1 THREE- DI MENSI ONAL STRUCTURE FORM NG APPARATUS The invention relates to a
t hr ee- di nensi onal structure form ng appar at us. é?éggyagatus may
be used to form a three-di mensional structure on t he %%SIS of an opti onal
stereographic image by irradiating a liquid photosetting resin with a |ight
beam A nethod of formng a structure having a desired norphol ogy by
irradiating a liquid photosetting resin lith a light beamis proposed, 10
for exanple, in Japanese Patent Application No Sho 63-267945. Figure 5 of
t he acconpanyi ng draw ngs shoms the main co -onents of three-dinmensional
structure form ng apparHREE 310Nl JRE APRARMIUBOd. The

t hree-di nensi onal structure formng apparatus 51 has a main 15 resin t ank

52 to contain a |igui oset esi n A en,_exp
ul traviol et rays, g“%gf‘{')*‘z'&t‘.?'w i?%?ge *Efgsf f ‘\#S'B'é tyre °r|51q5¥e and
whi ch can be ppparatus.n the main resin tank 52 an el evating nmechani sm 54

verticallysto noveg \'ié(}: pﬁia?oset y &%SS‘«P% &Ehxég-éﬁefﬂoﬂgi %tt?uétﬁ

surface of the | i qui 1°’ng resin and
moul di ng cont ooltherbagés 06 mmmltmrmmma bycmndia}iw@rhtwéd\ of

the scanning éﬂgﬁosﬁ.?ti@i?drésliﬁ ﬁgﬁz 1igh Bdam’ e el evating mechanism 54 to

nove the stag orm ng@a ree-di mensional structure of a desired

nor phol ogy by t he Ahpetbodijofefrmmipg @ §trueturs baviggng destisdapernbelogy by he
el evating 25 jrrRfIBE{HgSAN13quidoptiesettng pesmewith A0igHt békn tl@'pr@ﬂfdeﬁ on

I ndi cat ed y contlnu us es where, the e Si spreads
in a preddPer FPR&FAPR) kJrTbggpa(Wﬁer Pﬁ?ﬁ'tse%gcﬁtg Rgﬁo&%ég 5@9?‘% g’fg“f
i %d phot osst t Mg the s iadcokpasying e iragings e dshoks h the | mgivi  leemponBnfor of ast er

scanni ng in atﬂpéet-ﬁﬁ&én%%r{aﬁsﬁgﬂgﬂug fto?mt.r% ;ﬁﬁ[»éc% r}510§o‘p Qgrrgfln oﬁg such

plurality of " para anes talrne Iona
stereographl c & methed. whi ch wll be referred to as paral I eI decorrposed

pl anes”. Portions eif.etthﬁeé-amangurmtmﬁeedregrorrsﬁignaﬁaﬁﬁﬁdsatrﬁg Yindalin t heE
l'i ght beam B set . in a hard resin correspaonding to the 35

pattern ofl9t h&edbt Ak S dopronkaln aER//"BP’gl‘ PP?Fé’s%"é“ha‘FG“f Ashich 5eL3 when
exposed to ultraviolet rays, a horizontal stage 53 which has the shape

of a plate and which can be placed in the main resin tank 52, an
elevating mechanism 54 vertically to move the stage 53, a scanning unit
55 to irradiate the surface of the liquid photosetting resin A with a
20 light beam, and a moulding controller 56 to control the exposure and
scanning operation of the scanning unit 55 and the operation of the

elevating mechanism 54 to move the stage 53.
In forming a three-dimensional structure of a desired morphology
— by the three-dimensional structure forming apparatus 51, the elevating
25 mechanism 54 locates the stage 53 at an initial position indicated by
continuous lines where the liquid photosetting resin A spreads in a
predetermined thickness over the stage 53, and the surface of the
liquid photosetting resin A is then' scanned with a light beam B for
raster scanning in a patterri corresponding to the pattérn of one of a
v 30 plurality of paf-allel planes obtained by sliecing an optional
stereographic image, which will be referred to as "parallel decomposed

