- 1 - Description Title of the Invention Coating Apparatus Technical Field
Thi s invention relates to a coating apparatus which can perform for

exanpl e, high quality photochrom c coating of a |lens for spectacles, etc. 10
Background Art Anong materials which change in col or when exposed to
l'ight is a photochrom c substance. The phatochrom c substance has the
property that its structure reversibly changes 15 according to the presence
or absence of ultraviol et radiaticnbéé%ééyygg%i n absorption spectrum This
property results fromthe nature that nan isomer is irradiated with

i ght of a particular wavel ength, the single chem cal substance, under the

action of I&g@i 5§vgﬁ%i9£¥eRF?ches an i soner having a 20 different
m e

absor ption speciru resultrng different isomer is restored to the col or
of the original iGoaeindyApeatabus!|i ght of a different wavel ength.
PhotochEpnic spectacles utilize the above nature of the photochromc
material” for lenses. In an outdoor environnent 25 exposed to light including
ul travi ol etTeadhathdnrisugh as sunlight, the photochrom c spectacl es have
their lenses rapidly colored to function as sungl asses. In an indoor

envi ronnent wi t hotR12xFoEntd b Irlghes the coasda % aRRAFBT Rttt iTh &

ordinary trgasparRNt rSPGIAI RS, nYNewa 1Ry heHSt 56K r Bndushgidg | Sns havi ng
phot ochrom ¢ property include a nmethod of ifpregnating the surface of a
non- phot ocht8hf cEPENSPRFEACAePhoeBERr oni ¢ conpound; a nethod di ssolving a
phot ochrpm ¢ coating fluid in a nonomer, and pol ynerizing the solution to
obtain a photochromc | ens

Background Art

Among materials which change in color when exposed to
light is a photochromic substance. The photochromic substance
has the property that its structure reversibly changes

15 according to the presence or absence of ultraviolet radiation
to change in absorption spectrum. This property results from
the nature that when an isomer is irradiated with light of a
particular wavelength, the single chemical substance, under
the action of light, reversibly produces an isomer having a

20 different absorption spectrum. The resulting different
isomer is restored to the color of the original isomer by heat
or light of a different wavelength.

Photochromic spectacles utilize the above nature of the
photochromic material for lenses. In an outdoor environment

25 exposed to light including ultraviolet radiation, such as
sunlight, the photochromic spectacles have their lenses
rapidly colored to function as sunglasses. In an indoor
environment without exposure to light, the lenses fade to
function as ordinary transparent spectacles.

30 Known methods for producing a lens having photochromic
property include a method of impregnating the surface of a
non-photochromic lens with a photochromic compound; a method
dissolving a photochromic coating fluid in a monomer, and
polymerizing the solution to obtain a photochromic lens

35 directly; and a method providing a layer having photochromism



35 directly; and a nethod providing a | ayer having photochromsm - 2 - on
the surface of a lens wth the use of a coating agent containing a

phot ochrom ¢ conpound. O the above-described nethods for producing a
Fens, the coating nethod, which coats a photochromc coating fluid onto 5 a
| ens, involves ejecting a photochrom c_cga;i ng fluid fromthe nozzle of a
barrel containing the photochromc fluid®to the surface of the lens, while

rotating the lens, to_carry _out .spin coati t hereby form.n coatlng

| ayer on th&" s%ﬁ?a@@rgﬁctehéfl gnéegéow gg‘ ﬁ%‘geustehg% écﬁﬁ&lt& 6‘!9 ®Pdpanese 10
Unexam ned BaheatnPull iac phioddcheomd@0Goap4dnd.i s avail abl e as an apparat us
whi ch can coat a gl urality of Ienseﬁgcontl n%g%sl and the technol ogy of

Japanese Unexami n8 Bt 8RPVPGAFSEALPEA Meth 5 OF1RBISUFLNG Pl PR &

apparatus eguapped MétRodn widi lc@@xsnscgm&dmf&hcsab@@dh@gfﬁume&ﬂw f I ui d
on a lens 15 with'the use of a flexible film In spin coating with

t he phot%ch@oﬁfﬁe%oaﬁr’ﬁé‘fﬁﬁu?alecrf-ngsan@lﬂom@é%@aw terEHamgel Wié Beaing of

t he appar at n S and ng the
sanme gradi etrtlltfﬁel gt)tztélj!%ebgoit ggrEQHgmgélg?aiMPﬁ?he co%??%g fl(?ﬁldél S ZOClIItae(/)(5 be

applied to the senfadefdleitdst lenSsqu@dogﬁédMnthellten%, fecessayyouo adapt
t he appar at ys ;1.0 ap e I i f e d
gradi ent of ?Jl% Fé%glgpé %%%\%ﬁgeﬁ%ﬁgﬁ%%é] Cio%éasgfﬁgxe& ?Brﬁégaéplg};%% é1us can
be adapted d thei depst.t eFor dskampéehetghtteuﬂngitagyeof dapthestens are
unkno 25 1t is.co tqQ .inv stl ht an adi ent of
the T ent0 andReahd FERere s B e At i Foor AT E- $ 2508 i R Rt e

nozzl e in acecisisace: ws Wihiahpesh toak §pllhedlh@ytdm€lbﬁ@§s dohtsifiub By ) ng the
|l ens with the photochrom ¢ coa flurd havi ng1 h Vi Scosi t nor eover,

the probl em?3¢ EP?SE%CI?IH%%O%Y/&% J%ptaﬁ‘@sﬁr H5gxedipge c%ﬁ?‘?‘i‘f‘ L¥caekPRiur i ng

rotation, tixe.coabbno1hbuBdi HiEJA M AhstaRedgherals edae ppedt k9hoint he
| ens, and drops onto the side surface of the lens. The present

i nvention hasxdddrrycEerberdsad fra eRECRAGRE 85CoAtsNEhfERi@UPRLANERIZS It is
an obj egt of,ithe thaVeRtd @F 10 flexdble film.

In spin coating with the photochromic coating fluid, it
is not necessary to change the setting of the apparatus, if
the lens of the same type and the same size and having the same
gradient is to be coated. However, if the coating fluid is

20 to be applied to the lens different in size and gradient, it
is necessary to adapt the apparatus to the shape of the lens.
In this case, if the height and gradient of the lens are known
beforehand, the setting of the apparatus can be adapted to their
pattern. If the height and gradient of the lens are unknown,

25 it is common practice to investigate the height and gradient
of the lens anew, and then adjust the height of the lens or
the height of the nozzle in accordance with a position suited
to the lens. 1In spin coating the lens with the photochromic
coating fluid having high viscosity, moreover, the problem

30 arises that even in the presence of centrifugal force during
rotation, the coating fluid builds up at a peripheral edge
portion of the lens, and drops onto the side surface of the
lens.

The present invention has been accomplished in the light

35 of such circumstances. It is an object of the invention to



provi de a coating apparatus which can detect the height and gradient of a

| ens* autonmatically and easily, and can form a stabl e photochrom c coating
film 5 Disclosure of the Invention The coating apparatus of the
present invention, for attaining the above object, is a coating apparatus
conprising: a centering device for deterpining a center of a lens; a lens
hei ght neasuring device for neasuring a g}édient of the lens 10 ranging from
a center on a face side of the lens to .edge portion on the face side of
The'Tlens; aPEPYALE 71 GACABHI FEREORCHBVFRECE oraRoat et shf (oo g
fluid onto yhedieee sifda DEnkhgutensthbyadnyeheglEéQsingZzied GarfdBt a

spi nning device for rotating the lens coated with the prinmer coating fluid
at 15 a rot &PERS PERECFNEORAST PG TGSt e 1§radi ent of the lens: a drying
device for drying the priner coating fluid coated onto the lens; a
photochrom c fluid applicator device for coating a photochrom c coating
fluid onto Rigclesure oh &bgt d9VeREdohhe | ens; a photochronic spinning
device for rotati t ict h c ¢ seoati fluid
at a rotational sgggdbggkggénégpggg%%g ggagpgn?rgggﬁﬁeﬁﬁg%??lgﬂd g%%v devi ce
for irradi atithginiadg ens abeviechbhast baena csttedhgvephatrhsuphoererhy oing:
coating fluid 1 . i i i.troge t to cyre_a ting

| ayer, mhergiﬁeﬁggglégléégpé%:%%%f%%Fﬁggﬁgﬁﬁcg?égﬁgéféﬁg gFgﬁf %gg%%?ing
devi ce, the heriighr mepsnriing device, féhenarsimigevigeadiehe photioehroms c

spi nni ng_devi ce,, and the UV device has_a | ens support portion for s orting
t he Ieng(,) aﬁ(‘]mgllné’ngrPF‘aﬁ‘sSSPfgeﬁeSHsacgﬁSBI alde 8Ea{1§?ef‘???lgt? h%%%(ﬁ@ s is
provi ded. 3@rtaBneshatidrEnteadidde rabiy aedRSCaigieithd N¥ENL Upp I hea€ent eri ng
device, the |ens height neasuring device, the primnmer spinnjng _device, the

dryi ng devi S&8ViFe IpRoFBRRLBHI @ R P\t & 1 udr onke tRhededreeShde being

di vi ded int ¢father TRhsIbQURnaBYeatlidht 86291 84Pa asEOhEE NgoifnEn§egeieNse of a
coating 35 operation for the lens; the |lens transport neans coggrlses - 4

a pair of hd&edl ra§adénscele i KQAteg WAthr B mIpae mereéingi fduildgatbout a
shaf t: 4N 0l k@ HP ALk ROELHPBEnel HBVLAESoPeoBALNG ! EntEeh Ot BT
group is being disposed inside a track of one of the handling devices of the
| ens transpoirty ifigndans ceahelr ebyhing thengrsmeporaatpiorg ifdmg dofodeeidcesto

bel onging tq,th tter ' [ i i.nsi r t he
ot her handl&ﬁf gb?éegoﬁﬁ§§égﬁéﬁgpﬁfgﬁ§%%r?ﬁﬁégﬁggﬁgggvgfgtgégrgé%%gfgve
| ens suppor ta phcttioohs oofict keaftangef lgidupntbhe pensesuppbnt cpatédoontised
finally in the Eg uence
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handl i ng0odevozd.ed with the photochromic coating fluid at a rotational
speed conformed to the gradient of the lens; and a UV device
for irradiating the lens, which has been coated with the
photochromic coating fluid, with UV light in a nitrogen
atmosphere to cure a coating layer, wherein each of the

25 centering device, the lens height measuring device, the primer
spinning device, the drying device, the photochromic spinning
device, and the UV device has a lens support portion for
supporting the lens, and a lens transport means capable of
transferring the lenses is provided.

30 In an embodiment of the above-described invention, the
centering device, the lens height measuring device, the primer
spinning device, the drying device, the photochromic spinning
device, and the UV device are being divided into a former group

and a latter group according to a sequence of a coating

35 operation for the lens; the lens transport means comprises



In an enbodi ment of the above-described invention, the 15 fornmer group

i ncl'udes the centering device, the |ens height neasuring device, the priner
spi nning device, the |l ens drying device, and the photochrom c spinning
device, the latter group includes the UV device, and the | ens support
portion of the photochrom c spinning deyice is disposed inside the tracks of
20 both the one handling device and the other handling device. In an

enbodi ment of f. - i inventio lyrality _of the |ens support
portions ofa#ﬁgnféﬁ£?%§§ﬁﬁgﬁ%é@ﬁgékgﬁﬁgﬁg'g?ﬁ%ﬁ§e§5 8%@ ERSPSEa Fﬁ%eéf t he
UV devi ces giwpthinqrabnged £ fit aneaphodifmeeh sokupbe rabpvetdeser idfed

invention,(ﬁﬁlens %%h%ht.differﬁgfﬁ bet ween two pgintscg%;a center .af a | ens

surface of et Tehs suBH&rntge%ot}y (e)rrcrz‘gﬁt%rr?ur%ljsi ge%lrﬁ% FSt57t P8¢5 on on

the | ens sui ftacekspdcedef bonthdehamedl g i dedietected thye detenseanppovicded in
the I ens hei ght neasuring sensor. 30 In_an epbodi nent, of, t he above-descri bed
nvent 1 o, TS e ROhERGHS hedilT FHEPARH BBt CONRF| Sog oy deBbe 10AE 166 of a
light emttes did 1erftddd Rrqud 1ighbednd Ailsipdifed aeeiivRY af @F-adet e¢t ikhg t he
light emtted fromthe light emtter, and the height of the lens is

det er mi ned W ether drrndlibriede ek dhg thanp ey mganson endt he

light deteclfngalrldedtiight 1e8s" 8GEPYBE PYri6ns & the forme? e%%gtzodi ment
of the above-described invention, the prinmer coating fluid is coated onto
the surfacethd lans Isappontti berthencpeedi bhnabky| n dihe [reguanas ofl gihe

appl i catyor Lce. 5. I i c trai ght
l'ine cgtr?nect %fg&?)h%n cl(}n'lt%grlr}’g;f @?\ég)%ssgtpf ggg %#‘f?hjgn%{eﬁésn?g@gcnﬁe ggyfpgrht%i on of
t he surfacehaidlimg |demsice but imside epbodi nerk of the abbhee-kesdiibegd

i nvention, Qg.ggating apparatus further conprising a coating film 10

uni f or m zi ny- devi ce having a flexible filmfor spreading the photochromc
coating fluid on the surface of the lens, wherein the coating film

uni form zi ng device spreads .the photochromc cpating fluid on the surface of
Uhe Dor i e P P TRB P B it GHYan H A Req prgan kil Hhe
connectiisng o r@toup includes the centering device, the lens height

measuring device, the primer spinning device, the lens drying
device, and the photochromic spinning device, the latter group
includes the UV device, and the lens support portion of the
photochromic spinning device is disposed inside the tracks of

20 both the one handling device and the other handling device.

In an embodiment of the above-described invention, a
plurality of the lens support portions of the lens drying device
can be arranged, and a plurality of the UV devices can be
arranged.

25 In an embodiment of the above-described invention, a lens
height difference between two points at a center of a lens
surface of the lens supported by the centering jig and at other
location on the lens surface spaced from the center is detected
by a sensor provided in the lens height measuring sensor.

