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Description
Technical Field

[0001] This invention relates to methods and systems
for controlling pressurized fluids, in particular, to closed
loop methods and systems for controlling high or low
pressure fluids.

Background Art

[0002] U.S. PatentNo. 5,114,660 discloses a method
and system for the injection molding of plastic articles
in an injection molding system including a pneumatical-
ly-operated gas compression unit having a high pres-
sure gas receiver. A fluid pressure reducing valve, to-
gether with a directional control valve, controlled by a
controller reduces the pressure of the high pressure ni-
trogen gas and communicates the pressurized fluid from
the gas receiver to the injection molding system.
[0003] Briefly, gas-assisted injection molding is a ther-
moplastic molding process which provides stress-free
large parts with a class A surface and virtually no sink
marks. Gas-assisted injection molding is a low pressure
molding process compared to conventional injection
molding. In this process, inert gas such as nitrogen is
injected into the plastic after it enters a mold. By con-
trolling the gas pressure, the quantity of plastic injected
into the mold (short shot) and the rate of gas flow, a pre-
determined network of hollow interconnected channels
is formed within the molded part. The gas pressure re-
mains constant in the network of hollow channels during
the molding. This compensates for the tendency of the
plastic to shrink at the thicker areas of the molding pre-
venting warpage and reducing stress. The gas pressure
is relieved just prior to opening the mold. Because of the
relatively low injection pressure, large parts can be
molded with substantial reductions in clamp tonnage.
[0004] Consequently, gas supply equipment must
provide precise control of pressure, timing and volume
of gas which is injected into the part, all of which are
important to the control of the gas-assisted injection
process.

[0005] In general, prior art valve assemblies exhibit
relatively slow response and have a considerable
amount of on-board electronics and take up a consider-
able amount of room, especially when multiple valve as-
semblies are required to service a number of injection
molds or parts of molds.

[0006] In US-A-5,257,640 a system for precisely con-
trolling gas under high pressure is disclosed, which pro-
duces an initial gas pressure in a pressure chamber
while applying a predetermined amount of power to a
heating element located in the pressure chamber, and
then applies a computed change of power to produce
an average gas temperature increase or decrease in the
pressure chamber, and thereby rapidly produce an in-
crease or decrease in gas pressure with resolution lim-
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ited by the resolution of measurement of gas pressure
in the pressure chamber and the application of the com-
puted change of power. The system comprises a pair of
fluidly-coupled valves, a computer-controlled gas pres-
sure controller connected to the valves and a pressure
transducer connected to the pressure chamber and to
the computer. The system is capable of stabilizing gas
pressure in a volume within about 10 seconds. In this
way, the system generates precise test pressure without
overshooting. The stabilized pressure is provided in a
closed volume as needed for testing and/or calibrating
pressure sensitive devices, such as pressure transduc-
ers and the like.

Summary of the Invention

[0007] An object of the present invention is to provide
a method and system for controlling a pressurized fluid
wherein the resulting regulated pressurized fluid can be
used in high or low pressure, fast response applications.
[0008] Another object of the present invention is to
provide a method and system for controlling a pressu-
rized fluid wherein the valve assembly of the system has
a relatively small amount of on-board electronics, is rel-
atively inexpensive, and also provides a compact struc-
ture to allow for multiple valve assemblies in a relatively
small space.

[0009] In carrying out the above objects and other ob-
jects of the present invention, a method is provided for
controlling a pressurized fluid having a first pressure to
provide the pressurized fluid at a regulated, desired
pressure less than the first pressure, the method com-
prising the steps of providing a pair of pneumatically-
operated, fluidly-coupled valves, and an electric propor-
tioning device for operating the valves, communicating
the pressurized fluid to the valves, generating a refer-
ence signal representative of the desired pressure, gen-
erating a reference control signal based on the refer-
ence signal, coupling the reference control signal to the
proportioning device to control the pressure of the pres-
surized fluid regulated by the valves, generating a feed-
back signal as a function of the actual pressure of the
regulated pressurized fluid, generating an error signal
based on the difference between the reference signal
and the feedback signal, the error signal being repre-
sentative of a desired amount of fluid pressure change,
and generating an error control signal as a function of
the error signal to control the proportioning device, the
proportioning device, in turn, operating the valves to pro-
vide the pressurized fluid at the regulated desired pres-
sure.

