ANANANANANANANAAAAA E::D-EELT 11 11 11 11 11 Method of Ejecting Liquid Droplets and Apparatus for
Ejecting Liquid Droplets in Fixed Amount BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a method of ejectinglliquid droplets and an appa?atersdobejeefing 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 handle vaetisddrsisE)étitjnigl$ igeldding slesgobutio M ppeiagus daiform concentration, a
liquid containing fillers, liquids having any viscosity from a low to high level, and a highly-viscose
paste-like liquid as a combinatioRIEFtHE:E RIS roPISE M ftisRLARE YR Iated 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 BAOKEGROdNE DapyFaiiddils INASEN Piroblem 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, ahdHEIEbRIs!BFe' KBHAA the liquid inside the valve body. As a result, the liquid cannot be
ejected in desired ameyat 5resEny fivention relates to a method of ejecting liquid

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 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.



E::D-EELI 11 11 11 11 11 The inventor has found that the above-mentioned phenomenon occurs for the
reason given below. When the plunger rod is shifted from a valve-closed state in which the rod is seated
against the valve seat provided in the valve body, to%a valve-open state in which #reeptsenierréipacted to
move away from the valve seat, a volume that is occupied by the plunger rod in the flow passage within
the valve body is reduced and the pressure in the flow passage is lowered correspondingly. This causes
a pressure difference between the nozzle end and the flow passage, and the pressure difference
increases as the shift Speethoéther plan e ndd i inore ased ctineraiores dnehempphe aorount of the liquid
material pushed into the flow passage within the valve body under a constant pressing force cannot

follow the pres&ﬁ%%ﬁf@é%%,rﬂ_ﬂ%oW&Mﬁm&%od"phé@mﬁ{bmﬁ RHAA9RE HfhEsphEIRdd'QRked into the
flow passage throygh the SieCupR PHULRRICtHR! g Mals,ra é%%?ﬁ’ﬁr}'ﬂ%st?aﬁ’/fepﬁﬁ?ure' Particularly

when the liquid Is continuously ejected at a high-speed tact (short cycle), such a phenomenon appears

noticeably becausediee phutiger abckrbostyb éocanahateopairhajatepeadhisb Md ARYiIOF THE INVENTION
With the above-mentioned finding in mind, it is an object of the present invention to provide a method of

ejecting liquid dFPRALIHE PO UPANAYLE IS HIEYAY FRFAIdAYRILTS AREHISAGEHE GhiM can prevent

the occurrence @fApieHOMBAA E'H%WH@%%%‘&%%W%HW@ SRR ROK Taed @bagozzle 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 bubbldérpmebeing miked ilothedgsid ejectod aftst tuarespomdimgyof Juth a phenomenon.

causes a pressure difference between the nozzle end and the flow

passage, and the pressure difference increases as the shift speed of the

plunger rod is increased. Therefore, the supply amount of the liquid

material pushed into the flow passage within the valve body under a

constant pressing force cannot follow the pressure difference, thus

resulting in a phenomenon that the atmosphere is sucked into the flow

passage through the ejection port formed at the valve end for evenness

of pressure. Particularly when the liquid is continuously ejected at a

high-speed tact (short cycle), such a phenomenon appears noticeably

because the plunger rod must be contracted at high speed.

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.



ANANANANANANANANAAA E:D-EELI 11 11 11 11 11 The present invention resides in a method of ejecting
liquid droplets 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 vaReegjeethsh $6f, 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. The liquid is continuously ejected at a high-speed tact. In this case, the
present invention resideisarpeesthod ohtiontirsidietyiejectingh bquid diegtiets Bgaidigh 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 inCﬂﬁ%pI’&tﬁiBf‘Nalﬁh BripIeE YRARTY GANE IR RIS TYR; WRLIBHDLEBKIES are prevented from
being mixed intg, e ligyid %ﬁ%@ﬁe?%‘?@%ﬁ@&qg QE&;E@WR}HT@ A RURRlYsBEey Ak I thgliquid in a

manner being able to follow a pressure difference between the ejection port and a flow passage in a
valve body. Théejactibliquidt o5 auetse trovitraay pluags e chid mepatiedhieyear arebserand the liquid
droplet is ejected through the ejection port with the plunger rod advanced by a resilient force of a spring.

