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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 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 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 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. ^^^^^^^^^^^^^^^^^^^ 
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 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 the rod is 

retracted 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 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. 

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 the rod is  retracted 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 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. 
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 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 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 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 

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 

^^^^^^^^^^^^^^^^^^^ 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 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 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  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  
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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. 

 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.  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 

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 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 

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 ^^^^^^^^^^^^^^^^^^^ E::D-EELI 11 11 11 11 11 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. 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. 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  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 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  
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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 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 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 

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 ^^^^^^^^^^^^^^^^^^^ E::D-EELI
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 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 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  
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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 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 

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 ^^^^^^^^^^^^^^^^^^^ 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 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 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  
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 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 spring, and 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. 

 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 

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
^^^^^^^^^^^^^^^^^^^ E::D-EELI 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 spring, and 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. 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  
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utilizing, as a driving source, a resilient force of a spring or air pressure, 

and when opening the valve, the plunger rod is retracted to move away 

from 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 in 

which and the speed at which the plunger rod is moved are determined 

depending on the difference between the resilient force of the spring or 

the holding air pressure 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 

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
^^^^^^^^^^^^^^^^^^^ E::D-EELI 11 11 11 11 11 utilizing, as a driving source, a resilient force of a spring or
air pressure,  and when opening the valve, the plunger rod is retracted to move away  from 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 in  which and the speed at which the plunger rod is moved are determined  depending on
the difference between the resilient force of the spring or  the holding air pressure 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  
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projection having a maximum outer diameter equal to an inner diameter 

of the ejection port.  Note that the projection involves one having a 

maximum outer diameter substantially equal to the inner diameter of the 

ejection port so long as an equivalent action to that obtainable with the 

projection having a maximum outer diameter equal to the inner diameter 

of the ejection port is obtained. 

 When the plunger rod is moved from the closed position to the 

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. 

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
^^^^^^^^^^^^^^^^^^^ E::D-EELI 11 11 11 11 11 projection having a maximum outer diameter equal to an
inner diameter  of the ejection port. Note that the projection involves one having a  maximum outer
diameter substantially equal to the inner diameter of the  ejection port so long as an equivalent action to
that obtainable with the  projection having a maximum outer diameter equal to the inner diameter  of the
ejection port is obtained. When the plunger rod is moved from the closed position to the  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  
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 In particular, the moving speed of the plunger rod is maximized at 

the moment when the plunger rod is moved away from the valve seat, 

and it becomes impossible to set 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 therefore required to control the moving speed of the 

plunger rod by controlling a flow rate of air that is adjusted to have a 

constant air 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 

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. ^^^^^^^^^^^^^^^^^^^ 11fl o-EELI ^ ^
^ ^ ^ ^^^^^^^^^^^^^^^^^^ In particular, the moving speed of the plunger rod is maximized at  the moment
when the plunger rod is moved away from the valve seat,  and it becomes impossible to set 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 therefore required to control the moving speed of the  plunger rod by controlling a flow rate of air
that is adjusted to have a  constant air 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  
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the ejection port even when the amount of movement of the plunger rod 

is increased. 

 Also, when the plunger rod in the open position is advanced to 

move into the closed position, the selector valve is shifted from the first 

position to the second position.  At the second position, since the valve 

body is communicated with the atmosphere, the air for operating the 

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> 

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 ^^^^^^^^^^^^^^^^^^^ 1] o--EELI ^
^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ the ejection port even when the amount of movement of the plunger rod  is
increased. Also, when the plunger rod in the open position is advanced to  move into the closed position,
the selector valve is shifted from the first  position to the second position. At the second position, since the
valve  body is communicated with the atmosphere, the air for operating the  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  
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 The present invention will be described below in more detail in 

conjunction with an embodiment, but it 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, 

according to the present invention, comprises 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. 

 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 41, and a spring 9 is disposed between 

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

spring chamber 41.  Also, a part of the driving chamber 4 located below 

the piston 7 forms an air chamber 42, 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. 

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> ^^^^^^^^^^^^^^^^^^^ IM o-EEII ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ The present invention will be
described below in more detail in  conjunction with an embodiment, but it 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,  according to the present invention, comprises 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. 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  
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 Additionally, reference numeral 10 in the drawing denotes a stroke 

adjusting screw 10 that 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 movement of the plunger rod 8, thereby regulating the amount of 

ejection liquid.  

 The plunger rod 8 capable of advancing and retracting with the 

piston 7 is inserted into the ejection chamber 5, and a liquid ejection port 

6 communicating with the nozzle 11, which is provided in the bottom 

portion of the valve body 1, is formed in a bottom wall of the ejection 

chamber 5.  Further, the ejection chamber 5 is connected to a liquid 

reservoir 19 via a pipe 21 that is connected to a joint opening 13 formed 

in the side wall of the valve body 1.  Thus, the liquid for forming liquid 

droplets is supplied to the ejection chamber 5. 

