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Ej ecting Liquid Droplets and Apparatus for Ejecting Liquid Droplets in
Fi xed Anigihofogded of the Invention The present inventiopoTRirabeesiy a
met hod of ejecting liquid droplets and an apparatus for ejecting liquid
droplets in fixed amount, in which a |{quid under regul ated pressure is
ejected while it.is caused to fly in the formof liquid droplets froma

val ve ejection port. Mre particularly, the present inventi 0 a
met hod of ejecting |iquid dropl ehggRIEN@RParatus for ej ﬂ\mmwm‘mﬂm“&
droplets in fixed amount, which are suitably used to handl ds
of liquids including a solution having a uniform concentration,*s&s9i quid
containing fillers, |iquids having any viscosity froma low to high |evel,
and a hi ghéthod WOE%d@i@'@t Qidililikleﬂrbplétd and aAppatatast farn Epéctirmgdequidjui ds.
Description of the Related Art In a conventional apparatus for ejecting
|'i qui d diDrelpeéts. inaFikedAmoamt eri al supplied to a valve body is pushed into
a flow passage within the val ve body under constant pressure regulated by a
pressure regul ati ng device. However, such a conventional apparatus has a
problem as follows. Wien a valve is opened, i.e., when a plunger rod is
retract eFiem abthe Inentfarom a val ve seat, air is sucked through an ejection
port fornmed at_a nozzle end, and bubbles are mxed in the liquid inside the
val ve body. AsTherpresent invantiamelatestmatmpthag et eigrting iadid ed anmpunt .
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droplets and an apparatus for ejecting liquid droplets in fixed amount, in

which a liquid under regulated pressure is ejected while it is caused to fly
in the form of liquid droplets from a valve ejection port. More
particularly, the present invention relates to a method of ejecting liquid
droplets and an apparatus for ejecting liquid droplets in fixed amount,
which are suitably used to handie various kinds of liquids including a
solution having a uniform concentration, a liquid containing fillers, liquids
having any viscosity from a low to high level, and a highly-viscose

paste-like liquid as a combination of those liquids.

Description of the Related Art

In a conventional apparatus for ejecting liquid droplets, a liquid
material supplied to a valve body is pushed into a flow passage within
the valve body under constant pressure regulated by a pressure
regulating device. However, such a conventional apparatus has a
problem as follows. When a valve is opened, i.e., when a plunger rod is
retracted to move away from a valve seat, air is sucked through an
ejection port formed at a nozzle end, and bubbles are mixed in the liquid
inside the valve body. As a result, the liquid cannot be ejected in

desired amount.
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The inventor has found that the above-nenti oned phenomenon occurs for the
reason given bel ow. When the plunger rod is shifted froma val ve-cl osed
state in bely74d® rod is seated against the valve seat prowrded2s4s t he
val ve body, to a val ve-open state in which the rod is retracted to nove
away fromthe valve 'seat, a volune thaj is occupied by the plunger rod in
the fl ow passage within the valve body is reduced and the pressure in the
fl ow passage is | owered correspondingly. This causes a pressure difference
bet ween the n S e- PbReRBRferbd f erence
i ncreases as fﬁ@égﬂ?%@g%e%@ﬁq ﬂ?tgﬁgnger ergcgl&?ﬂsd}fénc?eased. Ther ef or e,
t he .S“pp'o%cﬁF%)%‘rtgfé réd¥or hErfb8RIVET | When e giunyer rddeisf siifteddssmge

wi thin the val ve body undeF a constant pressing force cannot follow the

pressure L ANBLEBEE StAtS i MIH thd rod i€ sehesw alganistithatvdlbe seatosphere is
sucked into the flow passage through the ejection port forned at the valve

end for eyedirRESircthePvaveUedy, Rard valleabpgnwhate imehichythelrod isont i nuousl y
ej ected at a high-speed tact (short cycle), such a phenonenon appears

not i ceablrgtriaetedise nidvee pwaygizonT the vabte seat @nvolame thaitishdegupieddy.
SUMVARY COF THE | NVENTI ON Wth the above-nentioned finding in mnd, it is an
obj ect ofthehmupgesend in tive ficivopassage withia therlve dasty isj restuceg andui d
droplets and an apparatus for ejecti n? liquid droplets in fixed anount,

whi ch carthprgressure irethe flow passage islpmerasheaugaspaadingly. i $hiticked t hrough
an ejection port forned at a nozzle end when a valve is opened, i.e., when
a pl ungercausgsi a pressurg differenne ketweep theonpzzlegndasddhe oW whi ch can

prevent bubbles frombeing mxed in the |iquid %ect ed %fet er%égg occurrence
of such Passagen@ishthe prgsrpaifferencecincregsed Asithesshitespe th®nventi on
resides in a method of ejectin Iig id dropl et? i N whi C%t?\ I i.culid under
regul at ePlpPEsEe@ is ineregsgdi d IhE" go'?t' dpe supPRly ampinti fheidlidy i red, is

L Rl St B kB ST BT T
e ot R el LSRR T L
o eett o0 ARGNuALT: B PAARARGAOEA 8 AtSErPEle sThRel A thefiow,
rvent | on syl 5 GRIED, SIRLMB S ke R e ot ot o

stored i no@pfe%%h?%.neﬁ’a?ﬁcpf;aqwr%ﬁgn the I\F‘/&etﬁa.ti?%omiinlu%dsﬁy bﬁ}c‘ié&?&q% to fly in

the formoft1iquid drople oma val ej ection port’, erein bubbles are

prevent e%igrh%*bé’éa REcti SHRAt bpéleg,t bSch bophshdReasahashsare] estidedbiport by
controlling a supply anount of the liquid in a manner being able to foll ow
a pressurgeshdde (e pRUMGEMRRN UM bR eshiradtepbat highdspeétow passage in a
val ve body. The ejection port is opened with a plunger rod retracted by air
pressure, and the liquid droplet is ejected through the ejection port with
the plunger rod advanced by a resilient force of a spring. In this case,
t he preseSUMNMRIY iR THEIINSENTIGNnet hod of ejecting liquid droplets,
preferably continuously ejecting liquid droplets at a high tact, in which a
| i qui d under r alithahedalpoesmentjondakfinding ih bundgitds @neabjest #f dbet ai ner as
required, is ejected while it is caused to fly in the formof |iquid
dropl et s praserd ingentiorjteqrovidepamethaseetpjedbingbliaiddrophetsand @ from
being mxed into the |liquid through the ejecti.on port by controlling a
suppl y anepparatstfoe eje mgjhnw%dm{ﬁtﬁlrbﬁw@aamm Whishcan ar sure
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the occurrence of a phenomenon that air is sucked through an ejection

port formed at a nozzle end when a valve is opened, i.e., when a plunger
rod is retracted to move away from a valve seat, and which can prevent
bubbles from being mixed in the liquid ejected after the occurrence of

such a phenomenon.



