- 1 - Description Renoval Method and Renoval Apparatus for Entrained Air in
Coating Fluid 5 Technical Field This invention relates to a nethod for
renoving air entrained in a coating fluid stored in a container called a
coating unit, and a renoval apparatus for use in its renoval. 10 Background
Art Among materials which change in col or when exposed to light is a

phot ochrom ¢ material. The photochronit Isubstance has the property that its
structure reversibly changes 15 according to the presence or absence of
ultraviolet radiation to change i PeHFOMUDBN spectrum This property
results from the nature that when an isoner is irradiated with light of a
particul ar wavel ength, the single chem cal substance, under the action of

l'i ght, reversi bl yRemodul et tdrod sodeRenavahghpp20ata $ fiaye in tatesiorest ARdmr
spectrum The resultin ldifferent isoner is restored to the color of the
ori gi nal isbﬂeéoﬁ lﬂ%a? U8 Iight of a different wavel ength. Photochromic
spectaclses utilize the above nature of the photochromc material for

| enses. I n an outdoor_environnent 25 exposed to light including ultraviolet
radi ation, g%%%nhgaguﬁi? ft, the lenses are rapidly colored to function as

sungl asses. | n anphEophvERvi SONFENM t &b LHOUW RXDASHT £of Orethdithg &De | enses
fade to function as ordinary transparent spectacles. 30 Known net hods for

produci ng aehensinadi by phepakinom iiprdpaed ima ¢eataimshealdled a
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fluid 10n a nononer, and polynerizing the solution to obtain a
Background Art
Among materials which change in color when exposed to
light is a photochromic material. 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. 1In an outdoor environment

25 exposed to light including ultraviolet radiation, such as
sunlight, the lenses are 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 coating fluid; a
method which comprises dissolving a photochromic coating fluid
in a monomer, and polymerizing the solution to obtain a

35 photochromic lens directly; and a method comprising providing



35 photochromic lens directly; and a nethod conprising providing 2 a |ayer
havi ng photochrom c property on the surface of a lens wth the use of a
coating agent containing a photochrom c conpound (namely, a coating nethod)
. [An apparatus for formng a |ayer having photochrom c property on a |l ens
by the coating 5 nethod is disclosed. In the above-described coating

nmet hod, when the photochrom c coating" fdutd is supplied onto the lens, the
photochromic fluid is ejected fromthe nozzle of a vessel containing the
phot ochr oni @ ¥ayeW hay it PHOLPEEE OB Ct REOPRRBY 19N ttdief slmfaceoati mdangyer on

t he surface t I . o bh t 1.6l yi L ity, so
that 11 aryird Eﬁ%rﬁ?ﬁeaiﬁ“?ﬁé‘&w%i %?Qg?[f%ﬁ%?éin 4 PR rRaE
resul ti ng coanpagntayeme Ifheamet imdphethedyessh appargtos fed fwinmirg check
val ve for preyventi f.l uj Lipping. In | S cas iy be _. .
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air in the neerba he didsstbaeged outside before start of the operation. For
this purpose, air purge of the nozzle is performed using the coating
fluid. This posest®hENS BBPERT 0 Sar HPEdt CeRbLRdi TarRodhelAGRathS ¢ he
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inthe ligh of such circunstances. It is an object of the invention to
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forman uniformp C coatl m W t hout voi and thi ckness
unevenrigss. tbnfoomnectpehingt hayke pnetbat sinfenei ofi, thecArolegi es such as
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provided with a check valve for preventing fluid dripping. In
15 this case, air may be incorporated in the nozzle at the start
of operation, thus requiring that air in the nozzle be
discharged outside before start of the operation. For this
purpose, air purge of the nozzle is performed using the coating
fluid. This poses the problem of a great expenditure, because
20 the photochromic fluid is expensive.

The present invention has been accomplished in the 1light
of such circumstances. It is an object of the invention to
provide a removal method for entrained air in a coating nozzle,
and a coating apparatus, the removal method and the coating

25 apparatus unable to form an uniform photochromic coating film
without voids and thickness unevenness.

In connection with the present invention, technologies
such as the technology described in Japanese Unexamined Patent
Publication No. 2000-334369 concerning with an apparatus which

30 can coat a plurality of lenses continuously, the technology
described in Japanese Unexamined Patent Publication No.
2005-013873 concerning with an apparatus equipped with an
auxiliary mechanism for spreading a coating fluid on a lens
with the use of a flexible film, and the technology described

35 in Japanese Unexamined Patent Publication No. 2005-218994



auxi liary mechanismfor spreading a coating fluid on a lens wth the use of
a flexible film and the technol ogy described 35 in Japanese Unexam ned

Pat ent Publication No. 2005-218994 - 3 concerning with an apparatus which
adjusts the rotational state of a |lens according to the shape of the |ens
or the wviscosity of a coating fluid are available. 5 Di sclosure of the

I nvention The nmethod for renoving ai r frlom a coating fluid containing
entrained air according to the present invention (hereinafter referred to
as the rensSICHESE oD et rapRRERt &S rikEorai it the Hredehenahvent i on)

conpri sing {06 S1ePsy 1 OfacddVaMEPES | ik a1005d 18 i 11 &OEPELSERY @
cylindrical vessel storing the coating fluid and a check val ve for

prevent i ng beekesitow @f a heozbiny ngluidiarecrveclabbewith the vessel; 15
(B) plugging an outlet of the coating fluid existing downstream of the
check valve; and (C) rotating the coating unit on an axis of the vessel and
orbitin@1ﬂﬁﬁsm&n$mmﬁLmﬁttm@ Envewiolarhi on axi s sinultaneously whereby

introducing the atln into the 20 check val ve, .disch ing air

resi ded inside of %HE%CE ‘f\%oﬁ VeV oaJt%etCIif@%sael COafY ﬁ‘ﬁ]e removi ng
air incor p%@ﬁ@&hmm tdrer £0pdéd G 4 Wdtdrdimd e edat prﬁgsfehltl éinveAttibe

pr esent |nvent|on descrlbed above, the coating wunit prepared in the step(A)

further can(ReFRHIH T SRIQTRA 952805 L IRV} MAGHRT HRe EBAERAGCA Ui d

connecting yq ¢ méé@r&hﬁgckcov%\éeprégeﬁecfh@e&@ﬁ@n téaﬁngﬂltggidﬂq;uéwsttlagsst ep(B)
is carried out by plugging an outlet of the ejection nozzle, and

coatanOf!u®ﬁ i's |ntroduced into the check valvg and the ejection nozzle,
e gen Tt G 5 S0y L S LIRS P el gy, nove!
i nside the e¢estl optoo¥adethe coating flu1d and a check valve for
preventing back-flow of the coating fluid connecting with the
vessel;
15 (B) plugging an outlet of the coating fluid existing
downstream of the check valve; and
(C) rotating the coating unit on an axis of the vessel
and orbiting the coating unit on a revolution axis
simultaneously whereby introducing the coating fluid into the
20 check valve, discharging air resided inside of the check valve
toward the vessel, and further removing air incorporated in
the coating fluid from the coating fluid.
In the present invention described above, the coating
unit prepared in the step(A) further can contain an ejection
25 nozzle for ejecting the coating fluid connecting with the check
valve. In such a case, the plugging in the step(B) is carried
out by plugging an outlet of the ejection nozzle, and the
coating fluid is introduced into the check valve and the
ejection nozzle, and the air inside the check valve and the
30 air inside the ejectionnozzle are discharged toward the vessel
in the step(C). Meanwhile, the air inside the ejection nozzle
is not discharged when the deaeration was carried out using
the coating unit without the ejection nozzle and the ejection
nozzle was loaded after the deaeration.

35 In the present invention, the rotational speed of



is not discharged when the deaeration was carried out using the coating
unit without the ejection nozzle and the ejection nozzle was |oaded after
the deaeration. 35 In the present invention, the rotational speed of - 4
revolution of the coating unit is preferably set such that the speed in the
| ate stage of a rotating operation is rendered higher than the speed in the
early stage of the rotating operatiom 45-In the present invention, the
coating fluid can be a photochromc coating fluid to be coated on the
surface of repebttidresf The gaatovel vappal apre fegrakdi st neechithatnthecoat i ng
fluid accorgdi tQ t rese IV .0 el n .ef et e as the
removal appsgéré;%sﬂ} oér}leeen 3&3‘% %Eat&“% ‘r%r%ra gg%%?%ﬁ?oﬁgggégﬁgbuéEo?ef]égr%raesent

i nvention) lciorpst sesaa tdasi speaevhi Oh tltareaot atstaye o f otlad i vot akisgand al so
can orbit on revolution axis, and a coating unit conprising a cylindrical
vessel accHimotat?™hy a coating fluid inside, a check valve for 15

prevent isng back- firpwief ghesargatimgerddidrd admnestdtihd hEluidessal wadaa |id

for plugging an oqutlet of the coating fluid existing downstream of the
check val vep,g“%%‘?‘?f“%%ec?ﬁla‘ig oﬁl%égst‘bek?%gcqibtc ! %‘? hSYekpeetOfo the

revolution gxdsya@dgardly and downwardly in a circunferential 20 direction
of an orbital on the revolution axis, the coating unit being supported by