30 In an embodiment of the above-described invention, the
lens height measuring device comprises at least one set of a
light emitter for emitting a light and a light receiver for
detecting the light emitted from the light emitter, and the
height of the lens is determined based on an information

35 resulting from interruption of the light detecting at the light



15 portion of an upper surface of the lens to an edge portion of the upper
surface of the lens and by contacting an edge portion of the flexible film
wi th the photochrom c coating fluid during the novenent. In the
above-descri bed invention, one of the | ens support 20 portions can be forned
to be novable, and two of the respective | ens support portions can be
rendered common by the one | ens support Ppotrtion. In the
above-described invention, it is preferred that the coating apparatus
further conpetsitgrabel enai ngneozzl e for 25 cleaning a back of the |lens

supported by the primer spinning device by discharging a solvent toward the
back of the |ens. Pn'an em?q%r&b&fe-taés%}g‘i"ﬁ%bd?%QEhkP‘?%nl,mﬁm’szorbf dihg red

that the coa&&mgraeeawhﬁsﬂuiahfé EOEREH S & V& il th @ R idges Wi thin
a range of novenent of the ejection nozzle of 30 the priner coating device,

wher ei n t hewhaileitdye eaaktsoomes zl esof vére pfomepridvdnt appl soktdr fdeszitdeon of
the primer ¢oallng,flaydh By diaping,Lbe; shection nagsl e of Lheqpriyer,
I(s, g ol ven en ]1? e € o} q

coating device in'the s ej ecticon nozzPé T w n-operation.
351 n the abevandesdnigbetei oerbtroof theisupfatersfdtlidialens o -art keigoat i ng

apparatus further conprising a spatul a di sposed in surroundings of the
phot ochr ori BOEHLRRAI R H@@iégffﬂﬁérQﬁntPﬁei§B§tula is capable to contact with

a side surface of 1 hen |GoSURRA ¥ tRY LBSvELL 96 P11984 Ci [SRbiiH &g, dayd ce

during 5 coating with the photochromc coating fluid. Brief Description of
t he Drawi ngsoating appprgtus fyrjhger spaprigang; awcorswngg fiha whol e of a

coating APPALIEUSGER59409: L8 ALy BIPIA TR it E9SmPESR e rdfal Ny &Hd O
photochromic coating fluid on the surface of the lens, wherein
the coating filmuniformizing device spreads the photochromic
coating fluid on the surface of the rotating lens by moving
the flexible film along a linear track connecting a central

15 portion of an upper surface of the lens to an edge portion of
the upper surface of the lens and by contacting an edge portion
of the flexible filmwith the photochromic coating fluid during
the movement.

In the above-described invention, one of the lens support

20 portions can be formed to be movable, and two of the respective
lens support portions can be rendered common by the one lens
support portion.

In the above-described invention, it is preferred that
the coating apparatus further comprising a cleaning nozzle for

25 cleaning a back of the lens supported by the primer spinning
device by discharging a solvent toward the back of the lens.

In the above-described invention, it is preferred that
the coating apparatus further comprising a waiting tank
provided within a range of movement of the ejection nozzle of

30 the primer coating device, wherein the waiting tank stores a
solvent for preventing solidification of the primer coating
fluid by dipping the ejection nozzle of the primer coating
device in the solvent when the ejection nozzle is not in
operation.

35 In the above-described invention, it is preferred that



Fig. 2 is a flowhart for a coating operation using the coating apparatus

according to the enbodi nent of the present invention. Fig. 31is
a perspective view of a centering device 15 disposed in the coating
apparatus of Fig. 1. Fig. 4 is a sectional view of the centering

devi ce di sposed in the coating apparatus of Fig. 1. Fig. SAis a

perspective view of a state in which al®ns is set in a |ens height
measuring sensor shown in Fig. 1. Fig. 20 5B is a perspective view of a
state in whthé tbetcegtappafathe fenshes admpacisichdla epatsdres i spaised Fi g.
5C is a perspective v'em1ofj€ %%atg %n ﬁhich a_location, of. the |l ens .ot her
than the cenPetdFOWRIRISR I ENRIBEREPSBASTPIINNY HYY 1684 YNEIEIN i onal
vi ew showi ngha spatela nisiagubike t25 coafactuppent ds bye asspfae ngr haft of a
priner-side_| ens support device of Fig. 1 is coated by a priner applicator
devi ce. lengj gupporked Becthenghotpehrerig FRABNARTIHEVHELt FBALBY the

SPi nni ngs Shabl ohqt NELAr LAE! pRLABChEBRI SUBBAL ngeriGeqol Fig. 6. S0Fig. 8 is
a sectional V|em18f t he surrgun Ings of a cleanfng nozzle portion for
cleaning a primer coating fluid. Fig. 9 is a sectional view of a

wai ting tank for preventing dryi of _a coating fluid at a tip portion of a
nozzl e provﬁﬁéafiﬁeFﬁﬁlEEégpn8¥agggrQfﬁglggsFig. 1. 35Fig. 10 is a
perspective view piga lefs dryéngpboxive vViewpshuywied tRethRoleabing
apparatus Ogogkghglépparatus according to an embodiment of the present

10 invention.

Fig. 2 is a flowchart for a coating operation using the
coating apparatus according to the embodiment of the present
invention.

Fig. 3 is a perspective view of a centering device

15 disposed in the coating apparatus of Fig. 1.

Fig. 4 is a sectional view of the centering device
disposed in the coating apparatus of Fig. 1.

Fig. 5A is a perspective view of a state in which a lens
is set in a lens height measuring sensor shown in Fig. 1. Figqg.

20 5B is a perspective view of a state in which the center of the
lens is detected by one sensor unit. Fig. 5C is a perspective
view of a state in which a location of the lens other than the
center is detected by the other sensor unit.

Fig. 6 is a sectional view showing a state in which the

25 lens supported by a spinning shaft of a primer-side lens support
device of Fig. 1 is coated by a primer applicator device.

Fig. 7 is a sectional view of a leading end portion of
the spinning shaft of the primer-side lens support device of
Fig. 6.

30 Fig. 8 is a sectional view of the surroundings of a
cleaning nozzle portion for cleaning a primer coating fluid.

Fig. 9 is a sectional view of a waiting tank for
preventing drying of a coating fluid at a tip portion of anozzle
provided in the coating apparatus of Fig. 1.

35 Fig. 10 is a perspective view of a lens drying box



Fig. 11 is a front view of the lens drying box provided in the coating
apparatus of Fig. 1. Fig. 12 is a sectional view showing a state in which
the 5 | ens supported by a spinning shaft of a photochrom c-side | ens support
device of Fig. 1 is coated by a photochromc fluid applicator device.

Fig. 13 is a partial enlarged view of the photochromc fluid applicator
device of Fig. 12. 10Fig. 14 is an enlarbed view of a Barrel provided in the
phot ochrom c¢ fluid applicator device of Fig. 12. Fig. 15 is an

enl ar ged sipeoviéadoinathpaCGhaimgxhpgarhgusoofpFégenﬂLng a photochronic

fluid for the Ie adher ta the surface of t | ens. Fi g.
is a sectional tﬁ%&‘é Vp]reoWn ?eg?‘e f?ﬂ% o4t h oaf'p;?zf tlﬁge f F
1. Fig. tﬁé téaamngnhppgﬁdtﬁecbfomab view of a W lanp of the W
device of Fig. 16 Fig. 18 is a V|em1correspond|ng to the coating

apparatus 20 of HBiHd- 112 ésp%r%eﬁécltqr\?el ViEW FAPVIng isStatendn el $hiifehs of a

handl i ng;, deyég§.-supportedb$-a Js?ﬁ\nlrﬁn@ SRttt ¥Rk m@%&{r&nﬁéa&ﬁdé rlée«m ch the
hei ght of the lens is neasured with l'aser light fromthe | ens hei

measuri ng sénBpPrs&hdarira ¢fgFig. Figs 99812? aySécph@ﬁaphvp@wczﬂpéﬁi

illustratin e the edge position of the lens. Fig. 19Cis a
secti onal 98€?$?5 %tg XR?% whi ch prinmer coating is applied to the |ens.
Fig. 19D is a secFiognal3\isew phraisflabelangedi chephof cdte giot cedatamige i s

lied t | Mode f i Qut the | ti A
o aopkiite Raiitatnt 089 Re BrnEaPmah or the oreoent | mvention wil

now be xescri bed mgh r£fiey aRceni orfbe wrLe&w@AYBAGrdlaptHgsded in the
photochromic fluid applicator device of Fig. 12.

Fig. 15 is an enlarged side view of a spatula fixing jig
for preventing a photochromic fluid for the lens from adhering
to the side surface of the lens.

15 Fig. 16 is a sectional view of a UV device provided in
the coating apparatus of Fig. 1.

Fig. 17 is an enlarged sectional view of a UV lamp of
the UV device of Fig. 16.

Fig. 18 is a view corresponding to the coating apparatus

20 of Fig. 1, a perspective view for illustrating the motions of
a handling device.

Fig. 19A is a sectional view of a state inwhich the height
of the lens is measured with laser light from the lens height
measuring sensor shown in Fig. 5. Fig. 19B is a sectional view

25 for illustrating how to lead to the edge position of the lens.
Fig. 19C is a sectional view of a state in which primer coating
is applied to the lens. Fig. 19D is a sectional view of a state

in which photochromic coating is applied to the lens.

30 Best Mode for Carrying Out the Invention
A coating apparatus according to the embodiment of the
present invention will now be described with reference to the
accompanying drawings.
Herein, the description is presented, with the X-axis

35 direction of the coating apparatus of Fig. 1 being the width



Herein, the description is presented, with the X-axis 35 direction of the
coatd ng apparatus of Fig. 1 being the width - 8 - direction of the coating
apparatus, the Y-axis direction of the coating apparatus being the
front-to-rear direction, and the Z-axis direction of the coating apparatus
bei ng the up-and-down direction. 5A coating apparatus 1 showmn in Fig. 1is
an apparatus for formng a coating fil-m&n a | ens. The apparatus for coating
treatnment is an apparatus for performng prinmer coating treatnent (nmay

her ei naft erdbeecefenrefl the aogrimerappeatatng, daidce phetdchddmer tdeat iafy

t r eat ment (grﬁl% her.ei naf t er bec 10, r ef eréﬁd iLo()r';g§_1£h_C)t ochromi c coating).in a
phot ochr om o%qéftrfd’%l’a(?(?@srsa su[aPFilﬁa Th 1 ehs fearih larsecptrle?rf’eft nt and
endi ng wit htlaangabkhg shoastibe &fovkbacbabingi gpparatus belhg €hating
apparatus 1 is equipped with a centering device 2 for determ ning, mainly,

t he central ulbﬁ%’ilgl“égw%fd%ﬁ%CESOT‘ens, a lens height neasuring device 3 for

measuring the heightonth@rasheded 1 hadaDsin arilf.l eI SRINNRIgHG daviLe 4
for supporting and rotating the |ens during primer coating, a primer fluid
appl i cat or Hevifeargnigor cosdtlinggt blpennedeasat i Hige APwad agmsof e heoawrifngce of
t he | ens, [ Vi dr yi ne coat | ' oated onto
the | ens, :t%ﬁ%?%%{#o%gcggp%ﬁﬁ?gafc‘gévfgg é(g%ggrégggop?ﬁhgga%éwrcg{lgti ng the
| ens duri ngt pbatoeht ofmay deata TR £ teephet oelieomed £buasl appld c atoart idey)i ce 8

f ti hot ochr oni ting fluid onto the surf the |ens,
coating. 1 FRGNPROTHT 2P R Beurebs 8t bf P BROBE: K45 EoRSPaRE SERESr 1 m

thi ckness oftetbere@aid A8 pgHatstrroniie cbans ngiM tlavibieesodi¥r ordic fodatGig ng t he
coating fluid, and a pair of handling_devices 12 and 13 for transporting the
| ens. PPP@%.SSSS%W%HEJW‘QI@%%?@PFH@ Hovires reaftgentnend &adinghd t he

centering dgyigeagnbsl ¢thgPeRegni Pna keblicahde Bergign 30 of a base stand 16
of the coating apparatus™1l. The centering device 2 has a nearly rectangular

outer peripheral Bhepecahingeappaizbntal dreavippedndithnaacenbaringw as
R L S
center.1A slans; shaped Istiegpetepsntriog device 3 for measuring the height
and gradient of the lens, a primer spinning device 4 for
supporting and rotating the lens during primer coating, a
primer fluid applicator device 5 for coating a primer coating
fluid onto the surface of the lens, a lens drying device 6 for
20 drying the coating fluid coated onto the lens, a photochromic
spinning device 7 for supporting and rotating the lens during
photochromic coating, a photochromic fluid applicator device
8 for coating a photochromic coating fluid onto the surface
of the lens, a coating filmuniformizing device 9 for rendering
25 constant the film thickness of the coating fluid on the lens,
UV devices 10, 11 for curing the coating fluid, and a pair of
handling devices 12 and 13 for transporting the lens.
Figs. 3 and 4 show the centering device 2 for the lens,
and the centering device 2 is disposed in a left side portion
30 of a base stand 16 of the coating apparatus 1. The centering
device 2 has a nearly rectangular outer peripheral shape in
the horizontal direction and, in a plan view as viewed from
above, has a pair of block plates 21 provided at a distance
from each other, each block plate 21 having an arcuate curved

35 surface at the center. A stair-shaped stepped portion d



- 9 - conprising concentrically arranged stepped portions for centering a
lens- 15 is formed in each of the block plates 21. The stepped portion d
conprises the stepped portions dl, d2, d3, d4 and d5 forned in conformty
with the outer peripheral 5 shapes of the |enses 15 of various sizes. The
stepped portion dl is |located at the | owernost position, and the stepped
portions d2, d3, d4, and d5 are located 3mthis order from bel ow to above,
whereby the | enses ranging fromthe snall-dianmeter lens to the
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is placed nanuall . A centering rod 22 of a circular transverse section is
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facing upward, and the central position of the centering rod 22 is in

agr eenent wE e halpdiee ¢ evitasiek Ubﬁelgﬂéséeﬁapﬁtﬂgoﬁ%omﬂthﬂ)SM§lIﬂ@§&m§ﬁQ§w ng
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been placed Int por Ion centere € leading end
portiorl(f the cefm eremt@rrmd; ﬁaelnyxtliahsi.ﬂga&mﬁ)md @ryl agutvdng2a Idwerref ore
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15 by thecenteringdevice 2 provides a reference for the centering
of the lens 15 in subsequent operations. At the stepped
portion d of the centering device 2, the lens 15 is placed
manually.

A centering rod 22 of a circular transverse section is

20 provided at the center of the stepped portions d of the pair
of block plates 21. The centering rod 22 is erected, with its
leading end portion facing upward, and the central position
of the centering rod 22 is in agreement with the center of the
stepped portions dl to d5. The centering rod 22 is arranged

25 to be capable of supporting the lens 15, which has been placed
in the stepped portion d and centered, by the leading end
portion of the centering rod 22 by raising the centering rod
22. Therefore the centering rod 22 works as a lens support
portion of the centering device 2.

