DESCRIPTICON

METHOD AND APPARATUS FOR EJECTING LIQUID IN FIXED AMOUNT

-TECHNICAL FIELD
The present invention relates to a fixed-amount-of-

l;quid ejecting method anq apparatus which are suitably used
for ejecting a liquid in fixed amount, the liquid inclﬁding
a viscous fluid, a material having consistency, etc. More
particu.larly, in the field of ejecting .or applying a very small
amount of liquid, the present invention relates to a technique
for controlling the operation of ejecting or applying a very
small amount of lriquid in a high—épeed and precise manner.
Further, the present invention relates to a technique for
filling a liquid in a liquid reservoir for use. in all kinds
ofprocessesye.g”,anelectronicpartsmanufacturingprocess
and an electronic parts assembling process, which require a

step of ejecting or applying a liquid that includes a viscous

L 4
fluid and a material having consistency.
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BACKGROUND ART

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

is empdoyed for the purpose of ejecting a desired amount of

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

of-liquid ejecting apparéﬁus and a robot capable of moving

a member to which a liquid is to be applied (referred to also



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. 1In the

plunger type method, a push member operatively connected to

a driving source is disposed in a liquid—ﬁight condition, and
it is moved through a desiréd disﬁance.

The pneumatic type'mgthod i; a quite simple method
utilizingcomﬁressedair. Since only compressed air contacts
a liquid except for a reservoir, this provides such an
advantage that the liquid can be employed while it is kept

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

‘popularly practiced.

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

_member i¥ moved. For this reason, the plunger type methdd

is a method utilized when applying a very small amount of
liquid as required in operation of filling or pipetting the

liquidee

Conventionally, a liquid has been applied in a desired
battern as follows. & 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



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 ﬁo each other so that the
liquid draws the desired patte;n.' H0weéer, 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 uniférm line'of_the applied liquid for
a time until the constant flow speed is obtéined. Such an
adverse effect is significant particularly in the case of
employiﬁg a highly viscous-liqﬁid or applying a liquid at a
high speed. Concretely, the 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 orpooling-
in an ending portion of the applied liguid line.

Japanese Unexamined Patent Publication No. 4-49108, for
example, discloses one ;xample 6f a conventional fixed-
amount-of-liquid ejecting apparatus for use in regularly or

: irregularly coating an electronic material on a board in the
) form oijoints and lines in semiconductor manufacturing
. processe¥. In the disclosed ejecting apparatus, the.amount .. .__ . __._
of liquid ejected through an ejection orifice is controlled
in accordance with such a parameter as the speed and cycle

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

apparatus, the rotational speed and the stop timing of the
screw are contrfolled 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



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 the ejection orifice is left in
a physically open state during the time in which the ejection
is_stopped. This has raised the followiﬂg problem,
particularly in the case of the liquid having a low viscosity
or the case of pressurizing the ligquid 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 the other Hén&, if the clearance
between thé 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

. electron¥®c material are broken. o R

Further, the pneumatic type method employed a highly
compressible air, and therefore has a big difficulty in

achiewdng 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 pocints
and an intermediate area with the pneumatic type method.

Another problem has been encountered in that because the



liquid viscosity changes depending on, e.g., variations in
an ambient atmosphere and a chemicél reaction of the liquid
itself, the amount of the ejected liguid is also changed
depending on a change of the ligquid 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 t¢ change its'
viscosity in the fine uniforﬁ 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 thrbugh 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, and

even if a change occurs in flow speed of the ligquid during
the ejection, there is no problem so long as the resulting

amount~f 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 higﬂly 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



expansion and distortion of the reservoir_and the piston, as
well as compression of a liquid which hardly;develops elastic
deformation. These deformaéions impair the features of the
plunger type me;hod, i.e., preciseness and constant amount.
Particularly, when applyiﬁg a highly viscous liquid at
a high speed, or when using & narrow or long nozzle even in
the case of applying a low viscous licjuid, 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, an adverse effect of those deformations
is increased as a higher pressure is acted upon the liquid
and as the ejectibn 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
deformaizons are very small, the adverse effect caused by
_those deformations brings about a fatal problem in the cas¥
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 high-speed. For that reason, the plunger type method

is quite unsuitable for any of those cases re&hiring a high
pressufe. T
Further, it is generally known that for the purpose of

ejecting a desired amount of liquid, a fixed-amount-of-liquid



ejecting apparatus is employed which ejects a fixed amount
of liquj:d 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-liéﬁ;d ejecting apparatus and a robot capable of
moving a member to which a liquid is to be applied or a nozzle
is employed. Where a liquid having a medium or higher level
of viscosity, for.example, is filled in a liguid reservoir,
particularly a syringe,'it is often practiced to provide a
liquid cutlet on a pressure container in which the liquid-ié
filled beforehand, to air-tightly connect the liquid
reservoir, particularly the syringe, to the liquid .outlet,
and to introduce air to the pressure container for
pressurization, thereby causing the liquid to be filled into
the syringe through the ligquid outlet.

The above prior art however has a serious problem as
follows. When pressurized air is introduced to the pressure
container for £illing the liquid into the syringe through the

- _
liguid outlet and a syringe connecting portion, the liquid

is relea®ed to the atmosphere in the syringe. For a liquid

having higher viscosity, therefore, the liquid tends to be
released more vigorously and to fill the syringe while

entrapping 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.



DISCLOSURE OF THE INVENTION

An object of the present invention is to provide 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 fluid, a material having
consistency, etc. |

Another object of the present invention is to provide-
a method and apparatus with which, when ejecting or applying
a very small amount of.liqﬁid, the liquid can be applied in
a2 desired form at a high speed and precisely without depending
on viscosity of the liquid. Still another object of the
present invention is to provide a method and apparatus with
which, particularly even when employing a highly wviscous
liquid or applying a liquid at a high speed, a shape of the
applied liquid line can be very easily'controlled-in starfin§
and ending portions of the applied liquid line. For example,
when the liquid should be applied in a linear uniform shape,
the appfged liquid line can be formed with a uniform width
from thewstart point to the end point of the line withouf
ng;rowing and fatting.

Still another object of the present invention is to

provide a liquid ejecting method and apparatus which can more

positively shut off a 1iquid at the time of stopping the liquid
ejection without a risk of breaking fillers, and can securely

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

provide a liéuid ejecting or applying method and apparatus
wnich enables an applied liéuid to be drawn in a uniform line
without taking a time until a flow speed of the liquid reaches
a—ceptain value. ‘

Still another object of the present invention is to
provide a fixed—amognt—éf-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 ful.ly automated

manner.,

The present invention provides a fixed-amount-af-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 liguid
and/or holding a pressure near an ejection orifice after the

end of lf&uid ejection at a predetermined specific value so

that an ajection rate of the liquid through the ejectiqn::_“

orifice is kept constant.
The predetermined specific value is preferably

maintadined by detecting a liquid pressure near the ejection

orifice and automatically regulating an ejection pressure of
the liguid in accordance with a detected result.
The above fixed-amount-of-liquid ejecting method

according to the present invention is further featured by a



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 controlling, prefefably constant or variable,
a rate at which the liquid stored in the liquid reserwvoir
‘reduces.

| The above fixed—amount-of—liquia ejecting method
according to the present invention is further featured by that
a temperature of the'liquid in 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
inventigﬁ, the step of applying a pressure to the liquid
[beforehamd prior to starting ejection of the liquid and/S%
hq%ding a pressure near an ejection orifice after the end of
liquid ejection at a predetermined specific value, so that

an ejestion rate of the liquid through the ejection orifice

is kept constant, is preferably realized as follows. For
ejectiné the liquid in fixéd 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



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
reservolir by, preferably, controlling; preferably constant
or variable, a rate at which the liquid stored in the liquid
reservoir reduces; and/or a siep of controlling.a pressuie
of the liquid supplied from the liquid reservoir to the
ejection valve. Further, a temperature of the liquid in the
liquid reservoir and the ejéction 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 é
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 th#n the pressure of air introduced to the pressuré&

container for pressurization, thereby automatically filling

the liquid without entrapment of bubbles.

?-he 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 ligquid 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.

Stated 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 removed; 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-

_amountfpf—liquiq ejecting apparatus comprising a liquid”ff_"h

reservoir, means for pressurizing a liquid in the liquid
reservoir, and an ejection valve communicating with the liquid

reserveir, thereby ejecting the liquid in fixed amount from

the liquid reservoir through the ejection valve, wherein the
apparatus further comprises Bperation control means for

controlling operations of the pressurizing means and the



~ejection valve, and ejection pressure control means for
autoﬁaéically regulating an ejection pressure of the liquid.
Preferably, the ejection pressure control means
comprises an input/output unit, & processing unit and a
storage unit, and functions to autométically regulate an
ejection pressure of the 1iquid in accoxrdance with a detected
result of a pressure sensor for detécting a liquid pressure
ﬁear an ejection orifice. The ejection valve preferably
includes means for mechanically opening and closing an
ejection orifice of the ejecﬁion valve? -Preferably,—the
pressurizing means comprises means for pressurizing the
liquid stored in the liquid reservoir under a pressure
depending on visgosity of the liquid. Also, the pressurizZing
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 inné; diameter of the liquid reservoir, and which is
disposed¥to push the l;qgidwsﬁgyggmig ghgﬂl;quid reservpf?
in a precise and fluid-tight manner. Preferably, the
operation control means comprises a pressure sensor for

detectédng 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-liquidejecting
apparatus according to the present invention further ‘
comprises liquid temperature control meané for controlling
a liquid temperature.