di fference between the ejection port and a fl ow passage in a val ve body,
and' wherein the ejection port is opened with a plunger rod retracted by air
pressurewdRdohfgd i quid droplet is ejected through the ecagidoemeBest W th
t he plunger ro ado’vanced by a resilient force of a spring. Bubbles are
prevented frommxed in the liquid thrgugh the ejection port upon
retraction of the plunger rod by controlling a retraction speed of the

pl unger rod in accordance with an air flowrate. In this case, the present
i nvention resi | i i I Ioié I lioRlif erabl y

conti nuously e?ggtéﬁaapfm{%qﬁg éteggélﬁgamﬁﬂg?letd;cét}?bﬂémﬁi ch aliquid
under re iANASIEH £ 1i HEH FEgNated pré &5 @@, itRe diuid bRimgr as

r equi red%ibgt%gel@t@z@ah?I“gh!ﬁtfuihggg;ﬁgsed top?I y in the f% ofm??i qui d

dropl ets dipfdA th ¥adortaRiedtdd poquitsd , isvdjecridwhilebt &s causedtovignirethd rom
being mxed into the liquid through the ejection port upon retraction of

t he pl ungermrefdidiidcroplsts! from & vaele ajgdtion poaewherelrhbupblesgare rod in
accordance with an air flow rate such that a supply amount of the liquid is
abl e to fprevewted fons deieg dhikédriate thduikthrobghehecejectiopgart diyd a f 1 ow
passage in a val ve body, and wherein the ejection port is opened with a

pl unger remhtradtinga sdpply amount ef the diquichdn @hmanngoibeing @bletoifelleywect ed

t hrough the ejection port with the plunger rod advanced by a resilient
force of apsessurg. diffesence hetweendhe ¢jactianipatt aad @éow Rassagpacdat us for
ejecting liquid droplets in fixed anount, wherein the apparatus conprises a
val ve boali@\adty. an ej ection port; a plunger rod for ejecting a liquid

dropl et upon retraction thereof; |iquid suppl \é nmeans for supE‘I i.ng a liquid
to the val ve bdtg liquid isicantinuausty giertad<AtA Bigh-speeddasbr | ﬁ'{jsa l'i qui d
reservoir container for supplying the |iquid t8 t he val ve ?Odi/eecgnd l'iquid
pressur i 6388, tBarresent invardinn resigesrie a mathadiaf atinuaysly et oir  wo
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pl unger - 1 odi (I LI fRIRNF a SreSsuré diférigheBetiiderPfHS 8jgctior Pért and
val ve-operating pressure control neans and the val ve body being

communi caj 9bwip ngﬁghnq; p8fvevbady flow control valve. A wall surface of
w th wh

t he val ve body, ich the plunger rod is abutted, and a fore end

surface of the THalBfEtioroportrie dperetiwith & lphinger fad estracted byairej ect i on
port is closed upon both the surfaces coming into a surface contact state.
Pr ef er abl gressupeopadtitheniduididropietiisrejectadoiiireugtithestjectiequudrt withan i nner
di anmeter of the ejection port is provided on a fore end surface of the

pl unger rtie plungdri rodcadeancdu byrasesitienhfaraeiafra speinges Inthincagpar at us
for ejecting liquid droplets in fixed amount, wherein the apparatus

conpr i sesthe peg¢sentiodgntianiregides i acoethwdet eiecsing ligigdrdropdetsor ej ecti ng
a liquid droplet upon retraction thereof; |iquid supply neans for supplying
a liquid pee enebkyacpcvetlmwlytem%ctm;upul%dmﬂiﬁt%hﬁﬁshéﬁﬁkdm%@ rising a
liquid reservoir container for suppl %i n,% thg liquid to the v?l.ve body and
liquid prhasis updagregdated preprwes the Jidwd Pring stRred ind CRBIFINGLAS
reservoir container to a, desired pressuyre;. val ve-pperati.ng. pressure control
means f or FRYHIPDI iSi Wscte(i/\!ﬁb"?/@7%@25!3931‘9}%5&%@8&8%0@993&& 85%951355( ng air
to a desired pressure; and a selectar valyve being_abl i f etween a
first posfrloi"bﬁ‘ VRIVERIRAUIPR LAY I‘Vgg%@rbé{aqb\riﬁs ﬁrgscgﬁygng%iﬁroﬁbﬁiﬁs i's
conmuni cat ed wi.{ he,.val v 0 d.. Sitd : ' he val ve
body is cHHﬁ‘aﬁ‘i'BQ&ﬂbeUﬂFW ﬁ}{gugﬁn@pﬂg‘?@ﬁm‘ ggldec%:dtg@“@élé\ll\gbgéllytrlg

pr ef er abl I i.di: t ; YR f e val ve body
bei ng opeéggmaﬁeﬁ‘t%ﬁe“é@%@@t%?né\lla é\’/rgb?urg\@i %ﬁjteﬁ@ ffolq)l?g{)g orsel'g’tgyf)é.'n and the
plunger rod is retracted by the val ve-operating air and being cl osed when
the selector valve is in the second position and the plunger rod is
advanced by plunger-rod driving neans, e.g., a spring or air pressure, the
val ve- operating pressure control nmeans and the val ve body being

comuni cated with each other via a flow control valve, wherein a wall
surface of the valve body, with which the plunger rod is abutted, and a

r Y Y b1 - o, r o



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic view of an
apparatus for ejecting liquid droplets in fixed anount, according to the

present iyyeBlohesns i N a val ve-open state (first positionpoTimE2/02843 a
schematic view of an apparatus for ejecting liquid droplets in fixed

amount, according to the present invengion, in a valve-closed state (second
position). MODE FOR CARRYI NG QUT THE | NVENTION WD 02/ 076623
PCTI JP02/ 02843 . 7 Wth a preferred node of a nethod of ejecting liquid

dropl et s gifsfHcH Bt Ser ffe j%@tﬁm Pb?tvsﬁél iPowdpasiRfd irP8 Vivé bodyopened

with a plunger rod retracte y air pressure, and aliquid droplet is

ej ected idHPWBBréiretHRI felctioh pérttis \ddelfhetdhwnﬁlalpaﬁfgérq@daﬁbtm@d By a

resilient force of a spring, and bubbles are prevented from bei ng m xed

i nt o the dif préghure! andhthiehieq@ikdedroptst iBasjeclagmbthroaighabiel gjactibntgwt pl unger
rod by controlling a retraction speed of the plunger rod in accordance with