t he casing det achdlf yremaiehl tapRatatals i pnofentieaidird gt Ui ta | &Catblrg ed

bel ow, and e [ i & +Rei Jatat .t.he aantﬂ)aoflc [ ei ng
orbit on th%fé]leo\l/%fgg%)lrg%ngﬁéstsi tane%%gl%ﬂ\?\nléﬁ &}Legrt caé;}%(%%:fg?geg
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further to renove air _incorporated in_ the copating fluid. The coating fluid
used 0t nTHUSERE® Iy BT BACERRCLat e DROR borTi toTodt CRg EUNE D be
coated on tden swtaaeeoafa rotation axis and also can orbit on revolution
axis, and a coating unit comprising a cylindrical vessel
accommodating a coating fluid inside, a check valve for
15 preventing back-flow of the coating fluid connecting the
vessel and a lid for plugging an outlet of the coating fluid
existing downstream of the check valve; wherein
the rotation axis being located, with respect to the
revolution axis, outwardly and downwardly in a circumferential
20 direction of an orbital on the revolution axis,
the coating unit being supported by the casing detachably
such that the 1lid of the coating unit is located below, and
the coating unit being rotated on the rotation axis and
being orbit on the revolution axis simultaneously with the
25 casing, to discharge air resided inside of the check valve
toward the vessel, and further to remove air incorporated in
the coating fluid.
The coating fluid used in the present invention can be
a photochromic coating fluid to be coated on the surface of
30 spectacles.
In the present invention, a flange facing outward can
be formed on the periphery of the vessel, and the flange can

be detachably mounted on the casing.

35 Brief Description of the Drawings



30 spectacles. In the present invention, a flange facing outward can be
formed on the periphery of the vessel, and the flange can be detachably
nmount ed on the casing. 35 Brief Description of the Drawings - 5 Fig. 1is a
pl.an view of a photochrom c coating apparatus described in an enbodi nent of
the present invention. Fig. 2 is a front view of the photochrom c coating
apparatus of Fig. 1. 5 Fig. 3 is a lomgitudinal (in the up-and-down
direction; the same applies hereinafter) sectional view of a | ens support
device in the phdigchiors @ ebar ivigvwapbpar phatoohringc coatrding appagagufsr ont

view of a C@%ﬁ%é’c@@n SHPPARL o SHYL £E o% ”t}’ié‘g%fé@ér%h{r?%ﬁt%’ﬁ“ Ng apparat us

of Fig. 1. I's a side view of the ¢ ing unit support device of
Fig. 4. Fig. 6 i Figl ¢hgid wifMadntsectewnaf thewhdtechoaiageeat ingsupport ed
by the photochrom c coPt' n paratus of Fig. 4. Fig. 7A is a |longitudinal
sectional VIRRGTDEBret 1 l%Ea tation, of a fluid drip preventing valve (the
check vgl ve) nouniged 3 hstddorgditidiynadfl (an o hgt- aofd-tdwevrc datrieied iwmi;t - of
Fig. 6. Fig. 7B is a |longitudinal sectional view after eaeration, of the
fluid drip Brevemt ABPYAFsdicTs 1akhen) CCEACRAL I KLoY G 81150 T SHEBPAIt

apparatus agvﬁééoiﬁi@Eetﬁhébgcﬁﬁ@@ﬂén@@ét?ﬁgtgfp@fﬁﬁﬁgFoanﬁgﬁiQU- Fig. 9
is a sectional view of a state in which the coating wunit of Fig. 6 is
supported by the EBkki dgisragfrant iwiey pifan veehing unitersmrarhderdasuring
S do vi ew of TR LB e A AR Ot SEPE I P T 12 6" bl an
vi ew ofl0a coatingigl i waid eridezivhgw adBuwiheecpattihg wht colpron tc deydtdeng
appar at us o(gf Fﬂ‘rc’g. 14.
Fig. 6 is a longitudinal sectional view of a coating unit
supported by the photochromic coating apparatus of Fig. 4.
Fig. 7A is a longitudinal sectional view, before
15 deaeration, of a fluid drip preventing valve (the check valve)
mounted in the vicinity of an outlet of the coating unit of
Fig. 6. Fig. 7B is a longitudinal sectional view, after
deaeration, of the fluid drip preventing valve.
Fig. B8 is a schematic view of a removal apparatus
20 according to the embodiment of the present invention.
Fig. 9 is a sectional view of a state in which the coating
unit of Fig. 6 is supported by the casing.
Fig. 10 is a plan view of a lens height measuring sensor
in the photochromic coating apparatus of Fig. 1.
25 Fig. 11 is a side view of the lens height measuring sensor
of Fig. 10.
Fig. 12 is a plan view of a coating film uniformizing
device in the photochromic coating apparatus of Fig. 1.
Fig. 13 is a plan view of the coating film uniformizing
30 device of Fig. 12.
Fig. 14 is a side view of a UV device in the photochromic
coating apparatus of Fig. 1.
Fig. 15 is an enlarged side view of the UV device of Fig.

14.

35 Fig. 16 is a plan view of a movable fluid receiving device



Fig. 13 is a plan view of the coating filmuniformzing 30 device of Fig.
12. Fig. 14 is a side view of a UV device in the photochrom c coating
apparatus of Fig. 1. Fig. 15 is an enlarged side view of the UV device of
Fig. 14. 35 Fig. 16 is a plan view of a novable fluid receiving device 6

in the photochrom c coating apparatus of Fig. 1. Fig. 17 is a side view of
the novable fluid receiving device of” i g. 16. Fig. 18 is a flowhart of
the coating apparatus for a ' 5 lens, Fig. 19A is a sectional view of a state
in which t h HeigiRhotgch i @eo3 king appakr Wit of ak9- 11 ght fromthe |ens

hei ght  nmeasuri ngisensor sy iide Kii@yw 1 theOmod8B1ks raugact-eeaal ing ew for
|IIustratEﬂ§ how to |l ead to the edge position of the 10 |ens. Best de for

Carrying evire ok eitdonl@n ermbodi nent of a renoval nethod for entrained
air in a coatl ngr“ifeglr Ui} aceqy ‘%'1%&%rteﬂ'%fprt?l%e@toa.lt'ﬂ‘l?maégﬁr‘ﬁ'tys 'f% al> be
drawi ngs. gs. an

described with reference to the acconpanyi ng 2 show a
phot ochi5om kem®at i ng apparatus for coating a photochromc fluid onto a |l ens

under automatic gcont .. The | qwer side of the_ photochrom c .coati.n
apparatus n i da L ohie e e e et SRR R TRe T LAREs 20
direction),ofnthd hensi gBtméoshedd witde 1efseirheigppar adbisthes lighs hida ghat er al
direction (X-axis, direction). A photochrom ¢ coating apparatus 1 has _a |ens

support deWERTIBING RRIPhSRAWT Fupp¥t dbvi de9a, 138 &8s ahérghi on@dasuri ng

sensor 6, ayfOatidyg ifinthdcaitlighalingo deddE @ o/ thd 3gM\pslei £h &1 and a
novabl e fluid receiving device ™ provided on a base stand 2. As shown in
Fig. 310t helerss support device 3 is provided

Best Mode for Carrying Out the Invention

An embodiment of a removal method for entrained air in

a coating fluid according to the present invention will now
15 Dbe described with reference to the accompanying drawings.

Figs. 1 and 2 show a photochromic coating apparatus for
coating a photochromic fluid onto a lens under automatic
control. The lower side of the photochromic coating apparatus
in Fig. 1 is the front side of the apparatus (in the Y-axis

20 direction), and the right-to~left side of the apparatus is in
the lateral direction (X-axis direction).

A photochromic coating apparatus 1 has a lens support
device 3, a coating unit support device 4, a lens height
measuring sensor 6, a coating film uniformizing device 7, a

25 UV device 8, and a movable fluid receiving device 9 provided
on a base stand 2.

As shown in Fig. 3, the lens support device 3 is provided
in a nearly central portion of the base stand 2, and has a
circular pedestal 31 formed to protrude upward from the base

30 stand 2. A guide member 32 is provided inwardly of the base
stand 2, and a Z-axis ball screw 33 having an axis pointing
in the up-and-down (vertical) direction is provided on the
guide member 32. The Z-axis ball screw 33 has an upper end
portion rotatably mounted on the guide member 32, and a lower

35 end portion mounted on a servo motor 34. A Z-axis pall nut



in a nearly central portion of the base stand 2, and has a circular

pedestal 31 fornmed to protrude upward fromthe base 30 stand 2. A guide
menber 32 is provided inwardly of the base stand 2, and a Z-axis ball screw
33 having an axis pointing in the up-and-down (vertical) direction is

provi ded on the guide nenber 32. The Z-axis ball screw 33 has an upper end
portion rotatably nounted on the guidé‘ﬁ%ﬁber 32, and a lower 35 end portion

nmounted on a servo notor 34. A Z-axis ball nut - 7 36 nounted on a |ens
support menBémamtad epradeds sUPRET Z-RENRET Bl LS sqravesltosshe e axisi s

bal | screw 33:1iSskpbRted, tAe tHens SURPHL MRS, 33 Gan fAve dipwaril and
downward along the Z-axis ball screw 33. A servo notor 37 is fixXxed to a

| oner 5 pori£BA PR |H@ﬁ§>es@|§éo¢@nmmmm@rdaﬁadad@wa@rﬁgalsmtthess
ext endi ng UEW%&E'S'B %EF? Oﬁ'sth%\ 24 TR 357 (e aéd;agﬁ{lﬁéf 38
g an

passes throu a ho or med |n e circul ar pedesta
support %tapdrBQonsoﬁDUM¢ehe@m 5@pp¢rﬁumemhbxxﬁiﬂ(ﬂndﬁatﬂutatnnglskpﬁmaft

