;vwe3e<(<| D6T(TXi V Method of Ejecting Liquid Droplets and Apparatus for
Ej ectlng Liquid Droplets in Fixed Anbunt BACKGROUND OF THE | NVENTI ON 1.

Field of the Invention The present in_vein:t_i on relates to a n'mmmm m
ejecting liquid droplets and an apparatus for ejecting liqu m w’wml n
fixed amount, in which a |iquid under regul ated pressure is ejeglfgd While

it is caused to fly in the formof liquid droplets froma val ve ejection
port. More particularly, the present invention relates to a nethod of

1 ed amount. whi Aoty ofF ey R D oRis S ARRTaTHIS of °Fi qui s
i ncluding a sol ution h@fé&ﬁ’n@L iifdePFB@g%:ﬁppr)@d Rk lj"ntl I qui d cont ai ni ng
fillers, liquids having any Vviscosity Troma owto%l gh level, and a

hi ghl y-vi scose paste-like liquid as a conbination of those |iquids. 2.
Description of the Related Art In a conventional apparatus for ejecting

liquid drB@l@k@R@HNWﬂ}F‘:%?NWN?WR' led to a valve body is pushed into

a flow passage wthin ve body under constant pressure regul ated by a
pressure RegibatonBed®VertionHovnever, such a conventional apparatus has a
problem as follows. When a valve is opened, i.e., when a plunger rod is

retracted to noyige Pregent iPVeAtivAl Bateddo a dhéthodl sLE[RFiNgQuidh an ej ection
port formed at a nozzle end, and bubbles are mxed in the liquid inside the
val ve boddropietsianesan apphhstus foriejectung digui depslets éh fixedeahoadt,anount .

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 handle 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.

2. 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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a - 2 The inventor has found that the above-nentioned phenonenon occurs
for the reason given bel ow. Wen the plunger rod is shifted froma

val ve-cl osed state in which the rod is_seated against the valve seat
provided in the val ve body, to a valvezdﬁen state in which the rod is
retracted to nove away fromthe valve seat, a volune that is occupied by
the plunger rod in the flow passage within the valve body is reduced and
the pressure in the fl ow passage is | owered correspondi ngly. This causes a
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fixed andiHy predduiB iRaRe AW PHsshige i896Wered o ridspordIRGRIENTHist hat air is
sucked through an ejection port fornmed at a nozzle end when a valve is
opened, i cguseyaepressprédiitsrerd betwedn dgé edzkie sRdearryatye floom a val ve
seat, and which can prevent bubbles frombeing mxed in the liquid ejected
after thepassagecane thé pressure giffteremeadncreases3as The shife speed ofvive i on
resides in a method of ejecting liquid droplets in which a Iiquid under

r egul at edppuregegunod, istinerddsgd.d bherefose,cthedsupply aroouat néthediquédiui red, is
ejected while it is caused to fly in the formof liquid droplets froma
val ve ej etiatenappushedtiaiocthe awopassage within dhe a@lve bedydindem@xed into
the liquid through the ejection port by controlling a supply anount of the
liqui d i ncansi@mdressinggosee €annot sellew theressure differesicendbuset ween t he
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I'qu I'n a mann elng a o foll ow
a_pressur gedh(|56MRBGHURGEMESA ikt 58 BEhtraktd?at highl spebldow passage in a
val ve body. The ejﬁe(catﬁljog port n?s opened W teﬁd)a pl nggr rod retracted by air

SUMMARY OF THE INVENTION

With the above-mentioned finding in mind, it is an object of the
present invention to provide a method of ejecting liquid droplets and an
apparatus for ejecting liquid droplets in fixed amount, which can prevent
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.