an air flvwith tieé pluNgéhrad pdeaaced bynadesiienaforiepof atspsirfgor ej ecting liquid
droplets in fixed anount, according to the present invention, the apparatus
conpri ses a vaBubbbesigrénpveventaa fepacmixed pothe ligupd thmpeighr thee f or ej ecti ng
a liquid droplet upon retraction thereof; a liquid reservoir container for
suppl yi neejeclionyicdt uponhretnamtion dfotihe pheiges roddryacontfopingsauetractiotr ol
means for controlling valve-operating air to a desired {)ressure; and a
sel ect or spEeadobtheplunger nod whaccondanseeanith & aitflgwsatd. onlrathishi ch t he
val ve- operati ng pressure control neans is communi cated with the val ve body
and a sexas® fbeinpresantinvantian tesidesiing medhod Pf@iaating diguid dipplets.he
at nosphere, the selector valve being preferably a sol enoid, sel ector valve,
the ej ectRrefengbly centindeusiy giechogyipdd opitsat ahieh tard, eMiieRa val ve is
in the first posjtion and the plunger rod jis retracted by the,.
val ve- opelatif i rrreQHietSQi PI§ SSHER: &%@Wdﬁpﬁlngét@ﬁiﬂn @a‘l"?/ga?%eri #the
second position and.the plunger. rod is adyanc a resil.ient rce of a
spring or equires, é§§iﬁ‘g?dt\ﬁ@”€é‘i \?e‘-’%bseerdaﬁq ﬁ& 'Bﬁg@?ﬁﬂ@ %fﬁhqlf'glé}l‘?\?ll%§ and the
val ve bo bei ng,comuni cated w,th each her Vi I ol valve. The
val ve boﬂiorinsa 8%_&‘4%9&?%?&88’49MVWS'%WR&% ére[ H@?%Sﬁ%@ﬂ%@% he val ve,
the pl ungrﬁfxerooﬂwtbﬁhaqﬁc}qu tﬁ%d}ﬂhé"e]@ét}/o% ﬁgﬁtup?é(n retraction of the

plunger rod by controlling a retraction speed of the plunger rod in

accordance with an air flow rate such that a supply amount of the liquid

is able to follow a pressure difference between the ejection port and a

flow passage in a valve body, and wherein the ejection port is opened

with a plunger rod retracted by air pressure, and the liquid droplet is

ejected through the ejection port with the plunger rod advanced by a

resilient force of a spring.

Also, the present invention resides in an apparatus for ejecting

liquid droplets in fixed amount, wherein the apparatus comprises a valve

body having an ejection port; a plunger rod for ejecting a liquid droplet

upon retraction thereof; liquid supply means for supplying a liquid to the

valve body, the liquid supply means preferably comprising a liquid

reservoir container for supplying the liquid to the valve body and liquid

pressurizing means for pressurizing the liquid in the liquid reservoir



WO 021 076623 PCTI JP02102843 8 utilizing, as a driving source, a resilient
force of a spring or air pressure, and when opening the valve, the plunger
rod is rW(?]ggb%gzgo nove away fromthe val ve seat by appPgTEGONO2843r
pressure that 1s higher than the resilient force of the spring or the

hol ding air pressure. The direction imwhich and the speed at which the

pl unger rod is noved are determ ned depending on the difference between the
resilient force of the spring or the holding air pressure and the applied
air presgphtaihbr to a 488ré@Hrass@d: vallvéioperatingpressure dofhfret mearls. Wen
closing the valve fromthe open state, therefore, the applied air pressure
i s reducegr égngoliievalveveserdtiny aindoreedebiredtpressure;dnd Besalpetatg (or the
hol ding air pressure), causing the plunger rod to be seated against the

val ve seghlvelbeirfpabledfo shift betwgen asfirktipdsitiomaanérichtbespri ng/ ai r
pressure difference will be described below. In order to fl ¥\§? liquid

dropl et fvapre-obersiing presspe conirol ineansqisi ceimunicated withthgcv@lVer ati on i s
given to the plunger rod with an abrupt reduction of the applied air
pressur e pomlydantie sevemdposifon Bt whlichdee viebe PodytisHemMESIcBEH as t he
plunger rod is seated against the valve seat. Such an operatiop of the

pl unger with pheatmesphere nihe sellectesr valvedeing Ffrﬁiﬁﬁa(!")éﬁds‘éﬁﬂgli the liquid

to fly in the formof a droplet fromthe e[\jetio ort. Acc rg_imnI t he

spring i sepectosvatys, the @I@pgentnprﬁméh?n@ %ﬁpﬁy%@ngt%ﬁn%iw 'ﬂ gi vi ng

th I d fficient | erati t |y the |i qui t o

dosi Fed atanior Ve seif 178 fies! BouCBNATHS Blags s IR AdPE B car "and

t he st f th d t . I f ' flat

sur f aces 1ha Valve-aRRrEAAg B AVDYA0AIBBEaISR e S Sor e (Histihe od 1 s
butt ed, d a fore end f f the. pl : ingi A~th

sur'f aces sarankpentionoend dhe Hndenial iEatvEte A Rip SroRtuBg ARG " (o1
d f f th I d 39

SPoj Z_g[i S’_ﬁgﬁ§§i ﬁgge'a%nggr}?ﬁéﬁlrrgqﬁ BEESGSIUX\%% gég'%ﬁpgog%ﬁﬁﬁéer_ i anet er of

the eject] Or}é&oriu%iggts'\,%ﬁq ;I%"R/ak;bebpaylbee‘?ﬁg%n’nﬂ\ﬁﬂ'idﬁéd%i@h RSt rMexi mum

outer di &t y equa o the 1 nner dianeter of the ejection

port so I\ﬂgga ?Iﬁv@@or‘?ﬂUi vahent action to that obtainable with the projection
havi ng a maxi mum out er di aneter equal to the inner dianeter of the ejection

port is obtai nedy W&EiAdE oPkNEYRIVE BEdYSwitRUeSichr id pludger veddsposi tion to
the open position, a pressure drop of in a flow passage within the val ve

body 1S T JiitadcenAnkrdrcortd TurmRRe f i pRIingeraad sretoried abifiaigh ( he
ej ection port as the noving speed of the plunger rod increases. In view of

the aboveg,th8esPERE tRE &j6EtiGE PoPisotiosbe ypampeth tioel susfacestcarhingd so t hat
the atnosphere is not sucked through the ejection port. Stated otherw se,

the air pirediserfavelcagitact staté haPreferabbsid pejection davoig Bh@agpnuAy nust
not be abruptly applied to the plunger rod. Herein, as well known, a spring
stores a gutatdianfaieceqasl 4o dinsipines ctiemeter ofthe sjierdtan pert) 'éerPH'd%r eases.
Conparing a spring with a natural length and a spring contracted or

ext ended bnanfdrecematsurtace ehtftenplungerirad: edndpis aase @ PESairk f or

displacing it through a certain distance, This. msgrrﬁr t ha}ét.t hfe e‘Id:g)nger t he
di st ance trivendighn rggides im@npappaiatus dar piectingekiqui RSt T% ce i s
required to nove the plunger rod through the corrg&g)‘ﬁ)ngi ng di stance. The
appl i ed aamQqundswiheseinsthe aoPAEAUSCHBPHEESEYaVEROINBAVEY Plent force of