planes". _ .
_Portions of the liquid photosetting resin A irradiated nith the
light beam B set in a hard resin layer of a shape corresponding to the
" 35 pattern of the decomposed plane. Every time'one' hard resin layer is
formed, the elevating mechanism 54 lowers the stage 53 by a
predetermined distance corresponding to the pitch of the decomposed



formed, the el evating nmechani sm 54 | owers thé”stbge 58. by. a hietldt er m ned
dlstance corresponding to the pitch of the deconposed 2 planes of the
stereographic image to spread the |iquid photosetting resin A over the hard
resin layer in a thickness corresponding to the pitch of the deconposed
pl anes. Then, the liquid photosetting resin A spread over the hard resin
| ayer is scanned with the light beamBin a5 pattern corresponding to.-
the pattern of the next deconposed plane to forma hard resin |ayer of a’™
shape correspbantisngft ohé hetepedgrapinicofinbpe o Ispesud rithien yigieido phogadtpingne on
e Pr eV OuS P Bk 38 HaB8! Mol Y flyer THERCUSHARESS L ErDRHaL B LD didyer o

j oi n together resin layer apes respectiv respondi ng -
to 10 the patqlppﬁstl"@f dec¢papogesopdrreed Hhanestharlelqpéﬁ rp@etgseﬁr@ées:ureeirym n.

adj oi ni ng | a¥§{-e°adt BvdOthe axa@ssaegﬁd 1&9&@%%&%@&%% &l YELHY Bear’B in a
t hr ee- di mensi onal structure, can forrred on the basis of_an o tlonal

st er eogr aphi Baﬁfé'@ecweﬂ?%dlﬁﬁt%d‘gel?ﬁth _ttf‘ﬁg“et"ﬁe despupgeed plang, o
| i qui d phot ose#d langafdesemmay‘er oconsmyeedoﬂ-ﬁesbhmmgi tb'ltﬁéixﬁttéﬂkoﬁazhwi th

the light b B b e- di t t f t t
har denpor (1 SREFSSPORARE) SRLPIoRHD (IERP, PhoEib A1, TR AR pgn ©
di anet er of ﬂ.byaexspoThesle sinrebsiyiet hioshredin 3 aglexse jdbmttogethelre di st ance
bet th b 1]

appar atus. and t ho D "ERE etk RvbY G SRR HARELe Ne i el ithi o
Accor di nify, the phkterngupf Lt cfecompesed | nlqmel mt@s@sm sucqessivelx in

cont ai ned I nahKindRi Mdy8ss ftol féth 22ddstrédithAbd-RinbAl ol bR MRGEL e, the spot
of the Iight beamB is variable .and hence it is inpgssible to form a

t hr ee- di mensi onal s?’?ﬁ?@fwnﬁ%‘lﬁlm%‘f‘@ RS d’ﬁsfm?gd on the bagjg, of; quw
| evel of thEahI(ﬂiﬂldnﬂh@'téﬁeﬁgraplgcrﬂﬁgB wltnﬁ;hxetmaan resin tank 52 is -

liable to vary with the variati 0 g L he te IuUr f the liquid.
photoset Li ng 1 es AP A-TRaREHTE K Barhes of ohe: FiatafoRincogfeoind Fein

phot oset 15 ng comtsiined tonthe medn i restine task 63 esﬁth thﬂklfg‘llt Vhan B perthel ar ge
main resin t @ﬂi‘eé—ﬁih@lQSQOf?él vhsRehhe rhidiRE %@F&tus to harden portions of the :

11qu1d photosetting resin A in a pattern, the diameter of the spot of
the light beam B is dependent on the distance between the obJective |
lens of the three-d1mens1onal structure forming apparatus ‘and the
20 surface of the liquid photosetting resin A Accordingly. if the liquid
. level of the liquid photosetting res1n A contained in the main resin
tank K2 is variable, the diameter of the spot of the light beam B is
variable and hence it is 1mposs1ble to form & three-dimensional
_ structure with accurate dimensions. ' '
25 The llquid level of the liquid photosetting resin A in the main W/
‘resin tank 52 is liable to vary with the variation of the temperature |
of the liquid_photosetting resin'A or'with-the reduction of the amount
of the liquid photosetting reSin A contained in the main resin tank 52‘
When a very 1arge main res1n tank is used or when the light beam
30 is focused in a very . small spot to reduce the terminal depth, in
particular, the liquid level of the liquid photosetting resin must
precisely be controlled However, no effective liquid level control
system for such a purpose has been developed so far.
According to the invention there is provided a three-dimensional
35 structure forming apparatus, to forn a desired three-dimensional
structure by sequentially lamlnatlng hard resin layers by repeating a

