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DESCRIPTION 

METHOD AND APPARATUS FOR EJECTING LIQUID IN FIXED AMOUNT 

·TECHNICAL FIELD 

The pres~nt invention relates to a fixed-amount-of-

liquid ejecting method and apparatus which are suitably used 
. . 

for ejecting a liquid in fixed amount, the liquid including 

a viscous fiuid, a material having consistency, etc. More 

particµlarly, in the field of ejecting or applying a very small 

amount of liquid, the present invention relates to a technique 

f<?r controlling the operation of ejecting or applying· a very 

small amount of riquid in a high-speed and precise manner. 

Further, the present invention relates to a technique for 

filling a liquid.in a .liquid reservoir for use in all kinds 

of processes, ·e.g., an electronic parts manufacturing process 

and an electronic parts assembling process, which require a 

step of ejecting or applying a liquid that includes a viscous -fluid and a material having consistency. 

BA.GKGROUND ART 

Generally, a fixed-amount-of-liquid ejecting apparatus 

is emp.droyed for the purpose of ejecting a desired amount of 

liquid, and a method of utilizing both the fixed-amount­

of-l{quid ejecting appar~tus and a robot capable of moving 

a member to which a liquid is to be applied (referred to also 
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as an applied member hereinafter) or a nozzle is employed for 

the purpose of applying the liquid in a desired pattern. 

As techniques for ejecting a liquid, there are known a 

pneumatic type method and a plunger type method. In the 

pneumatic type method, compressed air regulated in pressure 

is imparted to a liquid for a desired period of time. In the 

plunger type method, a push member operatively connected to 

a driving source is disposed in a liquid-tight condition, and 

it is moved through a desired distance. 

The pneumatic type method is a quite simple method 

utilizing compressed air. Since only compressed air contacts 

a liquid except for a reservoir, this provides such an 

advantag~ that the liquid can be employed while it is kept 

clean. For this reason, the pneumatic type method is very 

·popularly practic~d. 

On the other hand, the plunger type method is 

advantageous in that the volume of liquid ejected can be 

determined based on a cross-sectional area of the push member -contacting the liquid and a distance through which the push 

_______________ ~e~_er HJ_ -~ov~q.-~ _____ [_9;-_ __ 1:_his ~eas_on, the plung~r type m.~t.h9a ___________ ·-· ... 

i~.a method utilized when applying a very small amount of 

liquid as required in operation of filling or pipetting the 

liquid-

Conventionally, a liquid has been applied in a desired 

-· 
pattern as follows. A liquid in a reservoir is forced to move 

using one of the above-described methods, causing the liquid 

to be ejected through a nozzle end serving as an apparatus 
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ejection orifice. Simultaneously, one or both of the 

apparatus ejection orifice and a member to which a liquid is 

to be applied are moved relatively to each other so that the 

liquid draws the desired pattern. However, because the 

above-described methods require a time until a flow speed of 

the liquid reaches a certain constant value, it has been very 

difficult to draw a uniform line of the applied liquid for 

a time until the constant flow speed is obtained. Such an 

adverse effect is significant particularly in the case of 

employing a highly viscous liquid or applying a liquid at a 

high speed. Concretely, tne adverse effect appears in the 

form of narrowing or discontinuity in a starting portion of 

the applied liquid line, and in the form of fatting or-pooling .. 

in an ending portion of the applied liquid line. 
- . -· . - . . . 

Japanese Unexamined Patent Publication No. 4-49108, for 

example, discloses one example cf a conventional fixed-

amount-of-liquid ejecting apparatus for use in regularly or 

irregularly coating an electronic material on a board in the ... 
form of points and lines in semiconductor manufacturing 

__ processe~. _ In th_e disclosed ejecting _apparatus, the __ a:r;n_Qllrrt_ _______ --·---··--

o~ _liquid ejected through an ejection orifice is controlled 

in accordance with such a parameter as the speed and cycle 

time a& rotation of a screw, etc. With the disclosed 

apparatus, the rotational speed and the stop timing of the 

screw are controlled with high accuracy. Therefore, the 

amount of the ejected liquid is stabilized and the liquid 

ejection in fixed amount can be achieved even in a continuous 
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ejection mode without being affected by the viscosity and 

fluidity of the liquid and the amount of liquid present in 

a reservoir. In the above prior art apparatus, however, the 

liquid is ejected and stopped respectively upon rotation and 

-stoppage of the screw, and th~ ejection orifice is left in 

a physically open state during the time in which the ejection 

is stopped. This has raised the following problem, 

particularly in the case of the liquid having a low viscosity 

or the case of pressurizing the liquid in the reservoir. If 

there is a relatively large clearance between an outer 

peripheral surface of the screw and an inner peripheral 

surface of a screw housing, the liquid is not positively shut 

off at the time of stopping the liquid ejection, and the liquid 

tends to leak due to the own weight and a force applied to 

pressurize the liquid. On ~he 6thei ~~nd, if the clearance 

between the outer peripheral surface of the screw and the inner 

peripheral surface of the screw housing is set to such a small 

value as able to overcome the above problem, another problem -has arisen in that fillers, for example, mixed in the 

electroni'c mater~al __ are_p_~9-~~-p. __ . _______ ··---·-···--- __ _ 

Further, the pneumatic type method employed a highly 

compressib~e air, and therefore has a big difficulty in 

achiev.iirng a desired pressure in a short time. Stated 
. 

otherwise, it has been more difficult to form the applied 

liquid line having the same shape between start and end points 

and an intermediate area with the pneumatic type method. 

Another problem has been encountered in that because the 
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liquid viscosity changes depending on, e.g., variations in 

an ambient atmosphere and a chemical reaction of the liquid 

itself, the amount of the ejected liquid is also changed 

depending on a change of the liquid viscosity when the 

pneumatic type method is employed in which a regulated 

constant pneumatic pressure acts upon the liquid. Thus, it 

has been impossible to apply a liquid tending to change its 

viscosity in the fine uniform form by using a pneumatic type 

ejecting apparatus. 

The plunger type method has a basic function in ejecting 

a liquid in predetermined volume, and therefore it has been 

primarily used in.applications for precisely pipetting or 

filling a desired amount of liquid. Also, the plunger type 

method has features superior in preciseness and constant 

·amount because the amount of the ejected liquid is determined 

by a distance through which a piston moves. For that reason, 

the ejection operation is generally performed in a very 

cautious and slow manner. Thus, in the technique using the 
.... 

plunger type method, the essential purport resides in 

precisel]' ejecting and applying a fixed amount of liquid, ana --- -- - - . .. . - . . - - . . . - - . -·· - -· - - - - - . . .. - . . . . 

e~~n if a change occurs in flow speed of the liquid during 

the ejection, there is no problem so long as the resulting 

amounwf the applied liquid is uniform. Further, the plunger 

type method is avoided from being used for ejecting a highly 

-viscous liquid. The reason is that a highly viscous liquid 

requires a very great force to be acted on the liquid for 

producing a flow of the same. Such a great force causes 
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expansion and distortion of the reservoir and the piston, as 

well as compression of a liquid which hardly develops elastic 

deformation. These deformations impair the features of the 

plunger type method, i.e., preciseness and constant amount. 

Particularly, whe~ applying ~ highly viscous liquid at 

a high speed, or when using a narrow or long nozzle even in 

the case of applying a low viscous liquid, a very high pressure. 

requires to. be acted upon the liquid, and deformations such 

as expansion, distortion and compression become more 

remarkable. Further, because of such a specific feature of 

the plunger type method that only an ejection orifice is opened 

to the atmosphere, a~ adverse effect of those deformations 

is increased as a higher pressure is acted upon the liquid 

and as the ejecti~n orifice has a smaller diameter. 

Concretely:, the adverse effect has appeared in such phenomena 
. 

as a delay and a liquid drippiang in the ejection process, 

and discontinuity, pooling and distortion in the form of the 

applied liquid line. Although the above-mentioned ... 
deformations are very small, the adverse effect caused by 

those de::f!lt>rmations brings about a fatal problem in the case 
....... -·-· ---··~-------·-·-- ---· 

of applying a liquid in the fine form, or the case of applying 

a liquid in very small amount, or the case of applying a liquid 

at a hi.gh speed. For that reason, the plunger type method 
---------,-------

is quite unsuitable for any of those cases requiring a high 

pressur·e. 

Further, it is generally known that for the purpose of 

ejecting a desired amount of liquid, a fixed-amount-of-liquid 
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ejecting apparatus is employed which ejects a fixed amount 

of liquid supplied from a liquid reservoir through an ejection 

valve, and that for the purpose of applying a liquid in a 

desired pattern, a method of utilizing both the fixed-

amount-of-liqui_d ejecting apparatus and a robot capab.le of 

moving a member to which a liquid is to be applied or a nozzle 

is empioyed. Where a liquid having a medium or higher level 

of viscosity, for example, is filled in a liquid reservoir, 

particularly a syringe, it is often practiced to provide a 

liquid outlet on a pressure container in which the liquid is 

filled beforehand, to air-tightly connect the liquid 

reservoir, particularly the syringe, to the liquid .outlet, 

and to introduca air to the pressure container for 

pressurization, thereby causing the liquid to be filled into 

the syringe through the liquid outlet. 

The above prior art however has a serious problem as 

follows. When pressurized air is introduced to the pressure 

container for filling the liquid into the syringe through the -liquid outlet and a syringe connecting portion, the liquid 

is relea.!'ed to th_e ~-~~-~-~_p1:1_e:i:~ --~~-- ~!1.e_ sy_r~~ge_. For a -~~qt].~~-

having higher viscosity, therefore, the liquid tends to be 

released more vigorously and to fill the syringe while 

entra~ing a larger amount of bubbles corresponding to an 

inner diameter of the syringe connecting portion. The reason 

is that since the syringe into which the liquid is filled is 

under an atmospheric condition, the filled liquid is brought 

into a free state in the syringe connecting portion. 
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DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a 

fixed-amount-of-liquid ejecting method and apparatus which 

are suita?lY used fQr ejecting a liquid in fixed amount, the 

liquid including a viscous fluid, a material having 

consistency, etc. 

Another object of the present invention is to provide 

a method and apparatus w_ith which, when ejecting or applying 

a very smal~ amount of.liquid, the liquid can be applied in 

a desired form at a high speed and precisely without depending 

on viscosity of ~he liquid. Still another object of the 

present invention is to provide a method and apparatus with 

which, particularly even when employing a highly viscous 

liquid or applying a liquid at a high speed, a shape of the 

applied liquid line· can be very easily controlled in starting 

and ending portions of the applied liquid line. For example, 

when the liquid should be applied in a linear uniform shape, -the applied liquid line can be formed with a uniform width 

from the•start point to the end point of the line withour 

narrowing and fatting. 

Still another object of the present invention is to 

provici& a liquid ejecting metho~ and apparatus which can more 
·---------------

positively shut off a liquid at the time of stopping the liquid 

ejection without a risk of breakl.ng fille£s, and can securely 

avoid a leakage of the liquid. 
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Still another object of the present invention is to 

-
provide a liquid ejecting or applying method and apparatus 

which enables an applied liquid to be drawn in a uniform line 

without taking a time until a flow speed of the liquid reaches 

a certain value. 

Still another object of the present invention is to 

provide a fixed-amount-of-liquid ejecting method and 

apparatus with which, when filling a liquid in a liquid 

reservoir, particularly in a syringe, the liquid can be filled 

without entrapping bubbles, preferably, in a fully automated 

manner. 

The present inven.tion provides a f ixed-amount-a.f-liquid 

ejecting method for ejecting a liquid in fixed amount from 

a liquid reservoir through an ejection valve, the method being 
. 

featured by comprising a step of applying a pressure to the 

liquid beforehand prior to starting ejection of the liquid 

and/or holding a pressure near an ejection orifice after the -end of liquid ejection at a predetermined specific value so 

that an erjection rate of the liquid through the ejection=-···-----·-·-

orifice is kept constant. 

The predetermined specific value is preferably 

maintaJ.ned by detecting -a liquid pressure near the ejection 
---------- -----------·----· 

orifice and automatically regulating an ejection pressure of 

the li~uid in accordance with a detected result. 

The above fixed-amount-of-liquid ejecting method 

according to the present invention is further featured by a 
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step of controlling a pressure of the liquid supplied from 

the liquid reservoir to the ejection valve. The control of 

the liquid pressure is preferably performed by controlling 

a pressure of the liquid stored in the liquid reservoir, 

preferably by controlli·ng, preferably constant or variable, 

a rate at which the liquid stored in the liquid reservoir 

reduces. 

The above fixed-amount-of-liquid ejecting method 

according to the present invention is further featured by that 

a temperature of the liquid ±n the liquid reservoir and the 

ejection valve is controlled to be held at a desired 

temperature. 

The above fixed-amount-of-liquid ejecting method 

according to the present invention is further featured by that 

the ejection valve includes a nozzle having in itself a 
. 

function of a needle valve. 

Stated otherwise, in the concrete form of the fixed-

amount-of-liquid ejecting method according to the present .,. 
invention, the step of applying a pressure to the liquid 

beforeha!lfd prior t~ -~~~~:ti_:i~ _ :~ ~-~-~~o~---~f-· the liquid arl:<:f~ or 

holding a pressure near an ejection orifice after the end of 

liquid ejection at a predetermined specific value, so that 

an eje.Gttion rate of the liquid through the ejection orifice 

is kept constant, is preferably realized as follows. For 
-

ejecting the liquid in fixed amount from the liquid reservoir 

through the ejection valve, the above step comprises a step 

of detecting a liquid pressure near the ejection orifice and 
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automatically regulating an ejection pressure of the liquid 

in accordance with a detected result; and/or a step of 

controlling a pressure of the liquid stored in the liquid 

reservoir by, preferably, controlling, preferably constant 

or variable, a rate fat which the liquid stored in the liquid 
. . 

reservoir reduces; and/or a step of controlling.a pressure 

of the liquid supplied from the liquid reservoir to the 

ejection valve. Further, a temperature of the liquid in the 

liquid reservoir. and the ejection valve is controlled to be 

held at a desired temperature. Still further, the ejection 

valve includes a nozzle having in itself a function of a needle 

valve. 

The present invention also provides a fixed-amount-

of-liquid ejecting·· method which is, featured by further 

including a liquid filling process wherein, when filling a 

liquid in the liquid reservoir from a pressure container in 

which the liquid is stored beforehand, a liquid pressure in ... 
the liquid reservoir is controlled to a constant pressure 

-lower tharn the pressure of air introduced to the pressure 

container for pressurization, thereby automatically filling 

the liquid without entrapment of bubbles. 

~e above liquid filling process is further featured by 
-------- -·---------------

automatically stopping filling of the liquid is upon sensing 

of a full-amount state of the liquid in the liquid reservoir. 

Also, the above liquid filling process is further featured 

by automatically stopping filling of the liquid upon sensing 
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of a small remaining-amount state of the liquid in the pressure 

container. Moreover, the above liquid filling process is 

further featured by removing bubbles accidentally generated 

in the liquid reservoir. 

S~ated otherwise, in the concrete form of the liquid 

filling process, when filling a liquid in the liquid reservoir 

from a pressure container in which the liquid is stored 

beforehand, a liquid pressure in the liquid reservoir is 

controlled to a constant pressure lower than the pressure of 

air introduced to the pressure container for pressurization; 

and/or bubbles accidentally generated in the liquid reservoir 

are r~moved; and/or filling of the liquid is automatically 

stopped upon sensing of a full-amount state of the liquid in 

the liquid reservoir or of a small remaining-amount state of 

the liquid in the pressure container, as necessary, thereby 

automatically filling the liquid without entrapment of 

bubbles . 

..... 
Furthermore, the present invention provides a fixed-

amount-oi'-liquid ej ec~ing a_pp~ratus comprising a liquid __ -

reservoir, means for pressurizing a liquid in the liquid 

reservoir, and an ejection valve communicating with the liquid 

reser?eir, thereby ~jecting the liquid in fixed amount from 

the liquid reservoir through the ejection valve, wherein the 

apparatus further comprises operation control means for 

controlling operations of the pressurizing means and the 
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ejection valve, and ejection pressure control means for 

-
automatically regulating an ejection pressure of the liquid. 