. W h [ he, | d
about the P8t SELRBCIRdT EBNaPaet §hBHAEEE chifneBRaRORB e aANT pport

device 4. kbBthbéngoshhfg BelpaSHBBOthrdeghce Aplan3akr falrmdd tiabltdell is
provided on the base séand f a _slide bIock 12 is 5 tted 15 onto the
sli de tabl eC1ICHbhePHFHLBl e ‘?rh tthe 95t SHBPOdtr 8EERGN o*strﬁ%urb ot dthr omi ¢

coating apparaisst lend PR rililche ol 8K Adrat ngldHiat 88hy RhEAM RS Ssmtd nder,
and the rodl ess cgllnder of the air type, chain type, magnet type, slit

type, o0 wi petorypé kafdatash it (ens sapeors ?Fﬁédo$9r-‘6bq@'s%5 @R9%der s to
20 follow). ﬁesggggggngrghggtegggndlng toward the front side of the base
stand 2 is nounted n upper end portion of the slide block 12 erected
upward, and a coaFigg- uﬁianQ15i%h@wWﬁhﬂtQQBtingtuniﬁnﬁunnqrﬁudﬁvmre1me

support armipSchs EBUPISY SHED L0Bbo2D 4061SUPPOTdn gl & pfad NeugPRlina unit

is provided on the base stand 2, and a slide block 12 is fitted

15 onto the slide table 11 to be slidable in the lateral direction
of the photochromic coating apparatus 1. The slide block 12
is slidable by a rodless cylinder, and the rodless cylinder
of the air type, chain type, magnet type, slit type, or wire
type can be applied (the same is true of rodless cylinders to

20 follow).

A support arm 13 extending toward the front side of the
base stand 2 is mounted on an upper end portion of the slide
block 12 erected upward, and a coating unit 21 is supported
by the support arm 13. The support arm 13 is mounted such that

25 the support angle of the coating unit 21 can be changed about
a pivot shaft 14 as an axis. That is, as shown in Fig. 4, the
support arm 13 can support the coating unit 21 in an upright
posture, or inan inclined state as indicated by imaginary lines.
The coating unit 21 can be moved to directly above the center

30 of a lens 10 by the lateral slide of the slide block 12 on the
air slide table 11.

As shown in Fig. 6, the coating unit 21 is equipped with
a vessel 22, a check valve (a fluid drip preventing valve) 23,
and a nozzle 24. A coating fluid is contained in the vessel

35 22, the upper end of the check valve 23 is detachably connected



a pivot shaft 14 as an axis. That is, as shown in Fig. 4, the support arm

13 can support the coating unit 21 in an upright posture, or in an inclined
state as indicated by inmaginary lines. The coating unit 21 can be noved to
directly above the center 30 of a lens 10 by the lateral slide of the slide
bl ock 12 on the air slide table 11. As shown in Fig. 6, the coating unit 21
is equi pped with a vessel 22, a check Valve (a fluid drip preventing val ve)

23, and a nozzle 24. A coatlng f|UId is contained in the vessel 35 22, the
upper end of© thel QHREKPYEF 1N 2af | h Bet8eRabl 92 corhdctea Bozgbea2fohdr

portion of Jbea¥ESSEY EFnddtted & rt%zll@waé bfid detasdaileocieannesd ek to the

| oner end of the check val ve 23. shown in Fi g}EJ 7A, 7B, the check val ve

23 has a first sn’h‘-’rls-hd?iWMﬂeFl%ftV‘on@:zatbﬁ ¢heckppdivecrd Brae ddifdct ed to
5 the vessel, 29y &éﬁéﬂ%é{i at t 2@%%%3%@ 2 dbha ﬁ?&é%on@é&ef@t%econd

smal | -di ameter portion | eadi ng e er eof ve seat
23d, whér e theustdsml ﬁ@ naatleyriges—- CQ@@etsa;cpoaslan Z)3kp iatgifs ckmposednd s

forned at the bo%l%laélﬁ{l e %%letp\épgﬁf(;f{ sg;%l tehrget eaﬁ%{ﬁ %Ei %%% and the

| ar ge- di anef ef® por erl C ape %
di sposed ithéheofar gﬁe-\mlamatseratpaﬁd,omrﬁaia aaraﬁhsaus:pmmg mdGdrdadi Pased in

d state bet th S and th |1 -di t
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conpr essi ontls@umﬁs& Nha rorieaiete t Qi i dry 22D airm’JCt&%S largecad antdte ! unger
27 presses the coating fluid to op en t he val ve mposed of the val ve seat

23d and & hePQJéHfént?a?fhf 285, V%V%masl Henfgra sm@rma\}esbapﬁ b3 disnassst

agai nst thele{aéﬁ@ela%gte a?iqme%rtﬁ@rﬁpéh%%ahe 5%1%%1 2%h§s fdiawsded he
coating fluid from 20 the nozzle 24 toward the vessel” 22. On the other hand,

when the vaneceabiressedsspabedeetieenpbesvalva hall Ré apdcehefsaamnd spring
26, the f'O%thH?aﬁQ@ékngoH%H Eggr.nthe vessel 22 toward the nozzle 24

is allowe
A plunger 27 is disposed inside the vessel 22, and when

15 a compression source (N2) connected to piping 22b imposes a
load, the plunger 27 presses the coating fluid to open the valve
composed of the valve seat 23d and the valve ball 25. In this
manner, the valve ball 25 is urged against the valve seat 23d
by the spring 26 to restrain the flow of the coating fluid from

20 the nozzle 24 toward the vessel 22. On the other hand, when
the valve ball 25 is pressed in opposition to the force of the
spring 26, the flow of the coating fluid from the vessel 22
toward the nozzle 24 is allowed.

An explanation will be offered for a removal apparatus

25 15 according to the present invention for removing air (air
bubbles) contained in the coating fluid accommodated in the
coating unit 21.

The removal apparatus 15 shown in Fig. 8 is provided
separately from the photochromic coating apparatus 1. Before

30 the coating unit 21 is set in the coating unit support device
4, deaeration treatment is performed by the removal apparatus
15. The removal apparatus 15 is provided with a rotating body
16, and the rotating body 16 can be rotated on an axis of
rotation (a revolution axis) 17. A casing 28 for supporting

35 the coating unit 21, as shown in Fig. 9, is arranged at a



An explanation will be offered for a renoval apparatus 25 15 according to
the present invention for renoving air (air bubbles) contained in the
coating fluid accormmpdated in the coating unit 21. The renoval apparatus 15
shown in Fig. 8 is provided separately fromthe photochrom c coating
apparatus 1. Before 30 the coating unit 21 is set in the coating unit
support device 4, deaeration treatment i’s performed by the renpval apparatus
15. The renoval apparatus 15 is provided wt a rotating body 16 and t he

rotating bdtRs e Car B TR &GS f theoatadnind Jahol axi s)

17. A casi ng, 28 Jg¥r iSUPBLRhEHNDN 3D dh rEAaboR@ 1Bl bf 2dhe asa SRy, naﬁldg 9,
is arranged at a - 9 position renote fromthe center of the rotating body

16. A hol eelmBgoading ppdti 4l £aeherdgtpehab by myruntpd éastlh@ @ele a8@- the
coating unign %Jnfrﬁﬁr}:ub%og%t §habby m@&%m@%nh@ﬁg flgr boss

portion 28b is med on t e upper surface of he ca |ng 28 above the hol e
28a, and a thilyersigackiBngboge tke hmlm&%iloﬁnﬁhé baklse paradloimP 2 oy sscr ews

29. The ru c(; tepda n&g%%gzq&gp{gg ﬁgbsygﬁ% éwgh?%freﬁ] perllﬂ%e()f t he

vessel 22 of the coa i hg uni maki n t he ry of
t he vessel ;iPa?ck\heg\ 22w manomgtemmo Zauppresm atleel ﬂﬁe@vyhedabm@noﬁathe

apparatus 15. Al 0 as CUShIO i mat er | i_Spose the
bottom of t¥e® %eg]r ezééﬁf %gt bﬁg“\?ﬂﬁltnngo 3G sé’rl?g‘d hehe
coati ng unipeRilphesy I anesVé%éptzat wn@namé)cola&mgn@humemllrs rbeated

up- and- dovvn dlrectlon wi thin the casing 15 A lower portiaon of, the
coat i ngOuni®y 2ah¢ sremewet ei‘PI‘P%V\%’F‘&ISt}]% Ol.ﬁrbl'o TeMpntt 2 ofd tHSHRE g body

16, while ap,¢ppes1 RY tdll%;sos% bRer ko d bt tBE he18i J@Ltef d Quale the
upper side of the axis of rotation (the revolution axis) 17 of the rotating

body 16. Thehejeeatbrd ne2it e2D4issipseytedd at a | eading end 20 portion of
the coating unit gls QNG #d Ithide] shaDull ede 00 (A he O &L QfiLe gl ection

nozzl e 24.
inclined in the up-and-down direction within the casing 28.