In this case, thBEMERHAATRH eSS thialmERJIFEIE[BERHE NI FISIPSHREP Bid¥rably continuously
ejecting liquid drgRIeEH i%baah_&rbg?taiﬂd’ﬁwpgf%@qh’& PAeL TeoWRR dBIRgSIR: therdfikid 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, whgrehs furehielcaemn pechetved frohe gaugion port and a flow passage in a
valve body.

The liquid is continuously ejected at a high-speed tact. In this
case, the present invention resides in a method of 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 difference between the ejection port and
a flow passage in a valve 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,
the present invention resides in a method of ejecting liquid droplets,
preferably continuously ejecting liquid droplets at a high tact, in which a
liguid 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



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 MAMAAMANANAAN E-D-EELI 11 11 11 11 11 difference between the
ejection port and a flow passage in a valve body, an#l wherein the ejection port it Sisersatbwigd e 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. 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 withitfer@in floweabie.cin thés epasiéo thegpresehtifivenier sagisles ineivetbodyof ejecting liquid
droplets, preferably continuously ejecting liquid droplets at a high tact, in which a liquid under regulated

pressure, the liGnel W@iﬁ@&&?@d_‘?ﬂ\e&t%&%éﬁgp_ﬁé}ﬁﬂr@’&t,hiéé?@&@(?w}ﬁ’i%rﬂ?@ _ & to fly in the form
of liquid drOpletﬁirf'&'&gﬁ’r%l}’ﬁr?deﬂéoﬁq‘ﬂﬁgzo“?’&ﬂ@'%bgi@@{%ﬁ HERIGN qﬂ@@i_@%ﬁ%ﬂﬂ mixed into the

liquid through the ejection port upon retraction of the plunger rod by controlling a retraction speed of the
plunger rod in adttottlanengtdr aodaadiamcatesuahrdsdienstipplyg amawptrioiggthe 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® WIS A HERYSH RA HABUBY & BriREiguichiiRE SR (R droplet is ejected
through the ejegfion BAHWHNLITEHPIERGRTIRIAMRNSREH DY BB YRR & $efiAgLiAYSO, the present

invention resides in an apparatus for ejecting liquid droplets in fixed amount, wherein the apparatus

comprises a vabpedbdy tievplg rayeejoution poch ralphaegeithodrfai ejémting e liquidtbreplet
case, the present invention resides in a method of ejecting liquid droplets,
preferably continuously ejecting liquid droplets at a high tact, in which a
liguid 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 upon 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



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 i the liquid reservoir MAMAYNSspemben20(5::D-EEL |
11 11 11 11 11 container to a desired pressure; 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 whictotie v eobadie reanprassiceded awithdperatingspieysy b e seteston eahe being
preferably a solenoid selector valve, the egection port of the valve body being opened when the selector

valve is in the fitQt FBEHIBHIRMY LpRRTIBHPEHAY ferh R sy MEsANR -Gl &iPg8HaNhd being closed
when the selectoyyalyg;isJnHig tﬁesorﬂﬂ%‘?\?ié@ﬂ b RHNgeLIHR A4Hanced by plunger-rod driving

means, e.g., a spring or air pressure, the valve-operating pressure control means and the valve body
being communicatee-opiér etich ptiess uria eoftdre lcortaolsvis\carnwall catddoeitf the valve body, with which
the plunger rod is abutted, and a fore end surface of the plunger rod are formed as flat surfaces, and the

ejection port is PRAEA PSS B0 AT A2\ RAEY B RERMYURISa L terably, a
projection having@ @P@(Hﬂﬂ%&‘r@%Wﬁ‘@’?&@é&%@éﬁé‘%mﬂﬁr&a@}%@‘k{q W&igiion portis provided
i

on a fore end surface of the plunger rod. In this case, the present invention resides in an apparatus for
ejecting liquid dsesetsrirvéilved thmejettiohewinahthappEvat o dgrhpiige s peveddentiody thaving an

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 plunger-rod driving

means, e.g., 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.