 The plunger rod 8 has a fore end surface that is brought into 

abutment with the bottom wall of the ejection chamber 5 and closes the 

liquid ejection port 6 when the plunger rod 8 is advanced.  Accordingly, 

the plunger rod 8 has a length set such that an air chamber is formed 

below the piston 7 when the plunger rod 8 is brought into contact with the 

bottom wall of the ejection chamber 5 for closing the valve. 

 The fore end surface of the plunger rod 8 and the bottom wall 

surface of the ejection chamber 5 are formed as flat surfaces, and when 

the valve is closed, both the surfaces come into a surface contact state, 

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

droplets is stopped.  With such an arrangement, the liquid droplet to be 

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

from each other when the valve is closed. 

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 41, and a spring 9 is disposed between  an upper
surface of the piston 7 and an upper inner wall surface of the  spring chamber 41. Also, a part of the
driving chamber 4 located below  the piston 7 forms an air chamber 42, 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. ^^^^^^^^^^^^^^^^^^^ IM o-EEII ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^
Additionally, reference numeral 10 in the drawing denotes a stroke  adjusting screw 10 that 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 movement of the plunger rod 8, thereby regulating the amount of  ejection liquid. The
plunger rod 8 capable of advancing and retracting with the  piston 7 is inserted into the ejection chamber
5, and a liquid ejection port  6 communicating with the nozzle 11, which is provided in the bottom  portion
of the valve body 1, is formed in a bottom wall of the ejection  
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 Further, a projection having a maximum outer diameter equal to 

the inner diameter of the liquid ejection port 6 may be provided on the 

fore end surface of the plunger rod 8 such that the projection is fitted to 

the liquid ejection port 6 when the valve is closed.  This arrangement 

enables the liquid to be shut off in a more satisfactory manner upon 

closing of the valve. 

 The liquid supply unit comprises a liquid pressurizing means 18 

and a liquid reservoir container 19 that is formed integrally with or 

separately from the valve body 1.  In the latter case, the liquid reservoir 

container 19 is communicated with the ejection chamber 5 of the valve 

body 1 via the pipe 21 connected to the valve body 1 using a joint.  The 

liquid in the liquid reservoir container 19 is regulated to be kept under a 

constant pressure at all times by air pressure that is adjusted to a 

desired pressure by the liquid pressurizing means 18. 

 In the illustrated embodiment, the liquid is supplied to the valve 

unit while the liquid pressure is regulated by holding the pressure in the 

liquid reservoir container 19 constant with the liquid pressurizing means 

18.  As an alternative, however, a pressure regulating means may be 

disposed in a line connecting a liquid supply source (not shown) and the 

valve unit so that the liquid is supplied to the valve unit while the liquid 

pressure is regulated by the pressure regulating means. 

 The air supply unit comprises a valve-operating pressure control 

means 15, a flow control valve 16, and a selector valve 17, which are 

connected in series.  More concretely, the flow control valve 16 is 

disposed between a solenoid selector valve 17 communicating with the 

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

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.
^^^^^^^^^^^^^^^^^^^ 11fl o-EELI ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ Further, a projection having a maximum
outer diameter equal to  the inner diameter of the liquid ejection port 6 may be provided on the  fore end
surface of the plunger rod 8 such that the projection is fitted to  the liquid ejection port 6 when the valve is
closed. This arrangement  enables the liquid to be shut off in a more satisfactory manner upon  closing of
the valve. The liquid supply unit comprises a liquid pressurizing means 18  and a liquid reservoir container
19 that is formed integrally with or  
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controlling, to a desired pressure, air that serves to operate the plunger 

rod 8. 

 The selector valve 17 can be shifted between a first position in 

which the flow control valve 16 communicating with the valve-operating 

pressure control means 15 is communicated with the valve body 1 to 

move the plunger rod 8 into the open position, and a second position in 

which the air chamber 42 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 

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
^^^^^^^^^^^^^^^^^^^ IM o-EEII ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ controlling, to a desired pressure, air that
serves to operate the plunger rod 8. The selector valve 17 can be shifted between a first position in  which
the flow control valve 16 communicating with the valve-operating  pressure control means 15 is
communicated with the valve body 1 to  move the plunger rod 8 into the open position, and a second
position in  which the air chamber 42 of the driving chamber 4 is communicated with  
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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 

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 ^^^^^^^^^^^^^^^^^^^ 11fl o-EELI ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ 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  
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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. 

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 ^^^^^^^^^^^^^^^^^^^ IM o-EEII ^
^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ 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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WHAT IS CLAIMED IS: 

 

 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 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.  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 

^^^^^^^^^^^^^^^^^^^ WHAT IS CLAIMED IS: 11fl o-EIIE] ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ 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 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. 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  
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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 

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, 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. 

supplying a liquid to said valve body; valve-operating pressure control ^^^^^^^^^^^^^^^^^^^ IM o-EEII ^ ^ ^
^ ^ ^^^^^^^^^^^^^^^^^^ 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  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,
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  
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 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. 

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. ^^^^^^^^^^^^^^^^^^^ IM o-EEII ^ ^ ^ ^ ^ ^^^^^^^^^^^^^^^^^^ 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. 