15 A lower portion of the coating unit 21 is directed toward the
outer periphery of the rotating body 16, while an upper portion
of the coating unit 21 is directed toward the upper side of
the axis of rotation (the revolution axis) 17 of the rotating
body 16. The ejection nozzle 24 is provided at a leading end

20 portion of the coating unit 21, and a 1lid 24a is mounted on
the outlet of the ejection nozzle 24.

The casing 28 is adapted to be rotated by a drive motor
19 on the axis (the rotation axis) 18 together with the coating
unit 21. The rotating body 16 is arranged to be rotated or

25 orbited by a drive motor 20 on the axis of rotation (the
revolution axis) 17. The coatingunit 21 can do orbital motion
or revolution which means orbiting on a revolution axis on the
revolution axis 17 , and can rotate on the rotation axis 18
which corresponding with an axis of the vessel 22.

30 Figs. 10 and 11 show the lens height measuring sensor

The lens height measuring sensor 6 is provided with a
slide plate 40 serving as a base stand. The slide plate 40
is disposed such that its leading end side faces toward the

35 lens support member 35, its rear end side faces toward a corner



The casing 28 is adapted to be rotated by a drive notor 19 on the axis (the
rotation axis) 18 together with the coating wunit 21. The rotating body 16
is arranged to be rotated or 25 orbited by a drive notor 20 on the axis of
rotation (the revolution axis) 17. The coating unit 21 can do orbital
nmotion or revolution which neans orbitjng on a revolution axis on the
revolution axis 17 , and can rotate on t%he rotation axis 18 which
corresponding with an axis of the vessel 22. 30 Figs. 10 and 11 show t he

| ens hei ghtPYEEN Phgt R RGO rofie Feas1REi R Lir ngnd dfopledes

provi ded wighh@e ) ijdeppPbdt8e40n88EY{ Nsh afi Aydiases Yakte PRBtSLhEBmRkat e 40
i s disposed such that 1ts |eading end side faces toward the 35 | ens support

menber 35, ¢eatinmappadaiigel fceInRRal vrestasguiar porpeon HpEline
phot Ochfomﬁl&@ebﬂmgw RPAT @i MShokre BAEKE B8aSEdAeh ol Bhe 4Piad1é gqa% g@cj near |y

r
on diagonal's of the photochromc coating apparatus 1 o general |y
rect angdl arisirapyidedlandéopbpdckhalsl e ahlats 4fbveAbseksamdmpuntingn t he

slide plat i rovid i f .t i p )
sensor Lo iy Sat el f<hadly st S PherR B8 Brodk 42 ang 41,
and two sensoisenddraB 4hdad & adiespiogsoked ioppysed Bt sisddeesrtd portions of

t he sensor - ting nmenber 42 which confraont _.each other. . The sensor units
43 aq hoves ot TR Son il R Y TR Dbt RAChoPEReE and. &
light receidPhdGagsdt amithel3 )| ighthasid tddnid o rt3agn 4aE s dhasek inigght ,

mrrors 43b, 44b reflect the |aser |light, and the sensors 43a, 44a can
detect10the1¥%W¢e%W%%F}%%eP°¥?tﬁﬁ.aﬁ%eas%h%%F LRYELV4RY EﬁrEbﬂBriég“%he

sensors 43a;j 4@ erPrely therfisn okmidsb1addb tisheseditpobs s8p99grpd and
opposed. A |line connecting one sensor 43a and one mrror 43b, and a |line

connect i ng ¥akletherhe des®r 44ghdndanHet Beheense¥ ¢ o341t 4ar €aradedrgdd at
t he sane hogﬁgogé@ieggé@hiaggfiIi@ﬂtgnd in parallel. The lens 10 is pl aced
43a e

bet ween t he sensors 443 and
The sensor units 43, 44 comprise the sensors 43a, 44a

15 and the mirrors 43b, 44b disposed to be staggered and opposed.
A line connecting one sensor 43a and one mirror 43b, and a line
connecting the other sensor 44a and the other mirror 44b are
arranged at the same horizontal height position and in parallel.
The lens 10 is placed between the sensors 43a, 44a and the

20 mirrors 43b, 44b. The sensor units 43, 44 detect the presence
of the lens 10 such that when the lens 10 is placed between
the sensors 43a, 44a and the mirrors 43b, 44b, light is crooked
by the lens 10 and thereby blocked.

Figs. 12 and 13 show the coating filmuniformizing device

25 7.

The coating filmuniformizing device 7 has a linear block
50 provided on the base stand 2. 1In the linear block 50, a
linear rail 51 extends in the lateral direction of the
photochromic coating apparatus 1. An X-axis servo motor 52

30 is mounted on one end side of the linear block 50, and an X-axis
ball screw 53 journaled by bearings 54a, 54b is rotatably
mounted on the X-axis servo motor 52. An X-axis ball nut 55
is screwed to the X-axis ball screw 53, and as the servo motor
52 is rotated, the X-axis ball nut 55 can be moved laterally.

35 A longitudinal linear block 56 erected upward is mounted on



20 mrrors 43b, 44b. The sensor units 43, 44 detect the presence of the

| ens 10 such that when the lens 10 is placed between the sensors 43a, 44a
and the mrrors 43b, 44b, light is crooked by the Iens 10 and thereby
bl.ocked. Figs. 12 and 13 show the coating filmuniform zing device 25 7.

The coating filmuniform zing device 7 §s a linear block 50 provided on
the base stand 2. In the linear block 5 a linear rail 51 extends in the

| at er al dir ctl n_of the 1 ho{og%ronlc coatlng apparatus 1. An X-axis servo
motor 52 30° ot 2P Sht oA side of the linear block 50, and an X-axis
bal | screw 53 ] ol nadred by theabiings lﬁéﬂntééboﬂl Sarr oipspt@blpprtnm:ntoe?d toe t he

X-axi s servo notor X- axi I scre aX| s bal l
screw 53, a%W%t?%bn%%Agbn%¥o?lO% ?Q r?)? t%d ?’ﬁbs\)l?%}(i s"Y I nﬁ? 55 can
be noved | aierahéy . 3% A ong i nalcddwnear ]lduciﬁ‘niél@@ e plead ingwasdal s

mounted on - 11 - the X-axis ball nut 26(511r A servo notor 57 is nount ed on an
upper por t i ¥ otk heAnI BhEVELAPAaFLR9R 15 BEKNEED QRdEhe Z28%1S Ball nut 60

is screwed o ¢b Z- %@% PRI sS£F S WA QWB@’c@E‘eQ?’ Heard NG 1587y 3taRe S8b.
An el evating stage 61 is nmounted on the Z-axis ball nut 60. Wien the servo

nmot or 57 robht@n mave dpetdd dgPrt ade agm éaneﬁb@@dulpgawwhwle@ﬁm 62
extending tg S ef,3 %HE &€l ting
stage 61, %Bﬁgrttéﬁg%or 3r5at:ik%p?&%§qlaggp§8w P‘%&Yﬁffjﬁg |ng(j p%ﬁal on of
10 the ar mzﬁZsuppd:Hemmi@efu 6B 64, pwbivdtieiﬂsatmaieleﬁdxreglefnctmtm ET and
ains t unlfornlze hi.ckness of..a film f t.he. photo onlc coatlng
fluid, s s*%}% e‘?‘nﬂ%aééfqro% 5X§§§50Fftlilmblr3!ébket lwréaé E 156V |SH st age
61 i s novedas I"PETlearlcataeJ’néd todiulh&fbirﬁﬂizbytdél vhmgkhbesmaxa sf:s]enr\uf dteOr 52,
the film®64 15 travels in a adlﬁL rajecto cente%Fof the | ens 10.

t
Fig. 14 shoRROPREPIRMHSVFRREENIThLUERY 9Ly & ngeﬂgggefﬁﬁi“n oERPPBTGhi ch can

be raised pracket 63. Whenthe elevating stage 61 ismoved in the lateral
direction by driving the X-axis servo motor 52, the film 64
15 travels in a radial trajectory on the center of the lens 10.

Fig. 14 shows the UV device 8.

The UV device 8 has a main block 70 which can be raised
and lowered in the up-and-down direction by an elevating means
(not shown). A UV elevating unit 71 is provided in the main

20 Dblock 70, and a servo motor 72 is mounted on the UV elevating
unit 71. A Z-axis ball nut 75 is screwed to a Z-axis ball screw
74 journaled by bearings 73a and 73b. A UV elevating stage
76 is mounted on the Z-axis ball nut 75. The UV elevating stage
76 moves up and down in accordance with the rotation of the

25 servo motor 72. A UV light 77 to be disposed directly above
the lens 10 is provided on the UV elevating stage 76.