A wall surface of the valve body, with which the plunger rod is
abutted, and a 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. 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. In this case, 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 container to a desired

pressure; valve-operating pressure control means for controlling



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 afhdiquid pressurizing meansfegpisrekadiging the
liquid in the liquid reservoir container to a desired pressure; valve-operating pressure control means for
controlling MAMAAAAAAAAA E:D-EELI 11 11 11 11 11 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 comnuahcatgsevdtinthaivatve kiedjrad g reseaonda pd sitesl edtohicitbegaigedbosly is
communicated with the atmosphere, the selector valve being preferably a solenoid selector valve, the

ejection port oﬁ?n%r\i/félpétﬂ‘éﬁﬁﬁb%ifri@bﬁ%ié@ovﬁé?f’ m%hsgléc‘fé‘rl\(ﬁi%qgﬂ%é’fﬁ'§§%§5ition and the
plunger rod is regaiadbyhe KabiroRerating i ARG HREIA, EI9RRA WhantRe seietor valve is in the

second position and the plunger rod is advanced by plunger-rod driving means, e.g., a spring or air
pressure, the valveHigpe@twgiphedseineabatrobdynaaosrand theatalevitiothebaimp spharainicated 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 19f SHALAFYRY BRANBIRRGS POV ASRIANLH SSIRRIUUYRINES IR # RS R ction port is
closed upon boff ihe SyTiacsR S HBHPL KPR RIS SR ABH ViNFE& iR gigraRly @ projection

having a maximum outer diameter equal to an inner diameter of the ejection port is provided on a fore
end surface of thesgiongenddtd eBRIBEFED ESCR IRTIQNREO BT HE D&RVAAINS Stiig.dirismdschematic view of
an apparatus fqge%egc'[ci:rl1 slcia u\ilghen the selector valve is in the second position and the

plunger rod is advanced by plunger-rod driving means, e.g., 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,

wherein a wall surface of the valve body, with which the plunger rod is

abutted, and a 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, 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



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 OWTSErEbYENTION
ANNNNNNANNNNNNNAAN E-D-EELT 11 11 11 11 11 With a preferred mode of a method of ejecting liquid
droplets, according 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 plunger rod advanced by a

resilient force of a springthaadiaibbled aredw eeniadttiooh diedjgomixetigoto theplieusid through the
ejection port upon retraction of the plunger rod by controlling a retraction speed of the plunger rod in

accordance Witﬁ%ﬁ?%ﬁ'lmﬂdﬁ/ FafePWRA : m&wgﬁ’rﬁ@d%j%?té?ﬂa‘b%ﬁriét&@%}e&é’&ﬁhgaliquid droplets in
fixed amount, ageIAING & e RESENS IS HIREsINS 2RRGAHF CPAIBRRSS & ¥Rl¥fRody having an

ejection port; a plunger rod for ejecting a liquid droplet upon retraction thereof; a liquid reservoir
container for supbpbugh aheejdctdhevalweithothe vhlverepevdtindy gonessung eorsdieneéans for controlling
valve-operating air to a desired pressure; and a selector valve being able to shift between a first position

at which the vafPES6pRF&iRR Brasaid RISPRISFrALE R Y eBIRFh IR REiN g/ kXA VAR Mody and a second
position at whicf,ig Yﬁ‘hﬂ%@R@N&%j@%ﬁﬁﬂ%@ﬁ?&owipét%ﬁ&'ﬁ‘l‘&?HHErBIJHSe?eJGStBS/(;’al"e being

preferably a solenoid selector valve, the ejection port of the valve body being opene
controlling a retraction speed of the plunger rod in accordance with an air
flow rate.

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



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-ogerating pressure control méareptambehetfalve 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
ANANANANANANANANAAA E:D-EELI 11 11 11 11 11 utilizing, as a driving source, a resilient force of a spring or
air pressure, aondlixhey apenithdving valvesdhe pasiderirostie retracipdrig oroxie preayg uirem the valve seat
by applying an air pressure that is higher than the resilient force of the spring or the holding air pressure.

