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(54) HYDRAULIC CIRCUIT DEVICE

(57) In a hydraulic circuit system (2, 20) in which an
electromagnetic proportional valve (6), for adjusting the
supply flowrate and the supply pressure of operating oil,
is disposed interposingly in a supply passageway (5)
through which operating oil is supplied to a hydraulic cir-
cuit (1) of a main machine, the electromagnetic propor-
tional valve (6) assumes a supply position for allowing
operating oil to be supplied to the main machine side, a
discharge position for allowing operating oil to be dis-
charged out of the main machine side, and a stop posi-
tion for stopping the supply and discharge of operating
oil. A pressure sensor (10) for detecting the pressure of
operating oil in a downstream supply passageway (5b)

and a position sensor (11) for detecting the spool posi-
tion (valve travel) of the electromagnetic proportional
valve (6) are disposed. A digital controller (12) is provid-
ed which feedback controls, based on signals from the
pressure sensor (10) and the position sensor (11), the
valve travel of the electromagnetic proportional valve (6)
so that the supply flowrate Q and/or the supply pressure
P of operating oil to the main machine side becomes a
command value Qi and/or a command value Pi. As a
result of this, the supply flowrate and the supply pres-
sure of operating oil is improved in controllability while
the increase in costs is prevented. Particularly with re-
spect to the pressure, its controllable region is extended
to a zero point.
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Description

TECHNICAL FIELD

[0001] The present invention relates in general to a
hydraulic circuit system for driving a hydraulic actuator
of a mechanical apparatus. The present invention per-
tains in particular to the technical field of controlling the
flowrate and the pressure of operating fluid in order to
provide correct control of the operating speed and the
working force of such a hydraulic actuator.

BACKGROUND ART

[0002] As a hydraulic circuit system of the type de-
scribed above, an oil hydraulic circuit system housing
therein a flowrate electromagnetic proportional valve
(hereinafter a flowrate proportional valve) for controlling
the flowrate of supply of operating oil to an actuator and
a pressure electromagnetic proportional valve (herein-
after a pressure proportional valve) for controlling the
pressure of supply of operating oil to the actuator has
been known widely in the art. In such an oil hydraulic
circuit system, each proportional valve is controlled by
a dedicated driver circuit.
[0003] In such an oil hydraulic circuit system, a flow-
rate proportional valve (6) is interposingly disposed in a
supply passageway (5) through which operating oil is
supplied to an oil hydraulic actuator of an oil hydraulic
circuit (1) of a main machine (a mechanical apparatus),
as shown in Figure 6. The actuator is connected to a
port A of the downstream side of the flowrate propor-
tional valve (6). Connected to a port P of the upstream
side of the flowrate proportional valve (6) is for example
a fixed displacement pump (3). In addition, a differential
pressure compensation valve (7) is disposed. The dif-
ferential pressure compensation valve (7) receives a pi-
lot pressure from the upstream side of the flowrate pro-
portional valve (6) and another pilot pressure from the
downstream side of the flowrate proportional valve (6)
and bypasses operating oil to a port T from an upstream
supply passageway (5a) so that the difference in pres-
sure between these pilot pressures is held substantially
constant.
[0004] Further, a downstream pilot passageway (15),
for guiding a pilot pressure to the differential pressure
compensation valve (7) from downstream of the flowrate
proportional valve (6), is provided with an orifice (17). A
pressure proportional valve (8), for adjusting the down-
stream pressure by relieving operating oil therefrom, is
connected to the pilot passageway (15) between the or-
ifice (17) and the differential pressure compensation
valve (7). The valve travel of the flowrate proportional
valve (6) and the valve travel of the pressure proportion-
al valve (8) are controlled by electric current drivers (9,
9), respectively.
[0005] Such a conventional oil hydraulic circuit sys-
tem automatically switches between a flowrate control

mode of operation and a pressure control mode of op-
eration according to the operating state of the actuator.
A case in which operating oil is supplied to a main oil
hydraulic cylinder will be described. With the difference
in pressure between the upstream and downstream
sides of the flowrate proportional valve (6) held substan-
tially constant, the amount of supply of operating oil to
the oil hydraulic cylinder is adjusted by controlling the
valve travel of the flowrate operational valve (6), to con-
trol the operating speed of the oil hydraulic cylinder
(FLOWRATE CONTROL MODE). During this mode, op-
erating oil discharged from the pump (3) is delivered to
the oil hydraulic cylinder by way of the port P, the flow-
rate proportional valve (6), and the port A, while at the
same time surplus operating oil is bypassed, through the
port T, to an oil tank (4) from the differential pressure
compensation valve (7).
[0006] When the cylinder reaches its stroke end, the
hydraulic pressure of the downstream supply passage-
way (5b) sharply increases. When this hydraulic pres-
sure exceeds the set pressure of the pressure propor-
tional valve (8), the pressure proportional valve (8), the
differential pressure compensation valve (7), and the or-
ifice (17) together function as a so-called pilot-type elec-
tromagnetic proportional relief valve, thereby preventing
further pressure increase. The pilot pressure of the
downstream pilot passageway (15) can be changed by
relief pressure control by the pressure proportional
valve (8). As a result of this, not only the discharge pres-
sure of the pump (3) but also the pressure of supply of
operating oil to the oil hydraulic cylinder can be control-
led by making a change in the relief pressure of the dif-
ferential pressure compensation valve (7) (PRESSURE
CONTROL MODE).