hard re51n layer forming cycle, which cycle comprises the steps of



30 is focused in a ‘very 'small spot to reduce the -ters#kndb déﬁtﬁﬁ I n
particular, the liquid |level of the Iiguid photosetting resin nust

precisely be controlled. However, -no effective liquid |evel control system
for such a purpose has been devel oped so far. According to the invention
there is provided a three-dinensional 35 3structure form ng apparatus,

to farm a desired three-dinensional structure by sequentially |amnating
hard™“resin | ayers by repeating a hard resin |ayer form ng cycle, which

cycl e conpri seérrddéasingpshefsurfage iofr adil tquidgphdkosetiringc cesin aikh cuiilight
phot osetting T gy 1| Lfbaﬁ:téhg%rpé‘s%&xh{hgaﬁaétd“e%@ré‘d)rsﬁ:mgg%m §Rage and

~desired stereographic image and spreading the |iquid photosetting resin
over the hard PRESafirgyte limeidei °f-‘|’?ee¢h‘?€eé‘-eéi”i‘re9l‘éei"oﬁ§13 %*E‘?dué’f’ﬁ%’é }a3ieRr ng

appar at us conpuhdéi@inathe ERbde- Hﬁfénﬂléﬁdlksﬁﬁxc@ﬁi% &bamix{geabpmws Fﬂ%ﬁbﬁﬁéﬁs’i ang
‘resin and t nresin tank i s provi
i s%

system co TEsIL 5ARK W aflﬁn'ﬂ‘e ?b‘g’ilh %’l?ﬁﬂ?%ﬁ*@% gB nﬂ%n&%% faagn,

supply the |i qresinpbatlodetdorfded vith fa diquideleved| emitsdl rsystemiconprisiegnai n

resin tank at a 10 ate so that the liquid photosetting
resin overflows thearr%lrn I?%S’T[Lﬁ}&g% continuously; and |iquid photosetting

resin return nmeans resinesunpdy tugens cqntinughslvotesurmly thesliguidphogosetitings

the main resingpiank. fz:Uﬂe tlHeqLHe%w}i@hQﬁEt khild £6SkAe " ahik nb@&dﬂi‘@é}ﬁc tiS e
forns a |I%Id 15 l.evel control system and_can return the liq

phot osetti My rBeqdetermined cate| sshat shaaiiquid Q?‘?lt"csﬁﬁki’{ghf'%ﬁ}g‘h°‘éer§ hets she
openi ng or an gyeaY tboiM \&ﬁjﬂ{ cbatimduéIy;0akd Si de surface of the main resin

nk. Thus, the uan tity hot osetting resin contajned, jn.the
N resin tank gan B F}?é éhl%mrets Bt T turf‘hgfg?snetq |r§'1’|uﬁnl }\‘/eefjhé’(ﬁua
the |iquid phovsesetviger eeiin Uttt averflows thaenaini resiestanktank can be
mai ntained constant qug ﬁ‘iﬁgddéﬁ&hx t&nk'&@%ree Gap m%%ﬁ&'tﬁ&é ¥obits Boﬁ*&%?ﬂ In

a spot of a constant dia orm at manS| onal structure
accur at e diTenievgiscontrol system and can return the liquid photosetting resin that

overflows the main resin tank through a suction opening or an overflow
weir formed in one side surface of the main resin tank.