[0010] Further in carrying out the above objects and
other objects of the present invention, a system is pro-
vided for carrying out each of the above method steps.
[0011] The control system for controlling a pressu-
rized fluid having a first pressure to provide the pressu-
rized fluid at a regulated desired pressure less that the
first pressure comprises a pair of pneumatically-operat-
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ed, fluidly-coupled valves connected to a gas pressure
controller which, in turn, is connected to a computer, and
a pressure transducer connected to an output of the reg-
ulated pressurized fluid, an electric proportioning device
coupled to the valves for operating the valves as a func-
tion of control signals to control the pressure of the pres-
surized fluid communicated to and regulated by the
valves, means for generating a reference signal repre-
sentative of the desired pressure, feedback means for
generating a feedback signal as a function of actual
pressure of the regulated pressurized fluid, means for
generating an error signal as a function of the difference
between the reference signal and the feedback signal,
the error signal being representative of a desired
amount of pressurized fluid change, and a controller for
initially generating a reference control signal based on
the reference signal and then generating an error control
signal as a function of the error signal to control the elec-
tric proportioning device, the proportioning device, in
turn, operating the valves to provide the pressurized flu-
id at the regulated desired pressure.

[0012] Preferably, each of the valves is a pilot operat-
ed pneumatic valve and the proportioning device is a
pneumatic servovalve for communicating a pneumatic
control signal to each of the valves in response to the
electrical control signal to control the opening and clos-
ing of the valves to, in turn, regulate the pressure of the
pressurized fluid.

[0013] Also preferably, in one embodiment the pres-
surized fluid is a high pressure fluid such as nitrogen
gas having a pressure in the range of about 70 bar to
1400 bar (1,000-20,000 psi) for use in a gas-assisted
injection molding system. In another embodiment the
pressurized fluid has a pressure capable of controlling
robots and actuators.

[0014] The advantages according to the method and
system of the present invention are numerous. For ex-
ample, the method and system are capable of operating
in high or low pressure, fast response pressure control
applications. Furthermore, the valve assembly of the
system has fewer on-board electronics and exhibits
considerable cost savings over competitive assemblies.
Finally, the valve assembly of the system is relatively
compact and allows for the use of multiple valve assem-
blies in a relatively small space.

[0015] The above objects and other objects, features,
and advantages of the present invention are readily ap-
parent from the following detailed description of the best
mode for carrying out the invention when taken in con-
nection with the accompanying drawings.

Brief Description of the Drawings

[0016] FIGURE 1 is a schematic block diagram illus-
trating the method, system and valve assembly of the
system; and

[0017] FIGURE 2is a schematic front elevational view
of the valve assembly of the system of the present in-
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vention.

Best Mode For Carrying Out The Invention

[0018] Referring now to the drawing figures, there is
illustrated in Figure 1 in block diagram form, a method,
system and valve assembly of the system constructed
with the present invention to control a high pressure fluid
such as a nitrogen gas which is stored in a high pressure
air supply orreceiver 10. The high pressure nitrogen gas
may be stored in a gas pressure receiver such as illus-
trated in U. S. Patent No. 5,114,660 at a pressure of
about 70 bar to 1400 bar (1,000-20,000 psi). As de-
scribed in U. S. Patent No. 5,114,660, the gas is stored
at high pressure to provide a ready source of high pres-
sure gas for use in a gas-assisted injection mold or sys-
tem, as illustrated at 12 in Figure 1 and as described in
U.S. Patent No. 5,114,660. However, it is to be under-
stood that the method, system and valve assembly can
be used to supply low pressure (i.e. approximately 6 bar
[80 psi]) fluid for use in robotic or actuator control. The
method and system provide the pressurized gas at a
regulated desired pressure less than the pressure at
which the gas is stored as is described in greater detail
hereinbelow.

[0019] In general, the valve assembly of the system
includes a pneumatic servovalve, generally indicated at
14, or other air or gas operated proportional valve. The
valve assembly also includes first and second pneumat-
ically-operated, fluidly-coupled valves generally indicat-
ed at 16 and 18, respectively. The valves 16 and 18 are
piloted or controlled along control lines 20 and 22, re-
spectively, by the servovalve 14. Fittings 23 secure the
lines 20 and 22 to the servovalve 14 and the valves 16
and 18.