Stated otherwise, in the concrete form sf the fixed-
amount-of-liquid ejecting appératus according to the present
invention, the apparatus compriées a liqﬁid reservoir; meaﬁs
for pressurizing a liquid in the liquid reservoir, préferably
means for pressurizing the liquid stored in the liquid
reservoir unaer a pressure depending on viscosity of the
liquid, more preferably a push member disposed to push the
liquid stored in 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 of the liquid reservoir; and én ejection valve.
communicating with the liquid reservoir and mechanically
opening and closing the ejectionorifice of the ejection valve.
The appé?atus further comprises operation contrcl means for

controll®¥ng operations of the pressurizing means and the™

ejection valve, the operation control means preferably
comprising a pressure sensor for detecting a liquid pressure

near am ejection orifice and means for operating the

pressurizing means in accordance with a signal from the
pressure sensor; and €jection pressure control means for
automatically regulating an ejection pressure of the liquid,

the ejection pressure control means preferably comprising an



input/output unit, a processing unit and a storage unit, and
functioning to automatically regulate an-ejection pressure
of the liquid in accordanée with a detected result of a
pressure sensor for detecting a liQuid.pressure near an

ejection orifice; and/or liquid temperature control means for

controlling a liquid temperature.

As still another feature, inNabove the fixed-amount-
of—liquidéjectingapparatusaccordingthep:eseﬂtinvention,
the ejection valve includes a nozzle provided with a wvalve
mechanism in a nozzle body.

As still another feature, in the 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

liquidchamberfbrmedthéreintocontaintheliquidintroduced
through the inlet port, and an cutlet port through which the
liquid in the liquid chamber is ejected; a needle-like valve

4
stem disposed in the liquid chamber movably between a first

position®nd a second position; a valve seat formed to rpceiv—e' )

-

a tip of the valve stem to thereby close the outlet port when
the valve stem is in the first position; and pressure

compeneating 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 canceled.



As still another feature, the fixed-amount-of-ligquid
ejecting apparatus according the present-invention further
includes a filling apparaﬁus 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 meclhanism
for maintaining a liquidfpressure in the liquid reservoir at
a constant pressure lower than the péessure of air introduced
to the pressure container for pressurization, thereby
automatically filling the liquid in the ligquid reservoir
without éntrapment of bubbles.

The above f£illing apparatus is further 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 liguid in the pressure container, ’

and for automatically étopping filling of the liqdid in
accordance with a sensed signal. The above filling apparatus
is further featured by including a valve structure which has

-~
an ailr release hole for communicating the plunger inserted

. in the li®uid reservoir with the outside and is able touc;oiﬁm_n

the air release hole at any time, so that bubbles accidentally
generated in the liquid reservoir may be removed.

. Stated 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 ;ntroduced
to the pressure container for pressurization; and/or means
for sensing a full-amount state of the liguid in the'liquid
reservoir and/or means for sensing a small remaining-ameount
state of the liquid in the pressure container, and for

automatically stopping filling of fhe liquid in accordanqe
with a sensed signal as-necessary; and/or a valve structure
which has an air release hole for 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 generated in the liquid reservoir may be removed,
thereby automatically filling the liquid in the ligquid

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 wierein, for ejecting a liquid in fixed amount from = _

a.liquid reservoir through an ejection wvalve, the method

comprises a step of applying a pressure to the liquid

- beforehaﬁd 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
ejection rate of the ligquid through the ejection orifice is

kept constant. The control of the liquid pressure in the



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 liguid feservéir reduces. Also, temperatures
of the liquia in the liquid reservoir and the ejection wvalve
are controlled to be held at desired temperatures.

Furthér,theapparatus<xfthepresentinventionincludes
operation controi means for controlling operations of'the
pressurizing meaﬁs and the ejection wvalve, 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 eﬁection valve includes means for mechanically
opening and closing the ejectionorifice of the ejection valve.
The pressurizing means is means for pressurizing the liquid

-~
stored in the liquid reservoir under a pressure depending on

viscosit¥of the liquid, Preferably, the pressurizing means __

is a push member disposed to push the liquid stored in the
liquid reservoir in a precise and fluid-tight manner. The

push mamber 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
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means for operating the pressurizing means in accordance with
a signal from the pressure sensor. The liquid temperature
control means comprises temperature sensors for detectind
respective liquid temperatures in the liquid reservoir and
the pressure contginer, and heating/cooling units maintained

at desired temperatures in dccordance 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 tgmperature 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. I the prior art, however, an attention has been
focused on precise control of the rotational speed of a sérew
and the timing of stopping the screw, and no considerations
have been paid to viscosity and fluidity of a liquid as well
as the amount of liquid in a liquid reservoir. The inventors
have conducted a number of experiments based on such a
hypothesis that controlling a liquid temperature so as to

inhibit its change is effective in suppressing one, more

exaétlg,primaryoneoffactorswhichcauseaviscositychange.

As a result, it has been proved that controlling a liquid
temperature to be held constant is efféctive in ejecting a

liquid in fixed amount.



From an aspect of method, control of a liquid temperature
is carried out by controlling tempe;atures of the liquid in
the ligquid reservoir and the gjection valve to be held at
desired temperatures. From an aépect of apparatus,‘the
liquid temperature control means is provided which comprises
temperature sensofs for detecting respective liquid
temperatures in tﬁe liquid reservoir and thenpressure
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 ejéc;:ion at a predetermined specific value, and
means for mechanically opening and closing the ejection
orifice in an aspect of apparatds.

g

For example, when ejecting the liquid in relatively

.small fixXéd amount, the pressure in a flow passage after_tﬁg

end of the ejection, particularly the pressure near the
ejection orifice, is controlled to be kept at the

predet®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



corresponding to the set values can be repeatedly reproduced
with high rel;ability. On the other hand, when ejecting the
liquid in relatively large fixed amount, in addition to the
above control, the pressuré of the supplied liquid is
controlled alsco during the liquid ejection based on the
detected result of the liquid pressure in éuch a manner, for
example, th;t variatiogs of the detected préssure is kept as
small as possible. Consequently, the liguid can be ejected
in fixed amount as intended. |

Further, by méchanically opening the ejection orifice
of the ejection valve in timed relationship with an increase
of the force pressurizing the ligquid 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
thepressurizing 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.

Af;;r one cycle of the liquid ejection in fixed amount

i e on ... has ?eenffhus_ended,_the liquid pressure in the flow_passaég___ﬂw_uw__

ig.controlled to be kept at the predetermined specific value

depending on the detected liquid pressure in a similar way

as destribed above.

With the apparatus of the present invention, in response
to a pressure signal and a pressurizing time éignalmboth
supplied to the pressurizing means, the liquid in the liquid

reservoir is pressurized for a time corresponding teo the



pressurizing time signal so that the liquid is held under a
pressure corresﬁonding to the pressure signal. Further, the
éjection valve is opened in timed relationship with the
operation of the pressurizing means, causing the liquid to.
be éjected through the ejection orifice. As a result, the
ejection of the liquid can be started without a time iag. At
the time when the time during which the liquid is pressurized
by the pr;ssurizing means reaches a predetermined time and

P the amount of the ejected liquid reaches a predetermined

. amount, the ejection valve is mechanically closed in timed
relationship with the stop operation of the pressurizing means.
The ejection orifice of the ejection walve is thereby
physically closed. Therefore, the liquid is positively shut
off and an accidentél leakage of the liquid after the closing
of the ejection orifice can be peifectly prevented. After
one cycle of the liquid ejection in fixed amount has been ended,
the liquid pressure near the ejection orifice 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

ligquid pressure near the ejection orifice and hence the



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 cycie of the liquid ejection in fixed
amount, the force, time, etc. for pressurizing the ligquid can
be determined with no need of taking into account indefinite
factors. 1In addition, the liquid can be'ejeéted in fixed

amount with high. precision.

When one cycle of liquid ejection is continued for a
relatively long time as experienced, for example, when the
liguid is coated in-the linear form, it is preferable that
the pressure detection by the pressure senscor is also
performed during the ejection and the liquid pressurizing
force applied from the pressurizing means is controlled in

accordance. with the detécted result.