Thus, the quantity of thé'liquid photosetting resin contained in
the main resin tank can be méintained constant so that the liquid level

20 of the liquid photosetting resin contained in the main resin tank can
be maintained constant. Aécordingly. a light beam can precisely be .
focused in a spot of a constant diameter to form a three-dimensional

~ structure in accurate dimensions.
The invention is diagrammatically illuétrated by way of example

25 1in the accompanying drawings, in which;

' ' Figure 1 is a schematic sectional view of a three-dimensional
structure forming apparatus provided with a liquid level control
system, ih a first embodiment according to the invention;

Figure 2A is an enlarged fragmentary sectional view of an edge

30 portion of an overflow weir of the apparatus of Figure 1;

| Figure 2B is an eﬁlarged fragmentary sectional view of the edge

portion of an overflow weir for comparison with the edge portion shown
in Figure 2A;

Figure 3 is a schematic sectional view of a modification of the

35 three-dimensional structure forming apparatus shown in Figure 1,



The invention is diagrammatically illustrated by way of exanple 25 in the
acconpanyi ng drawi ngs, in which; Figure I is a schematic sectional view of -
a three-di nensional structure form ng apparatus provided with a liquid

| evel control system in a first enbodi nent according to the invention;
Figure 2A is an enlarged fragmentary sectional view of an edge 30 portion
of an overflow weir of the apparatus of #igure 1; Figure 2B is an enlarged-
fragmentary sectional view of the edge portion of an overflow weir for Al
conmparison with the edge portion shown in Figure 2A -Figure 3.is a
schemat i ¢ sesddidhenally epnovided wibhia ftlenercmacbanitsnear@a laseén ddquidnkavel onal .
structure fopoidag appar atus shown in Figure 1, additionally provided

with a filter ?lanl smand a laser liquid-Fevel detector; Figure 4 is a

schematic secti on§48“&’¢ ey 15 agsehemakicyspeltionah, Miew 9fy @ Ehmmﬁﬁméppar at us

in a second geRRYIFe TormmgOashaddtus0 1hhg Second RbRiinent aaordingUtecthe IS a
schemati c_se tle&ggl view of a conventi onal t hr ee-di nensi onal structure '

form ng a%pa oY ON%e?™ ring to the drawings, Fi gure 1.shows a main resin
tank 2 and assomEIMeeQwiprrmtsohemautcectecmﬂai hwbew dofreasicomeentixnalict ur e

formng 10 aﬁﬁk\‘l\%&aﬁ E@ﬁc%”ﬂrﬁﬂ% Q%I}Ft‘?s contains a liquid

photosettlng resin 0 Ultraviolet rays and is
nounted on a baseRefepring tieghedrawings e Fégurent shawsha mainnreain tank2andr 4 s

wound ar ound a§ &1 BBddedul phéht! ﬁﬂ:‘iuc’l’ed n faea&rebruaméﬁﬁuhsi BBAICRERS FbFing €S N

cont ai ned in the main resin tank 2 to akgg determ neqaterrperature he 15
n

heater 419s @BRATREYS dd LYPS "Péﬁp%ﬁs&i‘u?‘%“ poniping gnid, photosettisg ( he
tenperature @ésinhg dmawséwhmensapbsemgw adtravholit! poiscand isamdupb@EbAL Ur €

R
tenperature. aPéund the maif\ misigetankol shcheat the plmdddphotoaetﬁngzmﬁal
position in tB&ained in the main resin tank 2 to a predetermined temperature. The

15 heater i is controlled by a temperature controller 6 on the basis of
the temperature of the liquid photosetting resin A detected by a

~ temperature detector 5 so as to maintain the temperature oi’ the liquid
photosetting resin A contained in the _n_lain ‘resin -tank 2 at the
predetermined temperature. _ | | -

20 A stage, not shown, is placed in a horizontal position in the
main resin tank 2 and is moved vertically by an elevating mechanism,
not shown. A scanning unit not shown, is disposed above the main
resin tank 2 to irradiate the surface of the liquid photosetting resin
A for scanning with a light beam. A moulding controller, not shown, \J

25 controls the scanning unit for exposure and scanning operation and
controls the elevating mechanism for vertically moving the stage. The
liquid photosetting resin A is irradiated with a light beam to form a
hard resin layer oi‘ a shape corresponding to the pattern of a
decomposed plate.