[0020] Each of the pneumatic valves 16 and 18 in-
cludes an actuator section 24 and 26, respectively,
which includes a diaphragm which responds to a pneu-
matic control signal on its respective control line. The
control signals from the servovalve 14 control the open-
ing and closing of the valves 16 and 18 to thereby reg-
ulate the pressure of the high pressure nitrogen gas.
[0021] Each of the pneumatic valves 16 and 18 also
includes an inlet port 25, an outlet port 27 and a control
port 29 for receiving control signals from the servovalve
14. The inlet port 25 of the first valve 16 opens or closes
in response to the control signal received at its input port
29. In like fashion, the outlet port 27 of the second valve
18 opens or closes in response to the control signal re-
ceived at its input port 29.

[0022] Preferably, the pneumatic servovalve is an
Atchley air servo having Model No. 204PN500S/NO60.
Also preferably, each of the pilot-operated pneumatic
valves is a Dragon air-operated two-way valve having
Model No. 85C053KV.

[0023] The two-way valves 16 and 18 are plumbed to-
gether by a means or assembly 31 for fluidly communi-
cating the outlet port 27 of the pneumatic valve 16 with
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the inlet port 25 of the pneumatic valve 18. The assem-
bly 31 is preferably an HIP cross assembly including a
high pressure cross 32 and a number of adapters 34 to
fluidly connect the cross 32 to the valves 16 and 18 and
a pressure sensor 40. An adaptor 34 also fluidly con-
nects an outlet port 36 of the cross 32 to the system 12.
[0024] While the pneumatic servovalve 14 is gas or
air operated, it operates electronically in a closed loop
system. A feedback mechanism such as the pressure
sensor or transducer 40 is capable of generating a feed-
back signal as a function of the actual pressure of the
regulated high pressure fluid at the cross assembly 31.
The pressure sensor 40 supplies the signal along line
42. The fluid pressure signal is representative of the ac-
tual pressure of the regulated high pressure fluid. The
fluid pressure signal is typically amplified by an amplifier
44 of a controller, generally indicated at 46. Then the
amplified signal is set along a line 48 where it is sub-
tracted from a reference signal at a junction block 50.
Typically, the reference signal is output by a reference
block 52 which may be a manual setting on the controller
46. The reference signal represents the desired pres-
sure for the high pressure nitrogen gas to be utilized by
the system 12.

[0025] The junction block 50, in turn, generates an er-
ror signal on a line 54 which is utilized by a servovalve
drive circuit 56 of the controller 46. The servovalve drive
circuit 56 utilizes the error signal appearing on the line
54 to output to the pneumatic servovalve 14 an appro-
priate error control signal to drive the pneumatic ser-
vovalve 14.

[0026] Preferably, the controller 46 is located remote-
ly from the valve assembly.

[0027] Briefly, the pneumatic servovalve 14 initially re-
ceives an electrical reference control signal from the
controller 46 based on a value set by the reference block
52. Inresponse to the electrical control signal, the pneu-
matic servovalve 14 allows a proportionate amount of
pneumatic pressure into the actuator sections 24 and
26 of the valves 16 and 18, respectively. The two-way
valves 16 and 18, in turn, open or close in order to either
let high pressure in at the inlet port 25 of the valve 16
from the high pressure air supply 10 or let pressure out
in a form of nitrogen gas exhausted at the outlet port of
the valve 18. The actual pressure of the regulated high
pressure gas which is sent to the system 12 is read by
the pressure sensor 40 and fed back to the controller 46
to provide feedback control.

[0028] Then, the feedback signal is utilized with the
reference signal to generate an error signal at the junc-
tion 50. The error signal is representative of a desired
amount of fluid pressure change. The drive circuit 56
uses the error signal which drives the servovalve 14.
[0029] As previously mentioned, the method and sys-
tem have numerous advantages. For example, control
electronics are not located on-board the valve assem-
bly. This has the benefit of allowing electronics to be
mounted in a less hazardous environment for increased
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reliability. Furthermore, the valve assembly is more cost
effective than existing valve assemblies. Finally, the
compactness of the valve assembly allows for the
mounting of multiple valve assembly in a confined space
to service multiple gas-assisted injection molding sys-
tems.