30 The centering rod 22 can be moved up and down by an
elevating device (not shown) provided on the side surface of
the base stand 16, and can be moved laterally between the
centering device 2 and the lens height measuring device 3 via
16a formed in the base stand 16. Therefore the centering rod

35 22 works as a lens support portion of the lens height measuring



device 3. Figs. 5A to 5C show the | ens height nmeasuring sensor 3. The |ens
hei ght nmeasuring device 3 is provided with a pair of support brackets 23

di sposed on the base stand 16, the 5 support brackets 23 confronting each
other at a distance. Two sensor units 24 and 25 are di sposed on the upper
surface of the support brackets 23. Sensors 24a, 25a of the sensor units 24,
25 each have a light emtting portion-(&a0light emtter) and a |ight
receiving portion (a light receiver), and the light 10 emitting portion
throws | asedevigdt3.Mrrors (photoreflectors) 24b, 25b reflect the |aser

i ght, and the regeivi artjons of .th ensot 4a, _25a.can recei t he
reflected | aser | ']gc-i‘ﬁ‘. r}’%hgosétﬁs%r‘ovﬂrﬁ}}es%fi‘,s gglégﬁpﬁ?%%uﬂﬁrég sse%%so?rsv§4a, 25a
15 and the m rroreh&4ibenHe iditstp osecbumi e Biwaiggered sampdcoppizsediitd iane
connecting one sensor 24a and one mrror 24b, and .a line connecijing.the
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reflected laser light.
The sensor units 24, 25 comprise the sensors 24a, 2ba
15 and the mirrors 24b, 25b disposed to be staggered and opposed.
A line connecting one sensor 24a and one mirror 24b, and a line
connecting the other sensor 25a and the other mirror 25b are
arranged at the same horizontal height position and in parallel.
The lens 15, which has been transported from the centering
20 device 2 by the centering rod 22, is placed between the sensors
24a, 25a and the mirrors 24b, 25b. The sensor units 24, 25
detect the presence or absence of the lens 15 and the reference
height of the lens surface from the base stand 16 such that
when the lens 15 is placed between the sensors 24a, 25a and
25 the mirrors 24b, 25b, laser light is crooked by the lens 15
and thereby blocked.
Fig. 6 shows the primer spinning device 4 and the primer
fluid applicator device 5.
An elevating unit 27 of the primer spinning device 4 is
30 disposed inwardly of the base plate 16. The elevating unit
27 has a base stand-side support plate 28 fixed to the base
stand 16. A guide rail 29 is vertically provided on the base
stand-side support plate 28, and anelevating block 30 is fitted
to the guide rail 29. The elevating block 30 can be moved up

35 and down along the guide rail 29 by an air pressure means using



to the guide rail 29. The el evating block 30 can be noved up 35 and down
along the guide rail 29 by an air pressure neans using a rodless cylinder
(not shown). Instead of the air pressure neans of the air type, neans of the
ball screw type, chain type, nagnet type, slit type, or wire type can be
applied (the sanme is true of cylinders tq follow). 5The el evating bl ock 30
is provided with a servo notor 31, and a'rotating shaft is provided on the

upper side of _the serv tor_31. .The rotati haf.t i.s_connected to a

spi nni ng shaffo%geﬂ%v?ﬁ‘gprég?rr oﬁlo%ﬁglopw&)t'i ogglsgglaﬁlgoﬁpt FE AP 023 Mg" 33 i s
nmount ed i n ABanppEet thach potipen méanhefsphabald shadéw thped2chasnsthgya, in
Fig. 7. An attaggt{on hole 34 is provided in a cen%ral Bgrtion of the
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means (not showmhet 8fbeytapabhke @b @&blnaehi.ng the |ens 15 by suction.
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a central portion of the spinning shaft 32, and the attraction
hole 34 is connected to an air suction means (not shown) to
be capable of attracting the lens 15 by suction. Therefore
the spinning shaft 32 works as a lens support portion of the

15 primer spinning device 4.

A pedestal 35 is disposed on the base stand 16 around
the spinning shaft 32, and a recovery tray 36 for the coating
fluid is provided on the pedestal 35. The spinning shaft 32
penetrates the recovery tray 36 and the pedestal 35, and

20 protrudes upward from the bottom surface of the recovery tray
36.

Fig. 6 shows the primer applicator device 5.

As shown in the drawing, an X-axis guide unit 39 extends
in the X-axis direction on the base stand 16. The X-axis guide

25 unit 39 is screwed to an X-axis ball screw 41 connected to a
servo motor 40, and a slide unit 42 is screwed to the X-axis
ball screw 41. When the servo motor 40 is driven, the slide
unit 42 can move forward and backward in the X-axis direction.

The slide unit 42 is mounted with a Z-axis ball screw

30 44 which is connected to a rotating shaft of the servo motor
43 and extends in the up-and-down direction. An elevating
block 45 which is screwed to a threaded portion of the Z-axis
ball screw 44 is mounted on the Z-axis ball screw 44. When
the servo motor 43 is driven, the elevating block 45 is moved

35 upward and downward. The elevating block 45 is mounted with



ball screw 41. When the servo notor 40 is driven, the slide unit 42 can nove
forward and backward in the X-axis direction. The slide unit 42 is nounted
with a Z-axis ball screw 30 44 which is connected to a rotating shaft of the
servo notor 43 and extends in the up-and-down direction. An el evating bl ock
45 which is screwed to a threaded portign of the Z-axis ball screw 44 is
mounted on the Z-axis ball screw 44. VWhén the servo notor 43 is driven t he
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of the pri m?brslad?uls‘tﬂ% S‘tlﬁléobbsd@i_b@leo‘f el Hozha cadjgusheanssivagtire slide
unit 42 and the slider g 8 shows a back cl eani ng nozzle 85 for
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| ens 15 supporte y the spinning shaft 32. The b

spinning shaft 32 of the primer-side lens support device 4 can
10 be adjusted using the slide unit 42 and the slider 50.
Fig. 8 shows a back cleaning nozzle 85 for the lens 15.
The back cleaning nozzle 85 is provided in a side portion of
the spinning shaft 32, and is arranged tobe positioneddirectly
below the lens 15 supported by the spinning shaft 32. The back
15 cleaning nozzle 85 is connected to a supply source of a solvent
(not shown), and is adapted to gush the solvent arbitrarily
by opening and closing of a shielding means (not shown) for
the nozzle. The back cleaning nozzle 85 protrudes upwardly
of the base stand 6 through a through-hole provided in the base
20 stand 16, and has a jet nozzle 85a pointed in the vertical
direction (optionally, inclined). When the lens 15 is
supported by the spinning shaft 32, the back cleaning nozzle
85 can gush the solvent toward the back of the lens 15.
A nozzle waiting tank 72 for dipping the nozzle 48 of
25 the dispensing valve 47 shown in Fig. 9 is provided on the base
stand 16 of the coating apparatus 1, and a solvent is stored
in the interior of the nozzle waiting tank 72. The position
of the nozzle waiting tank 72 is set sideways with respect to
the primer-side lens support device 4. When the primer
30 applicator device 5 is not in operation, the tip of the nozzle
48 of the dispensing valve 47 is dipped in the solvent contained
inthe nozzlewaiting tank 72. When the servomotor 43 is driven,
the elevating block 45 is moved upward along the slide unit
42. 1In accordance with this upward movement, the dispensing

35 wvalve 47 is moved upward. When the servomotor 40 of the X-axis



15 cl eaning nozzle 85 is connected to a supply source of a solvent (not
shown), and is adapted to gush the solvent arbitrarily by opening and
closing of a shielding neans (not shown) for the nozzle. The back cl eaning
nozzl e 85 protrudes upwardly of the base stand 6 through a through-hole
provided in the base 20 stand 16, and_hg a jet nozzle 85a pointed in the
vertical direction (optionally, incline ?. When the lens 15 is supported by
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the decreased solvent in the solvent tank 72 automatically. Figs. 10 and 11

show the | edé arfyrAgtdeqildy -6.
Figs. 10 and 11 show the lens drying device 6.

In the present embodiment, the lens drying device 6
consisting of three lens drying boxes is disposed. Each of

20 the lens drying boxes is partitioned in the up-and-down
direction by two partition plates 51 to provide three
accommodation chambers 52, thus forming a total of nine
accommodation chambers 52. Each of the accommodation chambers
52 has an opening facing toward one of the handling devices

25 12. At the bottom of each accommodation chamber 52, a lens
support shaft 53 is erected vertically and can be arranged to
place the lens 15 on an upper end portion of the lens support
shaft 53. Therefore the lens support shaft 53 works as a lens
support portion of the lens drying device 6.

30 Fig. 12 shows the photochromic coating spinning device
7, the photochromic fluid applicator device 8, and the coating
film uniformizing device 9 for the coating fluid.

The photochromic coating spinning device 7 forms a
circular pedestal 55 provided at a nearly central portion of

35 the base stand 16, and protruding upwardly from the base stand



In the present enbodiment, the |l ens drying device 6 consisting of three |ens
dryi hg boxes is disposed. Each of 20 the |lens drying boxes is partitioned in
t he up-and-down direction by two partition plates 51 to provide three
accomodati on chanbers 52, thus formng a total of nine accommobdation
chanbers 52. Each of the acconmpdati on ggagbers 52 has an opening facing
toward one of the handling devices 25 12. At the bottom of each
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Fig. 7. An attractio ole is provided..in_a central portion, of the spinning
Chait o, aRBEEAG Ao LIt (S HENES 0 At 800t b oF FoERESh it Faabs  ( not
shown) to beofinpabka eb ahtaagtsngtibe hemss 1bndy Shewhone@nsk saHRslé ng the
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shaft 59. As shown in Fig. 12, the photochromc fluid applicator

support portion of the photochromic spinning device 7. A tray
60 for recovering the photochromic coating fluid is disposed

in the surroundings of the spinning shaft 59.
As shown in Fig. 12, the photochromic fluid applicator
20 device 8 is provided with an air slide table 61 on the base
stand 16, and a slide block 62 is fitted onto the air slide
table 61 tobe slidable in the front-to-rear (Y-axis) direction
of the coating apparatus 1. A Z-axis ball screw 63 extending
in the up-and-down direction is pivotally supported by the
25 slide block 62, and a servo motor 64 is mounted at an upper
end portion of the Z-axis ball screw 63. A barrel support
member 65 having a ball nut is mounted on the servo motor 64,
and a barrel 66 accommodating the coating fluid is supported
by the barrel support member 65. As shownin Fig. 13, thebarrel
30 support member 65 is mounted such that the support angle of
the barrel 66 can be varied about a pivot shaft 68a as an axis.
As the slide block 62 slides on the air slide table 61 in the
front-to-rear direction, the barrel 66 can move from directly
above the center of the lens 15 to the radially outward side.

35 The coating fluid is put into the barrel 66, and the upper



20 device 8 is provided wwth an air slide table 61 on the base stand 16, and
a slide block 62 is fitted onto the air slide table 61 to be slidable in the
front-to-rear (Y-axis) direction of the coating apparatus 1. A Z-axis ball
screw 63 extending in the up-and-down direction is pivotally supported by
the 25 slide block 62, and a servo notor:64 is nounted at an upper end
portion of the Z-axis ball screw 63. A barrel support nenber 65 having a
ball nut is u . .Se 1 @ b ting the
coating f1uriore Susnord A5 1B Rutpt e veaaney B BEE S el FREAIAN 1O O
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det achably connected to the lower end of the fluid drip preventing valve 67.
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provi ded on the base stand 16. A Y-axis_servo notor, 74 'hs,gount ed on the
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76 20 iB5rotarabhyn wBenhedzar tfee Y-axis servo notor 74. A Z-axis slide unit
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20 is rotatably mounted on the Y-axis servo motor 74. A Z-axis
slide unit 78 having a ball nut screwed to the Y-axis ball screw
77 is screwed to the Y-axis ball screw 77, and as the servo
motor 74 is rotated, the Z-axis slide unit 78 can be moved in
the front-to-rear direction.

25 A servo motor 79 is mounted on an upper portion of the
Z-axis slide unit 78, and an elevating stage 83 having a ball
nut screwed to a Z-axis ball screw 82 journaled by bearings
80 and 81 is mounted on the Z-axis ball screw 82. When the
servo motor 79 rotates, the elevating stage 83 can move up and

300 down. An arm 84 extending toward the spinning shaft 59 is
provided at an upper portion of the elevating stage 83, and
a flexible or bowable film 86, which comprises plastic film
such as PET film and aims to uniformize the film thickness of
the photochromic coating fluid, is suspended from the leading

35 endportion of the arm84. When the elevating stage 83 is moved



30 down. An arm 84 extending toward the spinning shaft 59 is provided at an

uppet portion of the elevating stage 83, and a flexible or bowable film 86,

whi ch conprises plastic filmsuch as PET filmand ains to uniform ze the

fil mthi ckness of the photochromc coating fluid, is suspended fromthe

| eadi ng 35 end portion of the arm 84. _Whgn_the el evating stage 83 is noved

- 16 - inthe lateral direction by driving the Y-axis servonotor 74, the
94,

fi1m 86 trayelind Dageradi @l rdeel SE4R U201 hBSICRLEL Al sLBfo il 94 A
spatula fixing Jjig 111 for preventing the coating fluid 5 from adhering to
t he side suthackilmaloftrdieelenisn &5 jadigloidgedte mhenyitieniceptefr e

spi nni ng sh%é Pdns@pgshown in Fig. 15. The spatula fixing jig 111 is fixed
to an arm1l by a nounting plate 112. The arm 113 is nounted on a noving
means (not shown)A Sprédlacfihinddsg ki hdoriprecersing the cwviabhe filoviar d and

formed n ¢ REOTaRIg s Pard® b o bt ERoBs R hie 180t PapviRed T°
mounti ng pl ahecHel i cdnd ty &€ xete rspd nhlihigmhateds ®n as sholacen dfig .ha Snounti ng

plate 112 opposing the lens 15, i rovi ded t he | ower, _side of the nounting
blate 112 FRIPRALHA AdtpBet] b e for 1528 b4 Bhe T LPeb hoURPHA TR g eadi ng
end portionglgfetihe r odgeldifn angd idhouAtepréma medding mdbsROBESE ishodmn )

conpressed state on the slide rod 116 between the nounting plate 112 and the
gri ppi ng pofixed tagheobergtstard gt 5pi Ag HoMS BAVaREechAWRTH dibRvae fi xed

rod 11%.9 The, spaind aphhRidQ sRagtrsnged, sushet Fad 1a% g@@e&ngnﬂnl@ml@ of a
side edge 121 of the spatul'a 119 in contact with the lens 15 tilts toward

the center &15tfherneasinsheymoughinchelesst dé2 degrourtedfon Hdespappdra 119
he. i : . ig.
contacts t! §188t<8,f %Té'rﬁ@&ﬁ@lni?{%?@ 1PR, Ojnc# :Bﬁlfdﬁ&zi 12q 43K ?‘ﬁéﬁ%\‘? ows

the UV devices 1 for curi e coatling pair of devi ces
10 and 11 aoe aéhsushaes ahdtlomen@intireg WL alesildes opt®siwid [these ldescrliShed.