PROBLEMS THAT THE INVENTION INTENDS TO
SOLVE

[0007] However, for the case of the above-described
conventional oil hydraulic circuit system, both the supply
flowrate and the supply pressure of operating oil to be
supplied to the actuator directly reflect the characteris-
tics of solenoids of the electromagnetic valves (6, 8).
Therefore, variations in the operating oil supply flowrate
and pressure with respect to the value of output electric
currents from the electric current drivers (9, 9) of the
electromagnetic valves (6, 8) are non-linear and hyster-
etic (see a broken-line graph of Figure 4), therefore mak-
ing it difficult to perform operatiang oil flowrate and pres-
sure control with a high degree of accuracy. Further, ow-
ing to such an open control method employing no elec-
tric sensor, it is impossible to increase the speed of re-
sponse with respect to the variation in command value,
to a greater extent.
[0008] Furthermore, as to the controlling of the supply
pressure of operating oil, there are problems about the
limit of lower-pressure side control. In other words, in
the above-described conventional oil hydraulic circuit
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system, even when the value of electric current to the
pressure proportion valve (8) is reduced to zero, the re-
lief pressure of the differential pressure compensation
valve (7) will drop only to a given pressure level corre-
sponding to the energizing force of the spring member.
It is therefore impossible to reduce the pressure of sup-
ply of operating oil to the actuator below the given pres-
sure level. In other words, the above-described conven-
tional construction employs a relieve valve for pressure
control, which means that there exists a controllable oil
pressure lower limit (hereinafter also referred to a min-
imum controllable pressure). Therefore, it is impossible
to perform pressure control in regions below such a low-
er limit. With respect to this point, for the case of, for
example, injection molding machines, there is a low
pressure clamping process for metal mold protection. In
this step, pressure control at a level lower than conven-
tional minimum control pressure levels is required. That
is to say, improvements also in pressure control in con-
ventional hydraulic circuit systems have been strongly
desired.
[0009] Bearing in mind the above-described problems
with the prior art techniques, the present invention was
made. Accordingly, an object of the present invention is
to achieve improvements in the control accuracy and the
response of a hydraulic circuit system (2, 20) provided
with an electromagnetic proportional valve (6) in a sup-
ply passageway (5) through which operating oil (oper-
ating fluid) is supplied to a hydraulic actuator, for con-
trolling the supply flowrate and the supply pressure of
the operating fluid, and particularly for extending the re-
gion of controllable pressure to substantially a zero point
by eliminating a minimum controllable limit with respect
to the supply hydraulic pressure. Another object of the
present invention is to provide a valve structure capable
of placing a restraint on the increase in costs.

DISCLOSURE OF THE INVENTION

[0010] The present invention provides the following
means as solutions to the above-described problems.
[0011] A first invention is directed to a hydraulic circuit
system (2, 20) comprising an electromagnetic propor-
tional valve (6), disposed interposingly in a supply pas-
sageway (5) through which operating fluid is supplied to
a hydraulic actuator, for adjusting the supply flowrate of
operating fluid and a differential pressure compensation
valve (7) for receiving a pilot pressure from the upstream
side of the electromagnetic proportional valve (6) and a
pilot pressure from the downstream side of the electro-
magnetic proportional valve (6) and for bypassing oper-
ating fluid to a tank (4) from a supply passageway (5a)
on the upstream side of the electromagnetic proportion-
al valve (6) so that the difference between the pilot pres-
sures is held constant.
[0012] In the hydraulic circuit system (2, 20) of the first
invention, the electromagnetic proportional valve (6) as-
sumes, in addition to a supply position for allowing op-