Preferably, the ejection pressure control means 

comprises an input/output unit, a processing unit and a 

storage unit, and functions to automatically reguLate an 

ejection pressure of the liquid in accordance with a detected 

result of a pressure sensor for detecting a liquid pressure 

near an ejection orifice. The ejection valve preferably 

includes means for mechanically opening and closing an 

ejection orifice of the ejection valve. Preferably, ~he 

pressurizing means comprises means for pressurizing the 

liquid stored in the liquid reservoir under a pres~ure 

depending on v;j..scosi ty of the liquid. Also, the pressurizing 

means preferably comprises a push member disposed to push the 

liquid stored in the liquid reservoir in a. precise and 

fluid-tight manner, more preferably comprises a push member 

which is associated with an air cylinder for pressing the push 

member and having a bore diameter sufficiently greater than 

• the inner diameter of the liquid reservoir, and which is 

disposed~to push the liquid stored in the liquid reserv?ir 

in a precise and fluid-tight manner. Preferably, the 

operation control means comprises a pressure sensor for 

detec13.cirng a liquid pressure near an ejection orifice, and 

·-------------------- -------·----~-- --------
means for operating the pressurizing means in accordance with 

a signal from the pressure sensor. 
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As another feature, the fixed-amount-of-liquid ejecting 

apparatus according to the present invention further 

comprises liquid temperature control means for controlling 

a liquid temperature. 

Stated other~ise, in the concrete form of the fixed-

amount-of-liquid ejecting apparatus according to the present 

invention, the apparatus comprises a liquid reservoir; means 

for pressurizing a liquid in the liquid reservoir, preferably 

means for pressurizing the liquid stored in the liquid 

rese.rvoir under a pressure depending on viscosity of the 

liquid, more preferably a push member disposed to push the 

liquid stored i~ the liquid reservoir in a precise and 

fluid-tight manner, most preferably a push member which is 

associated with an air cylinder for pressing the push member 

and having a bore diameter sufficiently greater than the inner 

diameter o·f the liquid reservoir; and an ejection valve 

communicating with the liquid reservoir and mechanically 

opening and closing the ejection orifice of the ejection valve. -The apparatus further comprises operation control means for 

controll~ng operations of the pressurizing means and the-

ejection valve, the ?Peration control means preferably 

comprising a pressure sensor for detecting a liquid pressure 

near a.R ejection orifice and means for operating the 

pressurizing means in accordance with a signal from the 

pressure sensor; and ejection pressure control means for 

automatically regulating an ejection pressure of the liquid, 

the ejection pressure control means preferably comprising an 
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input/output unit, a processing unit. and a storage unit, and 

functioning to automatically regulate an ejection pressure 

of the liquid in accordance with a detected result of a 

pressure sensor for detecting a liquid _pressure near an 

ejection or if ice; and/ or liquid tempera t.ure control means for 

controlling a liquid temperature. 

As still another feature, in above the fixed-amount-

of-liquid ejecting apparatus according the present invention, 

the ejection valve includes a nozzle prov~ded with a valve 

mechanism in a nozzle body. 

As still another feature, in t~e above fixed-amount-

of-liquid ejecting apparatus according to the present 

invention,_ the ejection valve comprises a valve body having 

an inlet port in communication with the liquid reservoir, a 

liquid chamber formed therein to contain the liquid. introduced. 

through the inlet port, and an outlet port through which the 

liquid in the liquid chamber is ejected; a needle-like valve 
..,, 

stem disposed in the liquid chamber movably between a first 

position 1!.nd a second position; a valve seat formed to r~cei ve 
a tip of the valve stem to thereby close the outlet port when 

the valve stem is in the first position; and pressure 

compel'll&ating means for changing the volume of the _liquid ____ .....__ _______________ ---- ---------
chamber in synch with movement of the valve stem so that 

varia~ions "of liquid pressure in the liquid chamber caused 

by movement of the valve stem is canceled. 
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As still another feature, the fixed-amount-of-liquid 

ejecting apparatus according the present invention further 

includes a filling apparatus which comprises a liquid 

reservoir including a plunger inserted therein in an airtight 

manner, a pressure container in which the· liquid is stored 

beforehand, and a plunger direct-actuating control mechanism 

for maintaining a liquid pressure in the liquid reservoir at 

a constant pressure lower than the pressure of air introduced 

to the pressure container for pressurization, thereby 

automatically filling the li·quid in the liquid reservoir 

without entrapment of bubbles. 

The above filling apparatus is fu~ther featured by 

comprising means for sensing a full-amount state of the liquid 

in the liquid reservoir and/or means for sensing a small 

remaining-amount state of the liquid in the pressure container,· 
. 

a.nd for automatically stopping filling of the liquid in 

accordance with a sensed signal. The above filling apparatus 

is further featured by including a valve structure which has 
..,., 

an air release hole for communicating the plunger inserted 

in the J.i~uid. reser._yoJ •. .r __ wJ .. .th_t:ti.e __ Qtr~siq~ .and is able to M c~.o~e _____ _ 

the air release hole at any time, so that bubbles accidentally 

generated in the liquid reservoir may be removed. 

5-t:ated otherwise, in the concrete form of the liquid 

filling apparatus, the apparatus comprises a liquid reservoir 

including a plunger inserted therein in an airtight manner; 

a pressure container in which the liquid is stored beforehand; 

and a plunger direct-actuating control mechanism for 
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maintaining a liquid pressure in the liquid reservoir at a 

constant pressure lower than the pressure of air introduced 

to the pressure container for pressurization; and/or means 

for sensing a full-amount state of the liquid in the liquid 

reservo~r and/or means.for sensing a small remaining-am0unt 

state of the liquid in the pressure container, and for 

automatically stopping filling of the liquid in accordance 

with a sensed signal as·necessary; and/or a valve structure 

which has an air release hole f.or communicating the plunger 

inserted in the liquid reservoir with the outside and is able 

to close the air release hole at any time, so that bubbles 

accidentally generat~d in the liquid reservoir may be removed, 

thereby automatically filling the liquid in the liquid 

reservoir without entrapment of bubbles. 

The mode for carrying out the present invention will be 

described. below in connection with the form including liquid 

temperature control means. As described above, the present ... 
invention resides in a fixed-amount-of-liquid ejecting 

·--·· .... method w~rein, _for_ ej_ecting a liquid in fixed amount from 

a.liquid reservoir through an ejection valve, the method 

comprises a step of applying a pressure to the liquid 

before.Aand prior t.o starting eject_ion of the liquid and/or 
--------------~·--··----------

holding a pressure near an ejection orifice after the end of 

liquid ejection at a predetermined specific value so that an 

ejection rate of the liquid through the ejection orifice is 

kept constant. The control of the liquid pressure in the 
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above method is performed by controlling a pressure of the 

liquid stored in the liquid reservoir, preferably by 

controlling constant or variable a rate at which the liquid 

stored in the liquid reservoir reduces. Also, temperatures 

of the liquid i~ the liquid reservoir and the ejection valve 

are controlled to be held at desired temperatures. 

Further, the apparatus of the present invention includes 

operation control means for controlling operations of the 

pressurizing means and the ejection valve, and liquid 

temperature control means for controlling a liquid 

temperature. The apparatus of the present invention may be 

of the pneumatic type or the plunger type. The following 

description will be made of features of the pneumatic type 

apparatus or features common to both the types of apparatus 

unless otherwise specified. 

The ejection valve includes means for mechanically 

opening and closing the ejection or if ice of the ejection valve. 

The pressurizing means is means for pressurizing the liquid -stored in the liquid reservoir under a pressure depending on 

viscosity of _th~ ;ti_g~-.i:~ ~- _ Preferably! the _pressurizi_.r;i.g_~~_ap.~-- ______ _ 

i~_a push member disposed to push the liquid stored in the 

liquid reservoir in a precise and fluid-tight manner. The 

push member is associated with an_air cylinder-for pressing 
-----------------

the push member and having a bore diameter sufficiently 

greater than the inner diameter of the liquid reservoir. The 

operation control means comprises a pressure sensor for 

detecting a liquid pressure near the ejection orifice, and 



- 19-

means for operating the pressurizing means in accordance with 

a signal from the pressure sensor. The liquid temperature 

control means comprises temperature sensors for detecting 

respective liquid temperatures in the liquid reservoir and 

the pressure container, and heating/cooling units maintained 

at desired temperatures in accordance with signals from the 

temperature sensors. 

The liquid temperature control means will now be 

described. 

Viscosity of a liquid changes depending on not only 

variations in temperature but also a chemical reaction of the 

liquid itself, for example. The amount of ejected liquid is 

also slightly changed depending on such a change of the liquid 

viscosity. In the prior art, however, an attention has been 

focused on precise control of the rotational speed of a screw 

and the timing of stopping the screw, and no considerations 

have been paid to v~scosity and fluidity of a liquid as well 

as the a~unt of liquid in a liquid reservoir. The inventors 

h~~othesis that controlling a liquid temperature so as to 

inhibit its change is effective in suppressing one, more 

exact],&, primary one of factors which cause a viscosity change. 
------·-·---- ----------------------------

As a result, it has been proved that controlling a liquid 

temperature to be held constant is effective in ejecting a 

liquid in fixed amount. 
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From an aspect of method, control of a liquid temperature 

is carried out by controlling temperatures of the liquid in 

the liquid reservoir and the ejection valve to be held at 

desired temperatures. From: an aspect of apparatus, the 

liquid temperature control means is provided which comprises 

temperature sensors for detecting respective liquid 

temperatures in the liquid reservoir and the pressure 

container, and heating/cooling units maintained at desired 

temperatures in accordance with signals from the temperature 

sensors. 

· A description will now be made of other features of the 

present invention, i.e., the step of applying a pressure to 

the liquid beforehand prior to starting ejection of the liquid 

and/or holding a pressure near. an ejection orifice after the 

end of liquid ejection at a predetermined specific value, and 

means for mechanically opening and closing the ejection 

orifice in an aspect of apparatus. 

For example, when ejecting the liquid in relatively 

-·----·--- -·- -· ____ small fix-ed amount,. the .pressure .in _a flow passage aft;er_~he 

end of the ejection, particularly the pressure near the 

ejection orifice, is controlled to be kept at the 

predeti!rmined specific value, whereby the subsequent 
---------------------------- ---·---- ---------------''----

ejection of the liquid can be always performed under the 

-constant flow passage condition. Accordingly, by properly 

setting the force, time, etc. for pressurizing the liquid in 

the liquid reservoir, the ejection of the liquid in an amount 
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corresponding to the set values can be repeatedly reproduced 

with high reliability. On the other hand, when ejecting the 

liquid in relatively large fixed amount, in addition to the 

above control, the pressure of the supplied liquid is 

controlled also during the liquid ejection based on the 

detected result of the liquid pressure in such a manner, for 

example, that variations of the detected pressure is kept as 

small as possible .. Consequently, the liquid can be ejected 

in fixed amount as intended. 

Further, by mechanically opening the ejection orifice 

of the ejection valve in timed relationship with an increase 

of the force pressurizing the liquid in the liquid reservoir, 

the liquid ejection can be started without a time lag. At 

the end of the ejection, by removing the added increase of 

the ·pressurizing force and mechanically closing the ejection 

orifice of the ejection valve, one cycle of.the liquid ejection 

in fixed amount can be ended with positive shutting-off of 

the liquid without a risk of liquid leakage . .... 
After one cycle of the liquid ejection in fixed amount 

has been 1!hus ended, .t.he liquid pressure .in the flow. p~s_.sag; _____________ _ 

i~ _controlled to be kept at the predetermined specific value 

depending on the detected liquid pressure in a similar way 

as deS"t:ribed above. 
----------·---·---------·------

With the apparatus of the present invention, in response 

to a pressure signal and a pressurizing time signal both 

supplied to the pressurizing means, the liquid in the liquid 

reservoir is pressurized for a time corresponding to the 
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pressurizing time signal so that the liquid is held under a 

pressure corresponding to the pressure signal. Further, the 

ejection valve is opened in timed relationship with the 

operation of the pressurizing means, causing the liquid to 

be ejected through the ejection orifice_ As a result, the 

ejection of the liquid can be started without a time lag. At 

the time when the time during which the liquid is pressurized 

by the pressurizing means reaches a predetermined time and 

the amount of the ejected liquid reaches a predetermined 

amount, the ejection valve i~ mechanically closed in timed 

relationship with the stop operation of the pressurizing means. 

The ejection orifice of the ejection valve is thereby 

physically closed. Therefore, the liquid is positively shut 

off and an accidental leakage of the liquid after the closing 

of the ejection orifice can be perfectly prevented. After 

one cycle of the liquid ejection in fixed amount has been ended, 

the liquid pressure near the ejection or if ice is detected by 

the pressure sensor, and a detected pressure signal at that ... 
time is inputted to the control means. In accordance with 

the input-signal, the control means controls the pressurizing .. .. . -· - - - - -- -··- --·---- --... ···--- - . --- .. ·- . . . . . .. .. -

means to raise or lower the liquid pressure so that the 

residual liquid pressure near the ejection orifice becomes 

the predetermined specific value. It is a matter of course 
----------------------------------------~----------------

that if the detected liquid pressure coincides with the 

predetermined specific value, the pressurizing means 

requires not to be operated again. By always keeping the 

liquid pressure near the ejection orifice and hence the 
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pressure in the liquid flow passage at the constant values 

after the end of the ejection as described above, variations 

of the flow passage condition are eliminated. At the time 

of starting the next cycle of the liquid ejection in fixed 

amount_, the for_ce, time, etc. for pressurizing the liquid can 
. . 

be determined with no need of taking into account indefinite 

factors. In addition, the liquid can be ejected in fixed 

amount with hiqh precision. 

When one cycle of liquid ejection is continued for a 

relatively long time as experienced, for example, when the 

liq~id is co~ted in~the linear form, it is preferable that 

the pressure detection by the pressure sensor is also 

performed during the ejection and the liquid pressurizing 

force applied from the pressurizing means is controlled in 

accordance. with the detected result. 

