmulti-stage polishing nmethod of the present invention. [0055]
Ret-erring to Fig. 4, a polishing device which can inplenment the polishing
nmet hod of the present invention will be described. Fig. 4(a) is a front
vi ew of the polishing device, and Eigo 4(b) is a side view [0056] The
pol i shing device 100 includes an abraSive nenber holding drive 110, the
abrasi ve menber nounting jig 20, and a polishing target holding drive 120.
The abrasive nmenber holding drive 110 includes a rotating table 111 which
is rotahedfabouto the perishat baxitheyf brsmtotagaoet sHewpokbshimat t he
mounting portion 2111 at the lower end of the cylindrical portion 211 of
t he abr gstomesenret thamuter jperipteral deterxhebl hatsaehrer t tPR rotating
table 111. The abrasive menber nounting jig 20 can be rotated at a
pr edet erpo Wethedt b ythperrcenbst bade 2 F yrrdRe L SREM RFOCeSF s of e he
cylindrical portion 211, that is, about a line conpectin th center of
cur vat urerd@r o3 £ t e derrel SHERBPTYeRERER 19 BTt hEMt BeF I +8nt Sbr asi ve
menber and the apex of_ the done-sﬁgpeg gortion 11 by nmount i ng the abrasive
menber -Mwhti-stage polishing method’o he presént iInventlon. ;
[0055]
Referring to Fig. 4, a polishing device which can
implement the polishing method of the present invention will
be described. Fig. 4(a) is a front view of the polishing
device, and Fig. 4(b) is a side view.
[0056]
The polishing device 100 includes an abrasive member
holding drive 110, the abrasive member mounting jig 20, and
a polishing target holding drive 120. The abrasive member
holding drive 110 includes a rotating table 111 which is
rotated about the vertical axis by a motor, not shown, so
that the mounting portion 2111 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. Al so, piping for conpressed
air, not shown, is provided on the rotating table 111 so as to be
connected with the hollow portion of the cylindrical portion 211. [OOS71
Furthernore, a swinging unit 121 and a polishing target holding unit 122
whi-ch is swng by the swinging unit 121 are provided as the polishing
target holding drive 120. The swinging unit 121 drives a crank 121 which is
rotated by a notor 1211 via a beIt_tg nsm ssi on, and swi ngs the polishing
target holding unit 122 which is connected to the crank 1212 via a
connecting rod 1213. The polishing target holding wunit 122 is adapted to
be capable of swinging in the fore- and-aft direction between the vertical
di rect i amwandindejid il i tedtlgtet ahindetdakbk kibe abbiR, tHEPCEMF nfPhg axi s
1221. The polishing target holding unit 122 is provided with an air

cyl i ndercd®?e $ sed raji wertd tashgwrlownsvap kP ohdedr Heh@ofotakhey at Ptk 1224
to which the polishing target nmounting portion 52 is npounted and fixed is
provi dedl Bt sheaexto dre tgonmgchediwioh Florl NObhowiPeReleR rotythfider 1222.
The chuck 1224 is rotated about the axis passing through the intersection
bet ween ¢helrndkhephgpaxFson22hl and the center axis of the cylindrical
portion 211 of the abrasive nenber nounting jig 20 by a notor 1225. The

pol i shi ng tar@%¥yﬂ2 can be nmounted to the polishing target hol ding unit

122 by - 32 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 121 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 rod 1213. The polishing target holding
unit 122 is adapted to be capable of swinging in the fore-
and-aft direction between the vertical direction and the
inclined angle on the back side about the swinging axis 1221,
The polishing target holding unit 122 is provided with an
air cylinder 1222 facing vertically downward on top thereof,
and a chuck 1224 to which the polishing target mounting
portion 52 is mounted and fixed is provided at the extremity
of a piston rod 1223 of the air cylinder 1222. The chuck
1224 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 polishing target L2

can be mounted to the polishing target holding unit 122 by



nmounting the polishing target nmounting portion 52, integrally forned with
the polishing target L2 via the joining material 51, to the chuck 1224.
The nounted polishing target L2 can be noved toward and away fromthe
resilient abrasive nenber 10 by the air cylinder 1222, and is adapted to
be--pressed against the resilient abrasive nenber 10 with a predeterm ned
pol i shing pressure. [0058] The polishing device 100 is configured in such
a manner that when the abrasive negb?% nounting jig 20 with the specific
cylindrical portion 211 having a |eng corresponding to the curvature of
t he done-shaped portion 11 of the resilient abrasive nmenber 10 is nounted
to the rotating table 111, the holding positions of the resilient

abr asi vemomembieng 1tharpoti $fitngntafoet tiheurespeceeveioneldzZl i ent nenber
mounting jigs 20, and the center of curvature 40 of the donme-shaped
portion idtedrahkyrésihédnvithbtlasi vel helbey taraet ghd Sudsthatially with
the center of the swinging axis 1221. [0059% I n such a polishing device
100, for]ekahpyenawtehal pdli she nghe heheehchs 4sur?%%em%¥n€ﬁ€ | ens as the
polishing target L2, the resilient abrasive nmenber 10 having the abrasive
pad 13 adhbisding tasgetrbacearneecdpved kevarddandpateYi £50Bwhl'axis at a

predeterm ned rotary speed on the - 33 _ ,
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.