| ncr oases olestiamEos: AepIuRgRa ToR 10t i a8 ISl PRt (S8R g and

< uni quetyerest fad ausRIganeRBs san abPPITod o edRRiRe e o RECC 127
the val VeIigagc}lsh;s)pfyorrﬁséta%%tpreferably comprising a liquid reservoir container for
supplying the liquid to the valve body and liquid pressurizing means for
pressurizing the liquid in the liquid reservoir container to a desired

pressure; valve-operating pressure control means for controlling



WO 02/ 076623 PCTI JP02102843 10 In particular, the noving speed of the

pl unger rod is maxi m zed at the nonent when the plunger rod is noved away
fromthewalogg766mt, and it becones inpossible to set th@OTaHO2@2842ed of
the plunger rod to a value at which bubbles are not mxed into the liquid
through the ejection port. It is theregore required to control the noving
speed of the plunger rod by controlling a flowrate of air that is adjusted
to have a constant air pressure. Mre specifically, a flow control valve is
di sposed \hg} rating| fiFt®h J&dirad peeE_UTE: ahidng selddtor valwabeingable and

val ve-operating presSure control neans for controlling, to a desired

pr essur e toadHiftidttiveser & i st positionaatewhith tHeingkre-opdratig poessiire sel ect or
val ve can be shifted between a first position in which the flow control

val ve corgamiisiaheags\s idonimeanicated-wite the ivalve bedyard acsecand neans i s
comruni cated with the val ve body to nove the plunger rod into the open

posi ti on,pasition atagich thesvdlverbddy ishcamnunicatad/ witholine atmesphens, cat ed
with the atnosphere to nove the plunger rod into the cl osed position. Wen
t he pl unghe saldctor vdiee teisgpreferiabiya saleneid selestor alngy the giarttde open
position, the selector valve is shifted fromthe second position to the
first pospartai.thétvalve biodysheipgsopensd wiien ths relagtonvalye isiindherfingdd to
operate it and controlled to the desired pressure and is supplied, to the
val ve bodyositicheanchithe phingelt @b M@%ﬂmmﬁ\w?'vﬁso%'rrﬂtmﬂpgwflﬂ/ the flow

control valve. Hence, the plunger rod starts to retract.at a i red speed.
WO 02| 07%@%@59%@’1@28&@ Sfig@Pﬁd/@ﬂf%bs W @'}?gé?c%‘éj P&éH'%a{‘ﬁﬁi‘emvedpat

he desired d, it j i bl . bubbl f ' ked
b ough {PNGRF E081a aSaArRE P LEHAPTS BV MRS 1S b i Pl 8 moverent
f th I dis i d_,.A wh '
o 110 #2 ks e o Reios UG P I el 7).
'fpis?t: otn,eb_gm%%?;%sfelom' nahicaay WL et el A X SR ue e velberor o 1 he i
to rerr achheranca YAl PaRRh sl Ve BB, RaltEnle B pRihaeiodd 1137 re
L P rooHbGugl b8 &1drd 8hd WRIRI BOuld B4 1B adkobRaEs Al 1o the
P e 1 n a noment. Accordl nglYy,

at nospher ressur BNt _ the spring that has been
contract e%%ﬁgﬁegf‘énéﬁt@g%}% 88h Idorhls SleRedYupén BRER B&rsUrtacest eardird t o

advance t pl unger e plunger rod is brought into abutnent wth the

val ve b.‘)dwé@shgﬁcmm siate AHhEKiYerdioppetbrably a prejadtion haling ae
liquid is ejected in the formof a droplet through the ejection port. The
movenent gfaxieink louReetidrétetasy tatam frateradianietes afithasjection port

is provided on a fore end surface of the plunger rod.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of an apparatus for ejecting liquid
droplets in fixed amount, according to the present invention, in a
valve-open state (first position).

Fig. 2 is a schematic view of an apparatus for ejecting liquid
droplets in fixed amount, according to the present invention, in a

valve-closed state (second position).

MODE FOR CARRYING OUT THE INVENTION



the plunger rod is seated agai nst the valve seat, with such an arrangenent
that the wall surface of the valve body, with which the plunger rod is
abut t ed, wn@alohgsdsore end surface of the plunger rod are podv red/o2843 | at
surfaces, the ejection port is closed upon both the surfaces comng into a
surface contact stat'e, and preferably @ projection having a maxi mum out er
di aneter equal to the inner dianeter of the ejection port is provided on
the fore end surface of the plunger rod. That operation of the plunger rod

provi des an i oyt 8l prefé8d!iokBord fatHoRSt EjaesAg lidiagldrapietsio fly in

the formof a drop romthe ejection port. 21076623 PCTI JP02102843
12 < EMBANMENRY tthe prS$stit inbuAtibhOBnjbLtibe ptet Iy bpedebatittwa n nore
detail in conjunction wth an enbodi nent, but it should be noted that the

present iglMageF pod irétrattéd By dinpresswrg, ndtdtiqlid Hropley isefexdedent . The
apparatus for ejecting liquid droplets in fixed anount, according to the
present ItAveugh tihe Wm pest withaheeplunger fod agjvericiednby ag@sientopl ets, a
liquid supply unit tor supplying a liquid to the valve unit, and an air
suppl y urfotcé of assymihg and \bubkilesg ase prevented franvbeing mixexintd the
constructions of those units in one enmbodi nent of the present invention
will be diguidithesugfetieveyaction pbel epere retractiendfderjengar idddly Fig. 1 is a
schematic view showing the various units in a valve-open state (first

posi t i on)cantdoling.a petraction sheedt ofcthe pivngeswPddntarcordaneawithensalin a

val ve-cl osed state (second position). A valve body 1 constituting the valve
unit has flowdai®.e 11 forned

With a preferred mode of an apparatus for .ejecting liquid droplets
in fixed amount, according to the present invention, the apparatus
comprises a valve body having an ejection port; a plunger rod for
ejecting a liquid droplet upon retraction thereof; a liquid reservoir
container for supplying a liquid to the valve body; valve-operating
pressure control means for controlling valve-operating air to a desired
pressure; and a selector valve being able to shift between a first position
at which the valve-operating pressure control means is communicated
with the valve body and a second position at which the valve body is
communicated with the atmosphere, the selector valve being preferably a
solenoid selector valve, the ejection port of the valve body being opened
when the selector valve is in the first position and the plunger rod is
retracted by the valve-operating air and being closed when the selector
valve is in the second position and the plunger rod is advanced by a
resilient force of a spring or air pressure, the valve-operating pressure
control means and the valve body being communicated with each other
via a flow control valve.