30 _ The main resin tank 2 is provided with at least one overflou weir
7 in one side wall thereof. Surplus_ liquid photosetting resin A
overflows the overflow weir 7 and is returned to a replenishing tank 8,
so that the liquid level ot‘ the liquid photosetting resin A is
maintained constant. The overflou weir 7 comprises an edge member 9

35 having a sharp edge 9a and disposed slightly below the upper edge 2a of
the main resin tank 2, and a resin receiver 10 provided on the outer
surface of the side wall of the main resin tank 2 to receive the liquid



main resin tank 2 and is noved vertically by an el evati ng nmechani sm not
shown. A scanning unit, not shown, is disposed above the main resin tank 2
to irradiate the surface of the liquid photosetting resin A for scanning
with alight beam A noulding controller, not shown, 25 controls the
scanni ng unit for exposure and scanni ng operatlon and controls the

el evaty ng nmechani smfor vertically novi My the stage. The liquid

photosett| ng resin Ais irradiated with a light beamto forma hard resin
| ayer of a shape correspondln to t ttern of a sed pI te 30
The main resiPhobogptting ce i’)‘r"m?’?‘g‘g’d ﬂve(;?ﬁr*e sfh%r@eﬁ%fg&ﬁ €in one
si def }Nal I thqroeoﬁ.on oﬁwmplmrbdetagedg hotnmebaghmgemml 9 dbrcespbﬁdls)\bs ahe
overfl ow weir 3

lI'i quid | evel PJF"%?@"‘ 1'fe(‘.i‘u %‘ E)E?’te&éfe)to? %“ge%g@‘hﬁ ngﬂgh?ﬁ af'%ig'dkcons%'gnt

The overfl owmadnrresindapkidses an edge rrenber 9 35 ‘'having a sharp edge Oa

and di spo ed sli t e , and
a resi nprecel verg%lt ‘%ﬁlé&wdﬂgﬁidtjﬁpagﬁt er 2{:3 %?htﬁ Si d?ﬂ%‘ﬁ% th
main resin tdhlt'°2"qd90¢ d&ajwiscasiby,| theildquid B“‘i‘}ﬁéﬁ‘d’ééﬁ R Pé@l‘snavbﬁ?‘lh has

over f | oved thﬁ ﬁvefs‘cb WEM a’high Ih@rala@swnswh of A&&wdﬁlga of t he
edge nenber corres %‘o a predeter iievﬂ ﬁi) UI d
phot oset ti ng 9h€§?§?tﬂ 'an "Fﬁ aif TP & mep szand qu

| i qui d phot osnhlh_img:_hba&ﬁnti&gl sedinak edhrbys tabﬁs}iwatm FAgure Enechetere tthe |

vi scosi t t Uiy ett] r r i§co and a
hi gh sur ﬁ'gcem[elgﬁg‘?cﬁ?gt&,&ﬁg@d%ﬂ%g,A ?ﬁéé'?}&c?u?ge E)%ri'\iﬁoés/ees?{' %‘r%m %fo orns a
meQi scus and varéatiogueft theldquidf 1qved off tog diguidt phososdathipg cesin A isadi es as
shown in Fi gtgien?ﬁkcggé cyrs?]feﬂe g&recﬂsbw dinf miﬂﬁekﬁé rmqﬁiesuaeﬁ 6 @hb! ows

the main resinta lation of t I'i"quid I evel of the I'iquid
phot oset ti ng Hé¥ith PA°Wehti§Bg"rﬁsﬂP@ant pr obl em in precisely controlling the

li-quid level of thr kbmei sbdahstmsiéni Nghe' 883 méuberF 09 I8! WsedStE hake Ahabl em

the edge 1’? rrblei.rqu?d p%ogose(gt{ng reskin B overflow the sharp edge 9a of the edge

member 9 continuously so that the 1liquid 1level of the 1liquid
photosetting resin A is constant.

The 1iquid photosetting resin A which has overflowed the overflow

weir 7 into the resin receiver 10 is returned through a return pipe 11

20 to the replenishing tank 8 to store the surplus liquid photosetting

resin A therein.

‘The liquid photosetting resin A is supplied continuously at a

'predetermined rate through a supply pipe 13 to the main resin tank 2 by

W, a supply pump 12 to replenish the main resin tank 2 with the liquid

25 photosetting resin A so that the surplus liquid photosetting resin A

overflous the overflow weir 7 continuously and the liquid level of the

liquid photosetting resin A in the main resin tank 2 remains constant.