erating fluid to be supplied to the hydraulic actuator, at
least a discharge position for allowing operating fluid to
be discharged out of the hydraulic actuator. The hydrau-
lic circuit system (2, 20) further comprises; a pressure
sensor (10) for detecting the working hydraulic pressure
of a supply passageway (5b) on the downstream side
of the electromagnetic proportional valve (6) and for out-
putting an electric signal; a position sensor (11) for de-
tecting the spool position of the electromagnetic propor-
tional valve (6) and for outputting an electric signal; and
a controller (12) for receiving an electric signal from the
pressure sensor (10) and an electric signal from the po-
sition sensor (11) and for feedback controlling the valve
travel (the spool position) of the electromagnetic propor-
tional valve (6) so that the supply flowrate and/or the
supply hydraulic pressure of operating fluid to be sup-
plied to the hydraulic actuator becomes a control com-
mand value.
[0013] In accordance with the first invention, during
the operation of the actuator the spool position of the
electromagnetic proportional valve (6) is controlled by
the controller (12), with the difference in pressure be-
tween the upstream and downstream sides of the elec-
tromagnetic proportional valve (6) held constant by the
function of the differential pressure compensation valve
(7). As a result of this, the supply flowrate of operating
fluid to be supplied to the actuator is controlled (FLOW-
RATE CONTROL MODE). During this period, the posi-
tion sensor (11) detects the actual spool position of the
electromagnetic proportional valve (6). Feedback con-
trol is performed based on the result of such position
detection. Therefore, the rate of flow of operating fluid
is controlled with an extremely high degree of accuracy
and response. Since solenoid non-linearity characteris-
tics are absorbed apparently by the feedback control,
this makes it possible to not only linearize the flowrate
control characteristics of the operating fluid but also
eliminate hysteresis.
[0014] On the other hand, when the actuator reaches
its stroke end and enters the state in which it hardly
makes further movement, the hydraulic pressure of the
downstream supply passageway (5b) increases with
the increase in load. This increase is detected by the
pressure sensor (10). The controller (12) performs,
based on the detection value, feedback control of the
electromagnetic proportional valve (6) (PRESSURE
CONTROL MODE). In other words, when the electro-
magnetic proportional valve (6) is assuming the supply
position, the supply flowrate of operating fluid is adjust-
ed by controlling, based on the deviation between a val-
ue detected by the pressure sensor (10) and the pres-
sure command value, the valve travel (the spool posi-
tion) of the electromagnetic proportional valve (6). On
the other hand, when the electromagnetic proportional
valve (6) is assuming the discharge position, the dis-
charge amount of operating fluid from the downstream
supply passageway (5b) is adjusted by controlling the
spool position of the electromagnetic proportional valve

3 4



EP 1 403 528 A1

4

5

10

15

20

25

30

35

40

45

50

55

(6). In this way, the hydraulic pressure of the down-
stream supply passageway (5b) is maintained at the
pressure command value in the end. Also in this pres-
sure control mode, it is possible to provide improvement
in control accuracy, response, solenoid non-linearity
characteristics, et cetera by feedback control, as in the
flowrate control mode. Further, the supply hydraulic
pressure of operating fluid to be supplied to the actuator
can be reduced to zero by changing the position of the
electromagnetic proportional valve (6) to the discharge
position for the operating fluid to be discharged out of
the actuator.
[0015] The first invention requires the pressure sen-
sor (10) and the position sensor (11) which are compo-
nents that conventional structures do not require. How-
ever, the first invention requires neither a pressure pro-
portional valve (8) nor an electric current driver circuit
for the pressure proportional valve (8). This offsets the
increase in costs due to the employment of the electric
sensors.
[0016] In a second invention, the controller (12) of the
hydraulic circuit system (2, 20) comprises: a flowrate de-
viation arithmetic part (12b) for finding, based on an
electric signal from the position sensor (11), an actual
supply flowrate of operating fluid being supplied to the
hydraulic actuator and for performing an arithmetical op-
eration to calculate a flowrate deviation by subtracting
the found actual supply flowrate from a flowrate com-
mand value; a pressure deviation arithmetic part (12a)
for finding, based on an electric signal from the pressure
sensor (10), an actual supply hydraulic pressure of op-
erating fluid being supplied to the hydraulic actuator and
for performing an arithmetic operation to calculate a
pressure deviation by subtracting the found actual sup-
ply hydraulic pressure from a pressure command value;
a PQ selecting part (12c) for selecting the smaller of the
flowrate deviation and the pressure deviation and for
performing, based on the selected deviation, an arith-
metic operation to calculate a desired spool position for
the electromagnetic proportional valve (6); and an elec-
tric current driver (12d) for applying an electric current
to a solenoid (6b) of a spool (6a) of the electromagnetic
proportional valve (6) so that the spool (6a) assumes
the desired spool position found by the PQ selecting part
(12c).
[0017] In accordance with the second invention, the
flowrate deviation arithmetic part (12b) performs an
arithmetic operation to calculate the flow deviation be-
tween an actual supply flowrate of operating fluid and a
flowrate command value. On the other hand, the pres-
sure deviation arithmetic part (12a) performs an arith-
metic operation to calculate the pressure deviation be-
tween an actual supply pressure of operating fluid and
a pressure command value. When an actual supply
flowrate and/or an actual supply pressure exceeds the
control command value, the PQ selecting part (12c) se-
lects the flowrate or the pressure, whichever exceeds
the control command value to a further extent than the