In the apparatus of the present invention, preferably, ... ' 
the ejection valve comprises a needle valve. Since the size 

of a need'le can be made in itself sufficien_tly sma~l, the 

needle can be smoothly and quickly displaced to open and close 

by a relatively small driving force even under a high pressure 

on the-order of, ~or examp_le, 100 to 200 kgf/cm2
• It is 
~~~~~~~~~~ 

therefore possible to shut off the liquid more positively at 

the end of the ejection, and to eliminate a time lag more 

effectively at the start of the ejection. In addition, since 
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the required driving force is relatively ~mall, the overall 

size of the ejection valve can be reduced. 

More preferably, the needle valve is provided with a 

liqui~ pressure compensating piston. With this f ea tu re, the 

apparatus can operat_e so as to compensate pressure variations 

in the liquid passage, particularly at and near the ejection 

orifice, more easily, quickly and precisely in combination 

with back and forth movement of the liquid pressure 

compensating piston. One example of the combined operation 

is as follows. When the needle valve is opeaed, the volume 

occupied by the needle in an area near'the ejection orifice 

is reduced. Conversely, when the needle valve is closed, the 

volume occupied by the_ needle in the .area near the ejection 

orifice is increased. In the former case, a drop of the liquid 

pressure near the ejection orifice can be prevem:ed by moving 

forth the liquid pressure compensating piston. In the latter 

case, a rise of the liquid pressure near the ejection orifice 

can be prevented by moving back the liquid pressure 
• compensating piston. Accordingly, the liquid pressure 

compensat!'ing piston can be employed in addition to or in place 

of the pressurizing means for the purpose of controlling the 

residual liquid pressure after the end of the ejection to the 

predet..ermined specific value. 
-------- ·-·------ ---------·-------~-------- ----

. 
Further, when an ejection nozzle requires to be moved 

relative to a workpiece in the apparatus of the present 

invention, the ejection nozzle is preferably mounted to a 



.~,-,.-

- 25-

manipulator which is based on the Cartesian coordinate system 

and enables the ejection nozzle to be displaced in three 

dimensional directions. More preferably, the manipulator is 

controlled in synchronous relat:i9n~·fo control of the 

I;'_r-essurizing means and control of the e:jection valve. 

As described above, the fixed-amount-of-liquid ejecting 

apparatus according to the present inv.ention is also realized 

as a pneumatic type apparatus. The pneumatic type apparatus 

will be described below. The pressurizing means is 

constituted by an air 6ylinder for moving forth and back a 

plunger which is inserted in the liquid reservoir, and the 

air cylinder is formed to have a bore diameter greater than 

the inner diameter of the liquid reservoir. 

With the pneumatic type apparatus, a solenoid selector 

valve is operated in accordance with a signal supplied from 

the control means, and air pressurized under a predetermined 

pressure is introduced tot he air cylinder, which may be of ... 
the double-acting type, thereby pressurizing the liquid in 

the l_iqui'6 reservoir .wi t_h ~ pl,.µ:q_ge_r . ___ ~urther, the_ ej ectio1i _________ . __ 

vq.lve is opened in timed relationship with the above operation 

of the pressurizing means. As a result, the liquid can be 

ejecteEi through the ejection orifice under a pressure 
-------

corresponding to the pressure supplied to the air cylinder 

without a noticeable time lag. 

On the other hand, at the time when the amount of the 

ejected liquid that is determined depending the pressure 



c:::ii.i 

- 26-

supplied to the air cylinder, the ejection time, etc. reaches 

a predetermined amount, the supply of the pressurized air to 

the air cylinder is stopped and at the same time the ejection 

valve is closed under control of the control means. 

Accordingly, the liquid ejection can also be stopped wi-thout 

a noticeable time lag, and therefore the liquid can be ejected 

in fixed amount with good precision. 

In addition, since the-liquid ejection is stopped upon 

the ejection valve being mechanically closed, the liquid can 

be positively shut off and a leakage of the liquid after ·the 

closing of the ejection orifice can be very effectively 

prevented. 

In order to improve the efficiency of ejection work by 

repeating the above-describe liquid ejection in fixed amount 

with cycles of a short tact time, it is required to raise a 

force imposed by the plunger for pressurizing the liquid and 

to increase the amount of liquid ejected per unit time. 

However, because the line air pressure in a general factory .... 
is relatively low, i.e., on the order of 5 to 7 kgf/cm2 , the 

____ l~quid p~ssure c~n not ]:)e ral:~eci _as intended if the li~e air 

p~~ssure is just supplied to the air cylinder as it is. 

Accordingly, there has been a limit in the efficiency of 

ejecti-en work. In the pneumatic type apparatus, therefore, 

the bore diameter of the air cylinder is set sufficiently 
-greater than the inner diameter of the liquid reservoir so 

that the plunger can provide a sufficient level of pressing 

force even with a relatively low pressure supplied to the air 
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cylinder. As a result, the liquid pressure can be raised to 

a desired level and the tact time for ejection of the liquid 

in fixed amount can be shortened. 
-

In the above case, regulation 0£ the liquid pressure, 

i.e., regulation of the pressure supplied to the air cylinder 

in terms of direct control target, can be performed by a 

pressure reducing valve disposed in a pneumatic line. 

The pneumatic type apparatus preferably comprises a 

pressure sensor provided near the ejection orifice of the 

ejection valve and detecting a liquid pressure, and pressure 

regulating means for regulating the pressure supplied to the 

air cylinder in accordance with a signal from the pressure 

s·ensor. The detected signal from the pressure senso.r is 

inputted to the control means, and the control means output 

a pressure regulation signal to the pressure regulating means 

which preferably comprises an electro-pneumatic regulator, 

thereby operating the pressure regulating means. As a result, 

the pressure supplied to the air cylinder can be automatically ... 
regulated as required, and pressure variations during the 

liquid ej~ction can be automa.tically comeensated in a pro!Ilpt __ 

and smooth manner. 

Also in the pneumatic type apparatus, preferably, the 

eject.i-en valve comprises a needle valve. 

Since the size of a needle can be made in itself 

sufficiently small, the needle can be smoothly and quickly 

displaced to open and close by a relatively small driving force 

even under a high liquid pressure on the order of, for example, 
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100 to 200 kgf/cm2
, without being hardly affected by the liquid 

pressure. It is therefore possible to shut off the liquid 

more positively at the end of the ejection, and to eliminate 

a time lag more effectively at the start and end of the 

ejection. 

In addition, since the required driving force is 

relatively small, the overall size of the ejection valve can 

More preferably, the needle valve is provided with a 

liquid pressure compensating piston. 

With this feature, th~ apparatus can operate so as to 

compensate pressure variations in the liquid passage, 

particularly at and near the ejection orifice, more easily, 
. . . - .. -- - ... ·- .. . . 

quickly and· precisely in combination with back and. forth 

movement of the liquid pressure compensating piston. One 

example of the combined operation is as follows. When the 

needle valve is opened, the volume occupied by the needle in -an area near the ejection orifice is reduced. Conversely, 

.. when the ~eedl.e_.va.lY...e_i.:Lc.lo_sed, .. t.he_ volume occupi~d __ py_ the ___ . _ 

needle in the area near the ejection orifice is increased. 

In the former case, a drop of the liquid pressure near the 

ejectl!'en orifice can be prevented by moving forth the liquid 
---------·-·--··-· -----------------

pressure compensating piston. In the latter case, a rise of 

the liquid pressure near the ejection orifice can be prevented 

by moving back the liquid pressure compensating piston. 
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Accordingly, the liquid pressure compensating piston 

can be employed in addition to or in place of the pressurizing 

means for the purpose of controlling the residual liquid 

pressure after the end of the ejection to the predetermined 

specific value. 

More preferably, the liquid flow passage extended 

between the liquid reservoir and the ejection valve has a 

rising portion which extends upwardly while penetrating the 

plunger. 

When the plunger is initially moved into the liquid 

reservoir, air is enclosed between a liquid surface in the 

liquid reservoir and the plunger which is preferably held in 

airtight contact with an inner surface of.the liquid reservoir. -

However, where the liquid flow passage has the rising portion 

which extends upwardly while penetrating the plunger, the air· 

enclosed above the liquid surface in the liquid reservoir is 

purged out _of the liquid reservoir through the rising portion 

upon the plunger being pushed into the liquid reservoir prior -to starting the liquid ejection in fixed amount. It is 

thereforer possibl.e ___ tq _ sufficiently eliminate. ?-~.-~9-v~~S_E! 

effect of compressive property of the enclosed air upon a 

variation of the liquid pressure before entering the operation 

of ej&Qting the liquid in fixed amount. 

""To sum up, the present invention having the above-

described construction operates as follows. 
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(1) From a method point of view, the method of the present 

in_vention comprises the step of applying a pressure to the 

liquid beforehand prior to starting ejection of the liquid 

and/or holding a pressure near an ejection orifice after the 

end of li·quid ejection at _a predetermined specific value, and 

from an apparatus point of view, the ejection valve includes 

the means for mechanically opening and closing the ejection 

orifice of the ejection valve. Therefore, when ejecting the 

liquid in relatively small fixed amount, for example, the 

pressure in the flow passage·after the end of the ejection, 

particularly the pressure near the ejection orifice, is 

controlled to be kept ~t the predetermined specific value, 

whereby the subsequent ejection of the liquid can be always 

performed under the constant flow passage condition. 

Accordingly, by properly setting the force·, time, etc. for 

pressurizing the liquid in the liquid reservoir, the ejection 

of the liquid in an amount corresponding to the set values 

can be repeatedly reproduced with high reliability . 
.,. 

The causes giving rise to a delay in ejection of the 

liquid r~ide .in __ tn.a_t ___ it_J:aJs.es __ a time .t.o _ra~s~. :t:[l~-~bgg~g __________ _ 

pressure to a desired level, and that energy to be utilized 

for the ejection is consumed by deformations under pressure. 

There:iere, the above features of the pr_es-ent invention provide 
. 

such advantages that pressuring the liquid prior to starting 

the ejection enables a desired force to act upon the liquid 

in a short time, and that developing deformations under 

pressure beforehand is effective suppressing further 

.. 
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deformations during the ejection. As a result, energy 

-
supplied for making the liquid flow can be effectively 

utilized. Preferably, the pre-pressur·ization is carried out 

by applying a force equivalent to the pressure applied during 

the ejection, and the ejection is ended while maintaining the 

force equivalent to the pressure applied during the ejection. 

(2) By controlling the liquid temperature to be held 

constant, it is possible to suppress one, more exactly, 

primary one of factors which cause a change of the liquid 

viscosity, and to eject the ·liquid in fixed amount with 

stability. 

( 3) By controlling the pressure of the liquid stored in the 

liquid reservoir, a thrust exceeding t.he pipe resistance 

developed in a nozzle is applied to act upon the liquid, and 

ther·efore ·aI'f ejection rate of the liquid can be ·controlled 

to be held constant. 

Because the liquid is ejected after passing a nozzle 

optimum for a shape to be drawn by the applied liquid, the -liquid is subjected to some pipe resistance developed in the 

no.~z_le ~- ~<?~~.?::~:i:.:_,__~o~~.:~J.:.:1:it?-~- the pressure of the __ ~-~.St~~-ct. .. ~ 
s~~red in the liquid reservoir can produce a thrust exceeding 

the pipe resistance. Such control is particularly effective 

in the,.,..case of ejecting a highly viscous fluid in which the 

liquid is subjected to a very large pipe resistance. No 

matter how large resistance is developed, a thrust-exceeding 

the resistance can be produced so as to act upon the liquid, 
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and the ejection rate of the liquid can be controlled to be 

held constant. 

(4) Control of the pressure of the liquid stored in the 

liquid reservoir is performed by controlling, concretely 

constant or variable1 a rate at which the. liquid stored in 

the liquid reservoir reduces. With the control, the ejection 

rate of the liquid can be held constant or as desired from 

the start of the ejection to the end of the ejection. 

Controlling, concretely constant or variable, a rate at 

which the liquid stored in the liquid reservoir reduces 

implies that the concept of time is added to the prior art 

wherein time is not taken into consideration if a desired 

volume of the liquid is obtained, and that the volume of the-

ejected liquid is gradually increased in units of 

predetermined- amount even during the process for achieving 

the desired volume of the liquid. As a result, the liquid 

can be applied regardless of viscosity of the liquid. In 

addition, even in the case of ejecting a highly viscous liquid 

• that has not been preferred in practical use up to now, an 

adverse e-f_fec:;t;. __ <?~-~s~9- _ ?.Y resilien:cy of_ t;.he _push_ me~J:>e_:r:-____ a~? __________ _ 

t?e liquid reservoir can be effectively eliminated, thus 

allowing these components to be employed so that the liquid 

can b~easily applied in a desired shape with stability. 

Further, the ejection work can be performed at a high speed 

because of no need of returning the liquid pressure to the 

atmospheric pressure. 
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(5) The push member disposed to push the liquid stored in 

the liquid reservoir in a precise and fluid-tight manner 

controls the amount of the ejected liquid in accordance with 

a distance thr-ough which the push member moves 1 and also 

control$ the flow speed of the ejected liquid in accordance 

with a speed at which the push member moves. Further, the 

li9uid pressure is controlled such that the liquid is 

pressurized to a certain level prior to starting the ejection, 

and the ejection is ended under the liquid pressure higher 

than the atmospheric pressure, preferably when the liquid 

pressure is at the same pressurized level as before the start 

of the ejection. Therefore, adverse effects due to changes 

of viscosity can be eliminated,~and the rate at which the 

liquid is ejected through the nozzle end can be controlled 

to be always held constant. Further, it ~s possible to 

overcome a difficulty that has been especially experienced 

in the prior art, i.e., precise application of the liquid so .. 
as to provide a proper form in starting and ending portions 

.,,,, 
of the applied liquid line. The effect of the above feature 

is more eiffect .?~~~~-~:11~=--~X M~~en the ~i9'.u~~- i~-- ~_f?P_~-~~~--~E:.-:a. ______ -··- __ 
linear form, and a linear shape in starting and ending portions 

of the applied liquid line, which has been unstable in the 

prior-art, can be very ea_sily controlled. When the liquid 

should be applied in a uniform linear line, for example, the 
. . 

applied liquid line can be formed with a uniform width from 

the start point to the end point of the line without narrowing 

and fatting. 
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( 6} Since the bore diameter of the air cylinder for pressing 

the push member is set sufficiently greater than the inner 

diameter of the liquid reservoir, the plunger can provide a 

sufficient level of pressing force even with a relatively low 

pressure supplie~ to the ai~ cylinder. As a result, the 

liquid pressure can be raised to a desired level and the tact 

time for ejection of the liquid in fixed amount can.be 

shortened. 

{7} A motor is employed as a power source for pressing the. 

push ineni.ber, and energy generated by the motor is much greater 

than that required for making the liquid flow. Therefore, 

the moving spe~d of the p~sh member can be kept constant. 

(8) In addition, the present invention intends to prevent 

bubbles from being entrapped particularly when the liquid is 

filled in a-syringe. The present invention also intends to 

eliminate the necessity of monitoring the filling process and 

adjusting the filling speed by a worker for the purpose of 

avoiding entrapment of bubbles. The present invention is -featured by a fully automatic filling process. The present 

inventiol'Pconcerns with a reliable technique for ejecting~ 

liquid in fixed amount. 

(9) In particular, the present invention is applicable to 

any wa..xok steps for filling a liquid having a medium or higher 

-·--.feveT- ·c;·f viscosity. The liquid reservoir is preferably of 

the type that the liquid filled therein- is employea by being 

pushed out of the reservoir end. 
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The liquid reservoir filled with the liquid constitutes 

a liquid reservoir of an apparatus comprising the liquid 

reservoir, liquid pressurizing means for pressurizing the 

liquid stored in the liquid reservoir under a pressure 

depending on the viscos'ity of the liquid, and.an ejection valve 

communicating with the liquid reservoir, thereby ejecting the 

liquid in fixed amount from the liquid reservoir through the 

ejection valve. 

With the present invent1on having the above-described 

construction, the following advantages are expected. 

(1) A method and apparatus can be provided which can eject 

or apply a very small amount of liquid in a de-sired form at -

a high speed and precisely without depending on viscosity of 

the liquid. p·articularly, even when employing a highly 

viscous liquid or applying a liquid at a high speed, a shape 

of the applied liquid line can be very easily controlled in 