[0058]

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
abfasive 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
the swinging axis 1221.

[0059]

In such a polishing device 100, for example, when
polishing the concave surface of the lens as the polishing
target L2, the resilient abrasive member 10 having the
ébrasive pad 13 adhered on the surface thereof is rotated

about its own axis at a predetermined 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
simul taneously, the polishing target L2 is pressed against the resilient
abrasive nmenber 10 with a predeterm ned polishing pressure of the air
cykinder 1222 while rotating the polishing target L2 about its own axis at
a predetermned rotary speed, and the polishing target L2 is swing by the
SWi nging unit 121 whil e supplying sLUégy_ cont ai ni ng abrasive material from
t he nozzle, not shown, to the surfacé of the resilient abrasive nmenber 10.
[ 00601 The polishing device 100 as described above is configured in such
a manner that the center of curvature of the donme-shaped portion 11 aligns
subst antiatdyindg ttabhe 1temwkilefpsovihging bensdon 122drefothetpoii shing
targets even when the resilient abrasive nenber 10 is replaced with those
havi ng doredsbhapetnhedrinbvesnal piré¢ssveatbyurdinstisy thpepeedseree9tn and
qui ck polishing is achieved by the sw nging notion of the‘polishing t ar get
L2, whi chhenatheseseed ezilyeadagbine} taheoystyackle opot hehiedi FREHE
abrasive nenbers 10. [00611 %ﬁdvanta es] According to the_polishing

met hod ob2the presepd 2evtRstokhesrasblpeit sHPRYSTvesBeHefti 4P Y1pRr f or ned

by - 34 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.

[0060]

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 those
having dome-shaped portions of different curvatures.
Therefore, 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.

[0061]

[Advantages]
According to the polishing method of the present

invention, since polishing is sequentially performed by



exchanging a plurality of resilient abrasive nenbers having dome-shaped
partions of different curvatures according to the surface to be polished,
it is possible to polish evenly the surface to be polished having curved
surfaces of a large difference in curvatures. [Brief Description of the
Drawings] [Fig. 1] Fig. 1 shows a resilient abrasive nenber and an
abrasi ve nenber nounting jig used for a polishing nethod and a polishing
devi ce according to an enbodi ment of 5Qe_present invention, in which (a)
is a cross-sectional view showi ng each conponent in a disassenbl ed manner,
and (b) is atop view showng a state in which the resilient abrasive
menber is nounted to the abrasive nenber nounting jig. [Fig. 2] Fig. 2is
a gener atxexah@itag oz ypuoskitece f onas il very o e anerkees orapoidshi ng a
surface to be polished having a curved surface of a large difference in
cur vat uréomdyshipedspontieons eef t §pEScbENTE e YRHEr @B r aSFVEI HRADEPSs. [Fi g.
3] Fig. 3 includes cross-sectional views each show ng a polishing nethod
accor di nghe¢ osanfaaeotd featPetished, pibsbntPeasEht ¢ ok PALWAR cBVERTYshows an
exanple of the resilient abrasive nmenber having a spall curvature, and (b)
shows antkgasprEace Emebe cRPLiehedabrALRYeCHERBEr SHAERRGS O &r yRY e
curvature, [Fig. 4] Fig. 4 shows a polishing device according to an

embodi meft LBPTEREe ptRsERFVARYEREr on in which (a) is a front - 35

[Brief Description of the Drawings]

[Fig. 1] Fig. 1 shows a resilient abrasive member and an
abrasive member mounting jig used for a polishing method and
a polishing device according to 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] Fig. 2 is a general explanatory cross-sectional
view showing a state of polishing a surface to be polished
having a curved surface of a large difference in curvature
by the use of three types of resilient abrasive members.

[Fig. 3] Fig. 3 includes cross-sectional views each
showing a polishing method according to an embodiment of the
present invention, 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.