pressure, and the liquid droplet is ejected through the ejection port with
t he ,pl unger rod advanced by a resilient force of a spring. In this case,
the present invention resides in a nethod of ejecting liquid droplets,
preferably continuously ejecting quui& droplets at a high tact, in which a
| i quid under regul ated pressure, the liquid being stored in a container as
required, is ejected while it is caused to fly in the formof liquid
droplets froma valve ejection port, wherein bubbles are prevented from
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conti nuough@iiftfg &rdidplyidinto G OB fles|i tidainhhgﬁalgﬁélt beirly ¥BICHd folldviui d
under regul ated pressure, the liquid being stored 1n a contal ner as
required, ai SreticBfd afareince bétWeﬁemm\%ﬂedtfoﬁ b¥rt and AefidWpAsRadd Ahd
droplets froma val ve ejection port, erei n bubbl es are prevented from
bei ng m xedivebody.he |iquid through the ejection port upon retraction of
the plunger rod by controlling a retraction speed of the plunger rod in
accor dance wi t hTla liguid id centintieuslyadjected at ashightspeedtat. ofintthés liquid is
able to follow a pressure difference between the ejection port and a fl ow
passage i saseythe présemt invadtiohaesides ineaanetitacdaf pontinususiyezjedtingt h a
plunger rod retracted by air pressure, and the liquid droplet is ejected

t hrough t Hauis] deaplets abathighttact ivewpichgdiquidindpraegedated prasssirei ent
force of a spring, Also, the present invention resides in an_apparatus for
ej ecting Fmﬁunulcgbemgeﬁbreﬁ injaeantaiBanas reaLireds is piedpgdwhiled Sonpri ses a
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val ve bei ng a% eto S?'I etween a rirst positiron a

val ve- opegaf bR by infa ¢¥aNd Bbdyeans is communi cated with the val ve body
and a second pg%iti n at which tﬁgevalve body is communi cated with the

at mospher e, t heThgleggétisn parvie Hsmad Wit arpibhyer re@lreftactbdplyegt or val ve,
the ejection port of the valve body bei ng opened when the selector valve is

in the fipséssosg, anantheniqided iplegisrejeated shiotighatHecdjdeyionhport with
val ve-operating air and being closed when the selector valve is in the
second pothe iplungerdrachadpancee byradesidieat farcecaf 8ysppingagdin-thisi caseyi ng
means, e.?., a spring or air pressure, the valye-ppe[atjng pressure control
means and thé@reaenkinyemjiopdiesidesimanmmethadiofiejecting liquicheroplets,a 1 ow
control val ve.

preferably continuously ejecting liquid droplets at a high tact, in which a

liquid under regulated pressure, the liquid being stored in a container as
required, 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



A wall surface of the valve body, with which the plunger rod is abutted,
and .a fore end surface of the plunger rod are fornmed as flat surfaces, and
the ejection port is closed upon both the surfaces conmng into a surface
contact state. Preferably, a projectioﬂ havi ng a maxi num out er di aneter
equal to an inner dianeter of the ejection port is provided on a fore end
surface of the plunger rod. In this case, the present invention resides in
an apparatus for ejecting liquid droplets in fixed anount, wherein the
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sol enoi d sel ector valve, the ejection porgéof t hé val ve body bei ng opened

when the Sgéédtdirthéadluﬁgéﬁrd)dl_irﬁ ecbrdshc® Wil harainfldw Reepl YAgals rod is
retracted by the valve-operating air and being cl osed when the sel ector

val ve i s caséhthesprasehtfinsehiion residdshin almetierd obdjectingdiquidedrdplets,

pl unger-rod driving neans, e.g., a spring or air pressure, the

val ve- opepegfiengblyrearginuousiy ejedtingliguichdoplets abviighddgt,iaiwbich a
comuni cated with each other via a flow control valve, wherein a wall
surface ofiquiseunder eegidated pressuei the diqeig being stared insa gontaiser asnd a
fore end surface of the plunger rod are forned as flat surfaces, and the
ej ection [RAVIred, 'élQigétPCEW@Hebbi%C@Hée@d@ffbblé‘sthﬁ)fﬁrﬁ'gof tiggichdsepleig e
contact state, and wherein preferably a projection havi a maxi mum out er
i anet er UGB YAVRIPIPHRN P ERoIBbULTIS BeTeNeRind Trod BRiNG ded on a