The direction ind WH%BQEQQE&&? dﬁMﬁcH‘ﬁ@'ﬁl@%@%qud‘ﬁsr ‘?ﬁrc?\%_@daFe HREmANEy depending on
the difference bepwean.the (RSUCHT §0ree Ol thg SHYag BF%%@M'QQiQ'Hi RSSHgRpkthe applied air

pressure (i.e., the spring/air or air/air pressure difference). When closing the valve from the open state,
therefore, the apdiédrdif ressiir & spdogeat tiha Fenldinawer thvas stive resilirentforcdamt the spring (or the
holding air pressure), causing the plunger rod to be seated against the valve seat. The case of utilizing,

as driving mearfdli$ie ARt gERAGed QY NiffHRA RUNAS L R B rBRYaskRS% ARIBFARPES fly a liquid droplet
from the ejectiog g BRI HifRAL A8 RESHIGHYIPESIH GYGBHQ S IlRgRHeG Mith an abrupt

reduction of the applied air pressure, and the movement of the plunger rod is stopped as soon as the
plunger rod is siratdod @ipgnatrtipeessivee and the applied air pressure (i.e., the spring/air

or air/air pressure difference). When closing the valve from the open

state, therefore, the applied air pressure is reduced to a level lower than

the resilient force of the spring (or the holding air pressure), causing the

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



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 asufficient acceleration td{IyaptetibeidWoplet 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 cpripaitkiateaving prefasabdlymrovidingiconadoeeadisusiaceneitbimplatger rod, a
ANNNNNNNANNNNNNAAA B D-EELT 11 11 11 11 11 projection having a maximum outer diameter equal to an

inner diameter Qiftﬁ‘l% gigction BBFE:_NB{Etﬁ)éﬁ%éhﬁr&'é&ﬁﬁﬂcm\_/'@l‘(/%@%ﬁé'Pl%l\ﬂﬁ&i89 rﬁaxir_num outer
diameter substaptiaity cualdo B RS UBRAIEHRIIHIS RISFHOBHROM 5 AN AR &Nt qHalent action to

that obtainable with the projection having a maximum outer diameter equal to the inner diameter of the
ejection port is efdeiitadpévhen theghmgereqdiiaovedtitmntdhd iatedipasittowitd tie open position, a
pressure drop of in a flow Bas,sage within the valve body is increased and the atmosphere is more easily

sucked throughPfEeEiatioAHBE a<MAX MBYLBEAIRBIGHY SRKBEITSREHRASIAAMSIREW of the above,

the speed of regagtion FdePINIOR Hdmeantrolled 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 applieddenetipdupyevgedr ddeisein oas dviib knthvenc la sgrlipg stives @ treater force as a

open position, a pressure drop of in a flow passage within the valve body
is increased and the atmosphere is more easily sucked through the
ejection port as the moving speed of 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.



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 dist&nce through which the plulteenietbsrdeNed, 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 ari ghecitad athenmovovingpepdeaf tifehplphgegsoddd iniguelyntenided because the
capability of supplying the air pressure to the valve body is constant. MAMAAANAMMANMAAA ] 1 f| o-EELI N A

n A arannaRIRRRS YRRELTRE fHEABTIFRSS8EBE RN ERPr P A %3kd at the moment
when the plunggrfodl i mayed araytpm hesalveshat AR HRRFBMAS iBRRSSDIs daget the moving

speed of the plunger rod to a value at which bubbles are not mixed into the liquid through the ejection
port. It is therefareaeguiatd hicbonitub he ane\ing mpesd iot dhit eplisge it hoduah dbetrolling a flow rate of air

that is adjusted to have a constant air pressure. More specifically

flow control valve is disposed

a
between a seleedﬁﬁtk%l\}éoébmrﬁdﬁimi%qmﬂq%'{/‘éﬂ/@m@ﬁ&hﬁamg‘ﬁﬁgraﬂﬁﬁd&E&%re control

means for contig|lingefq

S PERGRY S fRIINGTe SNYES A PRESRR el R/ ad- The selector valve

can be shifted between a first position in‘'which the flow control valve communicating with the
valve-operatingopresgsunteair pressure.