starting and ending portions of the applied liquid line. For 
-41 

example, when the liquid should be applied in a linear uniform 

shape, th~ applied liquid line can be formed with a uniform 
- - -- . . . - . - -- ------- . -- -- . -- . .. - - -- . . ··- ---- - ..... -··· 

wi?:th from the start point to the end point of the line without 

narrowing and fatting. 

( 2) ~e liquid can be more positively shut off at the time· 

of stopping the liquid ejection without a risk of breaking 

fillers, and a 1-eakage of the liquid can be securely avoided. 

(3) A liquid ejecting or applying method and apparatus can 

be provided which enables an applied liquid to be drawn in 
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a uniform line without taking a time until a flow speed of 

the liquid reaches a certain value. 

(4) When filling a liquid in the liquid reservoir, 

particularly in a syringe, the liquid can be filled without 

entrapp.ing bubbles while realizi:qg a fully automated manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view, sectioned in principal part, 

showing an embodiment of a fixed-amount-of-liquid ejecting 

method and apparatus according to the present invention, the 

embodiment using a screw transmitting device as pressurizing 

means; Fig. 2 is a flowchart of processing steps in the 

embodiment. Referring to Eig. 2, reference numeral PA denotes 

pressure in liquid reservoir after ejection; P8 denotes 

pressure in liquid reservoir before ejection; CN denotes 

number of times at which conditions are met; N denotes 

reference value for determination about number of times at 

which conditions are met; Prs:Me denotes measured pressure; PAcMi 
...., 

denotes pressure data stored in memory (Automatically 

regulatecf3Pressure t~rg_e~- v_~1:_~~~--"-- Fig. 3 is a ~9?_e~~!:_~_C:._!~~~Z ______________ _ 

sectioned in principal part, showing an embodiment of the 

fixed-amount-of-liquid ejecting method and apparatus 

accordoitng to the present invention, the embo~iment using an 

air cylinder as pressurizing means; Fig. 4 is a schematic view, 

sectioned in principal part, showing another embodiment of 

the fixed-amount-of-liquid ejecting method and apparatus 

according to the present invention, the embodiment using an 
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air cylinder as pressurizing means; Fig. 5 is a schematic view 

-
for explaining an embodiment in which the apparatus shown in 

any of Figs. 1, 3 and 4 is additionally provided with liquid 

temperature control means; Fig. 6 is a schematic perspective 

view showing an embodiment in which the present invention.is 

applied to a three-dimensional manipulator; Figs. 7 and 8 are 

sectional views showing other embodime·nts of a liquid 

reservoir used in the present invention; Fig. 9 is a sectional 

view showing another embodiment of an arrangement of the 

liquid reservoir and a needle valve which are used in the -

present invention; Fig. 10 is a sectional view showing another 

embodiment of the needle valve used in the present invention; 

Fig. 11 is a sectional view showing still another embodiment 

of the needle valve used in the present invention; Fig. 12 

is a schematic view of a driving circuit for the needle valve 

shown in Fig. 11; Fig. 13 is a schematic view showing another 

embodiment of the driving circuit for the needle valve used 

in the present invention; Fig. 14 is a schematic view showing ... 
still another embodiment of the driving circuit for the needle 

valve us.~ _in __ ~?e --~~e-~ .. ~l'l.1:_ ~-~ve.-n~i~:m~ __ Fig-, 15 is a _sc?~~at~c 

vie~ of a system in which the driving circuit for the needle 

valve, shown in Fig. 14, is applied to a fixed-amount-of-

liquid.ejecting system; Fig. 16 is a sche.matic view showing 

a third embodiment of the driving circuit for the needle valve 

used in the present invention; Fig. 17 is a schematic view 

showing a fourth embodiment of the driving circuit for the 

needle valve used in the present invention; and Fig. 18 is 
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a schematic view of an apparatus for filling a liquid into 

the liquid reservoir used in the present ~nvention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Details. of the present invention will be described below 

in conjunction with embodiments. It is to be understood that 

the present invention is limited in no way by the following 

embodiments. 

Embodiment 1: An apparatus for carrying out the present 

invention, details of apparatus components, and operations 

of the components will be described with reference to Figs. 

1 to 18. 

Fig. 1 is a schematic view, sectioned in principal part, -

showing an embodiment of a fixed-amount-of-liquid ejecting 

method and apparatus according to the present invention, the 

embodiment using a screw transmitting device as pressurizing 

means. As shown in Fig. 1, a liquid reservoir 1 comprises 

a syringe 3 which can be made of a synthetic resin material, 
.-

for example, and a holder 4 surrounding the syringe 3 in 

contact r~lation from the outer side so as to hold it. The' 

syringe 3 is detachably attached to the holder 4. The liquid 

reservoir 1 is provided with a pressure sensor 18a for 

measuJ!.lf:irng a pressure in the liquid reservoir 1 and outputting 

a measured result as a control signal. 

A pressurizing means 5 for pressurizing a liquid in the 

liquid reservoir 1 to a required level of pressure is 

constructed such that a ball screw 7 is mounted to an output 
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shaft of a motor 6, a female screw member 8 is meshed with 
-

the ball screw 7 to be movable up and down with rotation of 

the ball screw 7, and a plunger 10 is coupled to the female 

screw member a· through a rod 9. The plunger 10 is preferably 

held in. liquid tight contact with an inner surfa_ce of the 

syringe 3. 

A needle valve 2 connected to the liquid reservoir 1 

through a liquid flow passage 12 comprises an outlet space 

14 communicating with the liquid flow passage 12 and leading 

to an ejection orifice 13, a needle 15 movable back and forth 

in the outlet space 14 to thereby open and close the ejection 

orifice 13, and a double-acting cylinder 16 fo~ moving the 

needle 15 baf:k and forth. _The needle 15 is coupled to a piston 

17 of the cylinder 16. 

At a position near the ejection orifice 13, i.e., at a 

portion where the needle valve 2 is connected to the flow 

passage 12 in the arrangement shown in Fig. 1, a pressure 

sensor 18b is disposed to detect a pressure of the liquid in 
.... 

the flow passage 12. A detection signal from the pressure 

sensor 18~ is inputted to a control means 19. 

The control means 19 in this embodiment comprises an 

input/output unit, a processing unit and a storage unit, and 

funct.i.Q.ns to control the operation of th-e motor 6 in accordance 

with detected results of the pressure sensors 18a and 18b so 
. -

that the ejection pr~ssure at the· start of liquid ejection 

is automatically adjusted, and that the liquid pressure in 

the flow passage 12, particularly in the position near the 



- 40-

ejection orifice, is held at a predetermined specific value 

when the liquid ejection is stopped, more preferably also when 

the liquid is ejected. Another function of the control means 

19 is to control the ·speed and cycle time of rota ti on of motor 

6 1 e~c. at the time when the liquid is ejected, as ~ell as 

the operation of a selector valve 20 for the needle valve 2. 

With the apparatus thus constructed, the liquid is 

ejected in fixed amount as follows. In accordance with the 

pressures detected by the pressure sensors 18a and 18b, for 

.example, the control means 19 operates the motor 6 to move 

the plunger 10 up or down in the syringe 3, whereby the liquid 

pr~ssure in the flow passage 12 is held at the predetermined 

specific value. As a result, a flow passage condition before 

the start of liquid ejection is always kept constant. 

··subsequently, with an ejection start signal and an ejection 

pressure signal outputted from the control means 19, the motor 

6 is rotated at a constant predetermined speed to pressurize 

the liquid in the syringe 3 to a required level of pressure. 

---Also, the piston 17 of the syringe 16 and hence the needle 

15 are moved back in timed relationship with the operation 

of the motor 6. The ejection orifice 13 is thereby opened 

to start the liquid ejection through the ejection orifice 13 . 

.when the liquid is ejected for a relatively long period 

of time, it is preferable for the purpose of improving the 

·precision of liquid ejection in fixed amount that-the liquid 

pressure is also detected with the pressure sensor 18b during 

the liquid ejection, and a detected result is fed back to the 
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control process for the operation of the motor 6 to regulate 

the speed of rotation thereof, etc. 

When a predetermined time corresponding to the liquid 

ejection in predetermined amount has lapsed, the control means 

19 outputs an ejection end signal to each of the motor 6 and 

the selector valve 20, thereby stopping the rotation of the 

motor 6 and closing the needle valve 2 at the same time. One 

cycle of the liquid ejection in fixed amount is thereby 

completed. 

With the above arrangement, it is always particularly 

ensured regardless of the magnitude of the liquid pressure 

that the needle 15 of the needle valve 2 is.operated to move 

forth s.moothly and quickly for mechanically closing the 

ejection orifice 13. It is therefore possible to achieve good 

shutting-off of the liquid, to realize complete closing of 

the ejection orifice 13, and to avoid an accidental leakage 
. .. 

of the liquid sufficiently . 

... 
Fig. 2 is a flowchart of processing steps carried out 

in the automatic pressure regulating device having the 

above-described construction. When the operation is started 

after inputting an ejection target pressure Pm to the control 

means_'-%9, the pressure sensor 18a detects a pressure P9 . in 
---------------·-·-· 

the liquid reservoir 1 before the s~art of liquid ejection 

and sends a detected value to the control means 19 {step 3}. 

In response to the input signal, the control means 19 causes 

the liquid to be ejected through the ejection orifice 13 of 



c.·· 

"-:· :. 

- 42-. 

the needle valve 2 for a short time. After that liquid 

ejection, the pressure sensor 18a detects a pressure PA in 

the liquid reservoir and sends a detected value to the control 

means (step 5}. In accordance with to the inputted pressure 

v:alue, t:he processing unit of the control means 1.9 computes 

a change of pressure in the liquid reservoir 1 between before 

and after the liquid ejection (step 6}. If both the detected 

values are not coincident with each other, then the control 

means 19 issues an actuation signal to the pressurizing means 

5 to move the plunger 10 of the pressurizing means 5 just a 

small distance for fine adjustment of the pressure in the 

liquid reservoir 1. After that, the control means 19 returns 

to the step 3 to compare the pressure in the liquid reservoir 

1 between before and after the liquid ejection again. 

Depending on a comparison result, the control means 19 carries 

out the above-described processing again. Such processing 

is repeated until the pressure PA and pressure P8 coincide with 

each other. If it is determined in the step 6 that the pressure .... 
PA in the liquid reservoir 1 after the liquid ejection and 

pressure P8 in the liquid reservoir 1 before the liquid .. . -- ~ . . . -· . 

ejection coincide with each other, then the control means 19 

temporarily stores the pressure value at that time in its 

memoryiorand sets a count value of a counter for counting the 

number of times of coincidence to 1. Subsequently, the 

control means 19 determines whether a coincidence signal has 

been inputted in succession and the number of inputted 

coincidence signals reaches a predetermined value (step 7). 
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At the start of the operation, the counter is set to a value 

1. The predetermined value is set to determine whether the 

coincidence between the pressure PA and the pressure P3 is 

momentary or continuous. Therefore, the predetermined value 

is not set to a value larger .than 1 because the value 1 makes 
. . 

it impossible to determine whether the coincidence between 

the two pressures is momentary or continuous. In other words, 

when the number of times of coincidence is 1, this means that 

the counted value does not reach the predetermined value. If 

the number of times of coincidence does.not reach the 

predetermined value, then the control means 19 returns to the 

step 3 to repeat the abov:e-describe.d processing.· If it is 

Q.etermined in the step 6 that the pressure PA and the pressure 

P8 coincide with each other, then the control means 19 further 

-determines· the pressure value at that time is equal to the 

previous pressure value. If both th~ pressure· values are 

equal to each other, then the count value of the counter is 

incremented by one. If both the pressure values are not equal 
~ 

to each other, then the control means 19 returns to the step 

3 and at the same time resets the count value of the counter. 

If the number of times of coincidence reaches the 

predetermined value after repeating the above-described 

proces-sing, then the pressure in the liquid reservoir at that 
- ------~------------------·--·---··-time is stored as an automatically regulated pressure target 

· value P <A>M in the memory {step 8) . After the decision of the -

automatically regulated pressure target value, the control 

means 19 proceeds to a next step. More specifically, the 
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pressure sensor 18b disposed near the _ejection orifice 13 of 

the needle valve 2 detects an ejection pressure P1'EM!? and inputs 

it to the control means 19 which compares the inputted value 

with the automatically regulated pressure target value Pu,..,M. 

If the measured ejection pressure P8~ is smaller than the 

automatically regulated pressure target value PtA>M, then the 

control means 19 transmits a signal to move down the plunger 

{step 9). If the measured ejection pressure PTe:Ml? is greater 

than the automatically regulated pressure target value P1AJM, 

then the control means 19 transmits a signal to move up the 

plunger (step 10) . In either case, the plunger is moved 

through a prescribed distance, and the above processing is 

repeated until the measured ejection pressure PTEMP coincides 

with the automatically· regulated pressure target value P1A1M. 

Furth-erm6re, in this ·embodiment, the control means 19 

determines in step 11 again as to whether the measured ejection 

pressure PnMl? is equal to the automatically regulated pressure 

target value P<AlM, for the purpose of ensuring more positive ... 
pressure regulation. 

Through the a~C>_ve_:-~esc;ibed __ processing, regulation of 
.. - ---------· - _____ "'! ________ _ 

t~~ ejection pressure necessary in the initial stage of the 

operation can be achieved. By holding the apparatus in such 

an aut-ematic pressure regulation mode, the processing of the 
-------·--·-------------

steps 9 to 11 is continuously repeated following the step 12 

-
throughout the operation, and therefore more precise 

regulation of the ejection pressure is achieved. 
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Fig. 3 is a schematic view, sectioned in principal part, 

showing an embodiment of the fixed-amount-of-liquid ejecting 

method and apparatus according to the present invention, the . 
embodiment using an air cylinder as pressurizing means. A 

liquid reservoir 1 shown in Fig. 3 comprises a syringe 3 which 

can be made of a synthetic resin material, for example, and 

a holder 4 surrounding the syringe 3 in contact relation from 

the outer side so as to hold it. The syringe 3 is detachably 

attached to the holder 4 as necessary. A pressurizing means 

5 for pressurizing a liquid in the liquid reservoir 1 -to a 

required level of pressure is constructed, in this embodiment, 

by an air cylinder 27 having a bore diameter about 2 to 10 

times as large- as the inner diameter of the syringe 3. A 

plunger 10 is attached to a fore end of a piston rod 9 of the 

air cyl:inder 27. The plun:ge·r ·· 10· is pref·erably allowed to 

enter the syringe 3 while it is held in liqui"d tight contact 

with an inner surface of the syringe 3. 

A needle valve 2 connected to the liquid reservoir 1 ... 
through a liquid flow passage 12 comprises an outlet space 

14 communicating :-'it_l:_l ___ 1:_l:?-e l_i_g~-~?:.!l~-~ passage 12 a~d l_e<i_c:ii~g-

to ~!=! ejection orifice 13, a needle 15 movable back and forth 

in the outlet space 14 to thereby open and close the ejection 

orifiee 13; and a double-acting cylinder 16 for moving the 
--------....--------

needle 15 back and forth. The needle 15 is coupled at its 

rear end to a piston 17 of the cylinder 16. 

Further, the air cylinder 27, which may also be of the 

double-acting type, and the double-acting cylinder 16 are 
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connected respectively to solenoid selector valves 28, 29. 

The solenoid selector valves 28, 29 are connected to a control 

means 19 for controlling the operations of the valves 28, 29 

in accordance with time signals previously inputted to the 

control means 19. In addition, one solenoid selector valve 

·28 for controlling supply and discharge of pressurized air 

to and from the air cylinder 27 is connected to a pressurized 

air supply source 31 through, e.g., a manual pressure reducing 

valve 30, whereas the other solenoid selector valve 29 is 

directly connected-to the pressurized air supply source 31. 

In the fixed-amount-of-liquid ejecting apparatus thus 

constructed, the liquid is ejected in fixed amount as follows. 

The control means 19 outputs signals to the solenoid selector 

valves 28 and 29. In response to the signal outputted to the 

·solerioid selector ~al~e 28, the pressurized air is supplied 

to the air cylinder 27 at a· pressure set by the manual pressure 

reducing valve 30, thereby moving the plunger 10 downward with 

a required force. In timed relationship with the above 
-4 

operation, the needle valve 2 is opened in response to the 

____ signa~ outputted ___ toth.e s~l~noici sel_ector valve 29,_ a~d---~-~e-

l~guid pressurized to a required level of pressure is ejected 

through the ejection orifice 13 f~r a certain period of time 

that i-e.specified depending ~n an opening area of the ejection 
--------------------------·---. --· 

orifice 13. As a result, the liquid can be ejected in fixed 

amount wifh high precision without a time lag. 

At the end of the liquid ejection in fixed amount, an 

ejection end signal is sent to each of the solenoid selector 