1716 o schtkad i ing iR Gan R RISRUPn O FPRY TeMRS @RS b s i f1 xed
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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



_7__Wth a preferred node of a nethod of ejecting liquid droplets,
accarding to the present invention, an ejection port is opened with a
plunger rod retracted by air pressure, and a liquid droplet is ejected
through the ejection port with the pIuﬁgEr rod advanced by a resilient
force of a spring, and bubbles are prevented from being m xed into 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
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the el ect ith i hufibspherd, ahbsdiachorhaiing LG letiIanly hacishers or valve is

in the first position an nger rod IS racte

val ve- opeggalddier @hrveéﬁﬁegéliée%ﬁ'p@‘iﬁéf mval@béég%iﬁg opRinéd WheintHene

second position and the unger rod is advanced by a resilient force of a

Spring or saldgctdr ab i intthe fidh \positien andthePpRiyereoddstrefract®d@y and the
val ve body being conmuni cated with each other via a flow control valve. The
val ve bodyhe vabpeopeeatihgadrdand beliveg closed pher tha seleetorcvalvieng inhtheval ve,
the plunger rod is seated against a valve seat by _ 8 utilizing, as a
drivi ng seacond positien lanshthe plutngesfrod ispadvanaed by plypngesiod driving when
opening the valve, the plunger rod is retracted to nove away fromthe val ve
seat by apRd§nhe.8n AiSPripgetsairPrepsure,dhei wive-apenatingepressureéent force of
the spring or the holding air pressure. The direction in which and the
speed at ®ANEWI! MeARs aﬁggher\@;lve@qmaem@omwﬁatﬁam@peaehmjhgh t he

di fference, betywen the resilient force of the spring or the holding air
pressure é(lﬁ]latfng\”&ﬁﬁlt'i‘%d’ Y§: pressure (i.e., the spring/air or air/air
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reduction of the applied air pressure, and t novenent of the p

i s stoppedudsr drRMMeY ddifalRbWIDRIngrafahfeta? df ¢He AJEtiGhH pofeis/ptorsdegat .
Such an operation of the plunger rod provides an inertial force to the

l'i qui d andncafisasehtiesurfaps df the plunger tdee flor thiotasedtmppessdrtom t he

ej ection port. Accordingly, the spring is preferably selected to have the
spring coirtentiorc egsides infargapparatubdoplejecténg tiqdicadroglétscirefikedccel erati on
to fly the liquid droplet in desired amount. The seating of the plunger rod
agai nst t amauntyavharein thel apiparatuspgegprisestaralvedbady dvaving ane properly
performed by formng, as flat surfaces, a wall surface of the valve body,
wi th whi c®ieeHonh Parg & Plub@er Jodifor eiectinga ligyidrdropirt wpen selsastionhe

pl unger rod, bri Bain both the suyrfaces into a surface contact st%te, and
pr ef er abl yN@Resi AWK SERPlY mERBSJAL SHRPIRE Bliavidkioing yalveredy.dhe

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 container to a desired

pressure; valve-operating pressure control means for controlling



- 9 projection having a maxi rum outer dianmeter equal to an inner dianeter
of the ejection port. Note that the projection involves one having a
maxi num out er di aneter substantially e%ual to the inner dianmeter of the

ej ection port so long as an equival ent Paction to that obtainable with the
proj ection having a maxi rum outer dianmeter equal to the inner dianeter of
the ejection port is obtained. Wien the plunger rod is noved fromthe

cl osed position to the open position, a pressure drop of in a flow passage

through ¢ ﬁ@@'é@?@ﬂ@%ﬁt to BRI s uLg . BhET PRt AR Se bR abiE caces
cont 1ot 1 otp SRt RERERn t%ﬁ??@?’eqe%i?‘gﬁ A ARt hwﬂgﬁ“@?f?eésgf?. on port.
Stated ot BSﬁWof %ﬁ%l?b |§Hf§d thﬁﬁ?h@ {)5‘)2%ntdh§ sg%ﬁhg' ent force of

t he sprl ng mus rup y applied ger rein, as well

Toars 2. DBSIth at @it thavBRIECbolP e GofitmBnftat Bh%ﬁﬁgﬁgtaﬁ Fif8pHste nat ur al