other. On the other hand, when neither an actual supply
flowrate nor an actual supply pressure is more than the
control command value, the PQ selecting part (12c) se-
lects the flowrate or the pressure, whichever is more ap-
proximate to the control command value than the other.
In other words, the PQ selecting part (12c) deems the
state, in which the flowrate and/or the pressure exceeds
the command value, dangerous. Then, the PQ selecting
part (12c) determines degrees of danger from the flow-
rate deviation and from the pressure deviation respec-
tively and selects the flowrate deviation or the pressure
deviation, whichever is greater in degree of danger. In
this way, the working and effects of the first invention
are realized.
[0018] In a third invention, the differential pressure
compensation valve (7) of the hydraulic circuit system
(2, 20) is provided with a spring member (7b) for ener-
gizing a valve element (7a) of the differential pressure
compensation valve (7) in the valve-closing direction
and receives a pilot pressure which causes the valve
element (7a) to move in the valve-closing direction and
another pilot pressure which causes the valve element
(7a) to move in the valve-opening direction, from the
downstream side of the electromagnetic proportional
valve (6) and from the upstream side of the electromag-
netic proportional valve (6), respectively. A pilot pas-
sageway (15) on the downstream side of the electro-
magnetic proportional valve (6) for guiding a pilot pres-
sure to the differential pressure compensation valve (7)
from the downstream side of the electromagnetic pro-
portional valve (6) is provided with an orifice (17) capa-
ble of restricting a flow of operating fluid and a pilot relief
valve (18) is connected to the pilot passageway (15) be-
tween the orifice (17) and the differential pressure com-
pensation valve (7).
[0019] In accordance with the third invention, even if
the spool (6a) of the electromagnetic proportional valve
(6) is stuck in the supply position due to an electrical
malfunction of the controller (12) and foreign particles
contained in the operating fluid, the pilot relief valve (18),
the differential pressure compensation valve (7), and
the orifice (17) together function as a so-called pilot type
relief valve when the hydraulic pressure of the down-
stream supply passageway (5b) exceeds the set pres-
sure of the pilot relief valve (18), thereby preventing the
increase in hydraulic pressure in the downstream supply
passageway (5b). In addition, during the closing/open-
ing operation of the valve element (7a) of the differential
pressure compensation valve (7), a flow of operating flu-
id in the downstream pilot passageway (15) receives a
pass resistance from the orifice (17), by which adequate
damping is applied to the operation of the valve element
(7a) for the purpose of stabilization.
[0020] By the way, if the orifice (17) is provided in the
pilot passageway (15) in order to restrict a flow of oper-
ating fluid, this results in decreasing the operating speed
of the valve element (7a) of the differential pressure
compensation valve (7). Therefore, there is a worry that
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the response drops when increasing the flowrate of sup-
ply of operating fluid to the actuator. In other words, if
the valve travel of the electromagnetic proportional
valve (6) is greatened in order to increase the supply
flowrate of operating fluid to be supplied to the actuator,
this temporarily decreases the difference in pressure
between the upstream and downstream sides of the
electromagnetic proportional valve (6), thereby closing
the valve element (7a) of the differential pressure com-
pensation valve (7). More specifically, the operating fluid
flows in the direction of the differential pressure com-
pensation valve (7) in the downstream pilot passageway
(15) and, as a result, the valve element (7a) of the dif-
ferential pressure compensation valve (7) is shifted in
the valve-closing direction. However, originally the de-
gree of force trying to place the valve element (7a) in
the closed position is just as great as the energizing
force of the spring member (7b) and, besides, the oper-
ating fluid flow is restricted by the orifice (17), as de-
scribed above. As a result of this, the closing operation
of the valve element (7a) of the differential pressure
compensation valve (7) is delayed. This results in a re-
sponse delay when increasing the flowrate of supply of
operating fluid to the electromagnetic proportional valve
(6).
[0021] In consideration of such a transitional delay, in
a fourth invention the hydraulic circuit system (20) of the
third invention preferably employs an arrangement in
which a first orifice (21) and a second orifice (22) of a
greater degree of restriction than that of the first orifice
(21) are provided in series in the downstream pilot pas-
sageway (15) and a bypass passageway (23) bypassing
the second orifice (22) is provided with a check valve
(24) which accepts a flow of operating fluid moving to-
ward the differential pressure compensation valve (7)
but prevents reversal of the operating fluid flow.
[0022] As a result of such arrangement, for example
when the valve travel of the electromagnetic proportion-
al valve (6) is greatened in order to increase the flowrate
of supply of operating fluid to the actuator, the operating
fluid will flow toward the differential pressure compen-
sation valve (7) in the downstream pilot passageway
(15). Although this operating fluid flow passes through
the first orifice (21) of a smaller degree of restriction, it
bypasses the second orifice (22) of a greater degree of
restrictions. Therefore, it becomes possible to quickly
place the valve element (7a) of the differential pressure
compensation valve (7) in the closed state by making
the pass resistance relatively small. This makes it pos-
sible to quickly increase the flowrate of supply of oper-
ating fluid to the actuator.
[0023] On the other hand, when decreasing the flow-
rate of supply of operating fluid to the actuator, the valve
travel of the electromagnetic proportional valve (6) is re-
duced. At this time, the hydraulic pressure of the up-
stream side of the electromagnetic proportional valve
(6) will rapidly increase, and an extremely high hydraulic
pressure acts on the valve element (7a) of the differen-