In the apparatus of the present inventiocn, preferably,

the ejeé;ion valve comprises a needle valve. Since the size
_ of a needle can be made in itself sufficiently small, the
neg_dle can be smoothly and quickly displaced to open and close

by a relatively small driving force even under a high pressure

on them~order of, for example, 100 to 200 kgf/cm’. 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



the required driving force is relatively small, the overall
size of the éjection valve éan be reduced.

More préferably, the needle valve is provided with a
liquid presSure compensating piston. With this feature, the
aﬁparatus can.opéra:e S0 as to compensate pressure variations
in the liquid passage, particularly at and near the ejection
orifice, more easily, quickly and precisely in combination
with béck and forth mévement 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'éhe 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 prevented by moving
forth the iiquid pressure compensating piston. 1In the latter
case, a rise of the liquid pressure near the ejection orifice
can be prevented by moving back the liguid pressure
compensézing piston. Accordingly, the liquid pressure
compensa®™ng piston can be employed_in add:_i.tj.ion to _qr__in_p_l.ac'e-_f__
of the pressurizing means for the purpose of controlling the
residual liquid pressure after the end of the ejection to the

predetermined specific value.

Further, when an ejectfon nozzle requires toc be moved
relative to a workpiece in the apparatus of the present

invention, the ejection nozzle is preferably mounted to a



manipulator which is based on the Cartesian coordinate system
and enables the ejection nozzle to be displaced in threé
dimensicnal directions. More preferably, ﬁheznanipulator is
controlled in synchronous relafibﬁfﬁo control of the
pressurizing means and control of the eﬁectién valve.
Asdeséribedabove,thefixed—amount-of—liquidéjecting
apparatus accbrding to the present invention is also realized
as a pneumatic type apparatus. The pneumatic type aéparatus
will be described below. The pressurizing means is
constituted by an air cylinder 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 ligquid reservoir.

With the pneumatic type apparatus, a solenoid selector
valve is operatea inwaccordance with a éignal 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 liqu™ reservoir with a plunger. Further, the ejection

valve is opened in timed relationship with the above operation
of the pressurizing means. As a result, the liquid can be

ejected through the ejection orifice under a pressure

corresponding to the pressure supplied to the air cylinder

without a noticeable fime lag.

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

ejected liquid that is determined depending the pressure



supplied to the air cylinder, the ejection time, etc. reaches
a predétermined amount, the supply of the pressu;ized 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 without
a noticeable time' lag, and therefore the liquid can be ejected
in fixed amount with good precision. ‘

. In addition, sincé the liquid ejection is stopped upon
the ejection vélve being mechanically closed, the liquid can
be positively shu£ 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 pressuriziné 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 S to 7 kgf/cmz, the

_liquidﬁpfﬁssure can not be raised as intended if the line air

pressure is just supplied to the air cylinder as it is.
Accordingly, there has been a limit in the efficiency of

eject®on 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 ejectién of the liquid
in fixed amount can be shortened,.

In the above case, régulation of the-liquid pressure,
i.e., regulation of the pressure éupplied to the air cylinder
in terms of direct control target, can be performed by a
'pressure réducing valve disposed in a pneumatic line.

The pneumatic type apparatus préferably comprises a
pressure sensor provided near the ejection orifice of the
ejection valve and détecting a liquid pressure, and pressure
regulating means for regulating the pressure supplied to the
air cylinder in accordance with a signal from the pressure
sensor. The detected signal from the pressure sensor is
inputted to the contreol means, and the control means output
a pressure regulation signal to the pressure regulating means
which preferably compriseé an electro-pneumatic regulator,
thereby. operating the pressure regulatingmeans. As aresult,
the pressure supplied to the air cylinder can be automatically

~
regulated as required, and pressure variations during the

liquid ej®ction can be autqmqtigally'comgensated.in.a_propﬁfﬂ N

and smooth manner.

Also in the pneumatic type apparatus, preferably, the

ejection 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 toopen andclose by a relatively small driving force

even under a high liquid pressure on the order of, for example,



100 to 200 kgf/cm?, 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 forcé is
relatively small, the overall size of the ejection valve can
be reduced. |

More preferably, the needle valve 1is provided with a
liquid pressure compensating piston.

With this feature, the 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 combinatién with back and forth
movement of the liquid pressure compehsating piéton; 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 %ieedle_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

ejectien 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.



_therefor& possible tq sufficiently eliminate an _adverse —_

Accordingly, the liquid pressure compensating piston
can be employed in addition to or in pl_ace -of the pressurizing
means for the purpose of controlling the residual liquid
pressure after the end of the ejection'tp the predetermined
specific walue.

ﬁore preferably, the liquid flow passage extended
between the liquid reservoir and Ehe ejectiop valve has a
rising portion which extends upwaraly 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 liqﬁid surface.in the liquid reservoir is
purged out of the liqﬁ'id 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

effect of compressive property of the enclosed air upon a
variation of the liquid pressure before entering the operation

of ejeeting the liquid in fixed amount.

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

described construction operates as follows.



(1) From a methqd point of view, the method of the present
invention comprises the step of applying a pressure to the
liquid beforehand prior to starting ejection of the liquid
and/or holding é pressure near an ejection orifice after the
end of liquid ejection at a predetermined specific value, and -
from an apparatus point of view, the ejection valve includes
'the means for mechanically opening aﬁd closing the ejection
orifice of the ejection valve. Therefore, when ejecting the
liquid in relatively small fixed amouné, for example, the
préssure in the flow passage after the end of the ejection,
particularly the pressure near the ejection orifice, is
controlled to be kept at the predetermined specific value,
whereby tﬁe 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.

Th;'causes giving rise to a delay in ejection of the
liquid r&ide in that it_takes a time to_raise the liguid
pressure to a desired level, and that energy to be utilized

for the ejection is consumed by deformations under pressure.

Therefere, the above features of the present inventionprovide

such advantages that pressuring the liquid prior to starting
the ejection enables a desired force to act u?Bn 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-pressurization 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 appliedtduring the ejection.
(2) By controlling the liquid temperatﬁre to be held
constant, it is possibie to suppress one, more exactly,
primary one of factors which cause a change of the liquid
viscosity, and tb eject the liquid in fixed amount with
stability.

(3} By controlling the pressure of the liquid stored in the
liquid reservoir, a thrust exceeding the pipe resistance
developed in a nozzle is applied to act upon the liquid, and
therefore an ejection rate of the liquid can be-controlled
to be held constant.

Because the liguid 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
_.._nozzle. #owever, controlling the pressure of the liquid™
stored in the liquid reservoir can produce a thrust exceeding
the pipe resistance. Such control is particularly effective

in themcase 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,



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, céncretely
constant or variable, a rate at which éhe.liquid stored in
the iiquid reservoir reduces. With the control, the ejection
rate 6f the liquid can be held cénstant 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 ligquid 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 wvolume of the liquia. As a result, the liquid.
can be applied regardless of viscosity of the liguid. 1In
addition, even in the case of ejecting a highly viscous liquid
that hag'not been preferred in practical use up to now, an
adverse @ffect caused by resiliency of the push member and
the liquid reservoir can be effectively eliminated, thus
allowing these components t¢ be employed so that the liquid

can be;easily applied in a desi;ed shape with stability.

Further, the ejection work can be performed at a high speed
because of no need of returning the liguid pressure to the

atmospheric pressure.

——— + ree——— ———
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{3) The push member disposed to push the liquid stored in
the liquid resegvoir ih a precise and fluid-tight maﬁner
céntrols the amount of the ejected liquid in accordance with
a distance through which the push member moves, and also
contéols thé flow speed of the ejected liquid in accordance
with a speed at which the push member moves. Further, the
ligquid pressure is controlled such that the liquid is
pressurizéd toa c.ertain 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 wviscosity can be eliminated, . and ;he rate at which the
liquid is ejected through the nozzle end can be controlled
to be always held constant. Further, it is 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 ésblied liquid line. The effect of the above feature
is more effect particularly when the liguid is applied inT_
lizr}ear form, and a 1linear shape in starting and ending portions

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

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

should be applied in a uniform linear lingz 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 supplied to the air cylinder. As a result, the
liquid pressure can be raised to a desired level and the tact
time for ejecticon of the liqﬁid in fixed amount can be
shortened.

{7} A motor is employed as a power éourcg for pressing the.
push member, and énergy generated by the motor is much greater
than that required for making the liquid flow. Therefore,
the moving speed of the push member can be kept constant.
(8) In addition, the present invention intends to prevent
bubbleé from being entrapped particularly when the liquid is
fiiled 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
feature&'by a fully automatic filling process. The present

inventiomconcerns with a reliable technique for ejecting &

liquid in fixed amount.