Iength i nCreases ing a spri th a natural a sbrlng
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work for displacing it t rough a cer a| n ance. This neans that

| onger thpoft 6f BHEC @alver @) bVé’ﬂ*\gfprh@dﬂ}vH@ﬁQheréﬂebﬁ)rW%hs iMengHiest er
force is required to nove the plunger rod through the correspondi ng

di st ance. pbBiicrpahtiaHelunger sed i réFacRil by eHe vl is-aperating dihandt he
resilient force of the spring, and it nust be increased as the stroke of
the pl ungbeingdlosed wheastheQelebtorotdiee i®dndhe secendhpositionlarmhthé or ce of
the spring and the applied air pressure are decided, the noving speed of
the pl ungptunger ricsl isnadvarigedi byipladgbecad sirivihg nepas; éid. yaspringpt yi ng t he
air pressure to the valve body is constant. - 10 In particular, the

movi ng spaeropr@rssune, heuviglye- cpmlratmgmsesawecpcmtrqlhneﬁnﬁmd e Matvee pl unger
rod i s noved y fromthe valve seat, and it beconmes inpossible to set the
movi ng spb@éyd?emgé:qmwwatue&mtb eaghmptheraiamilow eontiok¥alyee not mi xed
into the liquid thro he e ctlon or i st re required to

cont r ol tM‘@ Wﬁg}”%lggé'ﬂ epY%JH@Et?OqslbdN'y?/VﬂHﬁ rtBPlﬁ HBOEr fPdW r at e of

alr that | abu "E‘teldust ¢ atfgrehg\ﬁg sur?aocnesg?%e Itfn értod are formed as flat

surfaces, and the ejection port is closed upon both the surfaces coming
into a surface contact state, and wherein preferably a projection having a
maximum outer diameter equal to an inner diameter of the ejection 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



More specifically, a flow control valve is disposed between a sel ector

val ve conmmunicating with the val ve body and val ve-operati ng pressure
control neans for controlling, to a desjred pressure, air that serves to
operate the plunger rod. The sel ector Valve can be shifted between a first
position in which the flow control valve comunicating with the

val ve-operating pressure control neans is conmunicated with the val ve body
to nove the plunger rod into the open position, and a second position in
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amount  of |igoKPIRBUgH thiehgjeetisRgssrt LYPd N FettAGiARSEthe PldvgemirRNbyhe pl unger
rod in the open position is advanced to nove into the closed poSition, the

sel ector cahwellirg ahvietisdiol Speédof the Plungsr Fo@in aechkarses with anit | on.
At the second position, since the valve body is communicated with the

at nospher élow reteai r for operating the plunger rod, which has so far worked
on the plunger rod to retract the sane, is released to the atnosphere at a
stroke. Ther ef oWdth alpreferesd umedefof tareappardtas fopejedting liqhiel graplgts r od
beconmes equal to the atnospheric pressure in a nonent. Accordingly, the
spri ng t h#t fixed amwenntaroadingitathe pagsentinyention; the appanaiugy i s
nonentarily extended to advance the plunger rod. The plunger rod is brought
i nto abut FEMPRFQharvve Hogdy RN A eiediafbPerte & PIUNGSIreRITPr st opped. As a
result, only the liquid is ejected in the form,of a droplet through the
ej ection ﬁd)é/‘ft.mgl'ﬁe"q%Q@rF@H{etd‘quméetﬁ?ﬁ%%rth?EﬁPfi:é‘H'q}HdsrPEBb‘(éHrat the sane
as the-plunger. rod i s seated agai.nst ,the valvye seat, with such an
arrangeneﬁf’%%fgfar?wesﬂﬁp y'%ﬁq%‘}ﬂgﬁf’ t%ﬁe@)&?&’é“ﬁ'od’ﬁ"’%oﬂ?rﬁﬁpgh t he pl unger
rod is ab a for f f ot nger. [0 re formed as
flat surf ﬁéggun[ehggréﬁtrgﬁme&q%p@?t%oﬁiglroéﬁ@@a I‘(ﬁf@ﬁeg%ﬁﬂgtaﬁ%{os%rfeasﬁ%esoocom ng
into a surf 0 ' j [ : Xi mum
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outer di ar?e er eq e 1 nner er o e ejeCtion port 1S provided