The UV device 10 ha i bl 88 iche.cC be raised d | ed.n the
T - o5 PEePEeE OB Pnd) DGiof o YL e A ol 358 BTMEd PRI PO Mot
whi ch i1$5 di gpoppiindi pectiynabi®edma kspasula and shawsuntedricn 1EAdisy

provided in the in bl ock 88. cylinde sufroundin he lens 15 and

conpri si ng §P§i9ﬂre o 83I the r;?éog\/ﬁjgoarbcillg&/'t h‘é Wﬁ%gzéﬁs R18POSS%y 35

pi pe 91 wounfl 4 BoRpeekkedSs thspercthorsitite pedi plebytaktehhthe mounting
plate 112 and the gripping portion 118 so that the gripping
portion 118 can slide on the fixed rod 117. The spatula 119

20, is arranged such that an upper end portion of a side edge 121
of the spatula 119 in contact with the lens 15 tilts toward
the center of the lens 15, whereby the contact edge 121 of the
spatula 119 contacts the outer peripheral surface 15a of the
lens 15.

25 Fig. 16 shows the UV devices 10, 11 for curing the coating
fluid. A pair of the UV devices 10 and 11 are the same, and
one of the UV devices, 10, will be described.

The UV device 10 has a main block 88 which can be raised
and lowered in the up—and—d‘own direction by an elevating means

30 (not shown). A UV lamp 89, which is disposed directly above
the lens 15 and shown in Fig. 17, is provided in the main block
88.

A cylinder 90 surrounding the lens 15 and comprising
stainless steel is provided below the UV lamp 89. A cooling

35 pipe 91 wound in a coil is disposed on the periphery of the



- 17 - cylinder 90, and cooling water can circulate inside the cooling pipe
91. Gas supply ports 92 are provided in an upper portion of the cylinder 90
to be capable of introducing N2, an inert gas, into the cylinder 90. N2 is

di scharged to the outside 5 of the cylinder 90 through gas discharge ports

93 provided in a | ower portion of the_cyhi nder 90. A wi ndow 94 formed from
borosilicate glass for transm ssion of UV light is provided in the upper

portion of E?@lﬁ)ﬂle'r@j@r aff: chr@lrQ/wgﬁé'r(@a% é@rc@iia%@oi"ﬁbldb Eh@ cdo B

provi ded on 10 one side (right-hand side in the drawi ng) of the base st and
16. As showkiPg #g. G5 sapellwcra@awp%%je§eapr9‘51<§¢@t1rruemngpraemcz:ntylcm om t he

base stand %g gﬁefefzﬂ?lqdef‘ goli de s@'d & 1ies Qrﬁtg%@u'c@‘f‘@r dLy &f & t&e%@ase

stand 16, an | ens support nenber mhlch S es on rail t he
guide rail 9@sininsot ﬁeeue—yén@demodl rBtiorisnharaed dia tmeessmeeld@r ce

not sh r ¢l i o] ed to
'Ehe Ienggwgszpor?gré?% Cﬁj%grg grgﬂg %?n%l%%a%]{%%?\g%tsggg é}ﬁgﬁbé\;\g? ﬁ(

nount ed on 'ahéowerrvporrbnon 8B. tﬁ'éle:ﬁ]plrrdﬂm@(b.ha?\t w9ﬁdpenenrmﬂsedi fnodne 95a
formed in the circul ar pede 95. Wen £ o] nnh .98 rota % the
| ens 15 rot BRSO R LEA TS, BRBRS: porot RePaHAF SEpBeRt Wi HIEM S o el iey e

An 0-ring iSnmatet e@ppet portpREr ogndheoililandelr e spi nning shaft 99, as ln

the case of the spinning shaft 32 of 25 the priner spinning devjce 4 shown
in Fig. 7. An attraetP¥ndRBEEeRs1Br ol dBOVR W ceh¥ral PoR (RERY ied ren

spi nni ngo shahle 39deandiyhe- ﬁbhﬁaQHH@nlhokﬁel§r§@ﬂﬂ§?t§ﬂ £ A Sd FstSaked | on
nmeans (not shown) to attract and support the lens 15 by the suction force of

air. Therefdfe the Spevni by Ehaft100 dwiikcwban PeirsBYl ApRAALHHERGN of

the LV devi %%wa%l%;h(i%m' Rl EaséBStTaR% §@at 5ngoapRaAr atAls &161@ eaui p@@d with
a pair of handling devices 12 and for transporting the |l ens 15. The

handl i ng dem%egomdegimmarﬂpdlfs@%mbaeeesemddle@c@mﬂabl tenptsupprshaft s
103, 104 pr%&hﬁ%ﬂ~99,C¥hi8ﬁréffﬁes on a rail 96a of the guide rail 96 in

15 the up-and-down direction under an air pressure force (not
shown), is provided on the guide rail 96. A servo motor 98
is fixed to the lens support member 97, and a spinning shaft
99 extending upward is mounted on the servo motor 98. The
spinning shaft 99 penetrates a hole 95a formed in the circular

20 pedestal 95. When the servo motor 98 rotates, the lens 15
rotates at an arbitrary rotational speed via the spinning shaft
99.

An O-ring is mounted in an upper end portion of the
spinning shaft 99, as in the case of the spinning shaft 32 of

25 the primer spinning device 4 shown in Fig. 7. An attraction
hole is provided in a central portion of the spinning shaft
99, and the attraction hole is connected to an air suction means
(not shown) to attract and support the lens 15 by the suction
force of air. Therefore the spinning shaft 99 works as a lens

30 support portion of the UV device.

As shown in Fig. 18, the coating apparatus 1 is equipped
with a pair of handling devices 12 and 13 for transporting the
lens 15. The handling devices 12, 13 comprise ascendable and
descendable rotating shafts 103, 104 provided on cylindrical

35 Dbases 101, 102, and arms 105, 106 are pivotably mounted on the



35 bases 101, 102, and arns 105, 106 are pivotably nmounted on the - 18 -
rotating shafts 103, 104. Joint portions 107a, 107b are fornmed in one arm
105, and a hand 108 for supporting the lens 15 is connected to the joint
portion 107b on the | eading end side. Joint portions 109a, 109b are forned
in the other arm 106, and 5 a hand 110 fgr _supporting the lens 15 is
connected to the joint portion 109b on the | eading end side. The arns

105, 106 t t t
by havi ng CharPof R har Lot 107, S200b tond F555 0 T0n et CuoiLh)

10That is, theohamirn (8 of artk aohangr A0805ocasuppevting ehe rleks iid hqsn a
range I ncl ughﬂgeép dc€8t€}§e 1nqi?j p% V?l?) CEOGIBn Ke alsee?dir?gc?r%'%&

portion of e centering ens hei g nmeasuri ng’ devi ce 3, the
spi nni ng shabin8paft idres A0%agr 199bnanrelg?odmﬂcbm41;he tme:Hee:narmuin)@,r tarsﬂnaf t(s)

3 of 15 the len y deV|c d |nn|n sh 9
phot ochr550m g %ﬂi&qﬁgkﬂg\ﬁ%@% lﬁ‘?e%&- #1%%% hand %ﬁ%g aﬁ@ &fojtrhelr
shaft portipsstbhehweenbi ba bheuleatiagsehtositbe | ateral direction. From
this state, the hand 108 is aneg ward, whereby the |l ens 15 can be held on
the hand 108. The'2® AERd i%' of ?hgaBtHé?earﬂ’Fl BrEQR pPGLF BOBRtERB

spi nni ng shathcrY Pﬁtﬂﬂ?rﬁﬂgchéi9€b€1§ﬁuﬂﬂhﬁ91%%vtﬁélz Foh { By 183 dHE ng
shafts 99 of the UV devices 10, 11, with these shafts belng included in the

track of théORand107b. amde1093hap8dbnhkrat110idPE6dNel ds any of their shaft
porti ong bet ween ’EiééfbiéurEﬁé'Hélﬁd f@@%@%ﬁ@'&léta}trﬁ 1 6 Ne R viokD e moved

upwar d, whereby t ens 15 can be held on the han e ot her
hand, the hantsa¢®gwithdnhal uang;eth@cmm@@ e e@&mtegmrmtlmd shafwhigdrti on

bet veen the Dl HEERLONS 1 AN e dands 108, 110 ALCCIRUEL, SOUBIAL LD

support t he “Fengds™3 aft portions
photochroniandohénaghemg%tum&nsdnanQKdexxnﬂ 13g appaspnnslng $h&fpr£3enﬁ

orepared 1 BRPURT SO ST TRV iss for LR S BT eoR 4 A bats of
materi als amdecleasi Agydhgt Hevice 6, and the spinning shaft 59 of the
photochromic spinning device 7. The U-shaped hand 108 holds
any of their shaft portions between its bifurcations from the
lateral direction. From this state, the hand 108 is moved
upward, whereby the lens 15 can be held on the hand 108. The
20 hand 110 of the other arm 106 can pivot over the spinning shaft
59 of the photochromic spinning device 7 and the spinning shafts
99 of the UV devices 10, 11, with these shafts being included
in the track of the hand 110. The U-shaped hand 110 also holds
any of their shaft portions between its bifurcations. From
25 this state, the hand 110 is moved upward, whereby the lens 15
can be held on the hand 110.

On the other hand, the hands 108, 110 holding the lenses
15 each grip the shaft portion between the bifurcations, and
the hands 108, 110 are moved downward to support the lenses

30 15 on the shaft portions.

The procedure for a photochromic coating operation by
the coating apparatus of the present embodiment will be
described below.

A lens base material prepared from thiourethane resin,

35 for example, is used as a base material, and cleaning of the



- 19 - lens 15 with an aqueous solution of an alkali or by ultrasonic
cleaning is perforned as pretreatnent, as shown in the flowhart of Fig. 2.
Then, work using the coating apparatus 1 is done. First, 5 the lens 15 is
set in the centering device 2 showmn in Figs. 3 and 4. The lens 15 is
centered by being adapted for any of theggstepped portions dl to d5
corresponding to the dinension of the outer dianeter of the lens 15. Setting

of ‘the | ensbasl 85RO LRPIGHBOYR! ddhaiin B80S MY OLIRM, RENANGRI LY DY

10 the handling device. e l'ens 15, ini entering, is
pl aced on t o8 esenngr ilsg pead o2Zheldo@st @d edire@dtriey thelagw shigarncémt éheof t he

st epped por td t tering device 2. The centering rod 22 transports
the | ens 15%P§N¥ék§ﬂﬁ ggﬁEgﬁge%fion of the 15 coating apparatus 1, and

carries it to theThens wetlghtimgashe cogt$egsppaddatileldentieneng Fidst22
serves as th Ijns SEonrt shaf t % t he centerig% devi ce ﬁ and so _as the
| ens suppor t-P6hafSi n>t B8 PERstHe Bﬁtcﬁ%5§ﬁ+?ﬁg BUFEe? SNYHIs A Ei ng
commonal i ty 30&nthe. | emnse uppont peréénnsre@hediens ablaptedsabpeshedof 0
detection by the | ens height measuring device 3, which detects the height of
the | ens 15thengtgreersBeethergril did tor ERCESRPORELRGe ROt Hee EHINSEOBN t he

surface sidgrththeut 8hsdlamairdh td¥e teddechsoist hesdanmd 2 the pepspher al
edge on the upper surface side_of the lens), as shown in Fig. 19B. The

hei ght of tHE Per§orsedsTasYAdlyn brEeRayoPeopt bl prRRe Merkanicably Hey hei ght

of the pgzzlies 48008 R ddig @pplicator devices 5, 8. The surface hei ght
di fference h' oé Fhe fgas 15 1s detected in order to find the gradi ent of

the lens 15, ther &by denerhd nivhg cthbaspf hmi slyed oretittd witsy f ds phacgdlems 15.
FoSetoctLon GCEaGh 0.k RS2 Mot LB 8, 13, IA R 89 B veen
t he | ens heisglepprehpunritriggndel iofe tBe Thateirsngt Hevdert ri NThe ock22e + Sndpr ought
to a |ower rod 22 transports the lens 15 in the width direction of the
15 coating apparatus 1, andcarries it to the lens height measuring
sensor 3. The centering rod 22 serves as the lens support shaft
in the centering device 2, and also as the lens support shaft
in the lens height measuring device 3, thus achieving
commonality of the lens support portions.
20 The lens 15 is subjected to detection by the lens height
measuring device 3, which detects the height of the lens 15,
and a surface height difference h’ between the center c on the
surface side of the lens 15 and the edge b of the lens 15 (the
peripheral edge on the upper surface side of the lens), as shown
25 in Fig. 19B. The height of the lens 15 is found in order to
conform the lens 15 to the height of the nozzles 48, 68 of the
applicator devices 5, 8. The surface height difference h’ of
the lens 15 is detected in order to find the gradient of the
lens 15, thereby determining the spinning conditions for the
30 lens 15.
A detection operation is performed, with the lens 15
being located between the sensors 24a, 25a and the mirrors 24b,
25b of the sensor units 24, 25 of the lens height measuring

device 3. That is, the centering rod 22 is brought to a lower

35 position than the sensor units 24, 25, and the centering rod



35 position than the sensor units 24, 25, and the centering rod - 20 - 22
is raised fromthe | ower position. By so doing, laser light 24c from one
sensor 24a located at the center position of the lens 15 is refracted by the
I'ens 15. Since the laser |light 24c does not reach the mrror 24b, or has
been refracted even 5 when reaching thezHiLror 24b, the laser light 24c does
not return to the sensor 24a. Thus, the presence of the lens 15 is detected.

By measuri ng,t:he. ce r n : hei ght : I framthe
base stand g% 12581:%?? % e%%%%ghgsiﬁ%%ébés&gtqgﬁdmgpnscglhgaﬁ%ggﬁﬁ%ﬁlt hgc | aser
i ght from 2he BeosamelBeddari 84| bekatkd latséhel cghte25c0$ 1 bhon hef Itihght

emtting portion.pf.the sensor 25a returns_tp.the .sensaqr 24bh via.t.he mrror
25b, thus. SHEWENES: e SBLERCEEOIDT het elerd 68> uner e a2 4K her
rai sed, the2haséses irgdt r2dehhths mherdertid,5orahdstbech asefrddatgdd R&h i S

refracted thereby. .a result, the er 15 Light 25c. do nat reach the
mrror 5§b,WB?ndﬁﬁgéﬁngrEﬁﬁrﬂifﬁofhéﬁéengé? ;3 eBeiéEQg gzcraP?ﬁcPPSn, t hus
| eading to tBeurgCOENthe derRfort PRI €58066 Ohel PEebenSe 16f dHe tiirss megner, a
surface height difference 110 between the center position (vertex) of the

| ens 15 andl&fiedrasitachr yBydGaswnng thRCIERE 26 the deRarl I hbhRetifd Tdnter i s

detected. of the TGSYE! BESMNGIOMasE EEEHENEE 4 al PeFBBHRE ANE-rARMY .
direction between the center of the lens 15 and the edge b of the lens 15

can be found by khswheyn he Fhgi.ghPApowheetkediaserol ighe finogsthe sepabn he

¢ : : . . | ted. by.
oni ¢ 200" 94b £LE1BEREAT Tydeln bt £ sroh o e e s s
enabl es t heosuriacenseirghba didtfuamente the tsensercaibuwist étiefmdnmrohe Fml | owi ng

equation w Icﬁurseér%‘?{'r?g t:EI?e ';ib%enlcgeBbfsg{agqurgé 01”5 .1] w}ﬂ%né"{:h%zi‘%r%s I:\>15 hils == J?
further raised, the laser light 25c hits the lens 15, and the
laser light 25c is refracted thereby. As a result, the laser

15 light 25c does not reach the mirror 25b, or does not return
to the sensor 25a because of refraction, thus leading to the
recognition of the presence of the lens 15. 1In this manner,
a surface height difference hp between the center position
(vertex) of the lens 15 and an arbitrary position of the lens

20 15 other than the center is detected.