{9} In particular, the present invention is applicable to

any.wa:k steps'for filling a liquid having a medium oxr higher

level of viscosity. The liquid reserveoir is preferably of

the type that the liquid filled therein is employed 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 éomprising the liquid
reservoir, liquid pressurizing means for pressurizing the
liguid stored in the liquid reservoir under a pfessure
depending on the viscos'ityﬂof the liquid, and.an ejection valve
commﬁnicatim;withtheliquidreservoir?therebyejectingthe
liquid'in fixed amﬁﬁnt from the liéuid reservoir through the

ejection valve.

With thé present invention 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 desired form at -
a high speed and precisely without depending on viscosgity of
the liquid. Particularly, even when employing a highly
viscous liquid or ééplying a liquid at a high speed, a shape
of the applied liquid line can be wery 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, th® 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.

(2) “Phe liquid can be more positively shut off at the time’

of stopping the liquid ejection without a risk of breaking
fillers, and a leakage 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 reacﬂes a certain value.

(é) When filling a liquid in the liquid reservoir,
particularly in a syringe, the liquid can be filled without

entrapping bubbles while realizing 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—amountJOf-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 P, denotes
pressure in liquid reservoir after ejection; Py denotes
pressure in liquid reservoir before ejection; C; denotes
number of times at which conditions are ﬁet; N denoctes
reference value for determination about number of times at
which conditions are met; Ppg, denotes measured pressure; Pyq,
denotes‘;ressure data stored in memory (Automatically
regulatedpressure target value) . Fig. 3 isaschematicview,
segpioned in principal part, showing an embodiment of the
fixed-amount-of-liquid ejecting method and apparatus

accordémg to the present invention, the embodiment using an

air cylinder as pressurizingmeans; 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



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-dimensicnal manipulatdr; Figs. 7 and 8 are
sectional views showing other embodiments of a liquid
resérvoir 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 -
presentinvention;Fig‘10isaasectionalviewshowinganother
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 an:ther embodiment of the driving circuit for the needle
valve use® in the present invention; Fig, 15 is a schematic
view of a system in which the driving circuit for the needle
valve, shown in Fig. 14, is applied to a fixed-amount-of-

liquidwejecting system; Fig. 16 is a schematic 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 ligquid reservoir used in the present ‘invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Details of the present invention wi—ll be described beléw
in conjunction with embodiments. It is to be understood that
the présent invention is.limitéd in no way by the foilowing
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, secticned 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 scréw transmitfing'device as preséurizing
means. As shown in Fig. 1, a liquid reservoir 1 comprises
a syringe 3 which can be made of ‘a synthetic resin material,
for exaﬁgle, and a holder 4 surrounding the syringe 3 in
contact r?latipgwgypm the_oute; si@e so as to hold it. Théi
syﬁinge 3 is detachably attached to the holder 4. The liquid
reservoir 1 is provided with a pressure sensor l8a for

measumkng a pressure in the liquid reservoir 1 and outputting

a measured result as a control signal.
‘A pressurizing means 5 for pressurizing a ligquid in the
liquid reservoir 1 to a required level of pressure is

constructed such that a ball screw 7 is mounted to an output



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
ﬁhe ball screw 7, and a plunger 10 is coupled to the fenmale
screw member 8 through a rod 9. The plunger 10 is preferably
heldhin liquid 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 anhoutlet space
14 communicating with the liquid flow passage 12 and leadihg

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 c¢cylinder 16 for moving the .

needle 15 back 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

functiens to control the operation of the motor 6 in accordance

with detected results of the pressure sensors 18a and 18b so
that ‘the ejectién pressure 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



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 rotation of motor
6, etc. at the time when the liquid is ejected, és well as
the operation of a selecter valve 20 for the needle valve 2.
With the apparatus thus constructéd, the liquid 1is

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
pressure in the flow passage 12 is held at the predetermined
specific value. As a result, a flow passage condition before
the start of ligquid ejection is always kept constant.

"Subsequently, with an ejection start signal and an ejection
pressure signal outputted from the cont;:ol me;-ms 19, the motor
6 is rotated at a constant predetermined speed to pressurize
the ligquid in the syringe 3 to a required level of pressure.
Also, tﬁg 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.

4#hen 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



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
ejectioninpredeterminedamounthaslapsed,thecohtrolmeans
19 outputs an ejection end signal to each of the motor 6 and
the selector valve 20, thereby stopping the rotation of-the
motor 5 and closing the needle vaive 2 at the same time. One
cycle of fhe liquid ejection in fixed amount is thereby
cdmpleted.

| With the above arrangement; it is alwéys particularly
ensured regardless of the magnitude of the liquid pressure
that the needle 15 of.the needle valve 2 is. operated to move
forth smoothly and gquickly for mechanically closing the
ejectionorifice 13. It is therefore possible to achieve good

shutting-off of the ligquid, to realize complete closing of
the ejection orifice 13, and to évoid an accidental leakage
of the liquid sufficiently.
-~

Fig. 2 is a flowchart of processing steps carried out
in the_au%omatic pressure regulating device having the
above-described construction. When the operation is started
after inputting an ejection target pressure Pm to the control

means -39, the pressure sensor 1l8a detects a pressure P,.in

the liquid reservoir 1 before the start of liquid ejection
and seénds 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
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the needle valve 2 for a short time. After that liquid

ejection, the pressure sensor 18a detects a pressure P, in
ghe liquid reservoir and sends a detected vaiue to the control
means {(step 5). In accordance with to the inputted preséure
valué, the processing unit of the control meaﬁs 19 computes
a change of pressure in the liquid reservoir 1 between before
and after the-liquid ejection (step 6). if both the detected
values aré‘not coincident with each other, thgn the control
means 19 issues an actuation signal to the pressurizing means
5 to move the plunger 10 of the pfessurizing 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, tha control means 19 carries
out the above-described processing again. Such processing
is repeated until the pressure P, and pressure P, coincide with
eachother. Ifit isdetermined in the step 6 that the pressure
P, in tﬁ; liquid reservoir 1 after the liquid ejection and
pressure P; in the liquid“resg;yg;{“;”bggqgg_the l%quid.__
ejﬁction coincide with each other, then the control means 19
temporarily stores the ptessure value at that time in its

memory~and sets a count value of a counter for counting the

number of times of coincidence to 1. Subsequently, the
control means 19-deterﬁines whether a coincidence signal has
been inputted in succession and the number of inputted

coincidence signals reaches a predetermined value {step 7).



At the start of the operation, the counter is set to a wvalue
1. The predetermined value is set to determine whether the
coincidence between the pressure P, and the pressure P, 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 continuoﬁs . In otﬁer words,
when the number of times of coincidence is 1, this means that
; the counted value does not reach the-predetermiﬁed'value. If
the number of times of cdincidence does .not reach the
predetermined value, then the control means 19 returns to the
step 3 to repeat the above-described processing. If it is
. determined in the step 6 that the pressure P, and the pressure
Py coincide with each other, then the control means 19 further
‘determines the pressure value at tbat time is equal to the
-previous pressure value. If both the pressure values are
equal to each other, then the count wvalue of the counter is
incremented by one. If both the pressure values are not equal
to eachigéher, then the control means 19 returns to the step
3 and_aF Fyemsam§.t§me_resets_§?§ count value of the counter.
If_the number of times of coincidence reaches the
predetermined value after repeating the above-described

processing, then the pressure in the liquid reservoir at that

~time is stored as an automatically reqgulated pressure target
‘value P,,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



pressure sensor 18b disposed near the ejection orifice 13 of
the needle valve 2 detects an ejection prc;ssure Preye -and inputs
it to the control means 19 which compares the inputted value
with the automatically regulated.preséure target.value P M.
If the measured ejection pressure Rm& is smaller than the
automatically requlated pressure target value P,M, then the
control means 19 tranémits a sigﬁal to move down the plunger
{step 9). If the measured ejection pressuré Prewe 18 greaterx
than the automatically requlated pressure target value P, M,
then the control means 19 transmits a signal to move up the
plunger (step 10). 1In either case, the plunger is moved
through a prescribed distance, and the above processing is
repeated until the measured ejection pressure Pqy, coincides
with the automatically regulated pressure target value P,,M.
" Furthermore, in this embodiment, the control means 19
determines in step lliagain as to v}hether the measured ejection

pressure Py 15 equal to the automatically regulated pressure

target value P,M, for the purpose of ensuring more positive
- .
pressure regulation.