on the forg vﬁﬂeh&Héf@eﬁ@esafpéraﬁnggmtagguré EGnHB'i‘ﬁﬁeé’rP@i’saéb @;ﬁi.chh@% pl unger

rod provides an inertial force e liquid and causes the liquid to fly

in the fownrthévavePbedy fardm s otidesd$ifibnkar whicREIMEARAIVENIGdy 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



- 12 The present invention will be described belowin nore detail in
conjunction with an enbodi nent, but it should be noted that the present
invention is limted in no way by the follow ng enbodi ment. The apparatus
for ejecting liquid droplets in fixed &mwunt, according to the present

I nvention, conprises a valve unit for ejection liquid droplets, a liquid
supply unit for supplying a liquid to the valve unit, and an air supply
unit for supplying working air to the valve unit. Detail ed constructions of
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piston 7 forns a spring chanber 41, and a spring 9 is di sposgd Pet ween an

upper sur tigé fofdinghEr preéire’afddh@apphieer air (pressurd Ki.é.?'tﬁ@%?riﬂb/éi'ﬁe spring
chanber 4,. Also, a part of the driving chanber 4 | ocated bel owthe piston

7 forms aorairaicipebsuretdifferencd).i sWissmedsidg ttheavdivgirdm aRge Wperpneumat i ¢
source 14 via a pipe 20 and an alr supply unit, the pipe 20 being connected

to a j oi nstate; thdrefowe, thd appliedaitegpresslrefs téduced e ablevel lowdl thart hat
arrangenment, high-pressure air for retracting the plunger rod 8 is

suppl i ed. the regiientitorceosfaihieysprirg 4oetve holdisgair pdessurehecausingrifiedenot es
a stroke adjusting screw 10 that is screwed through an upper wall of the
driving cR4masr whibeseaiediagaingt the vaive seatits set position to adj ust
an upper limt of novenent of the pJunger rod 8, thereby regulating the
amount of e ectﬁ% casgpfutilizing, 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



The plunger rod 8 capabl e of advancing and retracting with the piston 7 is
inserted into the ejection chanber 5, and a liquid ejection port 6

comuni cating with the nozzle 11, which is provided in the bottom portion
of the valve body 1, is fornmed in a botomwall of the ejection chanber 5.
Further, the ejection chanber 5 is connected to a liquid reservoir 19 via a
pi pe 21 that is connected to a joint opening 13 fornmed in the side wall of
the valve body 1. Thus, the liquid for formng liquid droplets is supplied
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stopped. W¥f the jsdticpaFt i@aNaamEd. the liquid droplet to be ejected and the
liquid in the ejection chanber 5 are surely separated from each ot her when

the valve is clwsrgh the plubgerubdiermotedfRdmchecdloBadi pukifoAaygitAgm out er
di aneter equal to the inner diameter of the liquid ejection port 6 nmay be

provi ded opehtpodition, arpressufedeopiofting flbwneessagel withinithe vadle bbey
projection is fitted to the liquid ejection port 6 when the valve is

cl osed. Tis mareased@mhtheeatthbsphéfreid mpredcdsilybsuched thrblughnthe nor e

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

conpri ses efedtiaqupdriasthrimaiing spestsof .the plunger rod increases. In view
of the above, the speed of retraction of the plunger rod is controlled so
that the atmosphere is not sucked through the ejection port. Stated
otherwise, the air pressure much greater than the resilient force of the
spring must not be abruptly applied to the plunger rod.