More specifically, a flow control valve is disposed between a

selector valve communicating with the valve body and valve-operating

pressure control means for controlling, to a desired pressure, air that

serves to operate the plunger rod.

The selector valve 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.

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



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 théclosed position is retracted!toSavseebeniddthre 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 retracefictidasied speedvitance thampbungesfrotbeambettbtishapredgirtheodesired speed, it
is possible to prevent bubbles from being sucked through the fore end of MAMMANANAMANA 1] o--EELI A
AN A A MAAANIBRRERBASE Ghe ejection port even when the amount of movement of the plunger rod is

increased. Also, when the plRderd 6%%&_’988 ppﬁj@gdg@%@rﬁg&ﬁi 10 JQeNEeLLesthe closed position,

the selector valve is shifted from the first position to the second position. At the second position, since the
valve body is comveunicatbd wlitls ¢hlepatitosphitre sttle cio foabpeiataigitee fpdumdgee fddt which has so far
worked on the plunger rod to retract the same, is released to the atmosphere at a stroke. Therefore, the

pressure of the PASTBPBARAIMGIABIARRRE PS AL IR SRR ROFIE CAnSHM MR Y& ure in a
moment. AccordingVisths sriing B st P aRD sondaoiedanddhas sHrepdrsiiRntirnergy is momentarily

extended to advance the plunger rod. The plunger rod is brought into abutment
plunger rod, which has so far 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.

< EMBODIMENT>



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%uch an arrangement that th&antsindarf2¥® 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 theTheegepdentriace midhenplubgergsctiddhbepenatiomoféhdepdiinger rod provides an
inertial force to the liquid and causes the liquid to fly in the form of a droplet from the ejection port. <
EMBODIMENTSORIRACaR WA &M RpdiEe ) ta BUL A shouehheneteshinatifg pres&nt invention will be

described belo%%_m%ﬁ %emi{@d%ww vyililﬂ QR ANRRAINE oAU E should be noted that the present

invention is limited in no way by the following embodiment. The apparatus for ejecting liquid droplets in
fixed amount, accordiiit¢oatheapatserib meectiog, Couipriseplatealvdivad tonejedtion 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. [@Qﬁaﬁré’d%ﬁ%f?‘&t‘?éﬁ§ed?ttﬁb‘é"er‘ﬂﬁﬁs P BIRS I 8RTB AR U RN SIESERNinvention will be

defs,cr_ibed be'°‘1‘(d’t’ﬂi‘i§‘ &?S‘iﬂ%@,eatq’i&huf?gdéﬁwmg%ﬂﬂ W{Pi%t] Fﬁgg,i,],dsaai iagﬁg%a{ipevmghgmpg the various
units in a valve-open state (first position) and Fig. 2 is a schematic view showing
and an air supply unit for supplying working air to the valve unit.

Detailed constructions of those units in one embodiment of the
present invention will be described below with reference to the drawings
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 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
valve body 1. With that arrangement, high-pressure air for retracting

the plunger rod 8 is supplied.



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., adiing chamber 4 and an ejéétistendnizeP5, 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 41, and a spring 9 is disposed between an upper

surface of the piston 7 Asndittsnapperdferens@lhaurtaes 0 tinctrepdrgndhgrdbentds Alstroagart of the
driving chamber 4 located below the piston 7 forms an air chamber 42, which is connected to a

high-pressure FHEHMHRE S0Gve 240 1§ SipesEA0raHH 2UMPRRIn RS Pisedsty Biding connected to a
joint port 12 forged {g &4 sidg,wal 9&mgaﬁf"%pggbé]inwg@Q%ﬁ%ﬁﬁ?ﬁ%&}bﬁ@ﬁ'w Spre air for
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retracting the plunger rod 8 is supplied.
Additionally, refiarehoé mawesrss ritOoitthee m tangigngrd driditdiseaedtso keg @djiisy rig serev i tifat is screwed
through an upper wall of the driving chamber 4 and is vertically movable in its set position to adjust an
upper limit of e B ifhe plunger rod 8, thereby regulating the amount of ejection liquid. The

plunger r(_)d 8 ca_paple pﬁg%gﬂﬁ@pr@a%rggﬁg@wi%m& Ahd i(%{pgari@ _\;\mg &h% ejection chamber
5, and a liquid ejection port 6 communicating with the nozzle 11, which is provided in the bottom portion
of the valve bogystois Tomrieddriedbotionh evaieofitre djectibar 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
ejected and the liquid in the ejection chamber 5 are surely separated

from each other when the valve is closed.