Through the above-described processing, regulation of

the ejection pressure necessary in the initial stage of the

operation can be achieved. By holding the apparatus in such

.

an aqﬁomatic pressure regulation mode, the processing of the

steps 9 to 11 is continuously repeated following the step 12
th}oughout the operation, and therefore more precise

regulation of the ejection pressure 1s 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
embédiment 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 pfessurizing means
5 for pressurizing a iiquid in the 1iquid 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 tc a fore end of a piston rod 9 of the
alr cyrinder 27. The plunger 10 is preferably allowed to
enter the syringe 3 while it is held in ligquid 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

to an 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. B
Further, the air cylinder 27, which may also be ¢f the

double-acting type, and the double-acting cylinder 16 are

14 communicating with the liquid flow passage 12 and leading



connected respectively to solenoid selector valves 28, 29.
The solenoid selector valves 28, 29 are connect.ed to a control
means 19 for controlling the oéerations of the valves 28, 29
in accordance with time signals previously-inputted to the
control means 19.. In addition, or;e 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_mam;al pressure redu'c_ing
valve 30, whereas the oﬁher 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. 1In response to the signal outputted to the
"solenoid selector valve 28, the pressurized air is supplied
to the air cylinder 27 at a'pr-es.sure set by the manual preésure
reducing valve 30, thereby moving the plunger 10 downward with
a required force. In timed relationship with the above
operatiéﬁ, the needle valve 2 is opened in response to the
-......Signal outputted to the solenoid selector valve 29, and the
liquid pressurized to a required level of pressure is ejected

through the ejection orifice 13 for a certain period of time

that isespecified depending on an opening area of the ejection

orifice 13. As a result, the liquid can be ejected in fixed
amount witfh 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 solencid selector



valves 28, 29 from the control means 19, whereupon the supply
of the pressurized air to the air cylinéer 27 is stopped, and
at the same time the ejection orifice 13 of the needle valve
2 is mechanically ¢losed by the'needlé 15 with certainty. An
cutflow of the liquid through 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 wvalve 2 is closed can be securely
eliminated.

Mdreover, 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 gquickly for mechanically opening and
closing the ejection orifice 13 regardless of the magnitude
of the liquid pressure. Consequently, not ¢énly positive
opening and closing of the needle valve 2 but also a godd

response can be realized.

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 air cylinder as

pressurizing means. In this embodiment, a liquid reservoir

1 is previded with a pressure sensor 18a, and a pressure sensor -

18b for defecting 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,



from which the liquid flows into the needle valve 2.
Reséective detection signals of the preséure 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 pressﬁre,_ the control means 19 outputs
a pressure regulation signal.depending on the detection
signals from the pressﬁre sensors 18a and 18b to a pressure
regulating means, preferably an eléctro-pneumatic regulator
34, which is disposed in a pressurized air supply path.
With the ap?aratus of this embodiment, when a pressure
change during the operation of ejecting the liquid in fixed
amount is detected by the pressure senscr 18a or 18b, the
electro-pneumatic regulator 34 is operated to regulate the
pressure supplied to the air cylinder 27. As a result,
variations 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.

"
t e e e e o mmeie e s mm— e e R . P

Fig. 5 is a schematic view for explaining an embodiment
in which the apparatus shown in any of Figs. 1, 3 and 4 is

additienally provided with liquid temperature control means.

An apparatus of this embodiment includes temperature sensors
dispdsed respectively in the liquid reservoir and the ejectiori
valve for measuring ligquid temperatures therein, temperature

controllers for receiving signals from the temperature



sensors and outputting signals to heating/cooling units, aﬁd
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 covered by the respective
heating/cooling units. The liquid temperatﬁre is always
controlled to be held at the desired temperature.
Specifically; the liquid temperature in the liquid reservoir
and the liquid temperature in the ejection valve are managed
at all times by the corresponding temperature controllers.
Where a liquid feed tube communicating the liquid reservoir
and the ejection valve extends 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 diséosed
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

mi_dway the _liquid fged tub_'_e is p_rg_fe_rably_de_termiqed depending

on the length of the liquid feed tube and the ejection interval.
A similar advantage can also be obtained by installing the

entire&y of the apparatus in a thermostatic chamber which can

control a temperature therein so as to be maintain at the

"desired temperature.



Fig. 6 is a schematic perspective view showing an

embodiment in which the present invention is applied to a
three-dimensional maniéulator. When a workpiece, i.e., an
object to which a liquid is to be a@blied, is displaced in
proper timed-relationship-ﬁith the liquid ejection, the
fixed-amount-of-liquid ejecting apparatus including the
valve mechanism deséfibed above can be employed in such a
manner that the position of a ﬁézzle_functioning as the
ejection wvalve 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 manipulatror 25 based
on the Cartesian coordinate system, and the three-dimensional
manipulator is operated by a controller 26 which ocutputwy a
positicon signal in écbordance 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

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

Big. 7 is a sectional view showing another embodiment-

of the liquid reservoir used in the present invention. 1In
tiis 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



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 ancother embodiment of the liquid reservoir used 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 ful;y desce.nded
to a lower limit position can be réduced, and therefore the
consumption efficiency of the liquid can be increased.
Further, sealed air can be more easily and surely discharged
toward the 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 1liquid reservoir and the neédle valve
which are used in the present invention. In this embodiment,
a liquié‘flow passage 12 is formed in the body of the holder
4 of the sy_ri_nge, 3 to be communicated with a lower 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™2 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.



R et ra O

Fig.. 10 is a sectional view showing another embodimgnt
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 tﬁe outlet space 14 is disposed
independently of the doubie—acting cylinder 16 between the
outlet space 14 and the cylinder 16. The liguid pregsure
compensating piston 21 functioné 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 &olume of the outlet space 14 is increased.

Accordingly, the predetermined. liquid pressure can be
realized by moving-the iiquid pressure compensating éiston
21 forth to some extent when the liquid pressure near the
ejection orifice 13, which is detected by a pressure sensor

r .
18, is lower than the predetermined value, and by moving the

..1liquid pressure compensating piston 21 back to some extent . _.

when the liquid pressure near the ejection port 13 is higher

than the predetermined value.

For 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



liquid, can be absorbed by moving the liquid pressure
compensating piston 2% forth. Conversely, & rise of the
liquid pressure due to an increase of the volume occupied by
the needle 15 in the outlgt space 14, which occurs when the
needle 15 is moved forth at the time of stopping the ejection
of the liquid, can be absorbed by moving the pistoﬁ 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
ejectionorificelB,whichprojectsdownwardfromtheposition
where the needle 15 is seated against it, be as small as
possible to make substantially zero the amount-of the liguid
remaining in the ejection orifice 13 after the ejection
orifice 13 ‘has been closed.

When a workpi;ce, i.e., an object to which a liquid is
to be applied, is displaced in proper timed relationship with
the liquid ejection, the fixed—émount—of—liquid ejecting

-~y
apparatus described above can be employed in such a manner

that the position of the needle valve 2 sexving as the ejection

valve can be kept stationary during use.
However, when a workpiece is positioned and fixed at a

partiemlar 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,



and Fig. 12 is a schematic view showing an embodiment in which
a nozzle having a valvé construction as shown in Fig. 11 is
attached to the fixed-amount-of-liquid ejecting apparatus.
érior to describing Figs. 11 and 12 individually, the matters
common to béth the drawings will be first described.

A fixed-amount-of-liquid ejecting apparatus is used in,
for example, semiconductor manufacturing processes for
regularlyorirreéularlycoatinganelectroniématerial,e.g.,
a paste, on a board in the form of points and lines. In such
a fixed-amount-of-liquid ejecting a@paratus, 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 vailve is controlled depending on a degree at which
the ejection valve is opened/closed, and an opening/closing
time of the ejection valve, etc. There are known various
typeé of ejection valves. A proper one of those ejection
valves is selectively employed depending on the type of liquid
to be ejected, the amount of liquid to be ejected per unit

4
time, etc. An ejection valve called a needle valve, in

particular, comprises a needle valve stem movable disposed

in 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 formed
at the center of the valve seat. The needle valve therefore
has such a characteristic that an effective cross—sectionél
area of the opening in the valve seat is less changed with
respect to small stroke adjustment of the needle valve stem.
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 ligquid in fixed amount by using such‘a
needle valve, it is customary that the applying or filling
operation is performed after fittinganozzle (very thinpipe},
which is _adapted for individual ejection works, to an ejeétion
orifice.

In the case of ejecting a liquid in fixed amount with
the nozgie 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

(éalled 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 occcurs

regardless of whether bubbles are mixed in the liquid. The



above phenomenon is presumably primarily attributable to the
fact that beéause of rgsistance developed in the pipe between
the valve seat and the nozzle, i.e., an end opening of the
ejection orifice, the liquid pressufizing force required for
ﬁhe_liquid ejection remains there, and the liquid continues
to be ejected until the remaining pressure is completely
eliminated. |

iooking 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 liquidmaterial 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 above-mentioned one. Particularly,

the present invention intends to overcome such problems as
poor shutting-off and leakage of the liquid, and to provide

a nozzie for a fixed-amount-of-liquid ejecting apparatus’

which can ejéct a very small amount of liquid and stop ejection
of the liquid with high precision.
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
unéerpressureandstoppingejectionoftheliquid,thenozzle
includes a wvalve mechanism in a space within a nozzle body
éommunicating with the liquid receiving portion.