Claims

1. A method for controlling a pressurized fluid having
a first pressure to provide the pressurized fluid at a
regulated desired pressure less than the first pres-
sure, the method comprising the steps of:

a) providing a pair of pneumatically-operated,
fluidly-coupled valves (16, 18) and

b) an electric proportioning device (14) for op-
erating the valves (16, 18);

¢) communicating the pressurized fluid to the
valves (16, 18);

d) generating a reference signal representative
of the desired pressure;

e) generating a reference control signal based
on the reference signal;

f) coupling the reference control signal to the
proportioning device (14) to control the pres-
sure of the pressurized fluid regulated by the
valves (16, 18);

g) generating a feedback signal as a function
of actual pressure of the regulated pressurized
fluid;

h) generating an error signal based on the dif-
ference between the reference signal and the
feedback signal, the error signal being repre-
sentative of a desired amount of fluid pressure
change; and

i) generating an error control signal as a func-
tion of the error signal to control the proportion-
ing device (14),

j) the proportioning device (14), in turn, operat-
ing the valves (16, 18) to provide the pressu-
rized fluid at the regulated desired pressure.

2. The method of claim 1 wherein the step of generat-
ing the feedback signal includes the step of meas-
uring the actual pressure of the regulated pressu-
rized fluid with a pressure transducer (40) to obtain
a fluid pressure signal.

3. The method of claim 1 wherein each of the valves
(16, 18) is a pilot-operated pneumatic valve.

4. The method of claim 3 wherein the proportioning
device (14) is a pneumatic servovalve for commu-
nicating a pneumatic control signal to each of the
valves (16, 18) in response to the reference and er-
ror control signals to control the opening and closing
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of the valves (16, 18) to, in turn, regulate the pres-
sure of the pressurized fluid.

The method of claim 1 wherein the pressurized fluid
is nitrogen gas having a pressure in the range of
about 70 bar to 1400 bar (1,000-20,000 psi) for use
in a gas-assisted injection molding system (12).

The method of claim 1 wherein the pressurized fluid
has a pressure capable of controlling robots and ac-
tuators.

A control system for controlling a pressurized fluid
having a first pressure to provide the pressurized
fluid at a regulated desired pressure less than the
first pressure, the control system comprising:

- a pair of pneumatically-operated, fluidly-cou-
pled valves (16, 18) connected to a gas pres-
sure controller (14) which, in turn, is connected
to a controller (46), and a pressure transducer
(40) connected to an output (36) of the regulat-
ed pressurized fluid,

characterized by

- an electric proportioning device (14) coupled to
the valves (16, 18) for operating the valves (16,
18) as a function of control signals to control
the pressure of the pressurized fluid communi-
cated to and regulated by the valves (16, 18),

- means (52) for generating a reference signal
representative of the desired pressure,

- feedback means (40) for generating a feedback
signal as a function of actual pressure of the
regulated pressurized fluid,

- means (50) for generating an error signal as a
function of the difference between the refer-
ence signal and the feedback signal, the error
signal being representative of a desired amount
of pressurized fluid change, and

- the controller (46) for initially generating a ref-
erence control signal based on the reference
signal and then generating an error control sig-
nal as a function of the error signal to control
the electric proportioning device (14), the pro-
portioning device (14), in turn, operating the
valves (16, 18) to provide the pressurized fluid
at the regulated desired pressure.

The control system of claim 7 wherein the feedback
means (40) includes a pressure transducer for
measuring the actual pressure of the regulated
pressurized fluid to obtain a fluid pressure signal.
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9.

10.

1.

12.

13.

14.

The control system of claim 7 wherein each of the
valves (16, 18) is a pilot-operated pneumatic valve.

The control system as claimed in claim 9 wherein
the proportioning device (14) is a pneumatic ser-
vovalve for communicating a pneumatic control sig-
nal to each of the valves (16, 18) in response to the
control signals to control the opening and closing of
the valves (16, 18) to, in turn, regulate the pressure
of the pressurized fluid.

The control system as claimed in claim 7 wherein
the pressurized fluid is nitrogen gas having a pres-
sure in the range of about 70 bar to 1400 bar
(1,000-20,000 psi) for use in a gas-assisted injec-
tion molding system.

The system of claim 7 wherein the pressurized fluid
has a pressure capable of controlling robots and ac-
tuators.