As shown in Figure 3, a filter 14 may be inserted in the supply

pipe 13 to remove set photosetting resin particles, dust and impurities

30 from the liquid photosetting resin & before supplying the same to the
main resin tank 2,

The main resin tank 2 may be provided with a laser liquid level

detector 15 to detect the liquid level of the liquid photosetting resin

A in the main resin tank 2 for monitoring and controlling the liquid

35 level. The laser ligquid level detector 15 comprises a laser 16 and a

line sensor 17. The liquid level of the liquid photosetting resin A is

detected from the position of incidence on the line sensor 17 of the



15 | i quid photosetting resin A overflow the sharp edge 9a of the edge
menber 9 continuously so that the liquid-level of the I'iquid photosetting
resin Ais constant. The liquid photosetting resin A which has overfl owed
the overflow weir 7 into the resin receiver 10 is returned through a return
pipe 11 20 to the replenishing tank 8 to store the surplus liquid
photosetting resin A therein. The |iqui® photosetting resin A is supplied_
continuously at a predeternmined rate through a supply pipe 13 to the mai njmi
resin tank i bg/ -sug)glgi/ punp 12 to rep_lgni'sh the maiin resin tank 2 with
the |iquid 28%€F gﬁﬂ! qotRe) Wekhe, 1asery 16 1and vefdeated by, dhej surface of
lphot pgelt ti n?;he adiquid\photosétting rebin avemnf 1M1m§v¢17c&§]ﬁibbi Ba@UFE Baryl! tEe2 g
I qui evel, e, l 1 aui. oset ti resin in_the main resin tan
remai ns cons -an"tsi.-epA%.‘ll sﬁ%\/\ﬁiﬁ‘:’ﬁ}:ip&ﬁ%" egel“&'f?ﬂ“et"rl}& ﬁﬁ%’/sr%e ‘ﬁ‘fnggﬁ'@ﬂ-i.n the
suppl y pi peagdnddng ctenacligtidphened sdetieichipm signalppravidedshy dthet lased :
inpurities f t WelT[ e _ LU A hesi f G SURPL %l.Ng t he
sanme to ?he-:i?r%lfir? ?gglnht&aéﬁk&gﬁTE&;qlﬁglﬁ%rgeg‘%n IF@n"E gb‘%g’ygg&h%r ggﬁgd with a
| aser |iqui @hetosetting: erain A preeigely:hycvanydng |thguyojune \of) the immersedqui d -
phot oset t i ngofEivhnNof \thé 1iQe1dBévelr &ntrol 8ak 18, for nonitoring and
controlling the ki %ig'm\’;ﬁ | evel . . The | aser |i gui d | evel detector 15
conprises a | aseMeH¥T IR t9 Fighee Serifop thyee-fimensiongl strugkure, formag| i quid
phot oset t i ngpparates /off 2 detandt edbddinentt lkemponents @oredspbidinge s ctivzet he i ne
sensor o] e b ] 1.by_the laser 16 and,reflected by
t he sur #gcefsgﬁ ﬁg T#‘%ﬁ?‘% 1pgg%§é§t§%§%€gi ?13'"2. r%aelr qui 8“%\7&?;‘_ cc‘)‘ﬁfr ol bar
18 partly i mady stegin ntanke2| figuprovpded: edth tonegor eai plukal ktyr aifs edetdon| ower ed .

accordi ng t gpéh iinks W11l | i lq pra L,D liquid,
| evel det ectlc))eih Ifggtwg) ir’*@éﬁ%a?ﬁ%ﬁ?*?@ﬁd‘%ﬁJ& 0 %;Wc‘]’h?@%@f%getti ng \J

resin A prefPeedy iy therg4dsg vakle afoItiRemain tnesin nbanks @d afomt ipeaitdent he
liquid | evebonaspsminpato d prediteriinedd 1g1d 16i¢1¢ and d PeturhNp R i 4BNSi onal
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A overflowing the suction opening or -suction._ openings 21 .is sucked
directly by a suction pump 20. Liquid photosetting resin A sucked
through the suction opening or suction ‘openings 21 is returned to a