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.



and a liquid reservoir container 19 that is fornmed integrally with or
separately fromthe valve body 1. In the latter case, the liquid reservoir
container 19 is communicated with the ejection chanber 5 of the val ve body
1 via the pipe 21 connected to the val¥e body 1 using a joint. The liquid
inthe liquid reservoir container 19 is regulated to be kept under a
constant pressure at all tinmes by air pressure that is adjusted to a
desired pressure by the liquid pressurizing nmeans 18. In the illustrated

S i B Al i

Com 2 e R Ephve .0l e SRR AL P08 i 8l 1 o 11 e
comeet! 1o A BRRIaIB o6 e FNIRY sbbe PR e, L
29,2 5y MSE 88 e R RR BRI ARSL SO °
celecLor Mbfordgon i€ AR IBEHA 1 SHBIGF i MpOInd e 1T

I valver] d S8 ector
Control - mubefyoR by ColfoNd e o AR of BF 4R NEARTRH SNBSS ® ey

serves tocgRsfat%if Produrgger rod 8. The sel ector valve 17 can be shifted
between a first position in which the flow control valve 16 comruni cating

with the val ve-Mpes 8pebBicRllgs aUlcy contiod ivamea s didpdsedchetwsesat ed with the
val ve body 1 to nove the plunger rod 8 into the open position, and a second

posi tion sslestorhalveecarmuntieating with tie atvelbody rand halvesopédrating

comuni cated with the atnosphere to nove the plunger rod 8 into the cl osed
posi ti on. pressureesanittgl meandifoecontnollirig,nove wesireaf ptessupé paigedhatod 8 i s
switched over. Wth the construction descri bed above, when the plunger rod
8 in the seossdtqoperdterthespluageacodd to nove into the open position) the
sel ector valve 17 is shifted fromthe second position to the first
position. At theEhg setactpbyatveogan dier shidtei betvwaen adinst pegiion bywhichper at e
it and-controlled to the desired pressure is supplied to the valve body 1
whil e t helh® 8‘@“& aortrok valye GRIPRIYYCAling with the vaivesapeYating Pressieont r ol
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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.

Since the plunger rod can be thus moved at the desired speed, it

is possible to prevent bubbles from being sucked through the fore end of



nove into the closed position, the selector valve 17 is shifted fromthe
first position to the second position. At the second position, since the
val ve body 1 is communicated with the atnosphere, the air for operating the
pl unger rod 8, which has so far workédlbi the plunger rod 8 to retract the
sane, is released to the atnosphere at a stroke. Therefore, the pressure of
the air for operating the plunger rod 8 becones equal to the - 16

at nospheric pressure in a nonment. Accordingly, the spring 9 that has been

contractegd and has stored resilient energy is nonentar,ily extended to

Cvance « b Bieriin BhBceYen WherLiTiE QEIOU ROV BB gH Rl aBk Rt wi t b
t he val ve.borg%/_ and its novenent is quickly stopped. As a result, only the
liquid is'%] ?@ﬁegn the formof a droplet through the ejection port 6. In
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for el ect hdayas|ddmninicdidqWith thd it eégr%gﬁt%}i%r;drpéy&@g ggount and

formed in roplet mxed wth no en when the

anmount  of HIRYEAERd, WhithhdY 8898F wtkelor fid s%r r%dﬁﬂHét!?& fHeSSsure can

be supplied in a desired tine. Hence, suction r into the val ve body

can be ef kagaia, Vis!rg|gdRUEH Bb WihBephefd &t iadtréKe UNTRGPERABY thegat | ve
pressure in the valve body. Also, with such an arrangenent that the wall