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valves 28, 29 from the control means 19, whereupon the supply 

of the pressurized air to the air cylinder 27 is stopped, and 

at the same time the ejection orifice 13 of the needle valve 

2 is mechanically closed by the needle 15 with certainty. An 

outflow of the liquid throug~ the ejection orifice 13 is 

therefore perfectly stopped upon closing of the needle valve 

2. As a result, a risk of liquid leakage during the state 

in which the needle valve 2 is closed can be securely 

eliminated. 

Moreover, the needle 15 of .the needle valve 2 is small 

in size and volume, and is operated to move back and forth 

always smoothly and quickly for mechanically opening and 

closing the ejection orifice 13 regardless of the magnitude 

of the liquid pressure. Consequently, not only positive 

opening ahd ·closing of the needle valve 2 but also a good 

response can be realized. 

Fig. 4 is a schematic view, sectioned in principal part, 
..,,,, 

showing another embodiment of the fixed-amount-of-liquid 

ejecting meth~d ~~~ -~pp~r§ltus_ acc_ord_ing to the p:ese~~---­

i~~ention, the embodiment using an air cylinder as 

pressurizing means. In this embodiment, a liquid reservoir 

1 is p:n=evided with a pressure sensor 18a, an~ a pressure sensor 

l8b for detecting a liquid pressure is disposed at a position 

near the ejection orifice 13 of the needle valve 2 which may 

or may not include a liquid pressure compensating piston 21 

(described later), e.g., at a portion, as shown in Fig. 4, 
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from which the liquid flows into the needle valve 2. 

Respective detection signals of the pressure sensors 18a and 

18b are inputted to a control means 19. Based on the pressure 

- -
to be supplied to an air cylinder 27 and an external setting 

signal 33 for the liquid pressure,_ the control means 1_9 outputs 

a pressure regulation signal depending on the detection 

signals from the pressure sensors 18a and 18b to a pressure 

regulating means, preferably an electro-pneumatic regulator 

34, which is disposed in a pressurized air supply path. 

With the apparatus of this embodiment, when a pr.essure 

change during the operation of ejecting the liquid in fixed 

amount is detected by the pressure sensor 18a qr 18b, the 

electro-pneumatic regulator 34 is operated to regulate the 

pressure supplied to the air cylinder 27. As a result, 

variation~ in the liquid pressure can be automatically 

compensated in accordance with the external setting signal· 

33. Furthermore, by modifying the external setting signal 

33 itself, the pressure of the liquid supplied to the needle 
~ 

valve 2 can be changed as required. 

Fig. 5 is a schematic view for explaining an embodiment 

in which the apparatus shown in any of tigs. 1, 3 and 4 is 

addi tioenally provided with liquid temperature control means. 

An apparatus of this embodiment includes temperature sensors 

dispo-sed respectively ·in the liquid reservoir and the ejection 

valve for measuring liquid temperatures therein, temperature 

controllers for receiving signals from the temperature 
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sensors and outputting signals to heating/cooling units, and 

the heating/cooling units heated and cooled in accordance with 

the signals supplied from the temperature controllers so as 

to maintain desired temperatures. The liquid reservoir and_ 

the ejection valve are cov~red by the respective 

heating I cooling uni ts. The liquid tempe:i:·a ture is always 

controlled to be held at the desired temperature. 

Specifically, the liquid temperature in the liquid reservoir 

and the iiquid temperature in the efection valve are managed 

at all times by the corresponding temperature controllers. 

Where a liquid feed tube communicating the liquid reservoir 

and the ej ectton valve ex~ends over a long distance, or where 

the ejection interval is long and the liquid passes through 

the liquid feed tube while it takes such a long time as causing 

-a change of the liquid temperature during the feed, it is 

desired that an additional temperature sensor is disposed 

midway the liquid feed tube and a part or the whole of the 

liquid feed tube is covered by another heating/cooling unit. -In this case, the number of temperature sensors disposed 

midway the liquid feed tube is preferably determined depending 
. - - ··-. - - ······ ·---·-· .. - -· . . - ··-- ... -··- -------· 

on the length of the liquid feed tube and the ejection interval. 

A similar advantage can also be obtained by installing the 

entire.t.y of the apparatus in a thermostatic chamber which can 

control a temperature therein so as to be maintain at the 

·ctesired temperature. 
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Fig. 6 is a schematic perspective view showing an 

embodiment in which the present invention is applied to a 

three-dimensional manipulator. When a workpiece, i.e., an 

object to which a liquid is to· be applied, is displaced in 

proper timed relationship wit~ the liquid ejection, the 

fixed-amount-of-liquid ejecting apparatus including the 

valve mechanism described above can be employed in such a 

manner that the position of a nozzle functioning as the 

ejection valve can be kept stationary during use. 

However, when a workpiece is positioned and fixed at a 

particular position, the nozzle must be moved in desired 

directions and to desired positions. In such a case, the 

nozzle is mounted to a three-dimensional manipuLator 25 based 

on the Cartesian coordinate system, and the three-dimensional 

manipulator· is operated by a controller 26 which outputw·a 

position signal in accordance with a signal from the control 

means. The ejection orifice of the nozzle is thereby moved 

to a desired position in the three-dimensional coordinate 
· .. ... 

system. The apparatus of this embodiment can provide good 

applying efficiency when employed for workpieces that are fed 
-- ·-···-·--~-- ----- - -- ---------~----·-------·--

a~ _a predetermined rate (tact) with a conveyor, for example. 

-&.lg. 7 is a sectional view showing another embodiment-

of the liquid reservoir used in the present invention. In 

tfi1s embodiment, a liquid flow passage 12 is formed to extend 

upwardly of the liquid reservoir 1 after penetrating a plunger 

10. The liquid flow passage 12 in this embodiment is suitably 
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used for a liquid containing many precipitates in point of 

effectively preventing the precipitates being ejected with 

the liquid. 

Fig. 8 is a sectional view, similar to Fig. 7, showing 

still another embodiment of the liquid reservoir us·ed in the 

present invention. In this embodiment, a plunger 10 has a 

lower surface formed to have a configuration close to the 

bottom shape of the syringe 3. With this embodiment, .a space 

remaining in the syringe when the plunger 10 is fully descended 

to a lower limit position cari be reduced, and therefore the 

consumption efficiency of the liquid can be increased. 

Further, sealed air can be more easily and surely discharged 

toward th.e valve through a liquid flow passage 12 opened at 

the side of the plunger 10 as shown. 

Fig. 9 is a sectional view showing another embodiment 

of an arrangement of the liquid reservoir and the needle valve 

which are used in the present invention. In this embodiment, .... 
a liquid flow passage 12 is formed in the body of the holder 

4 of the syri_ng~ 3 tQ b.ELc.omrnuni.catad_with.a .1.owe.r end opening 

of .the syringe 3 and an inner passage of the needle valve 2. 

With this embodiment, the liquid reservoir 1 and the needle 

valve'-!_ are constructed into a one-piece structure and, 

therefore a tube for forming a flow passage between the liquid 

reservoir 1 and the needle valve 2 is no longer required. As 

a result, it is possible to prevent a pressure response from 

lowering due to a long flow passage between them. 
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Fig. 10 is a sectional view showing another embodiment 

of the needle valve used in the present invention. In a needle 

valve 2 of this embodiment, a liquid pressure compensating 

piston 21 for defining the qutlet space 14 is disposed 

independently of the double-acting cylinder 16 between the 

outlet space 14 ~nd the cylinder 16. The liquid pressure 

compensating piston 21 functions as follows. When the piston 

21 is moved forth with a pressurized fluid, e.g. , pressurized 

air, supplied to a· chamber 22 on the same side as the cylinder 

16, the volume of the outlet space 14 is reduced. On the other 

hand, when the piston 21 is moved back with pressurized air 

supplied to a chamber 23 on the same side as the. outlet space 

14, the volume of the outlet space 14 is increased. 

Accordingly, the predetermined.liquid pressure can be 

realized by moving the liquid pressure compensating piston 

21 forth to some extent when the liquid pressure near the 

ejection orifice 13, which is detected by a pressure sensor -18, is lower than the predetermined value, and by moving the 

.. _ ... _ -·-- _____ liquid __ pressµ~e _compe_:psa~i:r:ig p,i~_to_p 21 back to _s9me __ e~tent _______ _ 

wben the liquid pressure near the ejection port 13 is higher 

than the predetermined value. 

"!?or example, minute pressure variations can be 
---· ----· --------------------------·---

effectively compensated as follows. A drop of the liquid 

pressure due to a reduction of the volume occupied by the 

needle 15 in the outlet space 14, which occurs when the needle 

15 is moved back at the time of starting the ejection of the 
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liquid, can be absorbed by moving the liquid pressure 

compensating piston 21 forth. Conversely, a rise of the 

liquid pressure due to an increase of the volume occupied by 

the needle 15 in the outlet space 14, which occurs when the 

needle 15 is moved forth at the time of s_topping the ejection 

of the liquid, can be absorbed by moving· the piston 21 back. 

To more positively shut off the liquid in each of the 

needle valve shown in Fig. 10 and the needle valve in the above 

embodiments at the time when the ejection orifice 13 is closed, 

it is preferable that the length of a wall portion of the 

ejection orifice 13, which projects downward from the position 

where the needle 15 is seated again~t it, be as small as 

possible to make substantially zero the amount-of the liquid 

remaining in the ejection orifice 13 after the ejection 

orifice 13 ·has been closed. 

When a workpiece, i.e., an object to which a liquid is 

to be applied,- is displaced in proper timed relationship with 

the liquid ejection, the fixed-amount-of-liquid ejecting 
.... 

apparatus described above can be employed in such a manner 

that the position qf th~ neecile_ yalve 2 servi:ng as t!ie_eje<:=t:.~~m __ . ---·-··-- ·----

v~lve can be kept stationary during use. 

However, when a workpiece is positioned and fixed at a 

parti~lar position, the needle valve 2 must be moved in 

desired directions and to desired positions. 

Fig. 11 is a sectional view showing still another 

embodiment of the needle valve used in the present invention, 
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and Fig. 12 is a schematic view showing an embodiment in which 

a nozzle having a valve construction as shown in Fig. 11 is 

attached to the fixed-amount-of-liquid ejecting apparatus. 

Prior to describing Figs. 11and12 individually, the matters 

common to both the drawings will be first described. 

A fixed-amount-of-liquid ejecting apparatus is used in, 

for example, semiconductor manufacturing processes for 

regularly or irregularly coating an electronic material, e.g., 

a paste, on a board in the form of points and lines. In such 

a fixed-amount-of-liquid ejecting apparatus, a liquid is 

pushed out from a liquid reservoir by pressurizing means such 

as a piston, and the amount of liquid ejected.through an 

ejection va-1 ve is controlled dep.ending on a degree at which 

the ejection valve is opened/closed, and an opening/closing 

time of the ejection·~alva, etc. There are known various 

-
types of ejection valves. A proper one of those ejection 

valves is selectively employed depending on tJ:ie type of liquid 

to be ejected, the amount of liquid to be ejected per unit 
.... 

time, etc. An ejection valve called a needle valve, in 

_particular, comprises a needle valve stem movable disposed 
... . - .... -·· ... - .. ---··- .. -·- ....... . 

i~_a liquid chamber and having an acutely pointed end, and 

a valve seat provided so as to receive an end portion of the 

needle...valve stem and having a small opening· formed at the 
----------· 

center thereof for communication with an ejection orifice. 

Liquid ejection is stopped when the end portion of the needle 

valve stem closes the opening formed at the center of the valve 

seat, and liquid ejection is permitted when the end portion 
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of the needle valve stem departs away from the opening f orrned 

at the center of the valve seat. The needle valve therefore 

has such a characteristic that an effective cross-sectional 

area of the opening in the valve seat is less changed with 

respect to small _stroke a?justment of the needle valve stern. 

Because of that characteristic, the ·needle valve is regarded 

suitable for ejecting a very small amount of liquid. One of 

those needle valves is disclosed in Japanese Patent 

Application No. 10-309179 (filing data: October 29, 1998) 

entitled ~Fixed- amount-of~liquid Ejecting Apparatus" and 

filed by the applicant. 

When ejecting a liquid in fixed amount by using such a 

needle valve, it is customary that the applying or filling 

operation is performed after fitting a nozzle (very thin pipe}, 

which is adapted for individual ejection works, to an ejection 

orifice. 

In the case of ejecting a liquid in fixed amount with 
...,, 

the nozzle fitted to the ejection orifice, particularly in 

the case of ejecting a liquid having a medium or high level 

of viscosity, when liquid ejection is controlled by opening 

and closing the valve, there frequently occurs a phenomenon 

(call&Ei post-dripping) that the liquid remains continuously 

·~----------------------------------~--~-ejected through the tip of the very thin pipe even after the 

valve is closed. 

It is confirmed that the above phenomenon occurs 

regardless of whether bubbles are mixed in the liquid. The 
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above phenomenon is presumably primarily attributable to the 

fact that because of resistance developed in the pipe between 

the valve seat and the nozzle, i.e., an end opening of the 

ejection orifice, the liquid pressurizing force required for 

the.liquid ejection remains there, and the liquid continues_ 

to be ejected until the remaining pressure is completely 

eliminated. 

Looking from a point of applying operation, such a 

phenomenon appears as poor shut-off of the liquid just after 

ejection. In the case of ejecting a highly viscous liquid 

material, particularly, there occurs a phenomenon called 

roping when the very thin pipe is moved from one applying point 

to another. This results in a problem that a workpiece to 

which the liquid material has been applied is stained and hence 

rejected. 

A primary object of this embodiment of the present 

invention is to solve the problems experienced in a .. 
conventional apparatus for ejecting a liquid in fixed amount 

using a nozzle like the abov~-mentioned one. PaFticul~rly, __ -··---·--·-

t~~ present invention intends to overcome such problems as 

poor shutting-off and leakage of the liquid, and to provide 

a nozZ"ie for a fixed-amount-of-liquid ejecting apparatus ·· 

which can eject a very small amount of liquid and stop ejection 
-
of the liquid with high preciiion. 

According to this embodiment of the present invention, 

in a nozzle for a fixed-amount-of-liquid ejecting apparatus 
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for ejecting a liquid introduced to a liquid receiving portion 

under pressure and stopping ejection of the liquid, the nozzle 

includes a valve mechanism in a space within a nozzle body 

communicating with the liquid receiving portion. 

With the_above construction, the problems experienced 

in a conventional apparatus, such as liquid dripping and 

roping, can be perfectly eliminated, and good shutting-off 

of the liquid. In addition, an accidental leakage of the 

liquid after stopping the liquid ejection can be perfectly 

prevented. 

In the above nozzle, preferably, the nozzle body has an 

orifice for.ejection of the liquid and the valve mechanism 

is disposed near the ejection orifice. 

Also, preferably, the valve mechanism comprises a valve 

stem movably disposea in the nozzle body, and a valve seat 

formed by an inner wall surface of the nozzle near the ejection 

orifice. 

Further, preferably, the valve stem has a tip formed into 
-4 

a needle-like shape, and a peripheral surface of the valve 

stem tip is fo_rmed so as to be ?~l.<:l __ i_n close contact with the 

nozzle inner wall surf ace along substantially circular 

contact line. 

With the above construction, the position at which the 

valve is opened and closed can be made substantially 

coincident with the position of an end opening of the liquid 

ejection orifice, and the end opening of the liquid ejection 

orifice can be directly and physically opened and closed. 
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Therefore, the liquid can be ejected in fixed amount and in 

desired pattern at a high speed with high precision. 

·Fig. 11 is a sectional view showing still another 

embodiment of the needle valve used in the present inven.tion. 

In this embodiment, the needle-like valve stem for opening 

and closing the valve is operated by an air cylinder. 

Referring to Fig. 11, reference numeral 40 denotes a nozzle 

body having a liqu~d ejection orifice 42 formed at its lower 

end. A needle-like valve stem 44 is disposed in an inner space 

of the nozzle 40 movably in the vertical direction, and a valve 

seat 46 for. receiving a tip of the valve stem is formed by 

a nozzle inner wall surface near the ejection orifice 42. The 

valve stem 44 and the valve seat 46 cooperatively constitute 

a valve mechani-sm. Specif·ically, a part of the inner wall 

surface of the nozzle 40 near the ejection orifice 42 functions 

as the valve seat 46, and a peripheral surface of the tip of 

the valve stem 44 comes into line or plane contact with the 
.,,,,, 

valve seat 46. The valve is thereby closed to stop ejection 

of the liquid. On other words, upon the tip of the valve 
~- . . . 

stem 44 released from contact with the valve seat 46, the valve 

is opened to start ejection of the liquid. 

-+n the nozzle of this embodiment, the contact position 