A cylinder 78 surrounding the lens 10 and comprising
stainless steel is provided below the UV light 77. A cooling
pipe 79 wound in a coil is disposed on the periphery of the

30 cylinder 78, and cooling water can circulate inside the cooling
pipe 79. As shown in Fig. 15, gas supply ports 80 are provided
in an upper portion of the cylinder 78 to be capable of
introducing N,, an inert gas, into the cylinder 78, and N; is
discharged to the outside of the cylinder 78 through gas

35 discharge ports 81 provided in a lower portion of the cylinder



and lowered in the up-and-down direction by an el evating neans (not shown)
A WV elevating unit 71 is provided in the main 20 block 70, and a servo
notor 72 is nounted on the WV elevating unit 71. A Z-axis ball nut 75 is
s¢crewed to a Z-axis ball screw 74 journaled by bearings 73a and 73b. A W
el evating stage 76 is nounted on the Zggxts ball nut 75. The UV el evating

stage 76 noves up and down in accordan with the rotation of the 25 servo

notor 72. A | jght 77 to,be_di sposed direct!ly,above he lens 10 is

brovi ded onEhe N EReTs: 185 CORIBITEROR REFPRILTCTRE @ Faanirhg the I ens 10
and conpri sickgnsstigstibassfstvellightpisvpdedidetoint e whper ghvrt7ilon Ao £ool i ng
pi pe 79 wound in a.caqil i.s disposed on_the periphery of the 30 cylinder 78,
and cool i ngt t8V§&5 efiF@ul&Pes%ﬁ¥PdéntE&ggo&ﬁ°ng pi pe 79. As shown in
Fig. 15, gas suppkygporie SHH arespoevilgechovadblan fapper rpeei v ongadedhee

cylinder_ 78 to be capable of introducing N2, an inert gas, into the
cylinder578?-and N2 is discharged to the outside of the cylinder 78 through

gas 35 discharge pREtRo@dbPE MiARArbBedvh A¥RIe PRES PR a (P28 CYkI NeEde 12
78. A window 78a formed fromborosilicate glass for transm ssion of W
light is pré&eideddBrpaevigperopdhe acks oft ke BasaddrarmB 2,agndhavwain Fig.
15. Figs. 1 hoy e fi Ui el Vi i.C

novabl e fl ui@)ﬁggélg\l/?ng dEegiQBC{er% a?eg ggidkr)églti %ryu(?%g)p(ratéiel gegg %?%%-(?%%d on
t he back of delveécdeaSemsvanda@k amd fompair width raneaBleeasuriippo8lt geviceded at

both en of t.he |lens,su r devi nmov,e _back and forth ith-.fhe,l ens
coppor t 1l Peihg bESLRHERA  tre FelbE e dnl orS piadn s L Bru i e 0 o
fluid receireiced viokt ponsi8hsag® qrreopirded deld an appgypaoplorai odf of hehe

bl its 84. Wien the pair of fluid.receiyi ti 85
forard, thBPVAPRSr BRHED P A- ar b FEguPdr TSHAPer ST BI RREROT HEORBat i ng

fluid, whiclhgsfabke Foowaths tras dfs fldrmbel ieeAnaBnAUl Br tubular pR&Héon 86
and an inner tubular portion _ )
to accept the coating fluid, which falls from the lens 10,
15 Dbetween an outer tubular portion 86 and an inner tubular portion
87. The inner tubular portion 87 has an upper edge portion
85a disposed below the outer periphery of the lens 10.
A installing jig 88 for a temperature sensor, and a
spatula fixing jig 89 for preventing the adhesion of the coating
20 fluid onto the side surface of the lens 10 are provided at the
outer tubular portion 86. The numeral 90 denotes a baffle
plate for blocking a clearance at the junction between the fluid
receiving portions 85.
The procedure for photochromic coating of the lens
25 according to the present embodiment will be described below.
Fig. 18 is a flowchart showing a manufacturing process
for a photochromic spectacle lens.
A lens base material prepared from thiourethane resin
is used as a base material, and cleaning of the lens 10 with
30 an aqueous solution of an alkali or by ultrasonic cleaning is
performed as pretreatment.
Then, before coating with the photochromic material, the
surface of the lens 10 is coated with a urethane primer to
improve the adhesion of the photochromic material. This

35 operation is performed by linearly moving the nozzle, which



87. The inner tubular portion 87 has an upper edge portion 85a disposed

bel ow the outer periphery of the lens 10. Ainstalling jig 88 for a
tenperature sensor, and a spatula fixing jig 89 for preventing the adhesion
of the coating 20 fluid onto the side surface of the lens 10 are provi ded
at the outer tubular portion 86. The nuneral 90 denotes a baffle plate for
bl ocking a cl earance at the junction befldeen the fluid receiving portions
85. The procedure for photochrom c coating of the lens 25 according to the
present enbelleabatthe |[dodid ngeddniibelit helwetharigprigeird ;ain| g i@dialhow ng

a_manuf act ugi POCPEORESE (I 13 ANOLORN AU e MRACLACL R EBSer Al ERS:

mat erial préeparéd fromthiourethane resin Is used as a base nmaterial, and
cl eani ng of thheléaastQOtkAﬁtéldgGOOQntla%]umr solufdon of tdre dldks |wforl€t)y

ultrasonic ¢lea er f or{red refre fo Qating with
t he phot ochFSﬁiag t{éﬁ?afen? ﬁledmsgﬁ é%egé ?éggre?\sﬂi]'gpl s&?oate aé]t Y

ur et hanes prppemetd hasplowevtiBeoadbgsi eheotothénghdladhr OHthEEB.'SpIrIeaId Th| S
35 operation is_perfo db Ilnea no ects
the coati ngeﬂPﬁﬁgy(?Ihéq%r%? e é‘?ére) ¥t2‘g€t bl@nﬁaﬁ(?zé Uai?rc&?t dTFUcﬂ‘ Y he
lens fromt h@r@@rﬁﬁth@frdﬁ’aﬁ:étppéﬁs suwr.f acenetetthd, ltansrbat hengdapdd t he
upper surface of the lens while rotating the lens 10. Since the coating

fluid (the afetR&néensphOngbyingscrakivgs¥ésht $het reatdagi hduirui(@hean be

spread equgkbynhgfet B‘%lﬁ@tr'ir%ssﬁ%ﬁ%emf rbe | 8pse20c8yt1he wephrifygal
force of the rotated I ens 10. Concretely, the rotational speed of the |lens

10 duri¥y c@9@3:aggwfiihltihétb'@aum‘ghwal@r{mﬁé ru‘?@hhﬁﬁésplf e Jrqtatgsbut 70
1075 rotatage t ol bl0ed o a3 UMb ARy SE By Rl Rfesd 1 1 eNS
t hi ckness. ThbeeHidlaknessfafhd beacoayiluydmayel ficy; ekampexarmue, 7rheskhese
rotational gpeeds 8L ¥BLL&Y ASEUFiY 525818539 §e Ghali8nt of the
lens 10 and the temperature around the lens 10, thereby
15 adjusting the film thickness to an appropriate film thickness.
After the coating layer (the primer layer) is applied,
the coating layer (the primer layer) is dried (solidified) for
15 minutes at room temperature. The coating layer comprising
the urethane primer has the property of becoming solid when
20 exposed tomoisture. The operation performed up to this stage
constitutes a primer coating step.
Then, the lens is subjected to a photochromic coating
step. In this coating operation, as shown in Fig. 3, the lens
10 is set at the center of the lens support member 35 of the
25 photochromic coating apparatus 1. Positioning of the lens 10
is performed by a centering device (not shown). After the lens
10 is positioned in the planar direction, the height position
of the lens 10 and the edge (peripheral edge on the upper surface
side of the lens) position of the lens 10 are determined by
30 the lens height measuring sensor 6, as shown in Figs. 10 and
11.
Determination of the height position is performed, with
the lens 10 being held between the sensors 43a, 44a and the
mirrors 43b, 44b of the sensor units 43, 44. When the lens

35 support member 35 is raised from a lower position, laser light



|l ens 10 and the tenperature around the Il ens 10, thereby 15 adjusting the
filmthickness to an appropriate filmthickness. After the coating |ayer
(the primer layer) is applied, the coating layer (the primer |ayer) is
dried (solidified) for 15 minutes at roomtenperature. The coating |ayer
conprising the urethane prinmer has the %roperty of becom ng solid when 20
exposed to noisture. The operation peFT& med up to this stage constitutes a

prinmer coati Then, the len sybjected to, ,a phot ochrom ating
e | mOr A BESR ol Whin ddi® S8 Yol R 4 € e e &P RO EELORTRF SR8, Y,
the center aknkheol easrsgppettdmBigbene3ddent Lbe ZHhwphotaehriid«r coajhng

appar at us 1 P03|t| oning of the lens 10 _is perforned by a centeri ngrb%dew ce

(not shovvn) 3cagees e TeaSd the $RNRSiPengd thet PfehepPéﬁéﬁnﬁﬁr%Et t he

hei ght posi tieas 10fi4 hfedeedtsedlo qadthmg @@Q@e(g%rgdodﬂqu@mtedle PPorth hendipper
surface side of the lens) position of the lens 10 are determ ned by 30 the

| ens heiyht seBgedrd dyosdipptBeraensrsnani b 4 h%ref.@eéﬁéd v thpatigif@hat i on
of the hei ghbppasl! Eggchésp‘éﬁgoggﬁgor“’h&% thes| 8ns, 10q bel D il gt betneen
a, 43 44 t he

t he sensors 4a and the mrrors ensor units 4
When t he | eihe33ensppor.t Weeheth85l éms r 50 skl fumh@rlmmeqb,osuhe olrﬂsetlaser

light 14 43¢ from,one. r 43 at he_ cent S f, the
lens 10 is fie frhac'Epé1 &ﬁ %R e%s%fo%’rh%gdaé# f%séee‘F ﬂ%@? “4‘% Ote%eg'not
reach the se&msar téaasea@otrhatlat he pnesmdebeéalhhe of ensfifict SBodedectiles. | n

this st | aser 4c from 5 sensor 44a_of.th oth sensor unit
44 is r]z(ﬁl eéf“é&rb)} ﬂ r#rcr or&gﬁf% ghﬁ PESERBSSt RE ggﬁsg?nﬁA tfus showi ng
t he absence retoghieeldensIAO:hWemartder | th% b@nltérf pbbﬁ]@ioha(ﬁéﬂtefch%f aser
light 44c hits the | ens 10, and the | aser ght 44c emtted fromthe sensor