tial pressure compensation valve (7), thereby placing
the valve element (7a) in the opening state. During this
period, operating fluid flows toward the downstream
supply passageway (5b) from the differential pressure
compensation valve (7) in the downstream pilot pas-
sageway (15). This operating fluid flow is given pass re-
sistance by the first and second orifices (21) and (22).
However, as described above, since the valve element
(7a) of the differential pressure compensation valve (7)
is in receipt of an extremely high upstream pilot pres-
sure, the valve element (7a) of the differential pressure
compensation valve (7) is sufficiently quickly placed in
the open state in spite of the fact that the operating fluid
flow is restricted in the downstream pilot passageway
(15). After all, at the time of reducing the supply flowrate
of operating fluid, response delay will not be a problem;
rather, the stable operation of the differential pressure
compensation valve (7) is maintained because the op-
erating fluid flow in the downstream pilot passageway
(15) is sufficiently restricted by the second orifice (22).
[0024] To sum up, in accordance with the fourth in-
vention, the provision of the orifices (21, 22) in the down-
stream pilot passageway (15) makes it possible to se-
cure stability by restricting the opening operation of the
valve element (7a) of the differential pressure compen-
sation valve (7) to such an extent that its response is not
spoiled. On the other hand, response can be secured
by not restricting the closing operation of the valve ele-
ment (7a). Therefore, both the stability and the response
of the flowrate of supply of operating fluid to the actuator
can be achieved at high level.
[0025] In a fifth invention, the hydraulic actuator is em-
ployed to actuate an injection molding machine.
[0026] In other words, for the case of actuators of in-
jection molding machines, they are in general required
to provide high reproducibility while at the same time
coping with wide molding conditions depending on the
difference in molding product shape and material. The
hydraulic circuit system (2, 20) of the first invention
achieves improvement in the operating speed and the
working force of the actuator, which is extremely effec-
tive to the above requirement. The first invention makes
it possible to considerably improve the quality of molding
products.
[0027] Further, in accordance with the first invention,
it is possible to perform control, with the pressure of sup-
ply of operating fluid to the actuator reduced to zero.
Therefore, it is possible to satisfactory cope with require-
ments in a low pressure clamping process in an injection
molding machine. Furthermore, if the supply flowrate of
operating fluid is increased with a high degree of re-
sponse, this not only facilitates the formation of thin
molding products by an injection molding machine but
also shortens the cycle of molding. In this light, the work-
ing and effects of the invention are extremely effective
when applied to an injection molding machine.

7 8



EP 1 403 528 A1

6

5

10

15

20

25

30

35

40

45

50

55

EFFECTS OF THE INVENTION

[0028] In accordance with the present invention, in the
hydraulic circuit system (2, 20) the electromagnetic pro-
portional valve (6) is provided interposingly in the supply
passageway (5) through which operating fluid is sup-
plied to the hydraulic actuator. The differential pressure
compensation valve (7), for receiving a pilot pressure
from the upstream side of the electromagnetic propor-
tional valve (6) and a pilot pressure from the down-
stream side of the electromagnetic proportional valve
(6) and for bypassing operating fluid from the upstream
supply passageway (5a) so that the difference between
these two pilot pressures is held constant, is provided.
In such a case, the electromagnetic proportional valve
(6) further assumes the discharge position for allowing
operating fluid to be discharged from the actuator. The
electromagnetic proportional valve (6) is further provid-
ed with the pressure sensor (10) capable of detecting
the working hydraulic pressure of the supply passage-
way (5b) on the downstream side of the electromagnetic
proportional valve (6) and the position sensor (11) ca-
pable of detecting the spool position of the electromag-
netic proportional valve (6). Since the spool position
(valve travel) of the electromagnetic proportional valve
(6) is feedback controlled based on output signals from
these sensors, this makes it possible to control the sup-
ply flowrate and the supply pressure of operating fluid
with an extremely high degree of accuracy.
[0029] Further, by virtue of such feedback control, it
is possible to apparently eliminate solenoid non-linearity
characteristics, thereby making it possible to linearize
the control characteristics of the supply flowrate and the
supply pressure of operating fluid. Furthermore, it is
possible to increase the closing/opening speed of the
electromagnetic proportional valve (6) to a further extent
than conventional, thereby achieving improvements in
flowrate response. Further, by changing the position of
the electromagnetic proportional valve (6) to the dis-
charge position, it becomes possible to discharge oper-
ating fluid out of the actuator. Therefore, it is possible to
eliminate uncontrollable regions by reducing the control
pressure to zero.
[0030] Besides, the present invention eliminates the
need for the provision of a pressure proportional valve
(8) and its electric current driver circuit which have been
required in conventional prior art techniques. This off-
sets costs increased by the addition of the sensors.
[0031] In accordance with the second invention, the
electromagnetic proportional valve (6) is feedback con-
trolled according to the actual supply state of operating
fluid by the flowrate deviation arithmetic part (12b), the
pressure deviation arithmetic part (12a), the PQ select-
ing part (12c), et cetera, thereby making it possible to
satisfactorily obtain the effects of the first invention.
[0032] In accordance with the third invention, the
downstream pilot passageway (15), for guiding a pilot
pressure to the differential pressure compensation