--- -· ·-- --------------------------· -------·---------·------

between the needle-like the valve stem 44 and the valve seat 

46, i.e., the position at which the valve is opened and closed, 

is located near the ejection orifice 42 for the liquid. Thus, 

the position at which the valve is opened and closed can be 
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made substantially coincident with the position of the 

ejection orifice. This point will be described in more detail 

below. 

The valve stem 44 has an upper portion in the form of 

a slender column having a substantially uniform outer diameter - . . 

d, and has a needle-like lower end portion tapered toward its 

tip with the outer diameter d decreasing monotonously. The 

inner wall surface of the nozzle 40 has a uniform tubular shape 

until near its middle portion, and has a lower portion formed 

into an inverted-conical shape with the nozzle diameter 

decreasing monotonously. A part of the nozzle inner wall 

surface _near the ejection orifice functions as the valve seat 

46. More concretely, in order that the valve st.em 44 and the 

inner wall surface of the nozzle 40 perform a valve function, 

th·e tip of the valve stern 44 and the inner wall surface· of 

the nozzle 40 require to be formed to have different angles 

relative to the axial direction in a section parallel to the 

axial direction of the nozzle near the ejection orifice 42 . 
..,,,, 

In this embodiment, the angle at which the tip of the valve 

stem 44 forms relative to the axial direction is set smaller 

than the angle at which the inner wall surface of the nozzle 

40 forms relative to the axial direction. Then, in a 

condi~on of the valve being closed, the outer peripheral 
---------- --------- ------· ----

surface of the valve stem 44 and the inner wall surface of 

tfie nozzle 40 come into close contact.with each other along 

a substantially circular line or plane in a plane 

perpendicular to the nozzle axial direction. Also, by 
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changing the respective angles at which the outer peripheral 

surface of the valve stern 44 and the inner wall surface of 

the nozzle 40 form relative to the axial direction, the 

- -distance from the ejection orifice 42 to the contact surface 

between the valve stem 44 and the nozzle 40, i.~., to the 

position at which the valve is opened and closed, can be 

adjusted such that the valve opening/closing position is 

substantially coincident .with the position of the ejection 

orifice 42. 

The needle-like valve stem 44 and the nozzle body 40 

constituting the nozzle and can be made of any materials so 

long as they are able to perform a valve functi9n. However, 

it is desi~a.,ble to select materials that are satisfactory from 

the standpoints of sealing ability, machining accuracy, 

durabil.i ty and so on: For example, the sealing ability can 

be improved by using a soft material, such as a resin or brass, 

to form one of the nozzle 40 and the valve stem 44, and using 

a hard metallic material to form the other. 

Fig. 12 is a schematic view showing an embodiment in 

which the nozzle 40 having a valve function as described above 

is attached to the fixed-amount-of-liquid ejecting apparatus. 

The no-azle 40 according to the present invention is attached 

to asapart-o'favalve--cfeVIce 50 of the fixed.:..amount-of::.. 

liquid ejecting apparatus. The valve device 50 has an inlet 

port 52 to which a liquid is introduced from a liquid reservoir 

(not shown} through a flow passage, and an outlet port 52 
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communicating with the nozzle 40. A space defined between 

the inlet port 52 and the ejection orifice 42 at the nozzle 

end serves as a liquid receiving portion 56. 

In this embodiment, the valve stem 44 constituting the 

nozzle has a ~ip positioned near the ejection ori~ice 42 of 

the nozzle 40, and has ~ rear end coupled to a piston 60 of 

a cylinder 58 described later. The valve stem 44 is thereby 

vertically movable to advance and retract. 

The "cylinder 58 itself is well known, and can be 

cons.ti tuted as the double-acting type. In the case of 

employing a double-acting cylinder, ports are connected to 

an air source 64 through a solenoid selector valve 62. More 

specifically, in response to a control switching signal S sent 

to the solenoid selector valve 62 from a control means (not 

shown), pressurized air supplied from the air source 64 is 

introduced· to one of the ports, whereby movement of the 

needle-like valve stem 44 is controlled. 

In the valve device thus constructed, the liquid is 
-"4 

ej ected in fixed amount as follows. The signal S is outputted 

from the control means (not shown) to the solenoid selector 

valve 62, whereupon the valve 62 is switched over to supply 

the pressurized air to the lower port so that the needle­

like v.elve stem 44 is moved upward. This causes the valve 

stern 44 to depart away from the valve seat 46, thus-making 

the ejection orifice 42 open. At the same time, the liquid 

pressurized to a desired level of pressure is ejected through 

the ejection orifice 42 for a certain time that is specified 
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in relation to the opening area of the ejection orifice 42. 
-Accordingly, the liquid can be ejected in fixed amount with 

high precision without a time lag. 

On the other hand, the liquid~jection in fixed amount 

is ended as follows. In response to an eje~tion end signal 

S sent to the solenoid selector valve 62 from the control means 

(not shown), the valve 62 is switched over to supply the 

pressurized air to the upper port so that the needle-like·valve 

stem 44 is moved downward. The needle-like valve stem 44 is 

thereby quickly moved downward to come into contact with the 

valve seat 46, and the ejection orifice 42 is mechanically 

closed by the needle-like valve stem 44 _with certainty. 

~jection of the liquid through the eject~on orifice 42 

is therefore perfectly stopped upon the needle-like valve stem 

44 coming into eontact with the valve seat 46. As a result, 

a risk of liquid leakage during the state in which the· nozzle 

is closed can be securely eliminated. 

Thus, the needle-like valve stem and the nozzle body ... 
constituting the nozzle are small in size and volume, and are 

operated to move back (upward) and forth (downward) always 

smoothly and quickly for mechanically opening and closing the 

ejection orifice 42 regardless of the magnitude of the liquid 

press~•e. Consequently, not only positive opening a~d 

closing o·fthe-valve but" also a good response can be rea1rzed~-----

To more positively shut off the liquid in the illustrated 

nozzle at the time when the ejection orifice 42 is closed, 

it is preferable that the length of a wall portion of the 
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ejection orifice 42, which projects downward from the position 

where the needle-like valve stem 44 is seated against it, be 

as small as possible to make substantially zero the amount 

of the liquid remaining in the ejection orifice 42 after the 

ejection orifice 42 has been closed. 

In the above-described nozzle having the valve function, 
. . 

an air cylinder is employed as .means for operating the 

needle-like valve stem in this embodiment. However, the 

mearis for operating the needle-like valve stem is not limited 

to an air cylinder, but may be realized by any other various 

driving means such as hydraulic driving means, electric 

driving means, and magnetic driving means. In addition, the 

valve can be applied to any types of fixed-amount-of-liquid 

ejecting apparatus. 

Prior to explaining Figs. 13 to 17, matters common to 
. 

these drawings will be first described. 

When ejecting a liquid in fixed amount with the needle 

valve as disclosed in the above-cited Japanese Patent 
..lfl 

Application No. 10-309179 (filing data: October 29, 1998), 

there accompanies a problem below. A liquid chamber is formed 

in the needle valve and has an opening in communication with 

a liquid ejection orifice. An inner space of the liquid 

chamber.Ii which is occupied by a needle valve stem changes with 

rtt<Jvement of tne n-e-e·are .. vaTve stem; namely, a volume in the 

liquid chamber occupied by the needle valve stem changes. 

This causes a variation in pressure of the liquid in the liquid 

chamber. As a result, an ejection rate of the liquid ejected 
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through the ejection orifice (i.e., an amount of the ejected 

liquid} is minutely changed. The volume occupied by the 

needle valve stem is at minimum when the valve is opened, but 

gradually increases as the needle valve stem moves from the 

open position to the c::losed position~ Then, the v_olume 

occupied by the needle valve stem is maximized when the valve 

is closed, thus affecting the amount of the ejected liquid. 

Particularly, where the amount of the ejected liquid requires 

to be constant at a very small value, even small change of 

the yolume occupied by the n-eedle valve.stem acts as a 

substantial element affecting the amount of the ejected 

liquid. 

A primary object of this embodiment of the present 

invention is therefore to solve the problem experienced in 

the above-described needle valve, and to provide a fixed­

amount-of-liquid ejecting valve which can eject a liquid in 

small fixed amount in a stable manner with high precision, 

and which can quickly stop ejection of the liquid. Another 
..,,, 

object is to provide a fixed-amount-of-liquid ejecting valve 

which includes pressur_e --~ompensating means for increasing and 

de~~easing the volume of a liquid chamber so as to cancel a 

change of liquid pressure in the liquid chamber that occurs 

with m.Q.Vement·· of a needle valve stem for opening and closing 
----·----------·-----::-----------

a liquid ejection orifice. 
...: 

To achieve the above objects, the fixed-amount-of-

liquid ejecting valve according to this embodiment of the 
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present invention comprises a valve body having an inlet port 

in communication with a liquid reservoir, a liquid chamber 

formed therein to contain a liquid introduced through the 

inlet port, and an outlet port through which ~he liquid in 

the liquid chamb~r is ejected; a needle-like valve stem 

cti·sposed in the liquid chamber movably between a first 

position and a second position; ·a valve seat formed to receive 

a tip of said valve stem to thereby close the outlet port when 

"the valve stem is in the first position; and pressure 

compensating means for changing the volume of the liquid 

chamber in synch with movement of the valve stem so that 

variations of liquid pressure in the liquid chamber caused 

by movement of the valve stem is ~anceled. 

The needle-like valve stem in the above fixed-

-
amount-of-liquid ejecting valve is moved between the first 

position and the second position for controlling the amount 

of the ejected liquid. Changes of the volume occupied by the 
..,., 

valve stem in the liquid chamber which occur with the movement 

of the valve stem, i.e., variations of the liquid pressure 

in the liquid chamber, are canceled by the pressure 

compensating means which is operated in synch relation. 

There:f.Qre, the liquid pressure in the liquid chamber can be 

------- -----·--·---·----- - -

held at a predetermined value, and an ejection rate of the 
-

liquid during the valve oper~tion can be held constant. In 

particular, minute variations of the liquid pressure due to 

movement of a needle valve stem having a small size and volume 
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can be absorbed effectively. As a result, the liquid can be 

ejected in a stable manner with high precision. 

In the fixed-amount-of-liquid ejecting valve according 

to this embodiment of the present invention, the valve body 

can be constituted in the form of a cylinder. In that case, 

the needle valve stem is coupled at its rear end to a piston 

in the cylinder, and the pressure compensating means is 

constituted as a pressure compensating piston which is 

provided independently of the above cylinder piston and 

disposed such that a part of the pressure compensating piston 

is located in the liquid chamber ... Changes of the volume 

- .. occupied by the needle valve stem in the liquid chamber, which 

are caused with movement of the cylinder piston are canceled 

by moving· the pressure compensating piston in a direction 

opposed to the direction of movement of the cylinder piston. 

With such a construction, the pressure compensating 

piston is moved in synch with back-and-forth movement of the . 
...., 

cylinder piston, and the volume in the liquid chamber, which 

~s occupied by °.?e .en9_ °--~.the pressure compensating piston 

l~~ated in the liquid chamber, is also changed with movement 

of the pressure compensating piston. Therefore, pressure 

variat.i.ons at the ejection orifice and the vicinity thereof 

-
can be easily and quickly dealt with in a precise way. For 

example, ·when the valve is opened, the volume occupied by-the 

needle valve stem in the vicinity of the ejection orifice 

reduces. Conversely, when the valve is closed, the volume 
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occupied by the needle valve stern increases. In the.former 

case, the pressure compensating piston is moved forth to make 

its one end further enter the liquid chamber to such an extent 

as preventing a drop of the liquid pressure ln the vicinity 

- of the ejection orifice. In the lat~er case, the pressure 

compensating piston is moved back to retract its one end to 

such an extent as preventing a rise of the liquid pressure 

in the vicinity of the ejection orifice. 

In this embodiment, preferably, the valve include means 

for adjusting a stroke length of the needle valve stem from 

the first position to the second position. Adjusting the 

stroke length of the needle valve stem enables the ejection 

rate of the liquid to be set to a predetermined value. 

Further, the movement of the needle valve stem and 
. 

driving· of an actuator, which constitutes the pressure 

compensating means, can also be performed using respective 

solenoid driving means. In this case, the needle valve stem -is connected at its rear end to first solenoid driving means 

disposed outside the valve body, and the actuator is connecte_:i 

to second solenoid driving means disposed outside the valve 

body: 

· .&ach of the first and second solenoid driving means can 
-·-·--·-··--·---·----------- ·----
be constituted by a step motor and a mechanism for converting 

rotation of the step motor into linear motion. 

The first solenoid driving means can be constituted by 

a first plunger connected to the rear end of the valve stem, 
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and a first magnetic coil for driving the first plunger. Also, 

the second solenoid driving means can be constituted by a 

second plunger connected to one end of the actuator, and a 

s·econd ·magnetic coil for driving the second plunger. 

Further, in the ejection valve thus constructed, a 

pressure sensor may be disposed near a valve seat in the valve 

chamber to detect a liquid pressure therein, and respective 

directions and periods of time in which the first and second 

solenoid driving means are driven may be controlled in 

accordance with a detected result of the pressure sensor~ 

Fig. 13 is a schematic view showing another embo~iment 

of the driving circ.ui t for the need.le valve used in the present 

invention. 

Referring to Fig. 13, reference numeral 70 denotes the 

entirety of a needle valve serving as an ejection valve. The 

needle valve has a valve body constructed in the form of a 

double-acting air cylinder 72. In the valve body, there is -disposed a needle valve stem 80 for ejecting a pressurized 

liquid in fixed amount through an outlet port 78, the liquid 
.... . . .. .... -· . 

being introduced to a liquid chamber 76 through an inlet port, 

i.e., a liquid introducing port 74, which is in communication 

with a"t'liquid reservoir (not shown}. The needle valve stem 
------------.---·------ .. -- --· - . -··-----------

80 is moved up and down with a piston 84 disposed in the air 

cylinder 72. The needle valve stem 80 is smoothly movable 

between a first position at which a needle-like tip of the 

valve stem 80 contacts an opening formed at the center of a 
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valve seat 82 to thereby stop ejection of the liquid, and a 

second position which is spaced from the first position upward 

through a predetermined distance and at which the liquid id 

ejected through the ejection orifice in maximum amount. 

In other words, the needle val~e stem 80 is coupled at 

its rear end to the piston 84, and has the tip arranged to 

face the opening which is. formed at the center of the valve 

seat 82 and communicates with 'the ejection orifice 78. 

The piston 84 for moving the needle valve stem 80 is 

slidably disposed in an air chamber 90 defined in the valve 

body. The needle valve stem 80 is moved downward upon 

compressed air supplied through a port al, and is moved upward 

upon compressed air supplied through a port a2. 

Another air chamber 92 is defined separately from the 

air chainber.90 by a partition 85 and also separately from the 
. 

liquid chamber 76 by a partition 77. Another piston 86 

(referred to as a pressure compensating piston hereinafter) 

independent of the piston 84 is slidably disposed in the air 
.... 

chamber 92. The pressure compensating piston 86 is 

constructed such that the needle valve stem 80 fixed to the 

Pt;:;ton 84 is inserted through a central portion of the piston 

86 and the piston 86 does not interfere with smooth movement 

of the-aeedle valve stem 80. The pressure compen_sating piston 
----··--·---···-·--····----·- . -------------

86 has a projected portion 86a passing through an opening 

formed in Ehe partition 77 and projecting into the liquid 

chamber 76. The pressure compensating piston 86 is moved 

upward upon compressed air supplied through a port bl provided 
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in the air chamber 92, and is moved downward upon compressed 

air supplied through a port b2 provided in the air chamber 

92. 

An amount by which the projected portion 86a of the 

pr~ssure compensating piston 86_projects into th~ liquid 

chamber 76 is ·adjusted corresponding to movement of the needle 

valve stem 80 so that changes of the volume occupied by the 

needle valve stem 80 in the liquid chamber, which are caused 

with movement of the needle valve stem 80, is canceled by 

movement of the piston 8 6. More specifically, when the needle 

valve stem 80 is moved away from the first position shown in 

_Fig. 13 and advances toward th~ second position, the volume 