With the above construction, the problenms experienced‘
in a conventional apparatus, such as liquid dripping and
roping, can be perfectly eliminated, and good shutti£g~off
of the liquid. 1In addition, an accidental leakage cf the
liquid after stopping the liquid ejection can be perfectly
pfevented. |

In the above nozzle, preferably, the nozzle body has an
orifice for ejection of the liguid and the valve mechanism
is disposed near the ejection orifice.

Also, preferably, the valve mechanism comprises a valve
stem movably disposed in the nozzle body, and a valve seat
formed by an inner wall surface of the nozzle near the ej.ectio'n
orifice.

Further, preferably, the valve stemhas a tip formed into
a needlé:like shape, and a peripheral surface of the wvalve
stem tip is formed so as to be held in close contact with the
nozzle inner wall surface 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.



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 invention.

In this embodiment, the needle-like valve stem for opening
and closing the valve is §perated by an air cylindei.

Réferring to Fig. 11, reference numeral 40 denotes a nozzle
body having a liquid 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 mechanism. Specifically, a part of the inner wall
surface of the nozzle 40 near the ejectionoxrifice 42 fuﬁctions
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

st;e_m 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 thHe 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



made substantially coincident with the position of the
ejectionorifice. Thispointvﬁjj.bedéscribedjjlmoredetail
below. -

The valve stem 44 has an upper portion in the form of
aslendercplumnhavipgeasubstantiallyuniformouterdiameter
d, and has a needle-like lower end,portién tapered toward its
tip with the outer diaﬁeter d decreasing monotonoﬁsly. The
inner wall su‘rface of the nozzle ;10 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 stem 44 and the
inner wall surface of the nozzle 40 perform a valve function,
the tip ¢of the valve stem 44 and the inner wall surface of
the nozzle 40 requiie to be formed to have diffefent angles
relative to the axial direction in a section parallel to the
axial direction of the nozzle near the ejection orifice 42.
In this‘;mbodiment, the angle at which the tip of the wvalve
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

conditdon of the valve being closed, the outer peripheral:

surface of the valve stem 44 and the inner wall surface of
the 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. Alsc, by



changing the respect;ve angles at which the outer peripheral
sﬂrface of the valve stem 44 and the inne: 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.e., to the
position'at which the wvalve 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 function. However,
it is desiragble to select materials that are satisfactory from
the standpoints of sealing ability, machining accuracy,
durability 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 nozzle 40 according to the présent invention is attached

to as a part of a valve device 50 of the fixed-amount-of- -
quuid ejecting apparatus. The valve device 50 has an inlet
port 52 to which a Liquid is introduced froma liquid reservoir

{(not shown) through a flow passage, and an outlet port 52



communicating with the nozzle 40. A space defined between
the inlet port 52 and the ejection orifice 42 at the nozzie
end serves as a liquid receiving portion 56.

In this embodiment, the valve stem 44 constituting.the
nozzle has a tip positioned near the ejection orifice 42 of
the nozzle 40, and has a 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 caﬁ be
constituted 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 cne of the ports, wherebf movement of the
needle-like valve stem 44 is controlled.

In the valve device thus constructed, the liquid is
ejected ?’n fixed amount as follows. The signal S is outputted
from the control means (not shown) to the solencid selector
-vélve 62, whereupon the wvalve 62.is switched o&er to supply
the pressurized air to the lower port so that the needle-

' like welve stem 44 is moved upward. This causes the valve

stem 44 to depart away from the valve seat 46, thus making
the ejection orifice 42 open. At the same time, the liguid
pressurized to a desired level of pressure is ejected through

the ejection orifice 42 for a certain time that is specified



in relation to the opening area of the ejection orifice 42.
Accordingly, the ligquid can be ejeciéd in fixed amocunt with
high précision withouf a time lag.

On the other hand, the liquid ejection in fixed amount
is ended as follows. In iesponse to an ejection end signal
S sent to the solenoid selector valve 62 £from the control means
(not shown), the valve 62 is switched over to supply ﬁhe
pressurized air to the upper port so that the needle-likevalve
stem 44 is moved downward. The needle-like valve stem 44 is
thefeby 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.

Ejection of the liquid through the ejection orifice 42
is therefore perfectly stopped upon the needle-like valve stem
44 coming into contact with the valve seat 46. As a result,
a risk of liéuid leakage during the state in which the nozzle
'is closed can be securely eliminated.

Thus, the needle-like valve stem and the nozzle body
constit&%ing the nozzle are small in size and volume, and are

cperated 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

presswxe. Consequently, not only positive opening and

cIosing of thé valve But also a good response can be realized.
- Tomore 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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ejectionorifice42,whichprojectsdownwardfromtheposition
where the needle-like valve stem 44 is seated againsé it, be
as small as possible to make substanﬁially 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 éylinder is employed as‘meéns for operating the
needle-like valve stem in this embodiment. Héwever, the

means 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. Ig 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
Applicag.on No. 10-309179 (filing data: October 28, 1998},
there accompanies a problembelow. A liquid chamber is formed
in the needlé valve and has"anmgééﬁi;gmiﬂ-communication with
a quuid ejection orifice. An inner space of the liquid

chambes which is occupied by a needle valve stem changes with

movement of the needle valve stem; namely, a volume in the
liquid chamber ofcupied by the needle valve stem changes.
This causes a variation in pressure of the liquid in the liqguid

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 valvelis opened, but
gradually increases as the needle valve stem moves from the
open position to the closed position. Then, thé volume
occupied by the needle valve stem is maximized when the valve
is closed, thus.affecting the amount of thé ejectéd liquid.
Particularly, where the amount of the ejected.liquid.reéuires
to be constant at a very small value, even small change of
the volume occupied by the needle 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 caﬁ eject a liquid in
small fixed amount in a stable manner with high precision,
and which can quickly stop ejection of the ligquid. Another
ocbject fgtxaprovide a fixed-amount-of-liquid ejecting valve
whichincludespressu;gsompensatingnmansforimcreasinganq
deépeasing the volume of a liquid chamber so as to cancel a
change of liquid pressure in the liquid chamber that occurs

with mevement-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



present invention comprises a valve body having an inlet poxrt
in communication with a iiquid reservolir, a liqﬁid chamber
formed thérein to contain a liquid introduced through the
inlet port, and an outlet port through which the liquid in
the liquid chémber is ejected; a neédle—like valve stem
disposed in the liquid chamber movably between a first
positioh and a second position; a valve seat formed to receive
a tip of said valve éten{to tﬁereby'close thé 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 canceled.

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 liguid. <Changes of the volume occupied by the
valve st:m in the liquid chamber which occur with the movement
_of the wvalve stem, i.e.,_variations of the ligquid pressure
in Fhe liquid chamber, are canceled by the pressure

compensating means which 1s operated in synch relation.

Therefore, the liquid pressure in the liquid chamber can be

held at a predetermined value, and an ejectidﬁmraie of the
liquid during the valve dperation 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



can be absorbed effectively. BAs 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 ﬁhe form of a cylinder. In that case,
the needle valve stem is coupled at its rear end.ﬁo a piston
in the cylinder, and the pressure compensating means is
constituted as a pressure compensating pistdn 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.
cylindef’biston, and the volume in the liquid chamber, which
is occupied by one end of the pressure compensating_p;s;pn”_

located in the liquid chamber, is also changed with movement

of the pressure compensating piston. Therefore, pressure

variakdons at the ejection orifice and the vicinity thereof

can be easily and guickly 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



occupied by the needle valve stem increases. In the former
case, the pressure compensating piston is moved—forth t01ﬁake
its one end further enter the liquid chamber to such an extent
as preventing a drop of the liquid pressure in the viéinity
of the ejection orifice. 1In the iatter case, the pressure
compensating piston is moved back to retract its one end to
such an extent as preventing a rise af 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 connéZted at its rear end to first solencid driving means
disposed outside the valve body, and the actuator is connectgd
_to second solenoid driving means disposed outside the valve
body.

~Bach 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,



and a first magnetic coil fordriving the first plunger. Also,
the secoéd solenoid driving means can be constituted by a
second plunger connected to one end of the actuator, and a
second'magngtic coilvfor 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 respectivé
diéections 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 embodiment
of the driving circuit for the needle 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
disposea'a needle valve stem 80 for ejecting a pressurized
liquid in fixed amouqt through an outlet port 78, the liquid
being introduqed.to a liquid chamber 76 through an inlet port,
i.e., a liquid introducing port 74, which is in communication

with a=liquid reservoir (not shown). The neédle 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



valve seat 82 to thereby stop ejection of the liquid, and a
second position which is spaced from the first pc;sition upward
through a predetermined distance and at which the liguid id
ejected through the ejection orifice in maximum amount.