44a is bl ockég beraudbans the hedahdnosran Hébiﬁrlaéé’eﬁaoﬂﬁh@n&fcth?h]c%nst he

presence of 1Hhe @3S +1en $he eIV ZeGe IR tiitegranner, the center position
(vertex) of

The position of the edge, which is the marginal portion
15 of the lens 10, can be found by knowing the height position
of the center of the lens 10, and detecting the gradient in
the radial direction of the lens 10 (the height of the lens
surface) by the other sensor unit 44. That is, a knowledge
of the distance between two points enables the edge position
20 tobe calculated from the approximation expressionh’ = HoD?/4L?
(h” : the height of the lens, hy: the measured value of the height
of the lens, D: the diameter of the lens, L: the distance between
the sensors, normally 27 mm) with reference to Fig. 19B. The
shape of the lens is circular or nearly circular before cutting
25 of the lens, so that the diameter D of the lens can be found
without problem. In this manner, the height of the lens 43
is adjusted to an appropriate height directly below the
discharge orifice of the nozzle 24 of the coating unit 21.
After the lens 10 is positioned and its gradient is
30 detected, a coating operation for the photochromic fluid is
performed. As pretreatment for the coating operation,
deaeration treatment of the coating unit 21 is carried out as
shown in Fig. 8. That is, thedrive motors 19 and 20 are driven,
whereby the coating unit 21 is rotated about the axis of

35 rotation 17 of the deaeration device 15 while being rotated



the lens 10 and the height of an arbitrary position of the lens 10 other
than the center are detected. The position of the edge, which is the

margi nal portion 15 of the lens 10, can be found by knowi ng the hei ght
position of the center of the lens 10, and detecting the gradient in the
radial direction of the lens 10 (the height of the lens surface) by the
ot her sensor unit 44. That is, a knomreége‘ of the distance between two

poi nts enabl es the edge posjtion 20 to be cal cul ated fromthe approxi mation
expr essi on APOLt dipeipoinghined gixd sped ghtI HPTEhEIFEACMARI1RER FeddiF ed

val ue of thgsheights pPhribeohess. thd dde thampiar of ddwud e dxid he

di stance between the sensors, normally 27 mm) with reference to Fig. 19B.
The shape BPtahéonehs iiss180r@ |20 B, napd |Yhe rpsatiensds specd et ithg 25 of
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In this manner, t of “f ns is adjusted to an appropriate

hei ght di retheyrbedvionhef tiscwmtgapninfitc@lofbpne hbszowen axof tthelxcoati ng
unit 21. Aﬁbe%otgg l%Bﬁ 10 is positioned and its gradient is 30 detected, a
coating operation Por he photochromic fluid is performed. As pretreatnent
for the coating opecatsenof deaeratatoion rreatswerit defaddas icoattmeg tmartt ,21 i S

carried out_as shown in Fig. .8. .Th is, t ive noto 19 and 20 are
et ven. CwhbPBLSOT T doh ) v Py SheTe TSl A REGSSPRERaTRLEY Br ]
rotation 1726f ifhepsleast abh oo A ¢reks iy Iferkel 6 tataspdinglde. alpput its
own inclined axis_18. In preferred enbodi nents, the radius of_rotation of

the coatl ngauhesubl, dHeRitCae ngifd uid endeasi bhe19hesk 108l Y9 20 Wimleand t he

rotational gpeed;iehihhife EALak 9A1ke 9801t Bw3, QHEr PR Whekeas sbhe _
rotational speed of 5 the rotation of. the coating unit 21 about its own axis

18 is 0 to 300 rpkn sBegddskeonothd iot BhfoRreyestichnuentiani shatr shenent,
the coati ngdfeggkgt%hhweé@@e}{%s%'p%ﬁf@fﬁééesw%%r‘? %%‘R?e@@éi 22%dhg

opposition to the pressing force of e sprihg
mounted with the check valve 23. By so doing, the check valve

15 23, which has not been charged with the coating fluid, can be
charged with the coating fluid free of air bubbles. 1In the
check valve 23 already containing the coating fluid, the spring
26 is disposed in the check valve 23, and thus air is apt to
enter between the twists of its coil. Since this air can be

20 removed, great advantages are obtained. That is, the amount
of the expensive photochromic fluid for air purge can be
decreased, and deaeration can be reliably completed in a short
time. In the coating operation, the 1id 23a is detached from
the check valve 23, and the ejection nozzle 24 is connected.

25 Since the ejection nozzle 24 has not been deaerated, it is
air-purged. However, its amount air-purged may be small,
because its capacity is small. Furthermore, with the ejection
nozzle 24 being connected to the check valve 23, the ejection
nozzle 24 may be lidded, and deaerated. Air purge can be done

30 in a small amount, or can be omitted.

There is a case where stirring and deaeration are
performed for the coating fluid whose constituents have not
been thoroughly uniformized. In this case, depending on the
properties of the coating fluid, the coating fluid, which has

35 not been fully stirred or uniformized, flows from the vessel



10 a result, the coating fluid enters the check valve 23, while air within
the check valve 23 flows into the vessel 22. It should be noted in the
present invention that the deaeration treatnment is perforned, with the
vessel 22 being nounted with the check valve 23. By so doing, the check
val ve 15 23, which has not been charged with the coating fluid, can be
charged with the coating fluid free of 8Fr—bubbles. In the check valve 23
al ready containing the coating fluid, the spring 26 is disposed in the

check val ve223nthdhengdesk vedvape3ter Ee &3 yetipiemadte e it angf ist s
coil. Sincest i se@ldndHbRrALd %@D\ééggﬁ%%& advapt ages Angsehtal ped. That

is, the amount of the expensive photochromc fluid for air purge can be

decreased, esmpeebieien idh tden coatiagi dbhnydcaaple ¢d fiferendhaitt variiees I n the
coating ope Lon, t | S C f 0 t (@ v 23, and the
ej ection noézgéeggifigﬁ%oln%e%%god% Ozge%l?enré%%t eé1 g}zéctgﬁgn%ﬁ%lzé%(l gggiehgs?’not
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be omtted. Theref%ﬁoggcase wher e ititriqg and deaet?hion are erformed for

the coatingt®® JisF M AdS ¥R TALPARbE L TheeH i tRot bR I keBini zed.

In this casgurfepensd N OFe e oProverd ikt fed he eodlfiort thel doatth@gcoating
fluid, which has™ 35 not been fully stirred or uniform zed, flows fromthe

vessel 106 Dbuidt ol hearheekpoasiklostersuprresecthenindiovecdathand is
stirred a“dngﬁ%@ﬁ{%ﬁﬁ Bat FRPALALNE iHtlPthe Shackevilfe 391 AGQIOTHL On Of

the coating urd may be erent at various sites in the interior of the
vessel 22, toetthecklyid vin 23he svemrel 2 dsesnifdd aientlly 24irkseda rmdehod of
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the coating fluid into the check valve 23, whereby deaeration
15 treatment can be performed. Alternatively, the coating fluid
may be thoroughly stirred in a different container by other
ordinary stirring means such as a planetary stirring
deaeration device or an agitating blade, whereafter the
coating fluid may be transferred into the vessel 22, and
20 deaeratedby the removal apparatus 15 of the present invention,
although this procedure requires many steps.
By so rotating the rotating body 16 and the coating unit
21, the coating unit 21 makes revolution on the revolution axis
17 and rotation on the rotation axis 18 at the same time, thereby
25 performing stirring and deaeration of the coating fluid within
the coating unit 21. Further, the photochromic coating fluid
having high viscosity can be uniformized.
The coating unit 21, which has finished deaeration
treatment, is supported by the coating unit support device 4
30 shown in Figs. 4 and 5, and the nozzle 24 of the coating unit
21 is disposed directly above the lens 10. The lens 10 is
supported on the lens support member 35 while being rotated
(about 100 rpm). Inthecoatingunit 21, thevessel 22 istilted
to fix the nozzle 24 at the central position of the lens 10.