The surface height difference h’ in the up-and-down
direction between the center of the lens 15 and the edge b of
the lens 15 can be found by knowing the height of the center
of the lens 15, and the surface height difference hy of the

25 lens 15 detected by the other sensor unit 25.

That is, a knowledge of the distance between two points

enables the surface height difference h’ to be calculated from

the following equation with reference to Fig. 19B:
30 [Equation 1]

2 2
r=botl 4 _p_ g2 _2°
2k,

where R denotes the radius of curvature of the upper



2ho4 - 21 - surface of the |ens. Practically, the surface height
difference h' can be cal cul ated using, instead of the above equation, a
sinplified approxi mati on expression such as the foll ow ng equation: 5h' =
HOD2/ 4L2 In accordance with the gradient of the | ens 15 derived from

t he magni tude of the radius of curvaturg,R_ i.e., the curvature of the |lens
15, and the surface height di fference ich have been cal culated fromthe
above equatlorgacthe ﬁéonal speed, the rotation tinme, etc. of the
lens 15 in The su%sequen? step are determ ned. In measuring the height
of the lens 15, |Rradt1nn$ﬂyuethe)suﬂﬁﬁ&etﬁmnqhﬁmﬁﬂfferemmeimﬂlqamebeure t he

hei ght at eac rtain angle. and surenents, of the fromthe
15 Ot or eres bgh 2eS Bt naReaRonb e RPoE PG+ Par dh e LaRgaded ¢
beconmes posgpptEximateas sLptdes hen ghiicivse phecisklywihy éfeatesn: 15 ls set

in an inclined manner, Qb mhen alens with variable curvature, such as a
pr ogr ess’i ve- power IensHO D°¢4L0 be nmeasured. In the measurement of the hei ght

of 20 the center posiddficd hatherhel§rbhenpobntgd 1dis @6 Yeofi vicef ation
on the surface of the lens), for exanple, neasurenments from many angles are

conduct ed, BRetHee maghikidal of the abeptes, Ofme%wtarﬁnRe heeur abBehei ght
can be Obtaéufgat&PetQP ﬁﬁéiigﬁgﬁﬂﬁ (Hndiﬂﬂé'%y ttﬁgf%%&%%

measur enent s many angl es ‘are perforne e average of
measur ed vaW@éehlhaﬁﬂopeed C&heubbyedhérﬂmaSHeeabﬂveeequatgeneratbd mnth t he

| ens 194 nelhned: gany beo deqr eased,o e &) I acgur Al YA jof the | ens

15 can nnre sensor” conprisin hro
the subsequent step are determined.

In measuring the height of the lens 15, it is possible
to rotate the lens 15, repeatedly measure the height at each
certain angle, and obtain measurements of the height from the

15 different angles. By such measurements from the different
angles, it becomes possible to measure the height more
precisely, if the lens 15 is set in an inclined manner, or when
a lens with variable curvature, such as a progressive-power
lens, is to be measured. In the measurement of the height of

20 the center position of the lens 15 (the point on the axis of
rotation on the surface of the lens), for example, measurements
frommany angles are conducted, and theminimum value is adopted,
whereby a more accurate height can be obtained. In the
measurement of a point other than the center, measurements from

25 many angles are performed, and the average of the measured
values is adopted, whereby the measurement error generated
with the lens 15 inclined can be decreased, and a more accurate
curvature of the lens 15 can be found.

Furthermore, a sensor comprising a light throwing

30 portion (light emitting portion), which emits band-shaped
laser light, and a 1light receiving portion composed of linearly
arranged fine photodetectors, such as CCD line sensors, can
be employed as the lens height measuring device 3. The use
of this sensor enables the height to be measured

35 instantaneously simply by installing the lens 15 between the



30 portion (light emtting portion), which emts band-shaped |aser |ight,
and a light receiving portion conposed of linearly arranged fine

phot odet ectors, such as CCD |line sensors, can be enployed as the | ens hei ght
measuring device 3. The use of this sensor enables the height to be neasured
35 instantaneously sinply by installing,the Iens 15 between the - 22 -
light throwing portion and the |ight receiving portion, wthout the need to
make neasurepe ile.changi h e [ Si.LLQE t nsor and the
Tane 15 1118t aby RFpF B HAER ob EnRe LR Y EaRET R CREY e BReE AR of T he

| ens 15 canwhehbushbhtenedd to makdhmebhsnsembntwhbséecuhwaging bhegr adi ent
has been determned, is. held by.the hand 108, of .the dl.i devi, 12, and
bl aceq on ¢ FELEbLRRRRS Kt O35 SeREChAMLEAS it hg v Bebs L HEd -
centered | emBudd tise alddantiaty ttdreh€ogcetherhoigH® dhehleeadhbBgl Brchfbd he

spi nning shaft 32 by suction. Then, a prinmer coating operation for the
lens 153s P PFB?H@%: First of all, immediately before the primer

coating operationTRY 188sN027| #hdSe Qusv@Lhran®Engrafithe B3t bAENTIuid 15
is ejected fromthe nozzle 483, wth the nozzle 48 belngﬂdlpped in the nozzle

wai ting tanRererpanaen-tangdd Byethe dranshePBtebhe hepddhng devi carkot

ej ection op t] he..s ent,: whi | kght ey + dif and - rat ed
into the no%gﬁebggcggr?ﬂgehgpg ﬁgﬂgﬁatﬁgéﬁgzg eBEStﬁE Egggﬁgrggégggﬁbbf t he
nozzl e, 20 dhw¥ieby4t hThopaeinigrielduil dnehl Thishag trecdesl tonthefesmt decause of

contamnat i Kih  th l.vent n .eyve f el lied to the
surfacéﬂgf ?ﬁgmﬁéﬁgaTﬁ.E$He82055?aﬁggpﬂéﬁécPb%gto%g?ggiSﬁ%%§§gbe per f or med
out si de the nozzleheajtangrimek F2atasgl opgrasidhefout shdelshselbsia pl ace
where the coating fl.uid 25 is not applied onto the surface of the | ens 15.
Thus, the cBﬁFFﬁgmfguid of appropriate quality can be always obtai ned.

As shown in Fig. t2€sttbe plilpeimeedibabgloppeabrenthse peimernmedatinghe
foll owi ng manner: The nozzl e 48 of the dispensin% vqév%l47 is,set_at, the
center of tRBEFEALOPPY LRE BB251Ri%% afcEat bAMey i brtheeseatingrio\Hided with

respect140 asséjabebd dddietleanbzE1oMd heieanteE o 14 18 bensg kbided he
edge b. The nozzle 48 is linearly moved parallel to this straight I'ine in

the radi al dnrtére NBEZE Maid Ih§ank 17 dmniind@detaBdoeting araayit) ¢ he
lens 15 to aboyvgitheodgerfit ejection operation, the solvent which has

slightly diffused and penetrated into the nozzle 48 during
dipping of the nozzle 48 is discharged out of the nozzle,
20 whereby the coating fluid which has become nonuniform because
of contamination with the solvent can be prevented from being
applied to the surface of the lens 15. The non-target ejection
operation may be performed outside the nozzle waiting tank 72,
as long as the outside site is a place where the coating fluid
25 is not applied onto the surface of the lens 15. Thus, the
coating fluid of appropriate quality can be always obtained.
As shown in Fig. 19C, the primer coating operation is
performed in the following manner: The nozzle 48 of the
dispensing valve 47 is set at the center of the lens 15, and
30 a distance h of 10 mm or less is provided with respect to a
straight line drawn from the center c of the lens 15 to the
edge b. The nozzle 48 is linearly moved parallel to this
straight line in the radial direction of the lens 15 from
directly above the center of the lens 15 to above the edge of
35 the upper surface of the lens, with the distance h being kept.



35 the upper surface of the lens, with the distance h being kept. - 23 -
In nbking this notion, the slide unit 42 is noved by driving the servonotor
40 of the applicator device 5, and the elevating block 45 is | owered by
driving the servo notor 43 of the slide unit 42. By so doing, the |eading
end portion 5 of the nozzle 48 can be_nggeq parallel to the straight |ine
connecting the center ¢ to the edge b of the lens 15. Coating with the

coating fluid is rri UL s WM spi anj h 32-beln ated by
driving the servo%ﬁt%%ﬁg380¥h%§gﬁgfgggtiﬁggb%g%%§3g5550§?ngé ﬁﬁgggr% r
coating fluddikasgl ohne \Gescasmbyort 4@ ocdoahengppl icat ¢s deniifasw 9, yasgrigdae on
the entire surface of.the. |l ens. 15, by the centrifugal force of the le 15
bei ng 1ot at B1°VEETEBePLPEX TRoifotaVrhnd ST oueky HAE e £5u R adifer oIS
coating witbft hheceatidaguhliti d2i.s Bpad Jingmtdrd, leddiarg caoad ipwrtwidm 15
the coating flujid, the leng 15 is rotated for econds or, so. at .

rotati omal §6egheof1°f,26804§pﬁf‘?ob%df‘%‘é?gt%%r?]rf%fﬁ? cr}gheessstralgh%‘tt ﬂlrjcrk?less of
the coatingcbaneetisg’t iR cditase o ebathorRAgeSPesHT hay ecnarisd atsi thgg to
the gradient of the lens 15 or the anbient tenperature for the lens 15, and

are adj ust edfith bloe faadiink fppégels Garhiest eRhessith the sphangpagcshakly

above, the ppip®ln&Ytiahed Bgid%ih?i%d BWe Vd SEAS bt ort @P%J‘.C@Héié@e@ating
possibility for the coating Tluid to extend fromthe side surface 15a of the

| ens 15 furbBeckt d0i.ts back. During (or immediately after) coating or spin

25 coat{mng with t atipg, fturd, . SOl 1S, d j, et zzl e
85a of 1ﬂe back cFggggngh%oggﬁgég5céggéﬁg %ﬁgi%aﬁigg%&§ﬁgg¥g%gﬁagﬁ %ﬁ?le t he
| ens 15 i s leiatngngof hted.isTheidoamlygspread cedhbeieant ioe tse flaackobfthde | ens

15 can be shed, pf.f e lLens_ 15 usi t he jet, of, the.,solvent. 30The,reason
why the coathg t &P@EE§ ?8%%5%%“9?%9%?%53Sgcéh%ﬂf?ﬁﬁlﬁeéglﬁg T4 Yol 1 ows:
The | enses Coolcurdeed vf,i the hert dteimalospeddhyf thei sénng batbiagrédesesngf a

|l ens to predeterm ned optic surfaces during transfer._ froma nold |n a
mnuf act ot | 1 Chr DEBE0A G 383 Lo R SHOGEPBIA oA Ty OgEFRE: KLk he

back of1a | emse EBating fluid, the lens 15 is rotated for 5 seconds or so
at a rotational speed of 1,000 rpm to adjust the film thickness.
The thickness of the coating layer is 7 um. These rotational
speeds are varied according to the gradient of the lens 15 or
the ambient temperature for the lens 15, and are adjusted to
20 attain a proper film thickness.

As described above, the primer coating fluid has low
viscosity, thus causing a possibility for the coating fluid
to extend from the side surface 15a of the lens 15 further to
its back. During (or immediately after) coating or spin

25 coating with the coating fluid, the solvent is jetted by the
jet nozzle 85a of the back cleaning nozzle 85 toward the back
of the lens 15, while the lens 15 is being rotated. The coating
fluid adhering to the back of the lens 15 can be washed off
the lens 15 using the jet of the solvent.

30 The reason why the coating fluid is removed from the back
of the lens 15 is as follows:

The lenses include a finished lens formed by finishing
both surfaces of a lens to predetermined optical surfaces
during transfer from a mold in a manufacturing process, and

35 a semifinished lens formed by grinding the back of a lens to



- 24 - an optical surface by polishing. Wth the finished lens, if the
coattng fluid adheres to the back of the lens and is cured, the | ens becones
a defective product due to contami nation. Wth the sem finished | ens, the
back of the lens is polished 5 after coating in order to inpart dioptric
power, thus mnimzing the influence of the adhered coating fluid. Operation
continued with the coating fluid adheri r‘?é to the back of the |ens produces

the effect of preventin he coating, fluid from adhering.t evi ces, , such as
transport aF‘HsgPB&SP dsgé%aﬁmﬁt’r%%rﬁsmng’ E’“ﬂﬁ‘egngoﬁﬁﬂé?%a g?“?hel oating
operation, the tbdtohgthainpagherds ts tdieppedkidr the sehyeid eantara@d in

the nozzle waiting tank 72 in order to prevent drd?/i ng of the nozzle 48 of
the di spensith§ v&MNFe PEEOMES & SEheGHiy e R OSMGtdidiS &9 GPRNEAIRAL 1% - t he

primer coat gl kHedsandfiRYSReal 18AsA HINBAURH REQM YBhsUDE hoNEXhed
coating, the coating operation can be inmediately perforned. After
t he surfaceadfteth€oaddnglin Sreeat é@ WmPRnthaipntrc @eatdmg thug d, the |ens

15 is transpgrit: f.r e S AN f t : ryi hg device 6
by the hand ﬁrrll;l ez\}"ln%g]t%%. l%@l%@n%%n%t%hz etr?sd%%rli/el(ang éévl?{(fyz féhylt e |l ens 15
i s support e@preration opnointéde Widhst ke gearttinghtividadher idgyt adghterleackent in

whi ch the c | fluid i I Ldifi [ 1,0ut 25 at,rogm
Ferper at ur e SoThBe detd REoRhEbh T Rk h s S e h AR B SR e r
of becom ng feim cdiean nex res el ticami studte.ad nddmesdoarnts adms g aehade 6,
after t c%%tin%fluid on the lens 15 is solidified, the lens 15 is

wi t hdrawn f PO 9%8hs drying device 6. The operation up to this stage is

30 the priner coahiffig¢ ropemplie@ionand the doheiinbespetdtisnsubhecteg b6 a
phot ochrom ¢ coati ng operation in a subseguent step. . . In the coating
appar atus 1,thenPPEzLRe! & dat AngPEHet i SPLVEBEngPrPpe? 1 0PAEd Ghet RezFéRs 15

by the pringraifditifd 13 i72atier odaeirCe ooprebenthapgifl bethengod216548
detected by the | ens height 35 nmeasuri n%_sensor 3, and the lens 15 is
transport ed afothpglispensing valve 47. This prevents the solidification,
15 etc. of the primer coating fluid and, even after a long time
interval until next coating, the coating operation can be
immediately performed.