occupied by the needle valve stern 80 in the liquid chamber 

76 reduces and the liquid pressure in the liquid chamber 76 

drops. To cancel such a pressure drop, the pressure 

compensating piston 86 is moved downward.to increase the 

amount by which the projected portion 86a projects into the 

liquid chamber 7 6. On the other hand, when the needle valve 
~ 

stem 80 is moved from the second position toward the first 

position,· the volume occupied by the needle valve stem 80 in 

the liquid chamber 76 increases and the liquid pressure in 

the liquid chamber 76 rises. To cancel such a pressure rise, 

the pJS.Q.Ssure compensating piston 8 6 is moved upward to reduce 
·--------- ------·-----·------

the amount by which the projected portion 86a projects into 

the liquid chamber 76.-

The movement of the piston 84 and the movement of the 

pressure compensating piston 86 in synch with the former 
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movement are carried out by switching over the compressed air 

supplied from an air compressor 94 by a solenoid selector valve 

96 so as to flow through one of flow passages X and Y 

selectively. Th~ flow passage X is cionnected to the port al 

of the air chamber 90 in which the piston 84 is disposed, and 

to the port bl of the air chamber 92 in which the pressure 

compensating pist~n 86 is disposed. The flow passage Y is 

connected to the port a2 of the air chamber 90 in which the 

piston 84 is disposed, and to the port b2 of the air chamber 

92 in which the pressure compensating piston 86 is disposed. 

In the fixed-amount-of-liquid ejecting valve of the 

present invention thus constructed, the needle valve stem 80 

and the pressure compensating piston 86 can be .. operated in 

synch relation, and therefore an ejection rate can be always 

held constant. Particularly, when the needle valve stem 80 

is opened from the closed state, it is possible to avoid a 

phenomenon caused by·a pressure drop in the liquid chamber, 

such as mixing of open air into the liquid or return of the ... 
liquid from the ejection orifice to the liquid chamber. As 

a result, the liq~id can be ejecte~ at a constant_ejec~ion 

ra~~ immediately after the start of operation of the needle 

valve stem 80, and the liquid ejection can be stopped promptly . 

..I.ncidentally, 0-rings are employed to s·eal off a gap 
---------··-·----·--- ----·-

between an outer peripheral surface of the piston 84 and an 

inn-er wall surface of the air chamber 90, ·a gap between the 

needle valve stem 80 and the partition 85, a gap between an 

outer peripheral surface of the pressure compensating piston 
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8 6 and an inner wall surface of the air chamber 92, and a gap 

between an outer peripheral surface of the projected portion 

86a and the partition 77. 

Fig. 14 is a schemat~c vie~ showing still another 

embodiment of the driving circuit for.the needle valve used 

in the present invention. This embodiment represent an 

example in which means for adj us ting respective stroke lengths 

of the piston 84 and the pressure compensating piston 86 are 

provided. In this embodiment, a male screw 98 screwed into 

the air chamber 90 from above the needle valve body 70 serves 

to adjust the displacemen_t of the piston 84, i.e., the stroke 

length of the needle valve stem 80 from the first position 

to the second position. By turning the screw 98 to advance 

· through a predetermined distance, the second position for the 

needle valve stem 80 can be shifted· to a lower level than 

originally set. Accordingly, the opening of the needle valve 

can be adjusted to a desired value. 
.... 

Further, a male screw 100 screwed into the air chamber 

92 externally of the partition 85, which divides the air 

chamber 90 and the air chamber 92 from each other, serves to 

adjust the displacement of the pressure compensating piston 

86. 'Ji'.Qis adjustment of the displacement of the pressure 

compensating piston 86 is desirably per.formed corresponding 

to the adjustment of the displacement of the piston 84-: The 

reason is as follow. For example, when the screw 98 is turned 

to project its tip into the air chamber 90 for reducing the 
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stroke of the needle valve stem 80 (i.e., for reducing_ the 

valve opening), the volume occupied by the needle valve stem 

80 in the liquid chamber 76 is increased and decreased over 

a smaller range. Therefore, the stroke length of the pressure 

.compensating piston 86 requires to be adjusted in match with 

such a smaller range. 

By a_tta.ching micrometers to the male screws 98 and 100 

as means for adjusting the stroke lengths, the stroke lengths 

of the respective pistons can be manually in a reliable manner. 

While pistons are employed as the pressure compensating 

means in the above embodiments, the present invention is not 

limited to such an arrangement. The means for adjusting the 

stroke length may be any other suitable means, such as a 

diaphragm or bellows, which can change the volume of the liquid 

chamber 76 in synch with movement of the needle valve stem 

80 so that changes of the volume occupied by the needle valve 

stem 80 in the liquid chamber 76, which are caused with 

movement of the needle valve stem 80, are canceled. 

Fig. 15 is a schematic view of a system in which the 

dF~ving circuit for the needle valve, shown in Fig. 14, is 

applied to the fixed-amount-of-liquid ejecting apparatus 

shown.....i.n Fig. 3. Referring to Fig. 15, reference numeral 1 

denotes a liquid reservoir comprising a syringe 3 which can 
-· . 

be made of a synthetic resin material, for example, and a 

holder 4 surrounding the syringe 3 in contact relation from 
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the outer side so as to hold it. The syringe 3 is detachably 

attached to the holder 4. 

A pressurizing means 5 for pressurizing a liquid in the 

liquid reservoir 1 to a required level of pressure is 

constructed by. an air cy;linder 27. A plunger 10 is attached 

to a fore end of a piston rod 9 of the air cylinder 27. The 

plunger 10 is preferably allowed to enter the syringe 3 while . 

it is held in liquid tight contact with an inner surface of 

the syringe 3. The liquid reserv.oir 1 is connected to a valve 

body 70 of a needle valve 2 .through a liquid flow passage 12. 

The flow passage 12 is connected to a liquid introducing port 

74 formed in the valv.e body 70. A liquid chamber 76 is in 

communication with an ejection orifice 78 through an opening 

formed at the center of a valve seat 82. A needle valve stem 

80 is movable back and forth in the valve-chamber 76 to open 

and close the ejection orifice 78~ and is operated by an air 

cylinder 72. The needle valve stem 80 has a tip arranged to 

face the opening formed at the center of the valve seat 82, 
~ 

and is coupled at its rear end to the piston 84. Further, 

a liquid pressure compensating piston 86 is disposed 

iJ:?-~ependently of the piston 84 between the liquid chamber 76 

and the piston 84. The pressure compensating piston 86 

· functwns as follows. When the piston 86 is moved forth with 
--------·- --- ---- ---------·-------------------- -- --···· 

pressurized air supplied to an air chamber 92 on the same side 

as the piston 84, the volume of the liquid charnbe-r 76 is reduced. 

On the other hand, when the piston 86 is moved back with 

pressurized air supplied to an air chamber 77 on the same side 
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as the liquid chamber 76, the volume of the liquid chamber 

76 is increased. 

Accordingly, the predetermined liquid pressure can be 

realized by moving the liquid pressure compensating piston 

86 forth to some extent when the liquid pressure near the 

ejection orifice 78 is lower than the predetermined value, 

. and by moving the liquid pressure compensating piston 86 back 

to some extent when the liquid pressure near the ejection port 

78 is higher than the predetermined value. 

Further, in this embodiment, the air cylinder 27 for 

pressurizing the liquid in the liquid reservoir 1 and the 

double-acting cylinder 72 are connected respectively to 

solenoid selector valves 28,_96. The solenoid selector 

valves 28, 96 are connected to a control means 19 for 

controlling the operations of the valves- 28, 96 in accordance 

with time signals previously inputted to the control means 

19. In addition, one solenoid selector valve 28 for 

controlling supply and discharge of pressurized air to and 
-4 

from the air cylinder 27 is connected to a pressurized air 

~upply source 31 through,_ e.g., a manual pressure reducing 

valve 30, whereas the other solenoid selector valve 96 is 

directly connected to the pressurized air supply source 31. 

~ the fixed-amount-of-.liquid ejecting apparatus thus 
---------------------···---------·---·- ·-----

constructed, the liquid is ejected in fixed amount as follows. 

The con-trol means 19 outputs signals to the solenoid selector 

valves 28 and 96. In response to the signal outputted to the 

solenoid selector valve 28, air pressure is supplied to the 
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air cylinder 27 at a pressure level set by the manual pressure 

reducing valve 30, thereby moving the plunger 10 downward with 

a required force. In timed relationship with the above 

operation, a preset air pressure is supplied to both input 

ports a2 and b2 of ~he air cylinder 72, thereby r~ising the 

piston 84 to move the needle valve stem 80 upward from the 
. . 

first position to the second position and at the same time 

lowering the pressure compensating piston 86 so that a 

reduction of the volume occu.pied by the needle valve stem 80 

in the liquid chamber 76 is canceled. The liquid pressurized 

to a required level of pressure is then ejected through the 

ejection orifice JS for a certain period of time that is 

specified depending on an opening area of the ejection orifice 

78. As a result, the liquid can be ejected in fixed amount 

with high precision without a time lag. 

At the end of the liquid ejection in fixed amount, an 

ejection end signal is sent to each of the solenoid selector 

valves 28, 96 from the control means 19, whereupon the supply 
...,, 

of the pressurized air to the air cylinder 27 is stopped. In 

parallel, pressurized air is supplied to both ports al and 

bl of the air cylinder 72, thereby lowering the piston 84 to 

move the needle valve stem 80 downward from the second position 

to thew,irst position and at the same time raising the pressure . . 
-------:-------- ---------------·----------- --· ____ ... --- ---·-·-----------

compensating piston 86 so that an increase of the volume 

occupied by the needle valve stem 80 in the liquid chamber 

76 is canceled. The ejection orifice 78 is thus mechanically 

closed by the needle valve stem 80 with certainty. An outflow 
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of the liquid through the ejection orifice 78 is therefore 
-

perfectly stopped upon closing of the needle valve 70. As 

a result, a risk of liquid leakage during the state in which 

the needle vaive 70 is closed can be securely eliminated. 

Mo!eove~, the needle valve body 80, which constitutes 

the needle valve 70 and is small in size and volume, is operated 

to move back and forth always smoothly and quickly for 

mechanically opening and closing the ejection orifice 78 

regardless of the magnitude of the liquid pressure. 

Consequently, not only positive opening and closing of the 

needle valve 70 but also a good response can be realized. 

Additionally, the fixed-amount-of-liquid ejecting apparatus 

employing the above-desc~ibe needle valve can effectively 

absorb minute pressure variations as follows. A drop of the 

liquid pressure due to a reduction of the ·volume occupied by 

the needle valve stem 80 in the liquid chamber 76, which occurs 

when the needle valve stem 80 is moved back at the time of 

starting the ejection of the liquid, can be absorbed by moving ... 
the pressure compensating piston 86 forth. Conversely, a 

rise of the liquid pressure due to an increase of the volume 

occupied by the needle valve stem 80, which occurs when the 

needle valve stem 80 is moved forth at the time of stopping 

the ej.ection of the liquid, can be absorbed by moving the 

piston 86 back. 

Fig. 16 is a schematic view showing a third embodiment 

of the driving circuit for the needle valve used in the present 
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invention. In this embodiment, the needle valve stem 80 is 

moved in the liquid chamber 7 6 between the first position and 

the second position with motor driving. The needle valve stem 

80 is coupled at its rear end to a mechanism 104 for converting 

rotation of a motor 102 into line~r motion. The press~re 

compensatin·g means 'is constituted by an actuator 106- movable 

with motor driving. The actuator 106 has one end positioned 

in the liquid chamber 76, and has the other end coupled to 

a mechanism 110 for converting rotation of a motor 108 into 

linear motion. Gaps between· the valve body 70 and each of 

the needle valve stem 80 and the actuator 106 are sealed off 

by 0-rings. 

The up-and-down (back-and-forth) movement of the needle 

valve stem 80 and the back-and-forth movement of the actuator 

106 with respect to the liquid chamber 76 are performed with 

-motor driving and controlled by a control device 97. When 

the needle valve stem 80 is moved from the first position to 

the second position (for ejecting the liquid), the actuator 
..,,, 

106 is advanced to enter the liquid chamber 76 so as to cancel 

a reduction of the volume occupied by the needle valve stem 

80 in the liquid chamber 76. Conversely, when the needle 

valve stem 80 is moved from the second position to the first 

posit:i..Qn (for stopping the liquid ejection}, the actuator 106 
·--·····- -··. --------------------

is retracted from the liquid chamber 76 so as to cancel an 

increase of the volume occupied by the needle valve stem 80 

in the liquid chamber 76. To achieve the above operation, 

the motors 102 and 108 are driven in synch relation. 



7==:a5_. .. .,..... ··=-

- 79-

Fig. 17 is a schematic view showing a fourth embodiment 

of the driving circuit for the needle valve used in the present 

invention. In this embodiment, the needle valve stem 80 is 

moved in the liquid chamber 76 between the first position and 

the second position by a solenoid driving d~vice 119. The 

solenoid driving device 119 comprises a magnetic soil 122 for 

electromagnetically driving a plunger 120 connected to the 

rear end of the needle valve stem 80, and a stationary core 

124 for stabilizing a magnetic field generated by the magnetic 

coil 122. The plunger 120 is· supported by coil.springs 126, 

128 at its upper and lower ends, respectively. In the state 

shown in Fig. 17, the coil spring 126 push~s the plunger 120 

upward1. and the coil spring 128 pushes the plunger 120 downward. 

As a whole, the needle valve stem 80 coupled to the plunger 

120 closes the e·j ection orifice 7 8. Stated otherwise, the 

plunger 120 is pushed downward by a dominating spring· force 

imposed from the coil spring 128 in a normal state. To move 

the plunger 120 upward from the shown state to open the 
..., 

ejection orifice 78, a current enough to move the plunger 120 

upward against the spring force imposed from the coil spring 

128 is supplied to the magnetic coil 122 from the control 

device 140. When the supply of such a current is stopped, 

. the pl..twnger 120 is pushed downward again by the spring force 
·----·-------·--·-··- ·-····. -------------· . 

imposed from the coil spring 128, and therefore the ejection 

orifice 78 is closed at once. 

On the other hand, the pressure compensating means for 

canceling changes of the volume occupied by the needle valve 
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stern 80 in the liquid chamber 76, which occur when the needle 

valve stem 80 is moved back and forth, is constituted by an 

actuator 130 movable back and forth by a solenoid driving 

device 129. The solenoid driving device 129 comprises a 

plunger 131 formed integrally with the actuator 130, a 

magnetic coil 132 for electromagnetically driving the plunger 

131, and a stationary core 134 for stabilizing a magnetic field 

generated by the magnetic coil 132. 

The solenoid driving device 129 is operated with a 

predetermined current supplied to the magnetic coil 132 from 

the control device 140. The plunger 131 is moved to the left 

or right under interaction with the magnetic field generated 

by the magnetic coil 132 upon supply of the current thereto ... 

The plunger 131 is supported by a leaf spring 136 and 

a coil spring 138 at its opposite ends·, respectively. In the 
. 

state shown in Fig. 17, the leaf spring 136 pushes the plunger 

131 to the right, and the coil spring 138 pushes the plunger 

131 to the left. As a whole, the plunger 131 is urged to the 
..,_, 

right by a dominating spring force imposed from the leaf spring 

136, and a tip of the a~tuator 130 projects into the li9~id 

chamber 76 to some extent. 

When the needle valve stem 80 is moved upward in the 

liqui~charnber 76 from the shown state, a predetermined 
--- --------------

current is supplied to the solenoid driving device 119 from 

the control device 140 for exciting the magnetic coil 122. 

In synch with the above operation, a predetermined current 

is also supplied to the solenoid driving device 129 for 
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exciting the magnetic coil 132. The current supplied to the 

magnetic coil 122 from the control device 140 is preset to 

such a value as enabling the needle valve stem 80 to be moved 

through the distance between the first position and the second 

position. Likewise, the-current suppl~ed to the magnetic 

coil 132 is preset to such a value as enabling the actuator 

130 to be moved through a distance just enough to cancel a 

reduction of the volume occupied by the needle valve stem 80 

in the liquid chamber 76. Therefore, variations of the 

pressure in the liquid chamber 76, which.occur due to the 

upward movement of the needle valve stem 80, are canceled by 

advance of the actuator 130 into the liquid chamber 76. 

When the supply of those currents is stopped, the needle 

valve stem 80 is promptly pushed downward by the spring force 

imposed from the coil spring 128 f.rom the second position to 

th~ first position, and at the sa~e time the pl~nger 131 is 

promptly moved to the right by the spring force imposed from 

the leaf spring 136. Also when the needle valve stem 80 is 
..,., 

moved downward in such a way, resulting variations of the 

pressure in the liquid chamber 7 6 are canceled by the movement 

of -~he plunger 131, and the pressure in the liquid chamber 