valve (7) of the hydraulic circuit system (2, 20) from the
downstream side of the electromagnetic proportional
valve (6), is provided with the orifice (17) capable of re-
stricting a flow of operating fluid and the pilot relief valve
(18). This makes it possible to obtain sufficient safety
even when the controller (12) or the electromagnetic
proportional valve (6) malfunctions. Besides, by apply-
ing adequate damping to the valve element (7a) of the
differential pressure compensation valve (7), its opera-
tion can be stabilized.
[0033] In accordance with the fourth invention, in-
stead of the orifice of the third invention, the first orifice
(21) and the second orifice (22) having different degrees
of restriction are provided in series. The passageway
(23) bypassing the second orifice (22) of a greater de-
gree of restriction is provided with the check valve (24).
As a result of this, the operation of the differential pres-
sure compensation valve (7) is stabilized and the closing
operation speed of the valve element (7a) of the differ-
ential pressure compensation valve (7) is increased,
thereby making it possible to further improve, when in-
creasing the flowrate of supply of operating fluid to the
actuator, its flowrate response.
[0034] In accordance with the fifth invention, the hy-
draulic circuit system (2, 20) is applied to an injection
molding machine. This can provide improvement in pro-
ductivity by shortening the time of cycle. Improvement
in the controllability of the operatiang speed and the
working force considerably improves the quality of mold-
ing products, and the molding of thin molding products
is facilitated. Further, it becomes possible to satisfacto-
rily cope with requirements in a low pressure clamping
process and cost reduction can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Figure 1 is a diagram showing an arrangement of a
PQS valve according to a first embodiment of the
present invention;
Figure 2 is a diagram corresponding to Figure 1
when the electromagnetic proportional valve is in a
supply position;
Figure 3 is comprised of Figures 3(a) and 3(b) which
are time chart diagrams respectively showing a var-
iation in the supply flowrate of operating oil and a
variation in the supply pressure of operating oil,
when a mold clamping cylinder of an injection mold-
ing machine is actuated;
Figure 4 is comprised of Figures 4(a) and 4(b) which
are characteristic diagrams respectively showing,
in comparative manner with prior art techniques, a
correlation between the control signal (electric cur-
rent value) fed to the electromagnetic proportional
valve and the flowrate of supply of operating oil and
a correlation between the control signal and the
pressure of supply of operating oil;
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Figure 5 is a diagram corresponding to Figure 1 ac-
cording to a second embodiment of the present in-
vention; and
Figure 6 is a diagram corresponding to Figure 1
showing an example of a conventional hydraulic cir-
cuit system.

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the drawings. A hydraulic circuit system of the
present invention is applied to a servo valve device
which drives an oil hydraulic cylinder of an injection
molding machine et cetera.

EMBODIMENT 1

[0037] Referring first to Figure 1, there is shown a
pressure/flowrate servo valve device (2)(hereinafter a
PQS valve). The PQS valve (2), connected to a main oil
hydraulic circuit (1) of a main machine such as an injec-
tion molding machine, provides a supply of operating oil
(operating fluid) to an actuator such an oil hydraulic cyl-
inder and controls the operating speed and the working
force of the actuator by adjusting the supply flowrate (Q)
and the supply pressure (P) of the operating oil. The
PQS valve (2) is provided with a port A connected to the
main oil hydraulic circuit (1), a port P connected to a
fixed displacement type pump (3), and ports T and Y
each connected to an oil tank (4). An electromagnetic
proportional valve (6) for supply flowrate control is dis-
posed interposingly in an operating oil supply passage-
way (5) between the port P and the port A. The PQS
valve (2) is further provided with a differential pressure
compensation valve (7). The differential pressure com-
pensation valve (7) receives a pilot pressure from a sup-
ply passageway (5a) located upstream of the electro-
magnetic proportional valve (6) and another pilot pres-
sure from a supply passageway (5b) located down-
stream of the electromagnetic proportional valve (6) and
bypasses operating oil to the oil tank (4) from the up-
stream supply passageway (5a) so that the difference
between the pilot pressures is held substantially con-
stant.
[0038] The PQS valve (2) further includes a pressure
sensor (10) for detecting the working oil pressure (P) of
the supply passageway (5b) located downstream of the
electromagnetic proportional valve (6) and outputs an
electrical signal and a position sensor (11) for detecting
the position of a spool (6a) of the electromagnetic pro-
portional valve (6) and outputs an electrical signal. Fur-
ther, the PQS valve (2) is provided with a controller (12).
Upon receipt of output signals from the sensors (10) and
(11), the controller (12) feedback controls the position
of the spool (6a) of the electromagnetic proportional
valve (6), i.e., the valve travel of the electromagnetic
proportional valve (6), so that the supply flowrate Q and