[Fig. 4] 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 [Reference Nunerals] 10, 10a, 10b: resilient
abrasive nenbers; 11, Ila, Ilb, 1lc: done-shaped portion; 12: flange
portion; 13: abrasive pad; 20, 20a, 20b: abrasive nenber nounting jig; 21:
nmounting jig body; 211, 21la, 211b: cylindrical portion; 212, 212a, 212b:
abrasi ve menber nounting portion; 22: holding jig; 30: seal ed space; 40:
center of curvature; 41: center of rotating notion; 51: joining material;
52: polishing target nmounting portiogg L1, L2: polishing target [Nane of
Docunent] CLAIMS [Caim1] A polishing nethod using resilient abrasive
menbers each having a done-shaped portion, the resilient abrasive nenbers
being of a plurality of types having the done-shaped portions of different
cur vat ureisswchendictier i zede byideow®Wsi ng the step of: selecting at |east
two resilient abrasive nenbers according to the shape of the curved
surface of [Rekexendadnerdks bol i shed; and the step of polishing the
surface to be polished by the use of the selected resilient abrasive
menbers. [C z%ﬁ] 203 gl ‘srﬁer?gllrﬁr}%@%"(ﬁ ﬁr&’%r@’ai%’lﬁlﬁfar@g}’eri zed
in that each of the plurality, of r jl'fnt abrasive UEP?gr each is

assi gned 1@ oHIYTSRERPGRPT t4O04 ﬁfvit Ppge portion; L3t abrasive

pad; 20, 20a, 20b: abrasive member mounting jig; 21:

mounting jig body; 211, 21la, 211b: cylindrical portion; 212,
212a, 212b: abrasive member mounting portion; 22: holding
jig; 30: sealed space; 40: center of curvature; 41: center

of rotating motion; 51: joining material; 52: polishing

target mounting portion; L1, L2: polishing target



corresponding to the predeternined curvatures, and the step of selecting
includes, prior to the step of polishing with respect to one curvature of
the surface to be polished, selecting a resilient abrasive nenber having a
curvature which corresponds to the curvature of the assigned division.
[G-aim 3] A polishing nethod according to daim2, 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 [Craim4] in to the smallest curvature.
A polishing nethod that the step of abrasion members curvatures close
according to Gaim1l, characterized selecting includes selecting resilient
havi ng t hgadenef shapedepoit i OhAIKWSE
[Claim 1]
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, characterized by
comprising the step of: selecting at least two resilient
abrasive members according to the shape of the curved
surface of the surface to be polished; and the step of
polishing the surface to be polished by the use of the
selected resilient abrasive members.
[Claim 2]
A polishing method according to Claim 1, characterized
in that
each of 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, prior to the step of
pdlishing with respect to one curvature of the surface to be
polished, selecting a resilient abrasive member having a
curvature which corresponds to the curvature of the assigned
division.
[Claim 3]

A polishing method according to Claim 2, characterized

in that



to the average curvature of the respective divisions of the surface to be
palished of a plurality of curvatures, which are divided according to the
curvature ranging fromthe largest curvature to the smallest curvature.
[Claim5] A polishing nmethod according to Claim1, characterized in that
the step of selecting includes selecting a resilient abrasive nenber
havi ng the done-shaped portion of curvature <close to the |argest curvature
of the surface to be polished, a re§i£L§nt abr asi ve nmenber having the
done- shaped portion of a curvature close to the smallest curvature of the
surface to be polished, and a resilient abrasive nmenber having the
done-shaped portion of curvature close to the average curvature between
the | argest direyvatlurme landy tdfe dismeddlagst ang etavidest hedistrdigne the be
polished. - 3 [Claim6] A polishing nethod according to daiml,

char act esizéace i tothatpehiskedp bdvieyethée nglinel LdesoSefeEyabgredsil i ent
abrasi ve nenbers having the done-shaped portions of _curvatures close to
the curvatceedbfigthe thatearvatese ofaprgengdsfireacehe ol BIPDFi shed. [ aim 7]

A polishing nmethod according to any one of Claim1l to
curvature to the smallest cCurvature.

[Claim 4]

A polishing method according to Claim 1, characterized
in that

the step of selecting includes selecting resilient
abrasion 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.
[Claim 5]

A polishing method according to Claim 1, characterized
in that

the step of selecting includes 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 curvature 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.



Claim6, characterized in that, in the step of polishing, polishing is
performed by substantially aligning the center of curvature of the
done-shaped portion with the center of sw nging notion of the polishing
target while rotating the polishing target and the resilient abrasive
mestber about their own axes, swi nging the polishing target and the
resilient abrasive nenber with respect to each other. [Caim8] A
pol i shing method according to any one of _Claiml to Caim?7, characterized
in that the done-shaped portion of the resilient abrasive nenber is forned
of a resilient sheet into a hollow done shape, and the step of polishing
i ncl udes polishing while applying pressure to the inner surface of the
resilienfCtaemt 6With a pressurized fluid injected into the holl owed
portion to provide tension to the done-shaped portion.
A polishing method according to Claim 1, characterized
in that
the step of selecting includes 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.
[Claim 7]
A polishing method according to any one of Claim 1 to
Claim 6, characterized in that, in the step of polishing,
polishing is performed by substantially aligning the center
of curvature of the dome-shaped portion with the center of
swinging motion of the polishing target while rotating the
polishing target and the resilient abrasive member about
their own axes, swinging the polishing target and the
resilient abrasive member with respec¢t to each other.
{Claim 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 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.