After the surface of the lens 15 is coated with the primer
coating fluid, the lens 15 is transported from the spinning

20 shaft 32 to the lens drying device 6 by the handling device
12.

In the lens drying device 6, the lens 15 is supported
on the top of the lens support shaft 53 for drying treatment
in which the coating fluid is dried (solidified) for 15 minutes

25 at room temperature. The coating fluid comprising a urethane
primer has the property of becoming solid when exposed to
moisture. In the lens dryingdevice 6, after the coating fluid
on the lens 15 is solidified, the lens 15 is withdrawn from
the lens drying device 6. The operation up to this stage is

30 theprimer coatingoperation, and thedried lens 15 is subjected
to a photochromic coating operation in a subsequent step.

In the coating apparatus 1, while the coating operation
is being performed on the lens 15 by the primer fluid applicator
device 5, the shape of the lens 15 is detected by the lens height

35 measuring sensor 3, and the lens 15 is transported to the



- 25 - centering device 2. In this manner, the |l enses 15 are snoothly
subjected to the coating operation, one after another. In the drying
operation for the lens 15 which takes a relatively long tine, many of the
ens support shafts 53 are disposed to dry 5 a plurality of the | enses 15 at
any tinme. Thus, the priner coating opgrggign for the lens 15 is perforned
efficiently, and many of the lenses 15 are prinmer-coated in a short tine.

Next, a photochromn c coati operation far th i be described. 10In
this’ coat i N GREY ALY GV IERGE ond! Gt AP e by LORC FG SRagR LY
solidified ssbimvesd bty the dwmtdinghgpdeutden] e afitelreahenkedt yiIng tthevi ce 6

to the spinning shaft 59 of _the phqtochroni.c. spinning device 7. shown in
Fg. 12t MO EhE SR Rl SR B0 (P By Aenbs Tl GARRG RHA K G e hd e ol | de
bl ock 62 i stimayeayad; & the akhsskugpotabsiabis 033 thee appgaRidr demiyce 8,
whereby the nozzle 68 of the barrel 66 is |ocated directly above the |ens

t
15. Thedl end BE¥LeY LELIRE st P AF 3T it n&ﬁélﬁaf {thegPridfgr: he
barrel 66 piggethd nopdlydncdh Nesk S erds 19NdisC 3bed 02l olrlts i BRgiRAr y

| ines, ejects the photochromc coating fluid fromthe nozzle 68 onto the
surface of Mm@ mams of thien leReesr é8enate Ut FeeRat etelk atsiheg tf Itdng -i s

el ected ont ot he il 8euiplrdberdns clie o BpLPec L bR 01 LHE Nigzzla 68 bel ng

fixed at the central ‘position e position on 25 the axis of
rotati on ofbehdesensbdd. and 1 nm or so above the surface of the lens 15).

The reason why t zz) .15 inclined i h | nte - enc, tween the
filn18§%and t he Eg}gﬁééG oggl% é’gﬁ%ﬁg‘%y ?Hé ﬁ%& ﬁﬁh@%g%sefﬁgg 5§§F3768 may
have t he tipodehtgi haper Lsshiegief 1ed avoinbueatt érnf erthentanailtimg ke Wiildem120 86.

The spi nni haft 59 has th . di agret .whol e, ' ft
aanster 1 SUaR) SHbrlyRondey S hp; ARACSTANC GEnsLhnT a0 SFOLT B Of ine

| ar ge- di anmepestPOhtbedci spionikg, déteceoating fluid scatters during rotation
of the shaft, and adheres to the |lens 15 again,_ causing failure. 35As shown
in 19D, the coatif®y THWH Bf fBd bt FhiRel$-hsl® -19pSUpported by the

15 spinning shaft 59, and the slide block 62 is conveyed on the
air slide table 61 of the applicator device 8, whereby the
nozzle 68 of the barrel 66 is located directly above the lens
15. The lens 15 is rotatably supported on the spinning shaft
59, and the barrel 66 placed in an inclined state, as indicated

20 by the imaginary lines, ejects the photochromic coating fluid
from the nozzle 68 onto the surface of the lens 15. 1In the
present embodiment, the coating fluid is ejected onto the
surface of the lens 15, with the tip of the nozzle 68 being
fixed at the central position of the lens 15 (the position on

25 the axis of rotation of the lens 15 and 1 mm or so above the
surface of the lens 15). The reason why the nozzle 68 is
inclined is that interference between the £film 86 and the nozzle
68 is prevented by the inclination. The nozzle 68 may have
the tip bent in an L-shape to avoid interference with the film

30 86. The spinning shaft 59 has the same diameter as a whole,
and its shaft diameter is advisably small. If the shaft
diameter is large, or a large-diameter portion is formed, the
coating fluid scatters during rotation of the shaft, and
adheres to the lens 15 again, causing failure.

35 As shown in 19D, the coating fluid ejected onto the lens



15 is spread throughout the Iens by contact with a | ower edge portion of the
flexible film86 which is a spread assisting neans. The rotational speed of
the lens 15 and the novenent of the film86 are determ ned and carried out
i'n consideration 5 of the gradient of the | ens determ ned by hei ght

measur enent of the |ens, under conditlogg under which the coating fluid
supplied to the central portion of the ns 15 is spread throughout the

upper surface of the |lens 15 st efficiently. The fil 6 transferred onto
Lhe T ens. 160 by S FETea5k FREORENPRE Nt i TOTIES REPG8GTCEL B v SO | ans
15, and whegoitiEoh &S thie i 5] &0t d il 198 SvhSic .5 Bhepeeald agsfilswiiGgpart!ly

hel d back by the film 86 transiently accunul ates on the | ens 15. The
accunul at ed'@¥¢ i nd M godatdogslesaeed atnkhe| enmi Foraid fihckReyeMentt he

restoring fof e 0kithesd iali® 88ceWhiReiisd L2 rstiadleotiei 19 c%%{%';i]getr@%ifdnl m 86

is gradually noved along a linear track fromthe center of lens 15 to

the edg® b ¢Eddigradignt pdrthg hevemistewrinedd By haight measgagmes tof
war page of i e AREQ IRV f.ac f | ens
15, but itséfggﬁ%rilgnrg@’f orce m'%nl naq{%rg%é}nrgjeeg%?g%gy%?r}aeiilé:?éaac&?gogfﬁ{lﬁde
war page of shepiié¢dn 86, théecenbrahgpdruidncah beesperadlboisosprente entire

sur face of %l@gogcgﬁgug%theé’- a&)el%egt{%%];gl IglE (tlhrét ‘"i‘eplgfaiéymo | fecfrchti%in% NESS
wi t hout wet Ti'ng tinevenness C W Thout Stric posSi i onal = control, 7 't he
up- and- down di r ectheortilaf 8therfnkfie86edcaot ity tlentshaSchy vtk 2 atiinface of

the | ens, reover, _the coati fluid can be read withpout thickness

rreguldh i £ b SIS EGHE AT (icsh o SRE B O e 1605t g TS art e
increased, aaflstieiBimtisCasi tiyislstade, e¥RE ddhtdi rigeLLian®ant ]y ¢gan e
coated on the whole of the |l ens 15. 30At. this stage, the anount of the

phot ochr oni B2€balY nghe | it Gt 1@ ly iacqupyatahan the desisdd il m
thi ckness ofhthe-PhRE PEAEQNESaf1hd r AN & SWH I ofo theceaty /g ifddaid on

the lens 15 needs to be renoved until the desired anount of the fluid is

reached. Anthppkopssdpe HhouresoPring toBEs nof 35he | 1 bn &6 at thithed Thys

per for nl”i5ng %a?@%&tﬂgoﬂefaet 1 %tiilHQB& r195 giagzally moved along a linear
track from the center of the lens 15 to the edge b (see Fig.
19). During movement of the film 86, the degree of warpage
of the film 86 changes according to the curved surface of the
lens 15, but its restoring force minimally changes.

20 By making use of the warpage of the film 86, the coating
fluid can be spread to cover the entire surface of the base
material beautifully (in a nearly uniform thickness without
wetting unevenness), without strict positional control, in the
up-and-down direction, of the film 86 according to the curved

25 surface of the lens. Moreover, the coating fluid can be spread
without thickness irreqgularity. Thus, theutilization factor
of the coating fluid can be increased, and the high viscosity
fluid, even in a small amount, can be coated on the whole of
the lens 15. .

30 At this stage, the amount of the photochromic coating
fluid on the lens 15 is larger then the desired film thickness
of the photochromic film, and a surplus of the coating fluid
on the lens 15 needs to be removed until the desired amount
of the fluid is reached. An appropriate amount of the coating

35 fluid is attained by performing an operation for rotating the



lens 15 to throw off the coating fluid on the | ens 15. The rotational speed
of the lens 15 is determ ned by conditions suitable for the tenperature in
t he apparatus and the gradient of the lens 15. For exanple, the lens 15 is
spun, for exanple, 5 at 600 rpm As shown in Fig. 15, the coating
operation is designed to bring an edge Eortion of the spatula 119 of the
spatula fixing jig 111 into contact wt Tan upper (corner) portion of the
outer peripheral surface 15a of the lens 15. On this occasion,_the 10 arm

5
113 is advakeed tawe? dthreY spfhnfhg chaltingof byid Hen nbRe nteReahe- (gt shown)

to adj ust ths: pEsbhhPNsPbed NOr PRt Ulehd 1S AW QERtd Gildan AR YdHAIG 1dhd he
di ameter of the lens to be coated. Since the upper end portion of the
contact edg8uibabbe farethpaiemeenabure imehe mRPaAEFY anfet ke @ diging he

l ens 15, th ci{ged h |21 4 L9 re ating
fluid whi chgﬁﬁiggh%%‘te altl g%ﬁg{%rﬁf gcrﬁ%g:eil‘l‘ﬁh%%;ﬁ %%88'0?9%’ ﬁeé‘tgs}‘fﬁ]fcée;’ce of
the | ens 15atBefowrphe contact edge 121 of the spatula 119, a gap is forned

bet ween the conta d 21 d e e i ph C S5a. he
Cans 15, Thus t i 20 encng B urdr SH5CEoRELbEEE R REOA BEE e d 0 e
centrifugal té drdegdan iedgermd at 1 om odft idhephénd alll 9 afid leaspbeupadiienieg from
adhering to,th uter peripheral, surface 15a of the |leps 15. a result,
The. coati ngd 1Eaid taRCBETA et B8 271 BRF Jsits s BRFERE G ERGOHIRE | ens
15 onto thepedtghe2dl paiit fhes alsswif aEe 1&@s 15. OnTHRisPSEAgsiladd), afhd he

spatula fixing Jig 111 plays a role in pressing the gripping portion 118,
whi ch sifbpor S ]lt)ré 1spaftpRCed ot ORI ﬁElpéhélgl%h%\f‘E h'soggbb(e‘ém? YREOHEE ant

force. The feahingnbt UbtolfoUshdudber SOAN f 109 O | fife It dhe B tray

60 for recovery. If coating is pertormed without contact with the spatula
119, the coavtagaticpdliarcaEing o theedsamet ey offaele denshieo berzoased and

T o o “SIREeCy N eNicB 10100 B nscEpelchelee Aptedwpal L
fluid uneveapyta@hellﬁgjsinclined toward the center of the lens 15, the
15 contact edge 121 of the spatula 119 can remove the coating fluid
which has accumulated at the outer peripheral edge of the
surface of the lens 15. Below the contact edge 121 of the
spatula 119, a gap is formed between the contact edge 121 and
the outer peripheral surface 15a of the lens 15. Thus, the
20 coating fluid is guided toward the spatula 119 by the
centrifugal force during rotation of the lens 15, and can be
prevented from adhering to the outer peripheral surface 15a
of the 1lens 15. As a result, the coating fluid can be prevented
from dropping from the edge of the lens 15 onto the outer
25 peripheral surface 15a.

The spring 120 of the spatula fixing jig 111 plays a role
in pressing the gripping portion 118, which supports the
spatula 119, toward the lens 15 with a nearly constant force.
The coating fluid removed by the spatula 119 drips into the

30 tray 60 for recovery.

If coating is performed without contact with the spatula
119, the coating fluid may adhere to the side surface of the
lens 15, and may be UV-cured by the UV device 10 to be described
later. Annealing after UV curing, optical distortion may be

35 caused to the lens 15 by the coating fluid unevenly adhering



- 28 - to the side surface of the lens 15. The lens 15 may have a | ens

di aneter increased by a value corresponding to the anmount of the coating
fluid adhering to its side surface, causing the defect that its size does
mot fit the size of a dedicated jig 5 in a post-treatnent step such as hard
coating or anti-reflection coating. To avoid these problens, it is
necessary to polish the side surface of 28he | ens 15 by a polishing device or
the like, after UV curing, thereby renoving the coating fluid that has 10
adher ed, thus tdonpdidatsugfade odanufactens nip pr dbesd.enisn Iohaayr bsest a

enmbodi nent , N i n I j r . Wwth the
| ens 15, thlueg%na li%rﬁn%c&l%%J ﬁggg%ggga@ %r‘g?/]é% dto%é%csgjél‘tq}%éldfjﬁgi%@%g%hg&heri ng
to the out esf pédwel phetahgstiliatedbeaioly tbeitesddeSsuthecepycams ing ndge

pol i shing. 15_The phqtachrom_c coating fl.yid,has.a high vjsgosity.i.n

conpari son $FIFCY ﬁ%’ap it rs&ggtﬁ?@sfrf 'dg,luca% r 84T 9g|5§, drﬁcﬁlcr?aﬁci/ J&& ends
to the Backimfatihestetteatindrvestepfstble ssrNatdreocatinfeoback of the |ens
is small, even, the ﬁhot pchrom c, coating fluid nmay extend to the back of the

lens. 20 WRIMEOERTHCT5OPerPdFHRY- i n such a case, with the spatula 119

nmeking contact witd 48 d ehesd Beosdakisngit! vk %@@@s@@r%r@ywﬁ%ﬁ Lo
extending not only to the side surface of the |l ens 15, but also to the back

of the | enssi®e sPfRce eht BRPnkaN DA SoPYthePdab gl draicensr il like coat i ng
fluid can bgf@éfwg&%ir@ Eh@ ARV e hBYRUE! tRE BotiRy Us Piq titat has

phot ochrom ¢ coatin uird using the spatulfa 119 is particularly e
for a fli0ni shdldereds tihmsawhboplibhetbagktlod mama flagtairifig praoespol | Bhddie as

coat ng 11 WEse TR 8hrilE SRR PhE AT 3aREr B ity
device 13 fimvtotdenspchnvighshhét 188s0151 hehapphakahgr ilepbseiBleotbhe
SObpor t od REFECR: ERecQbr HOf g At OB Fering o rin SR PP ToRE Hrks of
bot h of oneshangité ngs535cHevheeldrsand, t breoébgr ohandihggpdevebend3. - 29 -

As shown in Fig. 16, the I%ns 15 is surround by the cylinder 90 of the W/
devi ce 1P0, and t hE'¢ RQGGUIRIANTHERRINIEL U6 PaSpar Wit Hithogeh. The

reason for gemyheisenawdthr eBENpaLABEPREELiHE EDaldoxyaanrehbtRReIgNt,
' nhibits thrﬁinimally extends to the back of the lens. However, if the
curvature of the back of the lens is small, even the
photochromic coating fluid may extend to the back of the lens.
20 When coating is performed in such a case, with the spatula 119
making contact with the lens, the coating fluid can be prevented
from extending not only to the side surface of the lens 15,
but also to the back of the lens 15. Thus, contamination of
the back of the lens with the coating fluid can be prevented.
25 The above removal of a surplus of the photochromic
coating fluid using the spatula 119 is particularly effective
for a finished lens in which the back of the lens 15 is not
polished, as stated earlier.
After coating of the lens 15 with the photochromic
30 coating fluid is completed, the lens 15 is moved by the other
handling device 13 from the spinning shaft 59 of the applicator
device 8 to the spinning shaft 99 provided in the UV device
10 (or UV device 11) and supported thereon. The spinning shaft
59 is incorporated into the tracks of both of one handling

35 device 12 and the other handling device 13.