The valve body is operated based on the principle that when

closing the valve, the plunger rod is seated against a valve seat by



inits bottom portion for ejecting liquid droplets. An inner space of the
val ve body is divided into two vertically spaced chanbers, i.e., a driving

chanber 4y@ndipaggey ection chanber 5, by a partition 2 haporgrozpesses ration
hol e 3 through which a plunger rod 8 is inserted. A piston 7 for vertically

moving the plunger rod 8 is slidably fgtted in the upper driving chanber 4.
A part of the driving chanber 4 | ocated above the piston 7 forns a spring
chanber 41, and a spring 9 is disposed between an upper surface of the

i ston 7 Aigi I ' Al so,
P tuﬁgﬁgfg?‘, a@aeamhﬂg%mb, aeisl Gt fBfcd B aSgPnimy of BpRssstite, Al S0, a

part of ving chanber 4 | ocated below the piston 7 forns an air

chanber 4hd Whehhopéenihgnthecisidet thé pliriderrRbsUietradledatreveawae 14 via a
pi pe 20 and an air supply unit, the pipe 20 being connected to a joint port

12 for medramm thesSidliee wdldt byf applying ¥R SiipPEs62 thatialhighdotharlthe
PCT/ JP02102843 Wth that arrangenment, high-pressure air for retracting the

pl unger rregiliént foreppf thesl spAddi dr iheahodlging eireprsserraunding ditéclion ime
drawi ng denotes a stroke adjusting screw 10 that is screwed through an
upper walwhich arc thie ispieeg athahindy the phuhges redrisimaved arevdateemimedts set
position to adjust an upper linmt of novenent of the plunger rod 8, thereby
r egul at i rdeperadingmamtheflifigreocedretwesn the mailigphufagee afdbesspringbre of
advancing and retracting with the piston 7 is inserted into the ejection
charmber 3hedelding aijuresspes endrthsoapplied gimpiassare dgewithe sHiNG{aizl e 11,
which is provided in the bottom portion of the valve body 1, is forned in a
bot t om w1 aipfaik peesgusetdiiarencibe Whenrlpsing the walve;feet the eP@Rber 5 is
connected to a liquid reservgir 19 via a pipe 21 that s nnected to a
joi nt opettpify therefaraethe Applied Aigereggyreds "?F’é'cggl%ea lf‘o‘ﬁﬁjqﬁweﬁ' BeN the
liquid for formng liquid droplets,is, s lied to the ejection chanber 5.
The pl ungBe RS0 BHRER of S SPRRCATBBIFIIS P RiRbSyRe): Kaugnd 1

plunger rod to be seated against the valve seat.

The case of utilizing, as driving means, the spring/air pressure
difference will be described below.
In order to fly a liquid droplet from the ejection port, it is required

that a large acceleration is given to the plunger rod with an abrupt

reduction of the applied air pressure, and the movement of the plunger

rod is stopped as soon as the plunger rod is seated against the valve

seat. Such an operation of the plunger rod provides an inertial force to

the liquid and causes the liquid to fly in the form of a droplet from the

ejection port. Accordingly, the spring is preferably selected to have the

spring constant capable of giving the plunger rod a sufficient acceleration

to fly the liquid droplet in desired amount. The seating of the plunger

rod against the valve seat and the stoppage of the rod movement are

properly performed by forming, as flat surfaces, a wall surface of the

valve body, with which the plunger rod is abutted, and a fore end surface

of the plunger rod, bringing both the surfaces into a surface contact state,

and preferably providing, on a fore end surface of the plunger rod, a



abutnent with the bottomwall of the ejection chanber 5 and cl oses the
liquid ejection port 6 when the plunger rod 8 is advanced. Accordingly, the

pl unger rpdp8/hacesa | ength set such that an air chanber ipgijrozRdshel ow t he
pi ston 7 when the plunger rod 8 is brought into contact with the bottom

wall of the ejection chanber 5 for cloging the valve. The fore end surface
of the plunger rod 8 and the bottomwall surface of the ejection chanber 5
are formed as flat surfaces, and when the valve is closed, both the

surfaces i i fReanfipht BteMBQUISIG AREnhéfdidinélerct i on
port 6 i?g[%stw gﬁgmt%ﬁéé e] ectl onoa'g%r??a;mi de droplets isnstopped. Wth such

an a”angﬁ‘rfﬁ@tejef:ﬁsn!ﬂdwi dNetephaf tHeopRSjectidWifoI0é6 e ReVINGPA2102843 14

ejected and the liquid in the ejection chanber 5 are surely separated from

each ot henaxineumt b\gter aliameter slibsthtiaflyrddueal,toatherionec diamebavohthea naxi num
outer dianmeter equal to the inner dianmeter of the liquid ejection port 6
may be prejgctied pont sbdohgras andquivalent actionhte thlat miptainabde vituthe t hat t he
projection is fitted to the liquid ejection port 6 when the valve is

cl osed. Trofectiorahgeimgna reaxines duter [digmietert eqbe! thtite virferidiamater e

sati sfactory manner upon closing of the valve. The liquid supply unit

conpr i seofdhkei ejectioprpars is obtaigegdeans 18 and a liquid reservoir container
19 that is formed integrally with or separately fromthe valve body 1. In

the latter cas¥heméthe ipdunger easkis/aiaveshios e closedspesitipntiocti®ed with t he
ej ection chanber 5 of the valve body 1 via the pipe 21 connected to the
val ve bod3Pen pesitipra § pressurerdrop efingafiew Rassegeivithiesbevalve Raf¥ai ner 19
pr eseur o BRAGTAASSRLANS 1B AIGI0sPAEEP B ANRrLeasY SHGRPRANTUR 8 6r Lscur i 2i ng
means 18. In . the illustrated enbodi t, the liquid.is supplied to the
val ve uniQleﬁHPFé)qrﬁ@SIt}‘&din&vm%%ﬁ?g%qsth?e‘glﬂPQFE@&WW&%@EQ ﬁﬂé"?ﬁyessur e
mmans. 16, SAbeABaYEeisnehosd o deabnonatinaauuPeel sy s o aled & vy be
vai ve. unithetSne rlCRRBrs dnng RuckBar GUBR ite REEGHR Boft SRR e ¢
suppl y ot oL fasCelk opFClyR b eR ¢t evat il S kan ot TR fB° T o,
Vore conciral e Jfustiict e SBLGE07 ekl e HeigRr 68, connect ed Tn sertes:
Herein, as well known, a spring stores a greater force as a

displacement from its natural length increases. Comparing a spring with

a natural length and a spring contracted or extended from the natural

length, the latter spring requires work for displacing it through a certain

distance. This means that the longer the distance through which the

plunger rod is moved, the greater force is required to move the plunger

rod through the corresponding distance.