' replenishing tank 8. o -

20 - Where the main resin tank 2 is provided with a laser uquid level
detector 15, the liquid level may be controlled positively by
controlling the suction pump 20 and the :supply pump 12 éccording to a
liquid level detection signal provided by the laser._li'quid level
detector 15 so that the liquid level of the liquid photbsetti_ng resin

25 A is maintained constant. ' : '



10  shown in Figures 'l to'3 are given the sane referende Aumerdl &° The

main resin tank 2 is provided with one or a plurality of Sucttron—epen-ngs

21 instead of the overflow weir 7. :The suction opening 21, UH med in the
Al

side wal| of the main resin tank 2 at a position correspo MU"MJ"’
S *

predetermned liquid level, and a return pifJe 11 is 15
suct{on opening 21. Surplus liquid photosetting resin A overflow ng the
suct »~On openi ng or suction openings 21 is sucked directly by a suction punp
20. Liquid photosetting resin A sucked t BL&IMEh the suction opening or
suction openings 21 is returned to a replenishing tank 8. 20 Wher e
the main resin tank 2 is provided with a laser |liquid |evel detector 15,
the liquid | evel: mayAbsheesmfigansdenados§irugEYse biPTaEng r BPRATAGUS hetQ uEPTHNE
punp §0dagd tﬂedfsiaaa yTrWéGPd_ _ di:h'%nafclﬁﬁg.d EB@Jdth?SIW qwqdeﬂﬁuﬁiy dHnﬂ.l : _ﬁhi::lm’g Sﬂiagﬂl?l
provi ded by the | 3gse i qui eve| detector so that the liquid.level. o
the |iquid phot tiﬂ’@r? Yj TPPeating,a; hﬁeﬁﬁai%‘i‘@? SFRipg, gyele. “?‘%ﬁ/ﬁ%ﬁe 1,
A t hree-di mensi complrisds thé steps dbOrirradiaxppg the usirfadecof ar iguidqhiotesktting
t hr ee- di nensi o Str uge nt.j.al_l 1,.Nal .l | n S
- by repeating anﬁéasrlg r§§'§ n'£I é%tsf%lrdfﬂﬁ tﬁg gy Iag?ép\ﬁniaéghp%ﬂéﬁgﬂéggn%reisdseds&?h%&
steps of irradisteregerapbie dufage canst spregqding gthehdiasist PK‘PF@SP!E%#% RE$ip pver
light beamin agRahhfd ek NGFELNIhEELINOtRe dRbhé-A nédsA6RAN sAPHE ture "PerRiagd
spreading the |iquid photosetting resin over, the hard resin |ayer, whereLn
the t hr ee- dtthen@RRSRAFISt CORRTISES { G nPALP 18°Sipfafkar 48  CBWAID sébe layia
resin tank tophdtoBétiitg #éin bnd)ithd it eé£in itAtk rieSprovdded twiechnai Niguedi n
tank is provi deﬂ vvilt h 3 Ii ui F | evel caontrol systemconprising: a
repreni shing tankor &8H4H° 35[3'6 §F FREPS S¢0Rt i nuously to supply the liquid
phot osetting 15 r egimeplénisning henkepl eni shing tank to the main resin
tank at a predeternaad {38y $Rahd@bndGobd GUtsl sHHALOSRS 11 a"ERkBsetting

overflows the
15 resin from the replenishing tank to the main resin tank at a

predetermined rate so that the liquid photosetting resin overflows the
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liquid photosetting resin return means to return the 1liquid

photosetting resin that overflows the main resin tank.
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2. A three-dimensional structure forming apparatus according to
claim 1, wherein the liquid photosetting resin return means comprises
an overflow weir formed in one side wall of the main resin tank and
provided with an edge member having a sharp edge located at a position
—/ 25 on the side wall corresponding to a desired liquid level of the liquid

photosetting resin contained in the main resin tank.

3. A three-dimensional structure forming apparatus according tb

claim 1, wherein the liquid photosetting resin return means comprises

30 a suction mouth provided at one side wall of the main resin tank with

« _ its lower side located at a position on the side wall corresponding to
a desired liquid level of the liquid photosetting resin contained in

¥ the main resin tank, and a suction pump connected to the suction mouth
to suck the liquid photosetting resin that overflows the main resin

35 tank through the suction mouth.
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