The control system of claim 7 comprising:

- afirstvalve (16) having an input port (25) adapt-
ed to receive the pressurized fluid, an outlet
port (27), and a control port (29) adapted to re-
ceive a first pneumatic control signal to selec-
tively open and close the input port (25);

- asecond valve (18) having an input port (25),
an output port (27), and a control port (29)
adapted to receive a second pneumatic control
signal to selectively open and close the output
port (27) of the second valve to exhaust the
pressurized fluid;

- means (31) for fluidly communicating the outlet
port (27) of the first valve (16) to the inlet port
(25) of the second valve (18), said means (31)
for fluidly communicating having an output port
(36) for communicating the regulated pressu-
rized fluid; and

- an electric proportioning device (14) for provid-
ing the first and second pneumatic control sig-
nals to control the first and second valves (16,
18), respectively, based on an electrical control
signal so that regulated pressurized fluid at the
desired pressure is available at the output port
of the means (31) for fluidly communicating.

The control system as claimed in claim 13 wherein
the means (31) for fluidly communicating includes
a cross assembly.
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Patentanspriiche

1.

Verfahren zum Beeinflussen eines mit einem ersten
Druck unter Druck gesetzten Fluids, um das unter
Druck gesetzte Fluid mit einem geregelten, ge-
wilnschten Druck, der niedriger als der erste Druck
ist, zur Verfligung zu stellen, mit den Schritten:

a) Anordnen eines Paares von pneumatisch
betatigten, fluidgekuppelten Absperrorganen
(16, 18) und

b) eines elektrischen Anpassungsreglers (14)
zum Betétigen der Absperrorgane (16, 18);

c) Leiten des unter Druck gesetzten Fluids zu
den Absperrorganen (16, 18);

d) Erzeugen eines den gewulnschten Druck
darstellenden Referenzsignals;

e) Erzeugen eins Referenzregelsignals auf der
Grundlage des Referenzsignals;

f) Ubermitteln des Referenzregelsignals an den
Anpassungsregler (14), um den durch die Ab-
sperrorgane (16, 18) geregelten Druck des un-
ter Druck gesetzten Fluids zu steuern;

g) Erzeugen eines Riickkopplungssignals als
Funktion des tatséchlichen Drucks des gere-
gelten,

unter Druck gesetzten Fluids;

h) Erzeugen eines Fehlersignals auf der
Grundlage des Unterschiedes zwischen dem
Referenzsignal und dem Rulckkopplungssi-
gnal, wobei das Fehlersignal einem gewiinsch-
ten Betrag einer Druckénderung des Fluids ent-
spricht;

i) Erzeugen eines Fehlersteuersignals als
Funktion des Fehlersignals, um den Anpas-
sungsregler (14) zu steuern, wobei

j) der Anpassungsregler (14) seinerseits die
Absperrorgane (16, 18) ansteuert, um das un-
ter Druck gesetzte Fluid mit dem geregelten,
gewulinschten Druck zur Verfligung zu stellen.

Verfahren nach Anspruch 1, bei dem der Schritt des
Erzeugens des Rickkopplungssignals den Schritt
umfalt: Messen des tatsachlichen Drucks des ge-
regelten, unter Druck gesetzten Fluids mit Hilfe ei-
nes Druckwandlers (40), um ein Fluiddrucksignal
zu erhalten.

Verfahren nach Anspruch 1, bei dem jedes der Ab-
sperrorgane (16, 18) ein ferngesteuertes Pneuma-
tikventil ist.

Verfahren nach Anspruch 3, bei dem der Anpas-
sungsregler (14) ein pneumatisches Servoventil ist,
das ein pneumatisches Steuersignal an jedes der
Absperrorgane (16, 18) als Reaktion auf das Refe-
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renzsignal und das Fehlersteuersignal Ubermittelt,
um das Offnen und SchlieRen der Absperrorgane
(16, 18) und daraus folgend den Druck des unter
Druck gesetzten Fluids zu regeln.

Verfahren nach Anspruch 1, bei dem das unter
Druck gesetzte Fluid Stickstoffgas mit einem Druck
im Bereich von ungefahr 70 bar bis 1.400 bar (1.000
bis 20.000 psi) zur Benutzung mit einem System
(12) zum SpritzgiefRen mit Gasunterstltzung ist.

Verfahren nach Anspruch 1, bei dem das unter
Druck gesetzte Fluid einen zum Steuern von Robo-
tern und Betatigungsvorrichtungen geeigneten
Druck aufweist.