the supply pressure P of the operating oil which is sup-
plied to the main oil hydraulic circuit (1) become a com-
mand value Qi and a command value Pi, respectively.
[0039] More specifically, the electromagnetic propor-
tional valve (6) has a solenoid (6b) which is actuated by
a control signal (electric current) from the controller (12).
The position of the spool (6a) is controlled in resistance
to press energizing force by a spring (6c). The electro-
magnetic proportional valve (6) assumes, in a switching
manner, the following positions, namely a supply posi-
tion for allowing operating oil to be supplied to the main
machine, a discharge position for allowing operating oil
to be discharged out of the main machine side, and a
stop position for stopping the supply and discharge of
operating oil. When the electromagnetic proportional
valve (6) assumes either the supply or the discharge po-
sition, it is arranged such that the pass cross-sectional
area of the operating oil in the electromagnetic propor-
tional valve (6) is controlled continuously. As shown in
the Figure, the spool (6a) is press energized by the
spring (6c) toward the right-hand side of the Figure, in
other words the spool (6a) is shifted toward the dis-
charge position. When the spool (6a) is switched to the
discharge position, the electromagnetic proportional
valve (6) shuts off the upstream supply passageway
(5a) and brings the downstream supply passageway
(5b) into communication with a discharge passageway
(13), so that the operating oil of the main machine side
is returned to the oil tank (4). During this period, the pass
cross-sectional area of the returning operating oil is con-
tinuously controlled by continuously varying the position
of the spool (6a).
[0040] Furthermore, when the spool (6a) is shifted, by
the operation of the solenoid (6b), to the supply position
(i.e., when the spool (6a) is shifted to the left-hand side
in the Figure) in resistance to an energizing force pro-
vided by the spring (6c) (see Figure 2), the electromag-
netic proportional valve (6) shuts off the discharge pas-
sageway (13) while at the same time bringing the up-
stream and downstream supply passageways (5a, 5b)
of the supply passageway (5) into communication with
each other so that operating oil discharged from the
pump (3) is delivered to the main machine side. During
this period, the position of the spool (6a) is continuously
varied, thereby causing the pass cross-sectional area
of the operating oil to continuously vary, and the flowrate
Q of supply of operating oil to the main machine side
from the pump (3) will be controlled continuously. Fur-
ther, when the spool (6a) assumes an intermediate po-
sition between the supply position and the discharge po-
sition (i.e., the stop position), the electromagnetic pro-
portional valve (6) shuts off the upstream and down-
stream supply passageways (5a, 5b) of the supply pas-
sageway (5) and the discharge passageway (13).
[0041] The position sensor (11) is attached to the
electromagnetic proportional valve (6). When the spool
(6a) of the electromagnetic proportional valve (6) as-
sumes the stop position (i.e., the central position), the
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position sensor (11) provides an output of zero value.
When the spool (6a) assumes the supply position (i.e.,
the right-hand position in the Figure), the sensor output
of positive value increases as the pass cross-sectional
area of the operating oil increases by variation in the
position of the spool (6a). On the other hand, when the
spool (6a) assumes the discharge position (i.e., the left-
hand position in the Figure), the sensor output of nega-
tive value decreases as the pass cross-sectional area
of the operating oil increases by variation in the position
of the spool (6a).
[0042] The differential pressure compensation valve
(7) is a relief valve in which a valve element (7a) such
as a poppet is energized in the valve-closing direction
by a spring (7b) (a spring member). The differential
pressure compensation valve (7) is disposed in a branch
passageway (14) branching off from the upstream sup-
ply passageway (5a), thereby causing the branch pas-
sageway (14) to bypass the discharge passageway
(13). To sum up, the downstream pilot passageway (15)
branching off from the downstream supply passageway
(5b) is connected to the same side that the spring (7b)
is mounted. A downstream pilot pressure is applied, in
the valve-closing direction, to the valve element (7a).
On the other hand, the hydraulic pressure of the up-
stream supply passageway (5a) (upstream pilot pres-
sure) is applied, in the valve-opening direction, to the
valve element (7a) through the branch passageway
(14).
[0043] The differential pressure compensation valve
(7) is placed in the open state when a press force applied
to the valve element (7a) by the upstream pilot pressure
becomes greater than an energizing force provided by
the spring (7b), in comparison with a press force applied
to the valve element (7a) by the downstream pilot pres-
sure, thereby allowing the operating oil in the upstream
supply passageway (5a) to be bypassed, through the
branch passageway (14), to the discharge passageway
(13). When there is a drop in the upstream pilot pres-
sure, the valve element (7a) is placed in the closed state
to interrupt the bypassing of operating oil. As a result,
the upstream pilot pressure increases again. The differ-
ence in pressure between the upstream and down-
stream sides of the electromagnetic proportional valve
(6) is kept substantially constant by repetition of such
closing/opening movement of the valve element (7a).
The difference in pressure between the upstream and
downstream sides of the electromagnetic proportional
valve (6) is so compensated in the above-described way
as to be kept substantially constant, which provides a
constant correlation between the valve travel of the elec-
tromagnetic proportional valve (6) by which the up-
stream supply passageway (5a) and the downstream
supply passageway (5b) are communicated together (i.
e., the position of the spool (6a) corresponding to the
pass cross-sectional area of the operating oil) and the
actual supply flowrate of operating oil. This makes it pos-
sible to find an actual supply flowrate on the basis of the