surface obréssureadivihebaidfor vpehatitig the thiengér ret beeothdseght! teethe and the
fore end surface of the plunger rod are forned as flat surfaces, and the

ej ecti on poémbsphedcqredsumEin hahbmdrm. s kdéaardinglpnihegsprihg thashakace
contact state, the liquid droplet to be ejected and the liquid in the
ej ecti on beambeontractediand assyiared edsilicotnenacyy is homentarilyrexteatded i s
closed. Further, by providing a projection having a maxi num outer dianeter
equal to thadvapee theplenger 69d: hd hg planoes rpdris bsaught interabwingertur f ace of
t he pl unger, -17 rod 3uch that the projection is fitted to the ejection
port whenWiHbthevalye Rody and its movementis 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.

< EMBODIMENT>



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

cl osing of the valve. - 18 WHAT IS CLAIMED IS: 1. A nethod of ejecting
liquid droplets in which a liquid under regul ated pressure is ejected while
it is caused to fly in the formof 1iqéfd droplets froma val ve ejection
port, wherein bubbles are prevented frombeing mxed into the liquid
through the ejection port by controlling a supply anmount of the liquid in a
manner being able to follow a pressure difference between the ejection port
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pl unger rod in accordan air 6. An apparatus for

ej ecting ldn@uaf F SEpShSunibfor @FpH Workrrfqrarritéitna valvalut. body having an
ejection port; a plungér rod for ejecting a liquid droplet upon retraction

thereof; |iqui dDetaifdd/constractions ofithose umits ini one enilfodimehtved the body;
val ve- operating pressure control nmeans for controlling val ve-operating air

to a desi prdsenebwmentipnanill be gesecibed belowewith referdnce totisdidrawirggsveen a
first position at which said

in which Fig. 1 is a schematic view showing the various units in a

valve-open state (first position) and Fig. 2 is a schematic view showing

the various units in a valve-closed state (second position).

A valve body 1 constituting the valve unit has a nozzle 11 formed
in its bottom portion for ejecting liquid droplets. An inner space of the
valve body is divided into two vertically spaced chambers, i.e., a driving
chamber 4 and an ejection chamber 5, by a partition 2 having a
penetration hole 3 through which a plunger rod 8 is inserted. A piston 7
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 4,4, and a spring 9 is disposed between
an upper surface of the piston 7 and an upper inner wall surface of the
spring chamber 4,. 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

valve body 1. With that arrangement, high-pressure air for retracting

the plunger rod 8 is supplied.



- 19 val ve-operating pressure control neans is comunicated with said val ve
body and a second position at which said val ve body is comuni cated with

t he atnosphere, the ejection port of said valve body being opened when said
selector valve is in the first positioh3and said plunger rod is retracted
by the val ve-operating air and being cl osed when said selector valve is in
the second position and said plunger rod is advanced by plunger-rod driving
nmeans, sai d val ve-operating pressure control nmeans and said val ve body
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surfaces, and the ejection port I's closed upon both the sur es con ng

into a sulf esmnt@iicatihgstiet the hbzzR 19pRdIEH s previdedaatthedbattemi d dropl et s
in fixed amount according to any one of Clains 6 to 10, wherein a

proj ecti opordonrd the valvé boeayi 11Lis foutned ih aleittom evalabf tive @jectiorer di anet er
of the ejection port

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

ejected and the liquid in the ejection chamber 5 are surely separated

from each other when the valve is closed.
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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

valve body 1 and the valve-operating pressure control means 15 for
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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

pressure of the air for operating the plunger rod 8 becomes equal to the
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atmospheric pressure in a moment. Accordingly, the spring 9 that has
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.

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 both the surfaces coming into a surface contact state, the
liquid droplet to be ejected and the liquid in the ejection chamber are
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
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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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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
liguid 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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maximum outer diameter equal to an inner diameter of the ejection port

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