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 chamber514he plunger rod 8 has a foré emptsubfacéthat 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 chambef drtfos claging) gutivalliavife fora eindusuirdaceradithe gtkingeuaddo8 and the bottom
wall surface of the ejection chamber 5 are formed as flat surfaces, and when the valve is closed, both

the surfaces coffi® IRfPA LFRRIETohAG Lentid QifriieBPaIE AdURY HERHY 58 &1 @8sed and the
ejection of liquig, Araplgts, {FSPpeth Il RHsN88 8r@RIEMENininpuidroRishig Pk elected and the

liquid in the ejection chamber 5 are surely seéparated from each other when the valve is closed.
ANNNNNNNNNAAAARRMELEH @iBE LD pr e WivEH IR raNe Vs ¢l Bsietther, Ehps Gectimyeheamig 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 pRIFGEF$0B AU #02P e MopiELR A I AFR G3HSIREIRGYIT ERGIHRRSH 6 when the valve is

closed. This arraggﬁ{aed}ttﬁ@@glﬁ\g_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 integfdily Wgjthdbsupply 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



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 19id¥egulated to be kept under ¥ Tonerhst BeSsure 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 alternativey fitoaVeng/,ta prassinsdrpgesating, mgahaiayves ispeseddnizelipriagenecting 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 reglﬁ%{éﬁ by the pressure regulating means. The air supply unit comprises a valve-operating

pressure control mearg, 15 adiqu GANIOLvANE 16, ARfRFHERNYAY Rirk{ p8BIRB/AR connected in

series. More concretely, the flow control valve 16 is disposed between a solenoid selector valve 17
communicatingwhtbitheevViddwe tmtydl aakl ¢hebvabreropeicdiggonesine camislopeaisys for
NNNNNNNNNNNNNNNNNNN IM O_EE” N N\ N\ N\ N NNNNNNNNNNNNNNNNNN COhtI’O”Ing, tO a deS|red pressure’ a|r that

serves to operdRESPRMPRIAGRY PO IS aRTe Sol GBMVAHRICEI AW BB Ui P Talfirst position in which
the flow control yglye {16 camEPicyBA WS HBSKRIN G ORRIANINGN BTESUEEPPBSHBRARS 15 s

communicated with the valve body 1 to move the plunger rod 8 into the open position, and a second
position in whisthikb Hirechizarmbamd2 of thef dineidg\ohgnebembir cormrmomuoatedatiglad 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



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 openfosition, the selector valvéFeigeshiftedffom 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 plungstntodghesin pectisis enovadradrifentesited apibegly,ithe ppssiy@tthptevant bubbles from
being sucked through the fore end of the ejection port 6 even when the amount of movement of the

plunger rod 8 i8FRICLERARSD 2R IR HeDIEAJESHIENE FNBIS b e BESGHISRAMY £X8AEEF to move into
the closed position, {fie-seleRIOLKAHR LIS SNifter drpmdge: i @%@PBL}%}W%F@COM position. At the

second position, since the valve body 1 is communicated with the atmosphere, the air for operating the
plunger rod 8, vabictmeas sotfathveovkéde drothe pldnige modeBrierretsaqtithly sHoppeas reldased to the

atmosphere at a stroke. Therefore, the pressure of the air for operating the plunger rod 8 becomes equal
to the MAsaAnERRREARRAR Y 11 @ I ] AsheyockedharAbairrrnoira dLapied SAERRINY da8ure in a moment.