System zum Beeinflussen eines einen ersten Druck
aufweisenden, unter Druck gesetzten Fluids, um
das unter Druck gesetzte Fluid mit einem geregel-
ten Druck, der niedriger als der erste Druck ist, zur
Verfligung zu stellen, das:

- ein paar pneumatisch betatigte, in Fluidverbin-
dung stehende Absperrorgane (16, 18), die mit
einer Gasdrucksteuervorrichtung (14) in Ver-
bindung stehen, wobei die Gasdruck steuervor-
richtung (14) ihrerseits mit einem Regelgerat
(46) und mit einem mit einem Ausgang (36) fur
das geregelte, unter Druck gesetzte Fluid ver-
bundenen Druckwandler (40) in Verbindung
steht, umfaldt,

gekennzeichnet durch

- einen elektrischen, mit den Absperrorganen
(16, 18) verbundenen Anpassungsregeler (14)
zum Steuern der Absperrorgane (16, 18) in Ab-
hangigkeit von Steuersignalen, um den Druck
des den Absperrorganen (16, 18) zugefiihrten
und dadurch geregelten, unter Druck gesetz-
ten Fluids zu steuern,

- eine Einrichtung (52) zum Erzeugen eines den
gewtinschten Druck darstellenden Referenzsi-
gnals,

- einer Rickkopplungseinrichtung (40) zum Er-
zeugen eines Ruckkopplungssignals in Abhéan-
gigkeit vom tatsachlichen Druck des geregelten
unter Druck gesetzten Fluids,

- eine Einrichtung (50) zum Erzeugen eines Feh-
lersignals in Abhéangigkeit von der Differenz
zwischen dem Referenzsignal und dem Rick-
kopplungssignal, wobei das Fehlersignal den
gewiinschten Betrag der Anderung des unter
Druck gesetzten Fluids darstellt, und

- das Regelgerat (46) zunachst zum Erzeugen
eines Referenzsteuersignals auf der Grundla-
ge des Referenzsignals und dann zum Erzeu-
gen eines Fehlersteuersignals in Abhangigkeit
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vom Fehlersignal, um den elektrischen Anpas-
sungsregeler (14) anzusteuern, wobei der An-
passungsregler (14) seinerseits die Absperror-
gane (16, 18) ansteuert, um das unter Druck
gesetzte Fluid mit dem geregelten, gewlinsch-
ten Druck zur Verfligung zu stellen.

System nach Anspruch 7, bei dem die Riickkopp-
lungseinrichtung (40) einen Druckwandler zum
Messen des tatsachlichen Drucks des geregelten,
unter Druck gesetzten Fluids umfalt, um ein Druck-
signal des Fluids zu erhalten.

System nach Anspruch 7, bei dem jedes der Ab-
sperrorgane (16, 18) ein ferngesteuertes Pneuma-
tikventil ist.

System nach Anspruch 9, bei dem der Anpassungs-
regler (14) ein pneumatisches Servoventil zum
Ubermitteln eines pneumatischen Steuersignals an
jedes der Absperrorgane (16, 18) in Abhangigkeit
von den Steuersignalen ist, um das Offnen und
Schliefen der Absperrorgane (16, 18) zu steuern
und das daraus folgend den Druck des unter Druck
gesetzten Fluids zu regeln.

System nach Anspruch 7, bei dem das unter Druck
gesetzte Fluid Stickstoffgas mit einem Druck im Be-
reich von ungefahr 70 bar bis 1.400 bar (1.000 bis
20.000 psi) zur Benutzung in einem System zum
SpritzgieBen mit Gasunterstiitzung ist.

System nach Anspruch 7, bei dem das unter Druck
gesetzte Fluid eine zum Steuern von Robotern und
Betatigungsvorrichtungen geeigneten Druck auf-
weist.