35 The plunger 27 of the coating unit 21 presses the coating fluid



the vessel 22 on the revolution axis 17. Wth this state kept during the
drive notor 19 is rotated to uniformthe coating 10 fluid, it can be

possi ble to suppress the inflow of the nonuniformcoating fluid into the
check valve 23. After the <coating fluid in the vessel 22 is sufficiently
stirred, the rotational speed of the drive notor 20 is increased to fl ow
the coating fluid into the check val vé ég,‘mhereby deaeration 15 treatnent

can be perfornmed. Alternatively, the coating fluid na% be thprogghLy
stirred i n RoRRYRtESt CRBFkHHTe By - ot herebhdiatdiypstPereort Add Wigkh as a

planetary sHhebidle sdeFaCAlLPRHICYERS 10 tARoAGh! 8k R AU 1Rde s Whey qafiter the
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i's supported b% t he coa%lng ugi% suREortlgevice 4 30 shown in Figs. 4 and
5, and the RBY2I ENS4SBELRRE QbafPfiglGRPt 191 is disposed directly above the
lens 10. The | enssifuil6ansyBOy} edhenfiha EensfStRROEbatieAgeridfh Whil e being
rotated (about 100 rpm) . In the coating unit 21, the vessel 22 is tilted
to fix the HBEfpem2zing fp¥icentrif PoLedi P Areted ar st FHerHens unger

27 of the caatirgeuni tn2dn P €58&6e | NEn&ORL 1MYed | 1 dndveq t PnOReN; by Check
val ve 23, thereby ejecting the coating fluid onto the surface of the |ens

10 through tmelisefery 2aom| phehfentef exf ithe dpdsallohp bheieddeamedly
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great viscosity and does not spread under centrifugal force
15 due to the rotation of the lens 10. Thus, the coating fluid
is spread to the entire surface of the lens 10 by the rotational
force of the lens 10 and the linear movement of the film 64.
The reason why the nozzle 24 is inclined is that interference
between the film 64 and the nozzle 24 is prevented by the
20 inclination. The nozzle 24 may have the tip bent in an L-shape
to avoid interference with the film 64. As described earlier,
the coating unit is rotated beforehand on the revolution axis
17 and is rotated on the rotation axis 18 to carry out deaeration.
Thus, no air bubbles are contained in the coating fluid, and
25 the whole of the coating fluid is rendered uniform, so that
auniform coating film free from air bubbles and film thickness
irregularities can be obtained.
At this stage, the amount of the photochromic coating
fluid on the lens 10 is larger than the film thickness of the
30 desired photochromic film, thus making it necessary to remove
the surplus coating fluid on the lens 10 until the desired
amount of the fluid is attained. Thus, an operation for
rotatin.g the lens 10 to spin off the coating fluid on the lens
10 is performed. The rotational speed of the lens 10 is

35 determined by conditions conformed to the temperature inside



axis of rotation of the lens 10 and about 1 mm above the surface of the
lens 10). In this state, the coating fluid is ejected onto the surface of
the lens 10. Sinultaneously, the film®64 of the coating film 10 uniform zing
device 7 is noved and pressed against the lens surface. In this state, the
film64 is noved in a linear trajectori fromthe center of the lens 10 to
the edge of the Ilens 10. This is becau ® The phot ochrom ¢ coating fluid has

great viscosity and does not spread under centrifugal force 15 due_to the
rotati on of theieaRRHRYYS apsLdhe gEaddsntngts Hae dlens pr ed@ %t 6%2RR &Nt re

surface of the {&ns 1O by shenrot atdo@napm. force of the Iens 10 and the
| i near novenent of the film64. The reason why the nozzle 24 is_inclined is

that interferencelhaiot vidkh kais 19 msesugi@undle chbyz tde2gyildngeavdft €4 by t he
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the appar at ¥avehenghle §Rahenvieinihe PEN30A0nmFRF eRakRpPE; the lens 10 is
spun at 600 rpm qiene Ghe +&08u10ihg St LRUNder Pnd e 1AV ROd8 L1 AT +Qf

of 300 nm or shorter is that depending on the type of the
15 photochromic coating fluid, the coating film is wrinkled, and
a uniform film is not obtained. The reason why borosilicate
glass is used as the material is that this material is
heat-resistant and does not break under heat of the UV lamp.
After completion of photochromic coating, the
20 photochromic coating layer is inspected for the state of
adhesion. The coating layer poorly adhered is rejected, and
a good product is subjected to annealing treatment. This
treatment is heat treatment performed for 1 hour at 110°C.
In this manner, the photochromic coating layer is formed
25 on the lens 10. This coating layer is the one obtained after
air is removed by the removal apparatus 15, and the coating
fluid is deaerated and stirred not only in the vessel 22, but
also in the check valve 23 (or, also including the ejection
nozzle 24). Thus, the coating unit 21 as a whole ensures
30 coating with a uniform coating fluid free from concentration
unevenness. Consequently, a high quality photochromic lens
can be produced.
The embodiment of the present invention has been
described above, but needless to say, various modifications

35 or changes of the present invention are possible based on the



the UV device 78, and the interior of the cylinder 10 is purged 5 wth

ni trogen. The reason for providing a nitrogen atnosphere is that in the
presence of oxygen, the coating filmmnimally cures. The W lanmp 77 is
brought to an appropriate height position, and the coating filmis cured by
the W lanp 77. The w ndow 7Ba installed between the W lanp 77 and the
lens 10 10 allows WV |ight to be transmifted into the cylinder 78, and also
plays the role of a filter for screenugghout light of a wavelength in the

vicinity of tS8RHmRbriders toF  thhiePTes FRYeRut®t ng of f the wavel ength in

the vicinity of @230eREmPN eshDh @nrettiltat wileReiKl Renert hei t ¥ pe3 0l gt he 15
phot ochrom c coating fluid, the coating filmis winkled, and a uniformfilm
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the vessel @2, tiheitheblso dhffbeesbeckevabar €Re (oensakso including the

ejectign nozzle 24) . Thus, the coati unit 21 as a whol e ensures 30
coatindWi th a.Lnﬁqgﬂqﬁ%RQHQQKqulﬁﬁ}Q4£§?qﬂ' E88c BREPRI T oATVEREYERnesSS.

Consequent | yhofolhBbnfitiatbdtyi RHOL SCHEREH Cab eRs ekampbe. PriRAMGARL:, e

enbodi rent of the present invention has been described above, but needl ess
to say, varPbesehbdiryertionscansberaphhhgestof other pfeakhfdi nvention are
possi bl e baﬁ@@hﬁ@l&&feég - technical ideas of the present invention.

The spectacle lens having a convex surface and a concave
15 surface has been coated, but the present invention can be
applied to coating of glass having flat surfaces.
The removal method for entrained air according to the
present invention comprising the steps of:
(A) preparing a coating unit comprising a cylindrical
20 vessel storing the coating fluid and a check valve for
preventing back-flow of the coating fluid connecting with the
vessel;
(B) plugging an outlet of the coating fluid existing
downstream of the check valve; and
25 (C) rotating the coating unit on an axis of the vessel
and orbiting the coating unit on a revolution axis
simultaneously whereby introducing the coating fluid into the
check valve, discharging air inside the check valve toward the
vessel, and further removing air incorporated in the coating
30 fluid from the coating fluid. By thus removing air
incorporated in the check valve, air bubbles are not contained
in the coating layer, and a uniform layer free from film
thickness unevenness can be obtained. Nor is it necessary to
perform air purge with the coating fluid, as done

35 conventionally, so that a saving in the coating fluid can be



For exanple, in connection with the sensor units 43, 44, the line
connecting the sensor 43a and the mrror 43b is |located at the sane
hori zontal hei ght position as the |line connecting 5 the other sensor 44a and
the other mrror 44b, but one of the sensors nmay be |ocated at a different
hei ght position to provide a height difference between the two sensors. In
this case, the edge position of the feA8 10 is determ ned in consideration
of the height difference between the sensors. 10 According to the enbodi nent
g

of the pres®adei nddft HER, Of pHhst GBRESNTRICOMAKRS 1§ PAREHPES th PERYRPICe.
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technol ogi es. The spectacle |ens” having a convex surface and a concave 15
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and a check_val ve_ for reventing .back-fl qw of_ .the coating f.luid connecting
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downst r eam piugdeng hes kowtal ae; o Binch % (9t 1@t atd 2l d he Tewat, i kg teaihedn an
axis of the vessel. and orhbi Eillfr&]%g t he coaggggﬁunit on. a revol ution is

si mul t aneoudty 1By eFhLPs hF CAB Femarief i AR AMRre Sha@ddeval ve,

di schar gi ngcgafih§stdemt BgnCheCKovmbae toward the vessel, and further
renoving air incorporated in the coating 30 fluid fromthe coating fluid. By

thus réifoving ai rinithorakavg eenavahaemack fea eat raineslgsire yhere inot
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t hi ckness unevenness can be obtained. Nor I1s it necessary to performair
purge wth shehcolat nghé | spekd aisn doneat3s sdt@pee i enalotyting opatras isavi ng in
the Coatingié'%&%d&?@dbﬁigher than the speed in an early stage of the
rotating operation, if stirring of the respective components
15 of the coating fluid is not sufficient, or if the properties
of the coating fluid render stirring difficult, the coating
fluid can be stirred sufficiently, and the coating fluid can
be uniformized.
Further, the coating fluid used in the above invention
20 is a photochromic coating fluid to be coated on the surface
of spectacles. Thus, a photochromic coating film of good
gquality can be formed on the surface of spectacles.
The removal apparatus for entrained air according to the
present invention comprises a casing which can rotate on a
25 rotation axis and also can orbit on revolution axis, and a
coating unit comprising a cylindrical vessel accommodating a
coating fluid inside, a check valve for preventing back-flow
of the coating fluid connecting the vessel and a 1id for
plugging an outlet of the coating fluid existing downstream
30 of the check valve; wherein the rotation axis being located,
with respect to the revolution axis, outwardly and downwardly
in a circumferential direction of an orbital on the revolution
axis, the coating unit being supported by the casing detachably
such that the lid of the coating unit is located below, and