5 polynerization reaction of the coating fluid, making curing difficult.
During the period fromthe start of purging with nitrogen within the
cylinder 90 until conpletion of the curing of the coating filmby UV |ight,
2 is always supplied into the cylinder 90 in order to prevent an increase
in the oxygen 10 concentration within the cylinder 90. At this tine, after
lighting of the UV lanp 89, an el ectromagnétic valve installed in one of

bi furcations of a bifurcated N2 suggly line (not shown) is closed, whereby
the flow rate of AB SRPWRi 8 F+8m the BAS $8BDI §Opbet 80550uRA BY¥ EBStricted

to a mninugy i egybred srmurtyy davBekor @, hhahtidgnetrtiBe dMVthamy 18%hdadhe

atmosphere within the cylinder 90 is rapidly purged with a large flowrate
of N2. AftePO|ighPRAgedf vikk OVtraapngo, Thpereadonrbee BFOX®diRgkept to a

mi ni mum - soqt hatoLhe, GRISHIPEL Ok A2 Saebe $aVSHe sl | Nenith flevige, 10,
when t he he?%h? %o?i??@n of t%e uv 20 P§§§GBQ I's gd?%sted to an apﬁ?g%riate
positiorh thelymasizgtighi Feapbing ¢btbredsoatsing riadiid ednatiitng Iduyghitng r om
the WV | anp re . i The, . 0 o] at S .15 is
that the ro?g?lf%guggér e%lglg}s&ga%gu%cfra%gdurﬁu%?)zﬂ :98% %Eé?%nélf ﬁgé]!%lgl}(‘% 3{:12‘%% edge
portion of hherbgas Whthin &tk eykindet d0mAbidppdmukdt Don off tiveldwghing The

rotational speed of the lens.15 durjng.irradjation fromthe U lanp 89 is
t he order 0?91§gerﬁﬂ?plng ?llEuPVngbl?bﬂﬁﬁhghbﬁqﬂﬁ}Wiyﬁéﬂﬁxgéeiﬁkpgﬁction
force of thenai¢yBusiépmiEansraeet tshomeyemetdamaneteie snitmé ngkydwit 99

is decreased to a mnimumrequire Iev?L. By %g doing, the 30 |l ens 15, which
i s heat¥l dGPPR§VEVAFLPRAMALISR &RG F¥ldpfeto ef obtn CRLH btMReptfEREm

def or mi ng um@gﬁtﬁhg SHEhieotv fIINGE 89, an elebe oMaRHRW i%4vh N6t ald £dh Petgeen
the U |lanp 89 and the lens 15 allows UV light to be transmtted into the
cyl i nder 90iname of Hid uneatiqins of apifyrerted N2 supPilivgl IngHnosfshoevas)

wavel ength i NEs¥ECH L 200 rrorden. sapgPied f 1. ason
for cuttingagh% mg§gfengtﬁe?% t he @P%?ﬁity é% Sﬁosﬁﬁﬁo%egho??%rt?€q¥%§t
dependi ng omupbhéytryget H192t ¢ren pleotoshr bated doad imrig ifMux dequi kaklassowtcur in

t he coatd ng Le LlLinget [ i f ' r 5
borosiﬁF%atggnggsg%gﬂg%éé %E %qhgﬁgﬁﬁg%@ySQP%;%£+€§R§§§%eaf§$£%iS @nce
and does notyhiedkruffenst hephday phrghd WWthaaplarge flowf retecofipNeti on of

Phot ochr om S756at 1 gt APE of At R 0E BPacthe LSy i el e aerr ©

acceptable to a minimum, so that the consumption of N; can be saved.

In the UV device 10, when the height position of the UV

20 lamp 89 is adjusted to an appropriate position, the lens 15,

while being rotated, is irradiated with light from the UV lamp

89 to cure the coating. The reason for rotating the lens 15

is that the rotation decreases a fluid accumulation region in

a peripheral edge portion of the lens 15 to achieve uniform

25 application of UV light. The rotational speed of the lens 15

during irradiation from the UV lamp 89 is the order of 150 rpm.

During lighting of the UV lamp 89, the suction force of

the air suction means (not shown) acting on the spinning shaft

99 is decreased to a minimum required level. By so doing, the

30 lens 15, which is heated during UV irradiation and is apt to

deform, can be kept from deforming under the suction force.

The window 94 installed between the UV lamp 89 and the

lens 15 allows UV light to be transmitted into the cylinder
90, and plays the role of a filter for cutting light of a

35 wavelength in the vicinity of 300 nm or shorter.



10 product is anneal ed. This annealing treatnent is heat treatnent perforned
for 1 hour at 110C In this manner, a photochromc coating filmis
formed on the I ens 15, coating can be carried out using a coating fluid of a
uni form concentration, and a photochromc lens of a high 15 quality can be
pr oduced. The enbodi nent of the Bresent I nventi on has been descri bed
above, but needl ess to say, various nodPfications or changes of the present

i nvention are p055|ble based on the technical ideas of the present

i nventi on. 20For BXamMRESOMNERT tHE s U iwavslgisgthedn &hsad icdmirtisi ng

silicone rubbegpg@r ﬁ'bkCQHSrQHEn génthstneapgﬁelﬁa 88 Eaeftybeuefat%rt or
all of a concaV|t% of the back of the Iens 15, and the lens 15 and the pad
5

can be suppphetdchsomignfeating ﬁééléf Whénbéﬁsappﬁﬂé héathemﬁpéﬁlﬁgcurs
during UV ngtafaiiég' aEL Ry OtSSSBQ 9"}159?0%@”?92_ 3}“] e £20on L HEY DY
the ve en

suppre55|ng e fehperaturé rrse o ens a coating | ayer
is form&d ohorhelleosteh;ham JISheseénasarthex hetetore, 1$ rtéxartalltdei@rmu on of

the | ens can be revent use_ .of th pad. 3 on n t he sensor

LTt s 2a. CBeSERBEfYRIARE Mat ol hrd i RBge 33 bR REREGE e U DA

| ocated at the sam&émmdxﬁml@hdsnel@htpmcbcmrcbmm EEHa0d | rtgmt h]ﬂer(ﬁ hies

sensor 25a and the at er rror Fﬁ@ﬁt one f t he, sensors may be | ocated
t

at a differtASPREFG |%1"‘tteo° ecFeloé’ﬂ iths PR]LAFRF@PLA &P AMken t he
two sensorsjalarthis déﬁébti@@ Bf@8uct Bd rejected, and an acceptable

10 product is annealed. This annealing treatment is heat
treatment performed for 1 hour at 110°C.

In this manner, a photochromic coating film is formed
on the lens 15, coating can be carried out using a coating fluid
of a uniform concentration, and a photochromic lens of a high

15 quality can be produced.

The embodiment of the present invention has been
described above, but needless to say, various modifications
or changes of the present invention are possible based on the
technical ideas of the present invention.

20 For example, when the lens 15 is supported, a pad
comprising silicone rubber or silicone gum can be mounted so
as to fill up a part or all of a concavity of the back of the
lens 15, and the lens 15 and the pad can be supported as a unit.
The use of the pad allows heat, which occurs during UV

25 irradiation, to escape from the lens 15 to the pad, thereby
suppressing the temperature rise of the lens 15. Even when
a coating layer is formed on the lens thin at the center,
therefore, thermal deformation of the lens can be prevented
by use of the pad.

30 In connection with the sensor units 24, 25, the line
connecting the sensor 24a and the mirror 24b is located at the
same horizontal height as the line connecting the other sensor
25a and the other mirror 25b, but one of the sensors may be
located at a different height position to provide a height

35 difference between the two sensors. In this case, the edge



position of the lens 15 is determ ned in consideration of the height

di f f érence between the sensors. According to the present
enbodi ment, photochrom c coating is taken as an exanple. However, the
present invention 5 can be applied to other coating technol ogi es. In

connection wth the sensor units 24, 253 the two sensors are used, but it is
possible to use only one sensor, change the sensor position, and detect the
hei ght positions, of the central gortion and ot her point of the |ens, thereby

10 per f or mi RS Het @Rt otPeHbGRYet ° 1HidS HGTEEGE &Nt aRRE1gpRat1on of they the

phOtOChronjﬁeﬁgﬁﬁiBQfP@Eéﬁ&éOBetﬁQénSEﬁEUE@ngérQKOUth into contact with the
side surface of the |lens 15, whereby the coating fluid which has arrived at

the outer peripheh@FOBdRg ofCt Hee | RRSSEBL upepdinentenpPhPtaghrombece of 15
the lens 15c8§£‘i13§ i@@é(ﬁ&&%@ 35 ep-agier| “Ho&Qvé??t eedgréé'&flé%v%fntti%% I ens

15. Accordfng to the coating apparatus o présent ‘i nvention,
primer doat¢ay badappbiedhtonpthesacpagivantbehpelpgiged by the single

coating apparatusy, 0L, L0e; a0ONLeHeSEL Ded LPVaRL LaNs oL Ngal epge L f gOspor
means is a pair of handling devices each™having an arim §hapéd nenber

pi voti ng absebsarshafé¢ ;usedpdoit Ve lisnpossppdet tpouse omsl pfortehesdnas hei ght
nmeasuri ng sensor he prinmer spinning devic t he l.ens drying devi.ce, the
phot ochr om ¢ %%ggpﬁﬁi %@nﬂ%ﬁ% ?ltélr‘l%gt h%n%;%(?ﬁmcet}her }%%td%&’sllﬁﬁ?% f or mer
and a | attepfacherdengrad poet S6HULSNE otlic B moBit NEYF afiey atdry) ftefertdis, | ens;
one of the hangling devi ces of the gair of handling devices is disposed

i nsi de 1 t rBRkIBFMLRE F8FREF1COBNd KA Heher tbhdPT A ders ckakes dF ¥pesed

inside a track ofrfhend hSFocienBO @bat ey rasPestiveg, [ans sarard jportions

of the forner, the lens supgort portion used finally in the sequence of the
operation iBrapghbséntot egethact With the sadehgndfprg eévicbe, 1ensi dé& .t he

Lo, o nenphbey PROCLavIeEsaThNecrl hegPgRalRn devep Catlone
single | enspsnépberabmdg©mﬁ ¢he-18as-15 under the centrifuéal force 6f

15 the lens 15 can be prevented from adhering to the side surface
of the lens 15.

According to the coating apparatus of the present
invention, primer coating and photochromic coating can be
performed by the single coating apparatus.

20 In the above-described invention, the lens transport
means is a pair of handling devices each having an arm-shaped
member pivoting about a shaft; respective lens support
portions of the lens height measuring sensor, the primer
spinning device, the lens drying device, the photochromic

25 spinning device, and the UV device are divided into a former
and a latter according to the sequence of a coating operation
for the lens; one of the handling devices of the pair of handling
devices is disposed inside a track of the former, and the other
handling device is disposed inside a track of the latter; and

30 of the respective lens support portions of the former, the lens
support portion used finally in the sequence of the operation
is disposed, together with the one handling device, inside the
track of the other handling device. Thus, the handling device
follows a circular track, so that its movement is not

35 complicated. Moreover, the single lens support portion is



di sposed, together with the one handling device, inside the track of the

ot hef handling device. Thus, the nunber of the handling devices can be
decreased, and a next operation can be perforned efficiently. 5In the
above-described invention, a plurality of the |ens support portions of the
| ens drying device are arranged, and a plurality of the UV devices are
arranged. Thus, drying of the primer coa&fing fluid taking a relatively |ong
time, and curing of the photochromc coating fluid by the UV operation 10
can be perf@iapdsed, pheaether V@ﬁbe?h@o@m¢r@ﬁﬁﬁliﬂﬂuagﬁﬁﬁﬁxskﬂﬂiQﬁauhﬁwﬁ ed
out by the si e I ~descri [ ' hei ght
di fference E%?ggeﬁéfgggg%#%?é}§¥k?ﬁgﬁgg%$ggﬁﬁf ?Eggfeﬁgggﬁ?Pg%%qgi%?ﬁé | ens
supported bhantHéingndevingsjcgnape decotheed) ozmad idmerd @pdared lansasur f ace

spaced_fronbghge%%$%$édigﬁgggﬁg%gg py the sensor provided in the |ens height
measuring Sensor. us, e coa |n§ operation can be perforned regardl ess of

the shape of the Iende dbotdedabovibeaddavienedonpvepluenlithet ehs laight 20
measuring sensor (s equipped with two sets.of light emtters and |igh

focei vers,  SHABHEEcPAThE8hs et HAGHERS CEHaFeris?Byeat o TP T ditd o

bl ock |ight aepltit&uif{osT titee IURevEbdst airealraagehi. naribe, |dging esei ver.