Accordingly, theej%%rtiir&g, thaghas been contracted and hasf stored res_,ilient 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 quickhe sioggesd. iAse atresutt) e tilyuicel siquidtis wpestydeiie thedfatna of a droplet through
the 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



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 requiréd. According to the presenfifiseiatidart?&0ing 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 ¢lsngenhad ikeénsregseidnai sefipide doorestjextian periswpeliethin\eatlesited time. Hence,
suction of air into the valve body can be effectively prevented without causing an unnecessary negative
pressure in the ¥28&%305.IQAYE Gath Re G dhdfrihg ARt IRLEIRCIRAITRAREEE WPk valve body, with
which the plung%g%i%gmgtggw%nd 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 MAMANAANAANNAN M o-EEIT A
NN NN NNNNNNNNNNNNANAAAN 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.



NNNNNNNNNNNNNNNNNNN WHAT IS CLAIMED IS 11-ﬂ O_E”E] N NN NN NNNNNNNNNNNNNNNNNN 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, whe¥ein bubbles are prevented $roentdsdiag2Mixed into
the liquid due to retraction of a plunger rod through the ejection port, by controlling a retraction speed of
the plunger rod in accordance with an air flow rate and thereby 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. AvRgthag dflejertpp liguid 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 C}I_ainAngt%qeoyyé}%@méhﬁﬁjacg%%qg is %‘?&?%W' Di@ piger rod retracted by

air pressure, and the liquid droplet is ejected through the ejection port with the plunger rod advanced by
a resilient forceretalapenhgrés fumetheibofarjastiig ligisid alvsplt:te dgcording fror @laimiduidvherein bubbles
are prevented from mixed in the liquid through the ejection port upon retraction of the plunger rod by

controlling a ref?5RRBHSHOSY BMVHY HRISGUPFLRH QB OSEIR RV RRIF S A G RGN SR d'HR apparatus for
ejecting liquid dsaplgis iR ddGHBMMRINGURPREISH B ¥alHRdY PRYIBEADEIBGIRIYRAHea Plunger rod for

ejecting a liquid droplet upon retraction thereof; liquid supply means for
ejection port, by controlling a retraction speed of the plunger rod in
accordance with an air flow rate and thereby 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



supplying a liquid to said valve body; valve-operating pressure control MANANMAANANAAN |\ o-EEI A A A
NN ANNNNNNNINNNNAAAN means for controlling valve-operating air to a desired pressure; and a selector
valve being able to shift between a first position atwHich said valve-operating piéssurienebitéPmeans 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 isgathefsecont pbisitjorabed geadapingger todchislasivadgee dyupluagdraod driving means,
wherein said vaIveé)g\Eq?rating pressure control means and said selector valve being communicated with

each other via éef_ _oYﬁ‘h‘SP\}%ﬁ\'/@g 'ﬂbA‘?_] @pﬁaféﬁgﬁ%&ﬁﬁétlmi(?l’b_ﬁl"e‘fvshiiﬁl_?i%ddamount according
to Claim 6, wheygi)SaiddpUiiaerad Aiking MeRnsds i ﬁ@%éﬂ{mﬂiﬁa%%%mf Sl PIEsFUre. 8. An

apparatus for ejecting liquid droplets in fixed amount according to Claim 6 or 7, wherein said liquid supply
means comprisesdy hguich reseowaol poitiain et fathézhp pid ¢y dheelinodl ts saichwalvéchoely, and liquid
pressurizing means for pressurizing the liquid in said liquid reservoir container to a desired pressure. 9.

An apparatus fo¥ Eld&hatRRse deopidheif saliP A8 U AL RNEE tILiReEY W& Stherein said
selector valve ig g &olenid 5618617 Al fs TPt ARPREHR IPLRIFSUNG fJAKigreplets in fixed amount

according to any one of Claims 6 to 9, wherein a wall surface of said
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, wherein said valve-operating pressure control
means and said selector valve 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.



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. MAANANANANANANAAN |\ 0-EEII A AN AN ANANANRDRNANNNNNNNN 11. An apparatl%gr@?teﬁ@lﬁfrn@qmuid
droplets in fixed amount according to any one of Claims 6 to 10, wherein a projection having a maximum

outer diameter equal to an inner diameter of the ejection port is provided on a fore end surface of said
plunger rod.

11.  An apparatus for ejecting liquid droplets in fixed amount
according to any one of Claims 6 to 10, wherein a projection having a
maximum outer diameter equal to an inner diameter of the ejection port

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