The applied air pressure is required to be greater than the

resilient force of the spring, and it must be increased as the stroke of the

plunger rod increases. On the other hand, once the resilient force of the

spring and the applied air pressure are decided, the moving speed of the

plunger rod is uniquely decided because the capability of supplying the

air pressure to the valve body is constant.



di sposed between a sol enoid selector valve 17 communicating with the WO
021076623 PCT/ JP02/ 02843 15 val ve body 1 and the val ve-operating pressure
control Rp@MS/H*Bed0r controlling, to a desired pressure, payJroRAR8sEr ves to
operate the plunger rod 8. The sel ector valve 17 can be shifted between a
first position in which the flow contrgg valve 16 communicating with the
val ve-operating pressure control neans 15 is conmunicated wth the val ve
body 1 to nove the plunger rod 8 into the open position, and a second

position in mirfﬁaft?@léﬂth@?ﬂ&@ﬁfg{ §8e8d JfRe PliMyBOrSd MTRRIxihiz&d at

comuni cated w atnosphere to nove the plunger rod 8 into the cl osed

posi ti onthAmametitWen the pluRge! FEdiPMmIVREEEREY fRdmithe wdlvedsgatr od 8 is
switched over. Wth the construction descri bed above, when the p| unger rod

8 in the gHPrAsbduMes iMPoissibISttbadtaHetmo speé @ of ftiee gra@ngeosdd ton, the
selector valve 17 is shifted fromthe second position to the first

posi ti on.a faluehat Which bpbblds are nat mixedkntwmtremligbid thironglrtheod to operate
it and controlled to the desired pressure is supplied to the valve body 1
whi | e t heejéttion pare oft is kerafoke ngquiredite aomitaldheedobing speéd ofitbent r ol

val ve 16. Hence, the plunger rod 8 starts to retract at a desired speed.

Si nce t heplphgegeod bydcantcaltingea flowsratevefdriathahie adjvisteditepave.ait is
possible to prevent bubbles from being sucked through the fore end of the
ej ecti on qunstant avgrreslyre.t he anount of novement of the plunger rod 8 is

i ncreased. Also, when the plunger rod 8 in the gpen position is advanced to
nove into the Mareespgrificailynra flomecerirekyalveigsidispased SedWpened from t he
first position to the second position. At the s cona sition, since the
val ve bodselecios aweneemmuBicatinthWitheths: Yal¥BReq, ap épan?'q”p(ﬁ’aHBEr ating the
plunger rod 8, which has so far worked on the plunger rod 8.tqQ retract the
sane, is RTESEHERGOPY O Means i, FRIEC '{‘gatgtargﬁg'.req' LPEPY= alt ﬂ?eat VO

021 076623 PCTI JP02/ 0%%4? 16 preSSlFJFréf of the air for operating the plunger
rod 8 bectHR¥ESIGLRETALE {RE PAMGELIRG i ¢ pressure in a moment. Accordingly,
the spring 9 that has been contracted and has stored resilient energy is
nonmentarily extended to advance the plunger rod 8. The plunger rod 8 is

br ought i&ét? r(ilbut ment with the valve body and its novenent is quickly

st opped. A result, only the liquid is ejected in the formof a droplet

through the ej ¢ld 9MeRASE vAve can be shifted between a first position in which
the flow control valve communicating with the valve-operating pressure
control means is communicated with the valve body to move the plunger
rod into the open position, and a second position in which the valve body
is communicated with the atmosphere to move the plunger rod into the
closed position.

When the plunger rod in the closed position is retracted to move
into the open position, the selector valve is shifted from the second
position to the first position. At the first position, air working on the
plunger rod to operate it and controlled to the desired pressure and is
supplied to the valve body while the flow rate of the working air is
controlled by the flow control valve. Hence, the plunger rod starts to

retract at a desired speed.



I'n the present invention, the liquid is continuously ejected at a
hi gh- speed tact. The term "hi gh-speed tact” neans that the liquid ejection

i s repeatypd obffgsd9 ttently at a short cycle. How many ti mesy/JHoR/028481i d is
ej ected per second is set as required. Industrial Applicability According

to the present invention having the comnstruction described above, air is
prevented from sucked through the ejection port formed at the nozzle end
when the plunger rod is retracted for ejecting a liquid, and the liquid can

be ejected in Hinadtreplingevdd eampé fHusomaveda thle desieed wpidedndt bubbl es.
Particul arly, even when the anount of novenent of the plunger rod is

i ncr easeds pygissidi togskeviens Hubd e frope beimpisueked theoulsts thiedorts erd dfience,
suction of ‘air into the valve body can be effectively prevented w thout

causi ng @Reusjeetien pUTY enegavher the essourt ohnmdvementvef thedplungesaodwi t h such
an arrangenent that the wall surface of the valve body, with which the

pl unger rigdncressad ted, and the fore end surface of the plunger rod are
formed as flat surfaces, and the ejection port is closed upon both the
surfaces com ndlsatwhenghefpiupgeonvddn tise aipen poitionggiadvangacto to be
ejected and the liquid in the ejection chanber are WO 021076623 17

PCT/ JPO2I0egedntaithe glaseshpasision: thenseirstopvabie imhehiftegemor the fiestc| osed.
Further, by providing a projection having a maxi num outer dianmeter equal to
t he innerp@ﬁlgﬁatt@rthéfsqmcbpéétﬂi%h p%trfth%ﬁe?wpéﬁét'%oﬁ@ﬁ?ftgéé’ Y€t he

pl unger rod such that the projection is fitted to the e/ ectio ort when
the val veboay s 6@6@,‘”"t“l‘?@tﬂﬁ)d‘ﬂhhthﬁiﬁtfﬂesﬁﬁﬁfev6?‘19 ?'ﬁtf%r %#@tm actory

manner upon cl osi f the | ve.
IOpIunger rog,gw%ich asvs% aer worked on the plunger rod to retract the

same, is released to the atmosphere at a stroke. Therefore, the
pressure of the air for operating the plunger rod becomes equal to the
atmospheric pressure in a moment. Accordingly, the spring that has
been contracted and has stored resilient energy is momentarily extended
to advance the plunger rod. The plunger rod is brought into abutment
with the valve body and its movement is quickly stopped. As a result,
only the liquid is ejected in the form of a droplet through the ejection
port.

The movement of the plunger rod can be stopped at the same as
the plunger rod is seated against the valve seat, with such an
arrangement that the wall surface of the valve body, with which the
plunger rod is abutted, and the fore end surface of the plunger rod are
formed as flat surfaces, the ejection port is closed upon both the
surfaces coming into a surface contact state, and preferably a projection
having a maximum outer diameter equal to the inner diameter of the
ejection port is provided on the fore end surface of the plunger rod.
That operation of the plunger rod provides an inertial force to the liquid

and causes the liquid to fly in the form of a droplet from the ejection port.