System nach Anspruch 7, umfassend:

- ein erstes Absperrorgan (16) mit einer
EinlaRo6ffnung in (25) fur das unter Druck ge-
setzte Fluid, einer AuslaRoffnung (27) und ei-
ner Steuerdffnung (29) flr ein erstes pneuma-
tisches Steuersignal, um die EinlaRéffnung
(25) wahlweise zu 6ffnen und zu schliel3en;

- ein zweites Absperrorgan (18) mit einer
EinlaRoffnung (25) einer AuslaRoéffnung (27)
und einer Steuerdffnung (29) fir eine zweites
pneumatisches Steuersignal, um die Auslal3-
6ffnung (27) des zweiten Absperrorgans wahl-
weise zu 6ffnen und zu schlieRen und das unter
Druck gesetzte Fluid ausstréomen zu lassen;

- eine Einrichtung (31) zum Herstellen einer
Fluidverbindung zwischen der AuslaRoéffnung
(27) des ersten Absperrorgans (16) mit der Ein-
laRoffnung (25) des zweiten Absperrorgans
(16), wobei die die Fluidverbindung herstellen-
de Einrichtung (31) eine AuslaBoffnung (36)
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zum Weiterleiten des geregelten, unter Druck
gesetzten Fluids aufweist und

- einen elektrischen Anpassungsregler (14), der
das erste und das zweite pneumatische Steu-
ersignal zum Steuern jeweils des ersten und
des zweiten Absperrorgans (16, 18) auf der
Grundlage eines elektrischen Steuersignals
zur Verfligung stellt, so daR das geregelte, un-
ter Druck gesetzte Fluid mit dem gewtinschten
Druck an der AuslaRéffnung der Einrichtung
(31) zum Herstellen ein Fluidverbindung zur
Verfligung steht.

14. System nach Anspruch (13), bei dem die Einrich-

tung (31) zum Herstellen einer Fluidverbindung ein
Kreuzstlick umfafit.

Revendications

Procédé pour commander un fluide sous pression
ayant une premiere pression pour fournir le fluide
Sous pression a une pression voulue régulée infé-
rieure a la premiere pression, le procédé compor-
tant les étapes consistant a :

a) fournir une paire de vannes (16, 18) accou-
plées de maniére hydraulique et actionnées de
maniere pneumatique, et

b) fournir un dispositif électrique de réglage
(14) pour actionner les vannes (16, 18),

c) transmettre le fluide sous pression aux van-
nes (16, 18),

d) créer un signal de référence représentatif de
la pression voulue,

e) créer un signal de commande de référence
basé sur le signal de référence,

f) accoupler le signal de commande de référen-
ce au dispositif de réglage (14) afin de com-
mander la pression du fluide sous pression ré-
gulée par les vannes (16, 18),

g) créer un signal de rétroaction en fonction de
la pression réelle du fluide sous pression régu-
lée,

h) créer un signal d'erreur basé sur la différence
existant entre le signal de référence et le signal
de rétroaction, le signal d'erreur étant repré-
sentatif d'une quantité voulue de changement
de pression de fluide, et

i) créer un signal de commande d'erreur en
fonction du signal d'erreur afin de commander
le dispositif de réglage (14),

j) le dispositif de réglage (14) actionnant a son
tour les vannes (16, 18) afin de fournir le fluide
sous pression a la pression voulue régulée.

2. Procédé selon la revendication 1, dans lequel I'éta-

pe consistant a créer le signal de rétroaction com-
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porte I'étape consistant a mesurer la pression réelle
du fluide sous pression régulée a l'aide d'un trans-
ducteur de pression (40) afin d'obtenir un signal de
pression de fluide.

Procédé selon la revendication 1, dans lequel cha-
cune des vannes (16, 18) est une vanne pneuma-
tique pilotée.

Procédé selon larevendication 3, dans lequel le dis-
positif de réglage (14) est une servovanne pneuma-
tique destinée a transmettre un signal de comman-
de pneumatique a chacune des vannes (16, 18) en
réponse aux signaux de référence et de commande
d'erreur afin de commander l'ouverture et la ferme-
ture des vannes (16, 18) afin qu'a leur tour, elles
régulent la pression du fluide sous pression.

Procédé selon larevendication 1, dans lequel le flui-
de sous pression est de I'azote gazeux ayant une
pression située dans une plage allant d'environ 70
bars a 1400 bars (1000 a 20000 psi), destiné a étre
utilisé dans un systéme de moulage par injection
assisté par du gaz (12).

Procédé selon larevendication 1, dans lequel le flui-
de sous pression a une pression pouvant comman-
der des robots et des actionneurs.