76 is always held constant. As a result, at a transition from 

the opan state to the closed state of. the valve, the .ejection 
. 

rate of the liquid, such as a paste, is not increased unlike 

the pr.ior art, and therefore this embodiment fs suitable for 

applying the liquid so as to draw a line with a uniform width. 
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Fig. 18 is a schematic view of an apparatus for filling 

a liquid into the liquid reservoir used in the present 

invention. In an embodiment shown in Fig. 18, a plunger is 

previously inserted in a liquid reservoir-in an airtight 

fashion, and a directly actuating mechanism is coupled to the 

plunger. The directly actuating mechanism is coupled to a 

driving unit, such as a motor, capable of operating in a 

reversible manner with a control signal. On the other hand, 

a liquid outlet for a pressure container (possibly a syringe), 

in which a liquid is stored beforehand, is connected to one 

end of the liquid reservoir. Sensing means for measuring a 

pressure, e.g., a pressure sensor, is disposed midway a 

connecting pipe between the pressure container and the 1-iquid 

reservoir, and is connected to a control unit which receives 

a measured result of the sensing means and transmits a signal 

to the driving unit. 

The plunger is pushed forth when a forward rotation 

signal is sent to the driving unit, and it is retracted when 
...., 

a backward rotation signal is sent to the driving unit. A 

plunger on the side of the pressure container pushes out ~he 

liquid in the pressure container when the pressure container 

is pressurized by air. When a sensed ·member attached to the 

plung~ on the side of the pressure container reaches a small 
-----------·-··------------------- .. ---------

remaining-amount level, a small remaining-amount sensor 

sends a small remaining-amount signal to a control unit. When 

a sensed member attached to the plunger on the side of the 

liquid reservoir reaches a full amount level, a full amount 
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sensor sends a full amount signal to the control unit. The 

pressure sensor disposed in a liquid outlet pipe always 

transmits a measured pressure data signal to the control unit. 

In operation, as shown, the liquid reservoir is 

connected to the liquid outle~. The plunger is inserted in 

the liquid reservoir, and is coupled to the directly actuating 

mechanism. The pressure container containing the liquid 

filled therein beforehand is connected to the liquid outlet. 

Air is supplied to the pressure container for pressurization. 

The pressure sensor disposed in the liquid outlet pipe 

measures a pressure and transmits a measured signal to the 

control unit. The control ~nit subtracts a preset pressure 

deducing value from ·the signal transmitted from the pressure 

sensor, and sends a retract-operation signal to the driving 

unit for the directly actuating mechanism to retract the 

plunger at a preset moving speed so that the pressure data 

resulting from the subtraction is obtained. When the 

measured signal of the pressure sensor disposed in the liquid 
...,, 

outlet pipe reaches the pressure value after the subtraction, 

_the movement of the pl~nger is stopped. The above ope;:at.ion 

i~_repeated automatically until the liquid full-amount sensor 

disposed around the liquid reservoir is actuated. When the 

small-.demaining-amount sensor ori the side of the pressure 
----··--- .. ··-----------------

container is actuated, the filling operation is also stopped. 

With the liquid filling apparatus of this embodiment, 

therefore, entrapment of bubbles can be avoided when a liquid 

is filled in a liquid reservoir, especially a syringe. In 
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particular, this embodiment is applicable to any work steps 

for filling a liquid having a medium or higher level of 

viscosity, and this embodiment is suitable for filling a 

liquid in any types of liquid.reservoirs in which the liquid 

filled therein is employed by being pushed out of the reservoir 

end. 

INDUSTRIAL APPLICABILITY 

The method of the present invention is practically used 

as follows. For example, when ejecting a liquid in relatively 

small fixed amount, the pressure in a flow passage after the 

end of the ejection,. particularly the pressure near an 

ejection orifice, is controlled to be kept at a predetermined 

specific value, whereby the subsequent ejection of the liquid 

can b~ always performed under the constant flow passage 

condition. Accordingly, by properly setting the force, time, 

etc. for pressurizing the liquid in the liquid reservoir, the 

ejection of the liquid in an amount corresponding to the set 
.... 

values can be repeatedly reproduced with high reliability. 

On the other hand, when ejecting the liquid inw re la ti vely large 

fi.~ed amount, in addition to the above control, the pressure 

of the supplied liquid is controlled also during the liquid 

eject:i-en based on the detected result of the liquid pressure 
------------------ - ---- ----·-·--·--·-··------ ··-·----------· 

in such a manner, for example, that variations of the detected 
. · ...... . 

consequently, the pressure is kept as small as possible. 

liquid can be ejected in fixed amount as intended. Further, 

by mechanically opening the ejection orifice of the ejection 



- 85-

valve in timed relationship with an increase of the force 

pressurizing the liquid in the liquid reservoir, the liquid 

ejection can be started without a time lag. At the end of 

the ejection, by removing the added increase of the 

pressurizi~g force and mechanically closing the ejection 

orifice of the ejection valve, one cycle of the liquid ejection 

in fixed amount can be ended with positive shutting-of~ of 

the liquid without a risk of liquid leakage. 

The apparatus.of the present invention is practically 

used as follo~s. Since the ejection orifice of the ejection 

valve is mechanically opened and closed, positive 

shutting~off of the liquid at the time of stopping the liquid 

ejection can be more securely achieved without breaking 

fillers which are sometimes mixed in the liquid, and a leakage 

of the liquid through the ejection orifice can be prevented 

sufficiently. In addition, by setting the bore diameter of 

an air cylinder, which serves as means for pressurizing the 

liquid, to be sufficiently greater than the inner diameter 
..., 

of the liquid reservoir, the liquid pressure can be raised 

up to a desired level even when the line air pressure in a 

gen~ral factory is relatively low. As a result, efficiency 

of the liquid ejecting work can be improved as intended . 

.ay making use of the features described above, the 
-------- ··-··--·---------· --------·----· 

fixed-amount-of-liquid ejecting method and apparatus of the 

present invention can be applied to apparatuses in which a 

liquid, including a viscous fluid, a material having 

consistency, etc., require to be ejected in fixed amount; for 
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example, an apparatus for regularly or irregularly coating 

an electronic material on a board in the form of points and 

lines. 

---·--------------------------------·--·-·- -··---·-
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iii1iiir 
CLAIMS 

1. A fixed-amount-of-liquid ejecting method for ejecting 

a liquid in fixed amount from a liquid reservoir through an 

ejection valve, said method comRrising a step of applying a 

pressure to the liquid beforehand prior to starting ejection 

of th ... liquid and/or holding a pressure near an ejection 

orifice after the end of liquid ejection at a predetermined 

specific value so that an ejection rate of the liquid through 

said ejection orifice is-kept constant. 

2. A fixed-amount-of-liquid ejecting method according to 

Claim 1, wherein said. step of applying a pressure to the liquid 

beforehand prior to starting ejection of the liquid and/or 

holding a pressure near an ejection orifice after the end of 

liquid ejection at a predetermined specific value comprises 

a step of detecting a liquid pressure near said ejection 

orifice and automatically regulating an ejection pressure of 

the liquid in accordance with a detected result . ... 
3. A fixed-amount-of-liquid ejecting method according to 

Claim 1, wherein said step of applying a pressure to the liquid 

b~;orehand prior to starting ejection of the liquid and/or 

holding a pressure near an ejection orifice after the end of 

liquiO.ejection at a predetermined specific _value comprises 
·----·------- -- - ~- ·-·--······ -------------- ---. 

a step of controlling a pressure of the liquid supplied from 

said liquid reservoir· to said ejection valve. 

4. A fixed-amount-of-liquid ejecting method according to 

Claim 1, wherein said step of applying a pressure to the liquid 

111111111111111111111111111111 
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beforehand prior to starting ejection o.f the liquid and/or 

holding a pressure near an ejection orifice after the end of 

liquid ejection at a predetermined specific value comprises 

a step of controlling a pressure of the liquid stored in said 

liquid reservoir. 

5. A fixed-amount-of-liquid ejecting method according to 

Claim 1,. wherein said step of applying a pressure to the liquid 

beforehand prior to starting ejection of the liquid and/or 

holding a pressure near an ejection or if ice after the end of 

liquid ejection at a predetermined specific value comprises 

a step of controlling a pressure of the liquid stored in said 

liquid reservoir by controlling a rate at which the liquid 

stored in said liquid reservoir reduces. 

6. A fixed-amount-of-liquid ejecting method according to 

Claim 1, wherein said step of applying a pressure to the liquid 

beforehand prior to starting ejection of the liquid and/or 

holding a pressure near an ejection orifice after the end of 

liquid ejection at a predetermined specific value comprises ... 
a step of controlling a pressure of the liquid stored in said 

liquid reservoir by controlling constant or variable a rate 
~ . 

at;:_ which the liquid stored in said liquid reservoir reduces. 

7. A fixed-amount-of-liquid ejecting method according to 

Claim-*, wherein temperatures of the liquid in said liquid 

---·---·--- ----

-------------------·------·---·-- -----------·-----· ---··-----·-·------ ----- -------·----· .. -- ··----------------· 

reservoir and said ejection valve are controlled to be held 

at desired temperatures. 

I lllllll llllll llllf Jllll 111111 
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8. A fixed-amount-of-liquid ejecting method according to 

Claim 1, wherein said ejection ~1alve includes a nozzle having 

in itself a function of a needle valve. 

9. A fixed-amount-of-liquid ejecting method according to 

Claim 1, further inc~uding a liquid filling process wherei.n, 

when filling a liquid in said liquid reservoir from a pressure 

container in which the liquid is stored beforehand, a liquid 

pressure in said liquid reservoir is controlled to a constant 

pressure lower than the pressure of air introduced to said 

pressure container for pressurization, thereby automatically. 

filling the liquid without entrapment of bubbles. 

10. A fixed-amou~t-of-liquid ejecting method accordi~g to 

Claim 1, further including a liquid filling process wherein, 

when filling a liquid in said liquid reservoir from a pressure 

container in which the liquid' is stored beforehand, a liquid 

pressure i~ said liquid reserv·oir is controlled to a constant 

pressure lower than the pressure of air introduced to said 

pressure container for pressurization, and filling of the 
~ ' liquid is automatically stopped upon sensing of a full-amount 

state of the liquid in said liquid reservoir and/or a small 

remaining-amount state of the liquid in said pressure 

container, thereby automatically filling the liquid without 

entraf)Aent of bubbles. 
------------. ------ --·- --·-- --------- --·----------------- ----·---- -- -· 

11. A fixed-amount-of-liquid ejecting method according to 
-

Claim 1, further including a ·liquid filling process wherein, 

when filling a liquid in said liquid reservoir from a pressure 

container in which the liquid is stored beforehand, a liquid 

. ' 11111111111111111 11111 JI lllJ * C L M S * 
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pressure in said liquid reservoir is controlled to a constant 

pressure lower than the pressure of air introduced to said 

pressure container for pressurization, and bubbles 

accidentally generated in said liquid reservoir are removed. 

12. A f ixed-amount-of-_liquid ejecting apparatus comprising 

a liquid reservoir, means for pres~urizing a liquid in said 

liquid reservoir, and an ejection valve communicating with 

said liquid reservoir, thereby ejecting the liquid in fixed 

amount from said liquid reservoir through said ejection valve, 

wherein said apparatus further comprises operation control 

means for controlling operations of said pressurizing means 

and said ejection val ye, and ejection pressure control means 

for automatically regulating an ejection pressure of the 

liquid. 

13. A fixed-amount-of-liquid ejecting apparatus according 

to Cl~im 12, wherein said ejection pressure control means 

comprises an input/output unit, a processing unit and a 

storage unit, and functions to automatically regulate an 

~ 

ejection pressure of the liquid in accordance with a detected 

result of a pressure sensor for detecting a liquid pressure 

near an ejection orifice. 

14. A fixed-amount-of-liquid ejecting apparatus according 

to Cla.4m 12, wherein said ejection-valve includes means for 

mechanically opening and closing an ejection orifice of said 

ejection valve. 

15. A fixed-amount-of-liquid ejecting apparatus according 

to Claim 12, wherein said pressurizing means comprises means 

I llllllJ flllfl 11111 1111111111 
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for pressurizing the liquid stored in said liquid reservoir 

under a pressure depending on viscosity of the liquid. 

16. A fixed-amount-of-liquid ejecting apparatus according 

to Claim 12, wherein said pressurizing means ·comprises a push 

member disposed to push the liquid ~tored in said liquid 

reservoir in a precise ahd fluid-tight manner. 

17. A fixed-amount-of-liquid ejecting apparatus according 

to Claim 12, wherein said pressurizing means comprises a push 

member which is associated with an air cylinder for pressing 

said push member_ and having a bore diameter sufficiently 

greater than the inner diameter of said liquid reservoir, and 

which is disposed to push the liquid stored in said liquid 

reservoir in a precise and fluid-tight manner. 

18. A fixed-amount-of-liquid ejecting apparatus according 

to Claim 12, wherein said operation control means comprises 
- -

a pressure· sensor for detecting a liquid pressure near an 

ejection orifice, and means. for operating said pressurizing 

means in accordance with a signal from said pressure sensor. 

19. A ftxed-amount-of-liquid ejecting apparatus according 

to Claim 12, further comprising liquid temperature control 

means for controlling a liquid temperature. 

20. A fixed-amount-of-liquid ejecting apparatus according 

to Cla..i,m 12, wherein said ejection valve includes a nozzle 

-·---..--·---- provi-<le<l·-w.ith--a-V:a1ve--mech·a-n:i.sm--inano-z;·i~---i;~<ly~---- -------····-··---------·---·-

. 
21. A fi~ed-amount-of-liquid ejecfing apparatus according 

to Claim 12, wherein said ejection valve comprises a valve 

body having an inlet port in communication with said liquid 
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reservoir, a liquid chamber formed therein to contain the 

-
liquid introduced through said inlet port, and an outlet port 

through which the liquid in said liquid chamber is ejected; 

a· needle-like valve stem disposed in said liquid chamber 

movably between a first position and a secondpositio.n; a va_lve 

seat formed to receive a tip of said valve stem to thereby 

close said outlet port when said valve stem is in the first 

position; and pressure compensating means for changing the 

volume of said liquid chamber in synch with movement of said 

valve stem so that variations of liquid pressure in said liquid 

chamber caused by movement of said valve stern is canceled. 

22. A fixed-amount-of-liquid ejecting apparat~s accqrding 

to Claim 12 , __ furth,~r including a filling apparatus which 

comprises a liquid reservoir including a plunger inserted 

therein in an airtight· manner, a pressure container in which 

the liquid is stored beforehand, and a plunger direct-

actuating control mechanism for maintaining a liquid pressure 

in said liquid reservoir at a constant pressure lower than ... 
the pressure of air introduced to said pressure container for 

pressurization, thereby automatically filling the liquid in 

said liquid reservoir without entrapment of bubbles. 

23. A fixed-amount-of-liquid ejecting apparatus according 

to ClaJ.m 12, further including a filling apparatus which 

comprises a liquid reservoir including a plunger inserted 
. -

therein in an airtight rnanne·r, a pressure container in which 

the liquid is stored beforehand, a plunger direct-actuating 

control mechanism for maintaining a liquid pressure in said 

. llllllll ltllll llE1 llltl 11 llll 
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liquid reservoir at a constant pressure lower than the 

pressure of air introduced to said pressure container for 

pressurization, and means for sensing a full-amount state of 

the liquid in said liquid reservoir and/or means for sensing 

a small remaining-amou_nt state of the liquid in said pressure 

container, and for automatically stopping filling of the 

liquid in accordance with a sensed signal, thereby 

automatically filling the liquid in said liquid reservoir 

without entrapment of bubbles. 

24. A fixed-amount-of-liquid ejecting apparatus according 

to Claim 12, ·further including a filling apparatus which 

c?mprises a liquid .reservoir including a plunger inserted 

therein in an airtight manner, a pressure container in which 
--~ 

the liquid is stored beforehand, a plunger direct-actuating 

control mechanism for maintaining a liquid pressure in said 

liquid reservoir at a constant pressure lower than the 

pressure of air introduced to said pressure container for 

pressurization, and means for removing bubbles accidentally ... 
generated in said liquid reservoir, said bubble removing means 

including a valve strl;J.cture which has an air release hole for 

communicating said plunger inserted in said liquid reservoir 

with the outside and is able to close the air release hole 

at any--time, thereby automatically filling the liquid in said 
--------------------·---- -- -- -- .. ··-

liquid reservoir without entrapment of bubbles. 
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