WO 02/ 076623 PCT/ JP02102843 18 CLAIMS 1. A nethod of ejecting liquid
droplets in which a liquid under regul ated pressure is ejected while it is
caused tQN@'O?/OH@GéBhe formof liquid droplets froma val vecsjgaRig@R4port,
wher ei n bubbl'es are prevented frombeing mxed into the liquid through the
ej ection port by controlling a supply gmount of the liquid in a manner
being able to follow a pressure difference between the ejection port and a
fl ow passage in a valve body. 2. A nethod of ejecting liquid droplets

accordi ng { wherein the liquid under regul ated pressure is a
liquid st oFyﬁ?'y%ﬁt ainer. 3. A nethod of ejecting liquid droplets

according to Orgfhrbseht fvetRirWill bacdésdibel belcwihimsteldbtairiect ed at a
hi gh-speed tact. 4. A nethod of ejecting liquid droplets according to Claim

1, 2 or Jorjlicewbm witte afi SRbbEIMENA, butst eReURIbBIrdted thattigepresentr et r act ed
by air pressure, and the liquid droplet is ejected through the ejection

port wi t hniBAtioh s tiaiitsdih adwaay &y the lloadngiembodiment.of a spring. 5. A
nmet hod of ejecting liquid droplets according to C aim4, wherein bubbles
are prevented Thenapparaius fiot bedtinguiiguidhdrapigtstindixgeatmaumtport upon
retraction of the plunger rod by controlling a retraction speed of the

pl unger ragtdrdiras twthapceset imventiany comprises: @ vatve anitdfppejectian f or
ejecting liquid droplets in fixed amount, conprising a valve body having an
ej ecti on ljmpid;drapigtangdiquidsupply sinddior isgpplyingua tiqdicin the vaie ¥Rty act i on
thereof; liquid supply nmeans for supplying a liquid to said val ve body;

val ve- opeand angiprsepply gniddor solPpitagaverking &ift tothe MalveatiRié- oper ating air
to a desired pressure; and a selector valve being able to s i;} bet ween a

first positionDataipd aensiiustionaeiohoseeedits PCensrmipeedenent of the

s et Ak e I R LR R
CLToch b B 68 bl ot YRR IR 110, P
the seconfBstiTOR AR TEa Sgﬁnﬂeﬁg%?wf%‘é’ws-?t?i%ﬂ%%ﬁ%ﬁfka%i%?ﬁ%QérvYﬁééeg'r iving
reens ook VahSG AT AT RIS, SAI8 IRkeaRaRRERE. O val Ve, 2o
apparatus for Zalgﬁv‘e“&o&'( -LSnAlsARNE Re! VhIl e thft RIDUHo2ABC Cidithdd C alm

6, wherein sai unger - Iving©means Is I'n e formof a spring or air

in ¥ o TV G s 1 i of :
Becor i ng 4° PP THER OLRIGUTRS e bl DR et Spaed B e cec.

liqui d reggruohsdy NHAIASH ihtef twd!RBHIEHIY §bscdd @HamBerssiied aarvingody, and
liquid pressurizing nmeans for pressurizing the liquid in said liquid

I eser voi r ckamber eant GrlefiRtiorcchamdes &, dy & pattitienahaving dor ej ecting
liquid droplets in fixed anount according to Claim6, 7 or 8, wherein said

sel ect or pehetrationchaslel tiodighelvhighoa plahger rdd 8 idrinaprtedat Wspfstone] ect i ng
liquid droplets in fixed anmount

for vertically moving the plunger rod 8 is slidably fitted in the upper

driving chamber 4. A part of the driving chamber 4 located above the

piston 7 forms a spring chamber 44, and a spring 9 is disposed between

an upper surface of the piston 7 and an upper inner wall surface of the

spring chamber 44. Also, a part of the driving chamber 4 located below

the piston 7 forms an air chamber 4,, which is connected to a

high-pressure pneumatic source 14 via a pipe 20 and an air supply unit,

the pipe 20 being connected to a joint port 12 formed in a side wall of the



accordi'_ng to any one of Claims 6 to 9, wherein a wall surface of said valve
body, with which said plunger rod is abutted, and a fore end surface of

sai d pl ungenziedszy e formed as flat surfaces, and the ej @IVIR0O2{02B43 i S

cl osed upon both the surfaces comng into a surface contact state. 11. An
apparatus for ejecting liquid dropletsign fixed anount according to any one
of Clains 6 to 10, wherein a projection having a WO 021 076623

PCTI JP02/ 02843 20 maxi num out er di aneter equal to an inner dianeter of the

ej ecti on é bodlyP1.oVvviesl tieat @rréﬂ?@r’rﬁéﬁi BlgH-pressiiresair foptetnaeting od.
AL% A9. As . Asu” A u& Asé&. AsulL. As(L. Asu . .A9. AsuL. Asa9. A9. AuL. As”™ . As& . A

9. A9. AL&GnEHINHEEr Pod 8 is supplied.
v9>J!I "o *} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cRa] ca] ca] ca] cAdditfersdIbalrefdreRebaajmatalal @ in the: dFawingdeBotes a stroke

7: <>@\DD_FGBHHHHI * LhLNOOOROOCOP} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] caladjistihg slccaivct) tatcia] sm]emm]d:ﬁ]roapbee]mapaar (Wﬁlbal thg deVPIPPP- Q?RRUU
ULV: VWW WWAWYYD [\ ] 6] u] ~*" abb} xsni d_Z] ca] ca] cat} cal ca] ca] ca] cal ca] ca] ca]c
a] ca] ca] cjambenpnand i§ vatcgllyanexpbis Uh]téaﬁeézﬂq,% en e Adiuiic eRPstecedfij S
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& () - VigiRctiondigyd() -, & 10%—!& ()--*ml0%H& () - (Y 109414& ()-
H10% () - Glo% éal)unger rod 8 capable of advancing and retracting with the
piston 7 is inserted into the ejection chamber 5, and a liquid ejection port
6 communicating with the nozzle 11, which is provided in the bottom
portion of the valve body 1, is formed in a bottom wall of the ejection
chamber 5. Further, the ejection chamber 5 is connected to a liquid
reservoir 19 via a pipe 21 that is connected to a joint opening 13 formed
in the side wall of the valve body 1. Thus, the liquid for forming liquid
droplets is supplied to the ejection chamber 5.
The plunger rod 8 has a fore end surface that is brought into
abutment with the bottom wall of the ejection chamber 5 and closes the
liquid ejection port 6 when the plunger rod 8 is advanced. Accordingly,
the plunger rod 8 has a length set such that an air chamber is formed
below the piston 7 when the plunger rod 8 is brought into contact with the
bottom wall of the ejection chamber 5 for closing the valve.
The fore end surface of the plunger rod 8 and the bottom wall
surface of the ejection chamber 5 are formed as flat surfaces, and when
the valve is closed, both the surfaces come into a surface contact state,

whereby the liquid ejection port 6 is closed and the ejection of liquid

droplets is stopped. With such an arrangement, the liquid droplet to be
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ejected and the liquid in the ejection chamber 5 are surely separated

from each other when the valve is closed.

Further, a projection having a maximum outer diameter equal to
the inner diameter of the liquid ejection port 6 may be provided on the
fore end surface of the plunger rod 8 such that the projection is fitted to
the liquid ejection port 6 when the valve is closed. This arrangement
enables the liquid to be shut off in a more satisfactory manner upon
closing of the valve.