Systeme de commande destiné a commander un
fluide sous pression ayant une premiere pression
pour fournir le fluide sous pression a une pression
voulue régulée inférieure a la premiére pression, le
systéme de commande comportant :

- une paire de vannes (16, 18) accouplées de
maniére hydraulique et actionnées de maniere
pneumatique, connectées a un dispositif de
commande de pression de gaz (14) qui, a son
tour, est connecté a un dispositif de commande
(46), et un transducteur de pression (40) con-
necté a une sortie (36) du fluide sous pression
régulée,

caractérisé en ce qu'il comporte :

- un dispositif électrique de réglage (14) accou-
plé aux vannes (16, 18) pour actionner les van-
nes (16, 18) en fonction des signaux de com-
mande destinés a commander la pression du
fluide sous pression transmise aux vannes (16,
18) et régulée par celles-ci,

- des moyens (52) destinés a créer un signal de
référence représentatif de la pression voulue,

- des moyens de rétroaction (40) destinés a
créer un signal de rétroaction en fonction de la
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10.

1.

12.

13.

pression réelle du fluide sous pression régulée,

- des moyens (50) pour créer un signal d'erreur
en fonction de la différence existant entre le si-
gnal de référence et le signal de rétroaction, le
signal d'erreur étant représentatif d'une quan-
tité voulue de changement de pression de flui-
de, et

- le dispositif de commande (46) pour créer de
maniére initiale un signal de commande de ré-
férence basé sur le signal de référence, et en-
suite créer un signal de commande d'erreur en
fonction du signal d'erreur afin de commander
le dispositif électrique de réglage (14), le dis-
positif de réglage (14), a son tour, actionnant
les vannes (16, 18) afin de fournir le fluide sous
pression a la pression voulue régulée.

Systéme de commande selon la revendication 7,
dans lequel les moyens de rétroaction (40) compor-
tent un transducteur de pression pour mesurer la
pression réelle du fluide sous pression régulée afin
d'obtenir un signal de pression de fluide.

Systéme de commande selon la revendication 7,
dans lequel chacune des vannes (16, 18) est une
vanne pneumatique pilotée.

Systeme de commande selon la revendication 9,
dans lequel le dispositif de réglage (14) est une ser-
vovanne pneumatique destinée a transmettre un si-
gnal de commande pneumatique a chacune des
vannes (16, 18) en réponse aux signaux de com-
mande afin de commander l'ouverture et la ferme-
ture des vannes (16, 18) pour qu'a leur tour, elles
régulent la pression du fluide sous pression.

Systéme de commande selon la revendication 7,
dans lequel le fluide sous pression est de I'azote
gazeux ayant une pression située dans une plage
allant d'environ 70 bars a 1400 bars (1000 a 20000
psi) destiné a étre utilisé dans un systeme de mou-
lage par injection assisté par du gaz.

Systeme selon la revendication 7, dans lequel le
fluide sous pression a une pression pouvant com-
mander des robots et des actionneurs.

Systéme de commande selon la revendication 7,
comportant :

- une premiere vanne (16) ayant un orifice d'en-
trée (25) adapté pour recevoir le fluide sous
pression, un orifice de sortie (27), et un orifice
de commande (29) adapté pour recevoir un
premier signal de commande pneumatique
pour ouvrir et fermer de maniére sélective I'ori-
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fice d'entrée (25),

- une seconde vanne (18) ayant un orifice d'en-
trée (25), un orifice de sortie (27), et un orifice
de commande (29) adapté pour recevoir un se-
cond signal de commande pneumatique pour
ouvrir et fermer de maniére sélective l'orifice de
sortie (27) de la seconde vanne pour |'échap-
pement du fluide sous pression,

- des moyens (31) pour établir une communica-
tion de maniere hydraulique entre l'orifice de
sortie (27) de la premiére vanne (16) et l'orifice
d'entrée (25) de la seconde vanne (18), lesdits
moyens (31) destinés a établir une communi-
cation de maniére hydraulique ayant un orifice
de sortie (36) pour transmettre le fluide sous
pression régulée, et

- un dispositif électrique de réglage (14) pour
fournir les premier et second signaux de com-
mande pneumatique destinés a commander
les premiere et seconde vannes (16, 18), res-
pectivement, sur la base d'un signal de com-
mande électrique, de sorte que le fluide sous
pression régulée a la pression voulue est dis-
ponible au niveau de l'orifice de sortie des
moyens (31) destinés a établir une communi-
cation de maniere hydraulique.

14. Systéeme de commande selon la revendication 13,
dans lequel les moyens (31) destinés a établir une
communication de maniére hydraulique comportent
un ensemble en croix.
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