Thus, detailed and accurate neasurenment,K can be nmade utilizing the
char act eri sthesPBimeReC28f &Rg, fluid t?hl?%eaaﬁ%k%t%ﬁﬁﬁﬁi%ﬁﬂﬁihﬂﬂﬁﬂiQHQ t he

primer coatgihhube ¢1%e GRHESEIIB0 d R aTUHRAEE ek bhechensy WHd & il
ej ection nozzle i's being noved at a distance from and along, "a straight
| i ne cokfthectingbe heeebprmed gfn thagr adlireflaceHehcehecPahsNg oo BrMBLY d@fEsorti on

of the surfage gl Lhe lenso, T, (hie-eagiingpphybdygan be coated onto the

central portfron to an outer si In the :
above- descri bed i hiuehheoabovhedesarihgdf ihmeohiibos nazilagsdbeigbti s provi ded

for SPreadi ng e ANgLoel o ¢, 35500010 heLoRL B8 it 188 4D | ens
of the lens supported by the centering jig and at other location
15 on the lens surface spaced from the center is detected by the
sensor provided in the lens height measuring sensor. Thus,
the coating operation can be performed regardless of the shape
of the lens.

In the above-described invention, the lens height

20 measuring sensor is equipped with two sets of light emitters
and light receivers, and determines the height of the lens by
allowing the lens to block light emitted from the 1light emitter
and reaching the light receiver. Thus, detailed and accurate
measurement can be made utilizing the characteristics of the

25 lens.

In the above-described invention, the primer coating
fluid is coated onto the surface of the lens while the ejection
nozzle is being moved at a distance from, and along, a straight
line connecting the center of the surface of the lens to an

30 edge portion of the surface of the lens. Thus, the coating
fluid can be coated onto the central portion to an outer side
of the lens.

In the above-described invention, the coating film
uniformizing device is provided for spreading the photochromic

35 coating fluid on the surface of the lens by an edge portion



- 33 - of the filmduring coating of the lens with the photochrom c coating
flui@, and while the lens is being rotated, the photochronmic coating fluid
is spread by the coating filmuniform zing device, with the film being noved
along a linear 5 track connecting a central portion of an upper surface of
the lens to an edge portion on the upper, surface of the I ens. Thus, the

phot ochrom ¢ coating fluid having higﬁ'6¥%ébsity can be spread effectively
toward the outer side of the lens., I n the above-described invention, one of

the | ens sufpobbe 1Bl PBrAtoiRT i CFork @l fheelrBiant B i RRQF b iqRic

respective LeasisgPEALE dPOahdORs idke thendenhed i sORERn by oithe cdne thans support
portion. Thus, the nunber of the | ens support shafts can be decreased. In
t he above- dBBEEPEEIOMAFeFOPEANTt R UdPedRi RPLRGEzPY tHensPiakdnd tfildMorti on

poi nted t ovgid colfibagk abvibe, et ichlispRasd ishdda 18R, supRosi ed by

the prinmer spinning device, and a solvent 1s gushed by the cleaning nozzle

toward the bagkkoforhecténg.a Fendralhpopitiner OEcut umpei arafageepditheto the
back of the .aS £aR DFaLlRaRadabd RGeSOk Wefiea cROL R dilie18ROVe-RoC! | bed
g tank 0 0

invention, the waitin storing a s ent r preventing solidification
of the printhecphbtnghirbmid ceapioyi fiédidi havhng hiaglyevocomieyrerdan dbe t he

ej ection nozzl e aof the primer coating,device, and ti ortion of the
ej ection nofffgagseégﬁﬁg VFnytﬁgwggﬁvénF Vi ﬁrtﬁéd%Sogfé%Fi&ﬁnﬁbzzle i s not
in operation. Thugn t3m abolecatsonibetidnventtis ,pohawif cloatlieng duppsrean be

prevented, and after .a |l ong-termcoating interval, the_coating operation can
be perfb neBOFﬁﬂQH?aﬂél§9r%ﬁdpﬁ8 QEOWQYng%ri%% F%@e%ﬁi?ﬁﬁ E?ﬁ?é&qh¥%haped
30 spatul a gapablseppbréopoaetiong areUpRedaped ichndn the thidenzunfaee of the
|l ens is disposed in the surroundlng§ of the photochrom c spinning device,

t

and the spafiPROrS BPBELEAR - i Nt TontchuRPer ¢hdhg densupraeerbfShakts ens
during coating Wet bl aRRet.ochrom ¢ coating fluid. The photochrom c coating

35 fluid, which is about to drop fromthe upper surface of the
In the above-described invention, the cleaning nozzle

15 having a tip portion pointed toward the back of the lens is
disposed below the lens supported by the primer spinning device,
and a solvent is gushed by the cleaning nozzle toward the back
of the lens. Thus, the primer coating fluid extending to the
back of the lens can be cleaned with the solvent.

20 In the above-described invention, the waiting tank
storing a solvent for preventing solidification of the primer
coating fluid is provided within a range of movement of the
ejection nozzle of the primer coating device, and a tip portion
of the ejection nozzle is dipped in the solvent when the

25 ejection nozzle is not in operation. Thus, solidification,
etc. of the primer coating fluid can be prevented, and after
a long-term coating interval, the coating operation can be
performed immediately.

In the above-described invention, the film-~shaped

30 spatula capable of contacting an upper portion of the side
surface of the lens is disposed in the surroundings of the
photochromic spinning device, and the spatula is brought into
contact with the side surface of the lens during coating with
the photochromic coating fluid. The photochromic coating

35 fluid, which is about to drop from the upper surface of the



- 34 - lens to the side surface of the | ens, can be renoved by the spatul a
to pfevent adhesion of the coating fluid to the side surface of the lens. -
35 - What we claimis: 1. A coating apparatus, conprising: a centering
device for determning a center of a lens; 5 a |lens height measuring device
for measuring a gradient of the lens ranglng froma center on a face side of
the lens to an edge portion on the face3di de of the |ens; a prinmer
fluid applicator device for coating a priner coating fluid onto the face
side of thelfeAstoythe sjdetsenfacemiziks lens, caphergengiiathing tdei ce
for rotatingolhhghens soafat Wddkd R e £8ating Eiuid & hd datd onal
speed confor dto e gradient of the |ens; rylng déV|ce for
drying the prrfececoit thg fkusd 15 coated onto the |ens;

photochrom ¢ fluid applicator device for coating a photochronic coating
fluid onto a prinmer filmcoated onto the |ens; a photochrom c

spi nning device for rotating the lens 20 coated with the photochromc
coating fluid at a rotational speed conformed to the gradient of the |ens;
and a UV device for irradiating the | ens, which has been coated with

t he photochrom c coating fluid, with UV light in a nitrogen atnosphere to
cure a coating layer, 25wherein each of the centering device, the |lens

hei ght



measuring device, the prinmer spinning device, the drying device, the

phot 8chrom ¢ spi nni ng device, and the UV device has a | ens support portion
for supporting the lens, and a |l ens transport neans capable of transferring
the lenses 30 is provided. 2. The coating apparatus according to claiml1,
wher ei n the centering device, the_lens height nmeasuring device, the
primer spinning device, the drying devigé, the 35 phot ochrom ¢ spi nni ng

devi ce, and hh% uv dngce.a[e being - 36 - divided into a fornmer group and
a latter grB80pta¥€ofdrnl £8°a sequence of a coating operation for the |ens:
the l ens transport neans conprises a pair of handling devices each having an
ar m shaped mber _pivoting about a shaft; 5.each of |ens support portions of
devi ces bel ngingAtSO?Eéngo?ﬁﬂ?raFBap FSMBET AYEi sposed inside a track of
one of the handliggcegyéeesg detive |15 detaigadingraansntapdoeach &fs ) ens
support portions of_ devices belonging to the latter group is being disposed
i nside @ track of at¥ns helstiePeAEHELPEEAD SR ViteMER S NPeh JLa rt

means; and or the PEnkNBahi§PRECHF MR d RRNLIUPRA b PAEL! 8D§e OF £ LR frAN T
group, the lens support portion used finally in the sequence of the

oper ati on i $obenngddies pogsédonovnofihg ifasedeidre ofr 4bk dfnstie handl i ng devi ce
D000 U ki SheF APt 50800 80,0201 58 oS T SRHLIG
coating fluid onto the face side of the lens by an ejection

10 nozzle;

a primer spinning device for rotating the lens coated
with the primer coating fluid at a rotational speed conformed
to the gradient of the 1lens;

a drying device for drying the primer coating fluid

15 coated onto the lens;

a photochromic fluid applicator device for coating a
photochromic coating fluid onto a primer film coated onto the
lens;

a photochromic spinning device for rotating the lens

20 coated with the photochromic coating fluid at a rotational
speed conformed to the gradient of the lens; and

a UV device for irradiating the lens, which has been
coated with the photochromic coating fluid, with UV light in
a nitrogen atmosphere to cure a coating layer,

25 wherein each of the centering device, the lens height
measuring device, the primer spinning device, the drying
device, the photochromic spinning device, and the UV device
has a lens support portion for supporting the lens, and

a lens transport means capable of transferring the lenses

30 is provided.

2. The coating apparatus according to claim 1, wherein
the centering device, the lens height measuring device,
the primer spinning device, the drying device, the

35 photochromic spinning device, and the UV device are being



the former group includes the centering device, the | ens hei ght nmeasuring
devite, the priner spinning device, the 20 drying device, and the

phot ochrom ¢ spi nning device; the latter group includes the UV device and
t'he | ens support portion of the photochromi c spinning device is disposed
I nside the tracks of both the one handligg devi ce and the other handling
device. 25 4. The coating apparatus ace ding to claim1, wherein a

plurality of .the |l ens suppart portions of the | ens drying device are
Brranged, aRdVAIBEUNEIPLS HPTFRE UROUB\IRSS o E GNP PSS ddat i ng

appar at us agCQkeule k0 ot al FohtiWdebpelRat ibangokeirglt 1dinisf erence; bgtween two
points at a center of a lens surface of the |lens supported hy the centering
jig and at GERESPOSEalCER SoFOMRE 1588 as BRflac 8 Is pagdd indofevAcesefesh | s

detected bypa.seasa %&%l%%%ﬁ h”m%%%eEegiv%§H%%La%%%%“%i%%a%%”sor- - 37 -
6. The coating apparatus acco glng to claimb, erein the | ens hei ght
measuring devi ce €88PrpPEesenRi supporbaRerivhense?f glewl¢egyekkonging for
emtting a Ligh a_light.regcekver ect | t | ght 1.t ted-from
The 11 ght 5 Fontraqgold! 16eBELKE 4} BhoCEUCERLNGe 9oLl of ML Fhaced
on an i nf or rohiel bandésobtdegifeomi ther tepsitommodpatie ndaglst, detdeeachgofit t he

Light recei ver, by, L, | e it oFife O8] BRIARRILAIES ROPLALEY dpghai M 1,
is being disposed inside a track of the the other handling
10 device of the lens transport means; and
of the respective lens support portions of the former
group, the lens support portion used finally in the sequence
of the operation is being disposed not only inside the track
of the handling device but inside the track of the other

15 handling device.

3. The coating apparatus according to claim 2, wherein
the former group includes the centering device, the lens
height measuring device, the primer spinning device, the
20 drying device, and the photochromic spinning device ;
the latter group includes the UV device and
the lens support portion of the photochromic spinning
device is disposed inside the tracks of both the one handling

device and the other handling device.

25
4. The coating apparatus according to claim 1, wherein a
plurality of the lens support portions of the lens drying device
are arranged, and a plurality of the UV devices are arranged.
30 5. The coating apparatus according to claim 1, wherein a

lens height difference between two points at a center of a lens
surface of the lens supported by the centering jig and at other
location on the lens surface spaced from the center is detected

by a sensor provided in the lens height measuring sensor.
35



primer coating fluid is coated onto the surface of the lens while the

ej ection nozzle of the priner fluid applicator device is being noved at a
di stance from and along, a straight |line connecting the center of the
surface of the lens to an edge 15 portion of the surface of the lens. 8.
The coating apparatus according to claim1, which further conprising a
coating filmuniform zi ng devi ce having flexible filmfor spreading the

phot ochrom ¢ coatjng fluid on 20 the surface pf the |ens, erein the
Poat i ng. £ fr un e GPPESabvre S eS deC S REI Bt DErFERTE SoatRRESHui d on

the surface of thehs dteatd ReibBRSnOYsaPVhGHLNEd lcoxipieds tapat©n@easd | near
track connecting a central portion of an upper surface of the lens to an

edge porti of"8f SeheCtippeli Sk feRkt T X |8hE Wi 5 yhtomngb i dd Bt edge

portion of theetbei bbe hbtBvihl the PhghocBROREECeabhngnE! tignduring the
novenent. 9. The coating apparafus according to claim11l, wherein one of the
| ens suppor empdtekdnsarid forned to be novable, and two 30 of the respective

| ens_suppor ¢ por t{ 905, & g CgfleE RO FOITONS bt HemPAEa! BBSeUBROLA POTLi on.
10. The coating apparatus according to claim 1, ich further conprising a
cl eani ng noirFerhat icheamduldg imdackmdhn tiere updrizrasf suppbi gkt detadie my i ner

spi nni ng deyjc y.dischargin - -.salvent toward the back of the
| ens. 11.Th3£c§3?i%bgggpg?g?ﬁgegcg rgﬁﬁgl?gsélain11, whi ch further

conprising a waiting tank provided within a range of novenent 5 of the
ej ectiaqn, nozzle o%Bthe rimer coating devic wherein ,

, th iting tank
Stores 1 sofvent FF AN PRE S FREQENBATITO CHe gt K nefNEEatR 4 | ui d
by di ppi ng phemeireebh®Nn§OEZLedof st b6a sl NBYit & 0gtid NEhEiRvtE o ff tHha s vent
when the ejection nozzle is not in operation. ) ) _
while the ejection nozzle of the primer fluid applicator device
is being moved at a distance from, and along, a straight line
connecting the center of the surface of the lens to an edge

15 portion of the surface of the lens.

8. The coating apparatus according toclaiml, which further
comprising a coating film uniformizing device having a
flexible film for spreading the photochromic coating fluid on
20 the surface of the lens, wherein the coating film uniformizing
device spreads the photochromic coating fluid on the surface
of the rotating lens by moving the flexible film along a linear
track connecting a central portion of an upper surface of the
lens to an edge portion of the upper surface of the lens and
25 by contacting an edge portion of the flexible film with the

photochromic coating fluid during the movement.

9. The coating apparatus according to claim 1, wherein one
of the lens support portions is formed to be movable, and two
30 of the respective lens support portions are rendered common

by the one lens support portion.

10. The coating apparatus according toclaim1l, which further
comprising a cleaning nozzle for cleaning a back of the lens

35 supported by the primer spinning device by discharging a



- 3 -

solvent toward the back of the lens.

11. The coating apparatus according toclaiml, which further
comprising a waiting tank provided within a range of movement
of the ejection nozzle of the primer coating device, wherein
the waiting tank stores a solvent for preventing
solidification of the primer coating fluid by dipping the
ejection nozzle of the primer coating device in the solvent

when the ejection nozzle is nct in operation.