35 the coating unit being rotated on the rotation axis and being



-20- made. The use of the check valve makes it possible to prevent fluid
drip of the coating fluid, and forma stable coating film In the above
removal method for entrained air, the coating unit prepared in the step(A)
can further contain an ejection 5 nozzle for ejecting the coating fluid
connecting with the check valve and the plugging in the step(B) can be
carried out by plugging an outlet of ~ t% éjection nozzl e. Thus, entrained
air in the ejection gozzle also be re ved q#a nmore stabl e, coating

filmcan bFRIMER tR6 FRVE B BBV%X+%ﬁ59§1 B FRenEaSARE  wher ei n

a rotationado speesk Dfe r£Mo| ¢ 04l dd the weatddwe g tflgiget THuch dihat the
speed in a late stage of a rotating operation . is rendered hlgher than the

speed in aPWh}§s SrEgBObT COMEA 1R AT} ﬁ@eoﬁeaaf-rlanlawrsta}rrq ngné £ orHe

feSpeCt'Ve:&9%99%%&%5f%%npkliﬂetHPékh@Qsf&ﬂ%&%ﬁﬁéé@“céﬂ“ﬂ@ %b%%&né@’b&f the
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casi ng det achably
the present invention, the coating fluid is a photochromic

15 coating fluid to be coated on the surface of spectacles. Thus,
a photochromic coating film of good quality can be formed on
the surface of spectacles.

In the removal apparatus for entrained air, the flange
facing outward is formed on the vessel, and the flange is

20 detachably mounted on the casing. Thus, the vessel can be

fixedeasily and reliably, and the vessel can be rotated stably.



such that the lid of the coating unit is |ocated below, and 35 the coating
unit being rotated on the rotation axis and being - 21 orbit on the
revolution axis sinultaneously with the casing, to deaerate air contained
in the coating fluid. Thus, air bubbles are not contained in the coating

| ayer, and a uniform layer free fromfilmthickness unevenness can be
obtai ned by 5 using the apparatus. Nor f$ it necessary to performair purge
with the coating fluid, as done conventionally, so that a saving in the
coating fluf@2tarebelddBelStmen the 1id on the check valve is detached, the
ejection nozzle is connected to the check valve, and then a lid is nounted
10 on a tip_portion of the ejection nozzle, it is possible to renove

entrai ned atr in 2 RetBOSCEPHAEHEOYENG 2hH from cnad imsr £l eidiantadadhg

film In thg,regeNal apparghysifohqephtaspedsaik.according to the present
i nvention, t e?%ga??ng quidHié a %hotochroﬁfc 15 coating fluid to be

coated dn the d@ifacerepaspestactestimhuenit poopoehiogi @ cpaindgicalm of
good qual i t¥e§§3%b5t59%ﬂgqtﬂg ﬁBQﬁiﬁﬁrE?ﬁ?dognépg%ﬂ%%g%ahpet kg, removal
r ir, the ange g or me

apparatus for entrarne acing outward is d on the
vessel , andptraeeht aingeack- 2w etfathabdya iugtfdd iehcbheecasnggwifhushe t he
vessel can be fiigd easily and reliably, and the vessel can be rotated

stably. 22 YeWfi&t‘ we claimis: 1. A nethod for rempving air froma coating

fluid containing) enprag@edyaan 6@FDEE SbAgth8ecshePagoflubd(&xibtenari ng a
coating unit conprising_a cylindrical A vessel storing the coating fluid and
a checklQal JewpsErepmeQntNRgChack- VROWRof @RHe coating fluid connecting with

the vessel; (Bl)pluggifging o ! & a®ing hencoadd nth fAui g Sxitgld R s
downstream of the check val ve; and
and orbiting the coating unit on a revolution axis
simultaneously whereby introducing the coating fluid into the
check valve, discharging air resided inside of the check valve
15 toward the vessel, and further removing air incorporated in

the coating fluid from the coating fluid.

2. The method according to claim 1, wherein the coating unit
prepared in the step(A) further contains an ejection nozzle
20 for ejecting the coating fluid connecting with the check valve,
the plugging in the step(B) is carried out by plugging an outlet
of the ejection nozzle, and the coating fluid is introduced
into the check valve and the ejection nozzle, and the air inside
the check valve and the air inside the ejection nozzle are

25 discharged toward the vessel in the step(C).

3. The method according to claim 1, wherein a rotational
speed of revolution of the coating unit is set such that the
speed in a late stage of a rotating operation is rendered higher

30 than the speed in an early stage of the rotating operation.

4. The method according to claim 1, wherein the coating
fluid is a photochromic coating fluid to be coated on a surface
of spectacles.

35



(C rotating the coating unit on an axis of the vessel and orbiting the
coating unit on a revolution axis sinultaneously whereby introducing the
coating fluid into the check valve, discharging air resided inside of the
check valve 15 toward the vessel, and further renoving air incorporated in
the coating fluid fromthe coating flyi23 2. The nethod according to claim
1, wherein the coating unit prepared inh“the step(A) further contains an
ejection nozzle 20 for ejecting the coating fluid connecting with . .the check
Vhlve, the Bl UgginGeTAVERERAHH (5 TPE ST AP DALY Bl TRE & Oatel et | of

the ej ecti oph&epPagataRdcémisr Lo iangaél vy dHiH Bhhatitcate ohd @othe ivheck
val ve and the, ejection nozzle, and the ajr jnside the check valve and the
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step(Q) . 3.cdhsri®ihod a¢eordingatl ord A MakcomhiRi@itn ndy & Bt @plr1useeed of
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wherein thePlc%%?iaén%r{}% ul oga?esﬁvgﬁ%te&cE?gﬁcfggaﬁﬁgiﬂﬁlﬁfg glucqgjae{ted on a
surface ofofpBot addadsing3F1R3d BxiAtingodavnappaantes e dwtakaiveddeair in a
coati ng flu&g r {he apparatus conprises a casing which can rotate on a
rotation a%i S %A also can orbit on revol ution axis, and a coating unit
conpri sing a cyhendotasalioveaséks dbedagmidatited,awdadt iregpllati ¢ b tihesi de, a
check val ve for_ preventing back-flow of the coating fluid cqnnecting the
vessel 18nd BeYPHIELPN GdGai At EATD ﬁ&qé?ﬁnY?ﬁét%gfﬁﬁﬁleﬂ SERIndtl
downstream @f rébei 6hesk yal yebitahesei Phéheevolation axis, bei ng | ocated,
with respect to the 10 revolution axis, outwardly and downwardly in _a

| | y
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such that the lid of the coating unit is located below, and

the coating unit being rotated on the rotation axis and

15 Dbeing orbit on the revolution axis simultaneously with the
casing, to discharge air resided inside of the check wvalve
toward the vessel, and further to remove air incorporated in

the coating fluid.

20 6. The removal apparatus for entrained air in a coating
fluid according to claim 5, wherein
the coating unit further contains an ejection nozzle for

ejecting the coating fluid connecting with the check valve,

and

25 the 1id is mounted on a tip portion of the ejection
nozzle.
7. The removal apparatus for entrained air in a coating

fluid according to claim 5, wherein the coating fluid is a
30 photochromic coating fluid to be coated on a surface of

spectacles.

8. The removal apparatus for entrained air in a coating
fluid according to claim 5, wherein

35 a flange facing outward is formed on a periphery of the



the coating unit being supported by the casing detachably such that the lid
of the coating unit is |ocated below, and the coating unit being rotated on
the rotation axis and 15 being orbit on the revol ution axis sinmultaneously
wiith the casing, to discharge air resided inside of the check valve toward
the vessel, and further to renove air ggorporated in the coating fluid. 20
6. The renoval apparatus for entrained in a coating fluid according to
claimb5, wherein the coating unit further contains an ejection nozzle for

ej ecting th%e%%%}in@ngluid connecting with the check valve, and 25 the lid
is nmounted on a tihe PEXdngd 0 ddachAEly aoumogd | én tthe Thgsiggoval
apparatus for entrained air in a coating fluid according to claimb5,
wherein the coating fluid is a 30 photochrom c coating fluid to be coated
on a surface of spectacles. 8. The renoval apparatus for entrained air in a
coating fluid according to claim5, wherein 35 a flange facing outward is
formed on a periphery of the 24 - vessel, and the flange is detachably
nount ed on t he casing.