In cther words, the needle vaive stem 80 is coupled at
its rear end to the piston 84, and has the ti? arranged to
face the opening which is,foimed at tﬁe center of the valve
seat 82 and communicates with the ejecgion orifice 78.

| The piston 84 for moving the needle valve stem 80 is
slidably disposed in aﬁ 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 chamber 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
chamberqu. The pressure compensating piston 86 is
- constructed such that the needle valve stem 80 fixed to the
piston 84 is inserted through a central portion of the piston
86 and the piston 86 does not interfere with smooth movement

of thewmeedle valve stem 80. The pressure compensating 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



in the air chamber %92, and is moved downward upon compressed
air supplied through a port b2 provided in the air chambef
92. |

An amount by which the projected portion 86a of the
pressure compensating piston 86 projects into Ehe 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 86. More specifically, when the needle

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

Fig. 13 and advances toward the second position, the volume

occupied by the needle valve stem 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 prcjects into the
liquid chamber 76. On the other hand, when the needle valve
stem 80‘15 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 prassure compensating piston 86 is moved upward to reduce

the amount by which the projected portion 86a projects into

the liquid chamber 76.7 -

The movement of the piston 84 and the movement of the

pressure compensating piston 86 in synch with the former



movement are carried out by switching over the compressed air
supplied fromanair compr—essor 94 by a sc->lenoid selector valve
96 s0 as to flow through one of flow passages X and Y

selectively. The flow'passage X is connected 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
compenéating piston 86 is disposed. The flow passage Y is
connected to the port a2 ¢f the éir 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 compensatiﬁg piston 86 can be operated in
synch relation, and therefore an ejection rate can be always
held constant. Particularly, when the needle valve stem 30
T is opéned 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 f;om the ejection orifice to the liquid chamber. As
a result, the liquid can be ejected at a constant ejection
rate immediately after the start of operation of the needle
valve stem 80, and the liquid ejection can be stopped promptly.

bncidentally, O-rings are employed to seal off a gap

between an outer peripheral surface of the piston 84 and an
inder wall surface of the air chamber 96,'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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86 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 schematic view. showing still another
emnbodiment of the driving circuit for the needle valve used
in the present invention. This embodiment répresent an
example in which means for adjusting respective stroke lengths
of the piston 84 and the ptessure cdmpensating piston 86 are
provided. In this embodiment, é male screw 98 screwed into
the air chamber 90 from above the needle valve body 70 serves
to adjust the displacement 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.

Fd;%her, 2 male screw 100 screwed into the air chaﬁber
92 externally of the_partitipn 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. This adjustment of the displacemgnt of the pressure

compenéating piston 86 is desirably performed 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



stroke of the needle valve stem 80 (i.e., for reducing the
valve opening), the volume occﬁpied by the needle valve sgem
80 in the liquid chamber 76 is increased and decreased over
a smaller range. Therefore,thestrokelengthcﬂfthepreésure
compensating pistoh 86 requires to be adjusted in match with
such a smaller range.

By attaching micrometers to the méle screws 98 and 100
as means for adjusting tﬁe stroke lengths, the stroke lengths
of the respective pistons can be inanually inareliable manner.

While pistons are employed as the pressure compensating
means in the above embodiments, the present invention is not
limited ﬁo such an arrangement. The means for adjusting the
stroke length may be any other suitable méans, such as a
diaphragmor bellows, which can change the volume of the liquid
chamber 76 in synch with movement of the needle wvalve stem
80 so that cﬁanges of the volume occupiéd by the needle valve
stem 80 in the ligquid chamber 76, which are caused with
movement of the needle valve stem 80, are canceled.

-

Fig. 15 1is a schematic view of a system in which the
driving circuit for the needle valve, shown in Fig. 14, is
applied to the fixed-amount-of-liquid ejecting apparatus

shown-in Fig. 3. Referring to Fig. 15, reference numeral 1

denotes a liquid reservoir comprising a syringe 3 which can
be made of a syntheiic 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
liguid reservoir 1 to a required level of pressure 1is
constructed by an air cylinder 27. A plunger 10 is attached
to a fore end of a piston rod 9 of the air cylinder 27. The
plungér 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 reservoir 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 valve 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 &lose 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 Sgupled at its rear end to the piston 84. Further,
a liquid pressure compensating p;§ton 86 is disposed )
independently of the piston 84-between the liquid chamber 76
and the piston 84. The pressure compensating piston 86

-functiens as follows. When the piston 86 is moved forth with

preésurized air supplied to an air chamber 92 o-n“-the same side
as the piston 84, the volume of the liquid chamber 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 ligquid chamber
76 is increased.

Bccordingly, the predetermined liquid pressure can be
realized by moving the liquid pressure compensating piston
86 forth-to.some extent when the liguid pressure near the
ejection orifice 78 is lower than the predetefmined value,
_and by moving the liquid pressure compensating piéton 86 back
to some extent .when the liquid pressuré near the ejection port
78 is higher than the predetermined value.

. Further, in this embodimént, 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
controliing the operations of the valves 28, 26 in accordance
with time signals previously inputted to the control means
19. In addition, one solencid selector valve 28 for
controlling supply and discharge of pressurized air to and
from thé'air cylinder 27 is connected to a pressurized air
§upply source 31 through( e.g., a manual pressure reducing
valve 30, whereas the other sclenoid selector valve 96 is
directly connected to the pressurized air supply source 31.

50 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 $6. In response to the signal outputted to the

solenoid selector valve 28, air pressure is supplied to the



air cylinder 27 at a pressure level set by the manual pressure
reducing valve 30, thereby moving the plunger 10 downward wit-h
a required force. In timed relationship with the above
operation, a preset ailr pressure is supplied to both in?ut
porté a2z and b2 of the air cylinder 72, thereb§ raising the
piston 84 to move the needle valve stem 80 upward from the
first positioh to the second position and at the same time
lowering the pressure compensating piston 86 SO thét a
reduction of the volume occupied by the needle valve stem 80
in the iiquid,chamber 76 is canceled. The liquid pressurized
to a required level of pressure is then ejected through the
. ejection orifice 78 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, ah
ejection end signal is sent to each of the solenoid selector
valves 28, 96 from the control means 19, whereupon the supply
of the p;assurized air to the air cylinder 27 is stopped. In
_parallel, pressurized air is supplied to both ports al and
bl gf the air cylinder 72, thereby lowering the piston 84 to
move the needle valve stem 80 downward from the second position

to the-first 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



of the liquid through the ejection orifice 78 is therefore
perfectly stopééd upoﬁ closing of the needle valve 70. As
a-resul£, a risk of liguid leakage during the state in which
the needle valve 70 is closed can be securely eliminated.
-Mo;egve:, 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 smootﬁly and gquickly for
mechanicaily opéning and closing the ejection orifice 78
regardless of the ﬁagnitude of the liquid pressure.
Consequently, not only positive opening and closihg of the
needle valve 70 but also a good response can be realized.
Additionally, the fixed-amount-of-liquid ejecting apparatus
employing the above-describe negedle valve can gffectively
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 ejection 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



invention. In this embodiment, the needle valve stem 80 is
moved in the liquid chamber 76 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 linear motion. The préssqre
compensating 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 t;
a mechanism 110 for converting rotatipn of a motor 108 into
linear motisn. Gaps between the valve body 70 and each of
the needle valve stem 80 and the actuator 106 are sealed off
by O-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 controlléd by a control device 97. When
the needle valve stem 80 is méved from the first position to
the second position (for ejecting the ligquid), the actuator
106 is aa%anced to enter the liquid chamber 76 so as to cancel
a reduction of the volumg_ogcqp}ed 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

positien (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.



Fig. 17 is a schematic view showing a fourth embodiment
of the driving circuit for the ngedle valve used in the present
invention. In this embodiment, the needle valve stem 80 is
moved in the liquid chamber 76 betgeen the first position and
the second position by a solenoid driving device 119. The
solenoid driving device 119 comprises a magnetic coil 122 for
electromagnetically driviné 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 pushes the plunger 120
upwardzandthecoilsprinngSpushestheplungerlZOdownward.
As a whole, the needle valve stem 80 coupled to the plunger
120 closes the ejection orifice 78. Stated otherwise, the
plunger 120 is pushed down%ard by a dominating spring force
imposed from the coil spring 128 in a2 normal state. To move
the plunger 120 upward from the shown state to open the
ejectioﬂforifice 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 plunger 120 is pushed downward again by the spring force

imposed from the coil spfing 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



stem 80 in the liquid chamber 76, which occur when the needle
valve stem 80 is moved back and forth, is constitu%ed,by an
actuator 130 movable back and forth by a solenoid driving
device 12§l 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. 1In the
state shown in Fig. 17, the leaf sbring 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 byz dominating spring force imposed from the leaf spring
136, and a tip of the actuator 130 projects into the liquid
chamber 76 to some extent.