The liquid supply unit comprises a liquid pressurizing means 18
and a liquid reservoir container 19 that is formed integrally with or
separately from the valve body 1. In the latter case, the liquid reservoir
container 19 is communicated with the ejection chamber 5 of the valve
body 1 via the pipe 21 connected to the valve body 1 using a joint. The
liquid in the liquid reservoir container 19 is regulated to be kept under a
constant pressure at all times by air pressure that is adjusted to a
desired pressure by the liquid pressurizing means 18.

In the illustrated embodiment, the liquid is supplied to the valve
unit while the liquid pressure is regulated by holding the pressure in the
liquid reservoir container 19 constant with the liquid pressurizing means
18. As an alternative, however, a pressure regulating means may be
disposed in a line connecting a liquid supply source (not shown) and the
valve unit so that the liquid is supplied to the valve unit while the liquid
pressure is regulated by the pressure regulating means.

The air supply unit comprises a valve-operating pressure control
means 15, a flow control valve 16, and a selector valve 17, which are
connected in series. More concretely, the flow control valve 16 is

disposed between a solenoid selector valve 17 communicating with the
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valve body 1 and the valve-operating pressure control means 15 for
controlling, to a desired pressure, air that serves to operate the plunger
rod 8.

The selector valve 17 can be shifted between a first position in
which the flow control valve 16 communicating with the valve-operating
pressure control means 15 is communicated with the valve body 1 to
move the plunger rod 8 into the open position, and a second position in
which the air chamber 4, of the driving chamber 4 is communicated with
the atmosphere to move the plunger rod 8 into the closed position. As a
result, the direction of movement of the plunger rod 8 is switched over.

With the construction described above, when the plunger rod 8 in
the closed position is retracted to move into the open position, the
selector valve 17 is shifted from the second position to the first position.
At the first position, air working on the plunger rod to operate it and
controlled to the desired pressure is supplied to the valve body 1 while
the flow rate of the working air is controlled by the flow control valve 16.
Hence, the plunger rod 8 starts to retract at a desired speed.

Since the plunger rod 8 can be thus moved at the desired speed,
it is possible to prevent bubbles from being sucked through the fore end
of the ejection port 6 even when the amount of movement of the plunger
rod 8 is increased.

Also, when the plunger rod 8 in the open position is advanced to
move into the closed position, the selector valve 17 is shifted from the
first position to the second position. At the second position, since the
valve body 1 is communicated with the atmosphere, the air for operating
the plunger rod 8, which has so far worked on the plunger rod 8 to retract

the same, is released to the atmosphere at a stroke. Therefore, the
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been contracted and has stored resilient energy is momentarily extended

to advance the plunger rod 8. The plunger rod 8 is brought into
abutment with the valve body and its movement is quickly stopped. As
a result, only the liquid is ejected in the form of a droplet through the
ejection port 6.

In the present invention, the liquid is continuously ejected at a
high-speed tact. The term “high-speed tact” means that the liquid
ejection is repeated intermittently at a short cycle. How many times the

liquid is ejected per second is set as required.

Industrial Applicability

According to the present invention having the construction
described above, air is prevented from sucked through the ejection port
formed at the nozzle end when the plunger rod is retracted for ejecting a
liquid, and the liquid can be ejected in fixed amount and formed into a
droplet mixed with no bubbles. Particularly, even when the amount of
movement of the plunger rod is increased, a required pressure can be
supplied in a desired time. Hence, suction of air into the valve body can
be effectively prevented without causing an unnecessary negative
pressure in the valve body.

Also, with such an arrangement that the wall surface of the valve
body, with which the plunger rod is abutted, and the fore end surface of
the plunger rod are formed as flat surfaces, and the ejection port is
closed upon bot_h the surfaces coming into a surface contact state, the

liquid droplet to be ejected and the liquid in the ejection chamber are
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surely separated from each other when the valve is closed. Further, by
providing a projection having a maximum outer diameter equal to the
inner diameter of the ejection port on the fore end surface of the plunger
rod such that the projection is fitted to the ejection port when the valve is

closed, the liquid can be shut off in a more satisfactory manner upon

closing of the valve.
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CLAIMES

1. A method of ejecting liquid droplets in which a liquid under
regulated pressure is ejected while it is caused to fly in the form of liquid
droplets from a valve ejection port, wherein bubbles are prevented from
being mixed into the liquid through the ejection port by controlling a
supply amount of the liquid in a manner being able to follow a pressure
difference between the ejection port and a flow passage in a valve body.

2. A method of ejecting liquid droplets according to Claim 1,
wherein the liquid under regulated pressure is a liquid stored in a
container.

3. A method of ejecting liquid droplets according to Claim 1 or 2,
wherein the liquid is continuously ejected at a high-speed tact.

4. A method of ejecting liquid droplets according to Claim 1, 2 or
3, wherein the ejection port is opened with a plunger rod retracted by air
pressure, and the liquid droplet is ejected through the ejection port with
the plunger rod advanced by a resilient force of a spring.

5. A method of ejecting liquid droplets according to Claim 4,
wherein bubbles are prevented from mixed in the liquid through the
ejection port upon retraction of the plunger rod by controlling a retraction
speed of the plunger rod in accordance with an air flow rate.

6. An apparatus for ejecting liquid droplets in fixed amount,
comprising a valve body having an ejection port; a plunger rod for
ejecting a liquid droplet upon retraction thereof; liquid supply means for
supplying a liquid to said valve body; valve-operating pressure control
means for controlling valve-operating air to a desired pressure; and a

selector valve being able to shift between a first position at which said
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valve-operating pressure control means is communicated with said valve

body and a second position at which said valve body is communicated
with the atmosphere, the ejection port of said valve body being opened
when said selector valve is in the first position and said plunger rod is
retracted by the valve-operating air and being closed when said selector
valve is in the second position and said plunger rod is advanced by
plunger-rod driving means, said valve-operating pressure control means
and said valve body being communicated with each other via a flow
control valve.

7. An apparatus for ejecting liquid droplets in fixed amount
according to Claim 6, wherein said plunger-rod driving means is in the
form of a spring or air pressure.

8. An apparatus for ejecting liquid droplets in fixed amount
according to Claim 6 or 7, wherein said liquid supply means comprises a
liquid reservoir container for supplying the liquid to said valve body, and
liquid pressurizing means for pressurizing the liquid in said liquid
reservoir container to a desired pressure.

9. An apparatus for ejecting liquid droplets in fixed amount
according to Claim 6, 7 or 8, wherein said selector valve is a solenoid
selector valve.

10. An apparatus for ejecting liquid droplets in fixed amount
according to any one of Claims 6 to 9, wherein a wall surface of said
valve body, with which said plunger rod is abutted, and a fore end
surface of said plunger rod are formed as flat surfaces, and the ejection
port is closed upon both the surfaces coming into a surface contact state.

11. An apparatus for ejecting liquid droplets in fixed amount

according to any one of Claims 6 to 10, wherein a projection having a
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