When the needle valve stem 80 is moved upward in the

liquidmchamber 76 from the shown 'state, a predetermined

current is supplied to the solenoid driving device 118 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 solencid driving device 129 for



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 supplied to the magnetic
coil 132 is preset to such a value és enabling the actuator
130 to be moved through a.distance jﬁst enough to cancel a
reduction of the volume occupied by the needle valve stem 80
in the liquid chamber 76. Therefore, variétidns 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 liguid chamber 76.
When the supply of those currents is stopped, the needle
valve stem 80 is promptly pushed downwar@.by the spring force
imposed from the coil spring 128 from the second position to
the first position, and at the same time the pluﬁger 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 daﬁnward in such a way, resulting variations of the
. _ pressure in the liquid chamber 76 are canceled by the movement
of the plunger 131, and the pressure in the liguid chamber
76 is always held constant. As a result, at a transition from

‘the open state to the closed state of the valve, the ejection

rate of the liquid, such as a paste, is not increased unlike
the prior art, and therefore this embodiment is suitable for

applying the liquid so as to draw a line with a uniform width,



Fig. 18 is a schematic view of an apparatus for filling
a liquid inte the liquid rese:voir used in %he present
invention. In an embodiment éhown in Fig. 18, a plunger is
previously inserted in a liquid ;eservoir-in an airtight
fashion, and a directly actuating mechanisn1is coupled to the
plunger. The directly actuating mechanism is coupled to a
driving unit, such as a motgr, capablehof operating in a
reversible manner with a control signai. 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 liquid
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 backw;;d rotation signal 1s sent to the driving unit. A
plunger on the side of the pressure container pushes out Ehe
liquid in the pressure container when the pressure container
is pressurized by air. When a sensed -member attached to the

plungex 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



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 5peration, as shown, the liquid reservoir is
connected to the liquid outlet. The plunger is inserted in
the liquid reservoir, and lS coupled to the directly actuating
mechanism. The pressure container containing the ligquid
filled therein beforehand is connected to the ligquid outlet.
Air:is supplied to the pressure container for pressurization.
The pressure sensor disposed in the liqﬁid outlet pipe
measures a pressure and transmits a measured signal to the
control unit. The control unit 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 ligquid

-
outlet pipe reaches the pressure value after the subtraction,

.the movement of the plunger is stopped. The above operation

is repeated automatically until the liquid full-amount sensor
disposed around the liquid reservoir is actuated. When the

smallwremaining-amount sensor on 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. 1In



particular, this embodiment is applicable to any work steps
for £illing a liquid having a.ﬁedium or higher level of
viscosity, and this embodiment is suitable for filling a
liguid 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 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 é;n be repeatedly reproduced with high reliability.
Ontheotherhand,whenejectingtheliquhdig;elativelylarge
fixed amount, in addition to the above control, the pressure

" of the supplied liquid is controlled also during the liquid

ejectien 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 ligquid reservoig, the liquid
ejection can be started withou£ a time lag. At the.end of
the ejection, by removing the added increase of the
pressurizing force and mechanicall? closing the ejection
orifice of the ejection valve, one cycle of t_he liquid ejection
in fixed amount can be ended'with positive shuttihg—off of

the liquid without a risk of liquid leakage.

The apparatus of the present invention is practically

" used as follows. 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 ligquid
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 fzquid reservoir, the liquid pressure can be raised
up to a desired level even when the line air pressure in a
general factory is relatively low. As a result, efficiency
of the liquid ejecting work can be improved as intended.

By 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
ligquid, including a viscous fluid, a material having

consistency, etc., require to be ejected in fixed amount; for



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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CLAIMS

1. A fixed-amount-of-liquid ejeéting method for ejecting
a liquid in fixed amount from a liquid reéervoir through an
ejection valve, said method comprising a step of applying a
pressure to the liquid beforehand ?rior to starting ejection
of they liquid and/or holding a pressure near an ejection
orifice after the end of liquid ejection at a ﬁredetermined
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
ligquid 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 nged—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

liquidwejection at a predetermined specific value comprises

a step of coﬁtrolling 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 ligquid

(T




beforehand prior to starting ejection of the liquid and/or

holding a pressure near an ejection orifice after the end of
liquid ejectibn 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,.whe'rein said step of applying a pressure to the liquid
beforehand prior to sfarting ejection of the liquid and/or
holding a pressure near an ejeétion 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 a rate at which the liquid
stored in said ligquid reservoir reduges.

6. A fixed-amount-of-liquid ejecting method according to
Claim 1, wherein said step of applying a pressure to the liquid
beforehanduprior 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 comprisés
a step o? 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

Claimw?, wherein temperatures of the liquid in said liquid

—— et —— et e e s e mm

reservoir and said ejection wvalve are controlled to be held

at desired temperatures.
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8. A fixed-amount-of-liquid ejecting method according to
Claim 1, wi’;erein said ejection valve includes a nozzle having
in itself a function of a needle valve.

9. A ffixed—amount-—of—liquid ejecting method according to
Claim 1, further including a liquid filling process wherein,
when £illing a liquid in said liquid reservoir from a pressure
container in which the liquid is -stored beforehand, a liquid'
pres.sure 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.
£illing the ligquid without entrapment of bubbles.

10. 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
pressure in said liquid reservoir is controlled to a constan‘é
pressure lower than the pressure of air introduced to said
pressure container for pressurization, and filling of the
liguid i; automatically stopped upon serising of a full-amount
state of the liquid in said liquid reservoir and/or.a sr_nallL
rg@aining—amount state of the liquid in said pressure
container, thereby automatically filling the liquid without

entrapﬁent of bubbles.

11. A fixed-a-mount:of—liqa:".d ejec;ting method according to
Claim 1, fdrther including a liquid f£illing process wherein,
when filling a liquid in said liquid reservoir from a pressure

container in which the liquid is stored beforehand, a liquid
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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 fixed-amount-of-liquid ejecting apparatus comprising
a liquid reservoir, means for pressurizing a liquid in said
liquid reservoir, and an ejection Qalve communicating with
said iiquid reservoir, thereby ejecting the liquid in fixed
amount from said liquid reservoir through saidejection valve,
wherein said apparatus further compriées operation control
means for controlling operations of said pressurizing means
and said ejection valve, and ejection pressure control means
for automatically regulating an ejection pressure of the
liguid.

13. A fixed-amount-of-liquid ejecting apparatus according
to Claim 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
ejectioﬁrbressure 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 Cladém 12, wherein said ejection-valve includes means for

méchanically opening and closing an ejection orifice of said
ejection wvalve. ' -
is. A fixed-amount-of-liquid ejecting apparatus according

to Claim 12, wherein said pressurizing means comprises means
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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 accoraing
to Claim 12, wherein said pressurizing means comprises a push
member disposed to push the liquid stored in said liquid
‘reservoir in a pfecise and fluid-tight manner.

‘17. A fixed—amount—of—liqdid ejecting apparatus accbrding
to Claim 12, wherein said pressurizing méans 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 digposed 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-sensoi for deteéting a liquid pressure near an
ejection orifice, and means for operating said pressurizing
means in accordance with a signal from said pressure sensor.
19. & fﬁxed-amount-of—liqnid ejecting apparatus according
to Claim 12, further comprising liquid temperaﬁure control

means for controlling a liquid temperature.

20. A fixed-amount-of-liquid ejecting apparatus according

to Cladm 12, wherein said ejection valve includes a nozzle

provzaga_aith a valve mechanism in a nozzléwgéa§;u
21. A fizxed-amount-of-liquid ejecfing apparétus 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 liguid chamber formed therein to contain the
liduid inéroduced 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 secondposition; a valve
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 ligquid chamber in synch with movement of said
valve stem so that variations of liquid pressuﬁe insaid liquid
chamber caused by movement of said valve stem is canceled.
22. A fixed-amount-of—iiquid ejecting apparatus according
to Claim 12, further 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 preéghre of air introduced to said pressure container for
pressurization, thereby automatically filling the_liquid in
said liquid re;ervoir without entrapment of bubbles.

23. A fixed-amount-of-liquid ejecting apparatus according

to Cladm 12, further including-a f£illing apparatus which

compriseé 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

contrcl mechanism for maintaining a liquid pressure in said
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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—émount state of
the liquid in said liquid reservoir and/or means for sensing
a srr_zall remaining-amount state of the liguid in said pressure
container, and for automatically stopping £illing of the
liquid in accordance with a sensed signal; thereby
automatically filling the liquid in said liquid reseévoir
without entrapment of bubbles.

24, A fixed—amount-of-liquid ejecting apparatus according
to Claim 12, further including a filling apparatus which
comprises a liquid reservoir including a plunger inserted
therein in agpairtight 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 inirodpced to said pressure container for
pressurization, and means for removing bubbles accidentally
generate‘a in said liquid reservoir, said bubble removing means
including a valve structure which has an air release hole for
communicating said plunger inserted in saia liquid reservoir
with the outside and is able to close the air release hole

at anymtime, thereby automatically £illing the liquid in said

“1iquid reservoir without entrapment of bubbles.
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