spool position.
[0044] The downstream pilot passageway (15) is pro-
vided with an orifice (17) capable of restricting a flow of
operating oil, and a branch passageway (15a) is con-
nected between the orifice (17) and the differential pres-
sure compensation valve (7). The branch passageway
(15a) is provided with a safety valve (18a) (a pilot relief
valve). The safety valve (18) is placed in the open state
when the hydraulic pressure of the branch passageway
(15a) exceeds the set pressure of the spring, so that the
hydraulic pressure of the downstream pilot passageway
(15) is relieved through the branch passageway (15a).
This results in the difference in pressure between the
sides of the orifice (17). The hydraulic pressure of the
downstream pilot passageway (15) drops, thereby plac-
ing the differential pressure compensation valve (7) in
the open state. When the differential pressure compen-
sation valve (7) assumes the open state, the operating
oil in the supply passageway (5) is discharged to the oil
tank (4) through the port T. In other words, the differen-
tial pressure compensation valve (7) has a function of
serving as a pilot relief valve capable of releasing hy-
draulic pressure in cooperation with the safety valve
(18), when the hydraulic pressure of the supply pas-
sageway excessively increases.
[0045] The orifice (17) has a circular cross-section
with a diameter of for example about 1 mm. The orifice
(17) restricts a flow of operating oil in the downstream
pilot passageway (15), thereby creating pass resist-
ance. As a result of this, adequate damping is given to
the opening/closing movement of the valve element (7a)
of the differential pressure compensation valve (7) for
stabilizing the operation of the differential pressure com-
pensation valve (7). Therefore, the orifice (17) has a
function of suppressing oscillatory reduction of the flow-
rate and the pressure of operating oil in the supply pas-
sageway (5).
[0046] The controller (12) is a digital controller for
reading a control program electronically stored in mem-
ory (not shown) at given time intervals with the aid of a
CPU and for executing it. The controller (12) is made up
of a pressure deviation arithmetic part (12a) and a flow-
rate deviation arithmetic part (12b). The pressure devi-
ation arithmetic part (12a) finds, based on a signal from
the pressure sensor (10), the real pressure P (the actual
pressure) of supply of operating oil to the main machine
side and then subtracts the value P from the pressure
command value Pi (the desired pressure) to perform an
arithmetic operation to calculate a pressure deviation.
On the other hand, the flowrate deviation arithmetic part
(12b) finds, based on a signal from the position sensor
(11), the real flowrate Q (an actual flowrate) of supply of
operating oil to the main machine side and then sub-
tracts the value Q from the flowrate command value Qi
(the desired flowrate) to perform an arithmetic operation
to calculate a flowrate deviation. In other words, the
memory of the controller (12) stores a control program
capable of softwarily realizing both the function of the
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pressure deviation arithmetic part (12a) and the function
of the flowrate deviation arithmetic part (12b).
[0047] The controller (12) further comprises a PQ se-
lecting part (12c). The PQ selecting part (12c) makes a
comparison between a pressure deviation found by the
pressure deviation arithmetic part (12a) and a flowrate
deviation found by the flowrate deviation arithmetic part
(12b), selects the smaller of the pressure and flowrate
deviations, and calculates, based on the selected devi-
ation, a desired valve travel for the electromagnetic pro-
portional valve (6), i.e., the position of the spool (6a),
pursuant to a PID control rule. Upon receipt of an output
from the PQ selecting part (12c), an electric current driv-
er circuit (12d) applies an electric current to the solenoid
(6b) of the electromagnetic proportional valve (6) so that
the electromagnetic proportional valve (6) is shifted to
that desired valve travel.
[0048] In addition, arithmetic processing by the PQ
selecting part (12c) is also realized by execution of the
control program stored in the memory, wherein the PQ
selecting part (12c) selects a pressure deviation or a
flowrate deviation, whichever is smaller in value. More
specifically, if both a pressure deviation and a flowrate
deviation are positive values, then the PQ selecting part
(12c) selects a deviation of a smaller absolute value. If
one deviation is a positive value whereas the other is a
negative value, then the PQ selecting part (12c) selects
a negative deviation. Further, if both a pressure devia-
tion and a flowrate deviation are negative values, then
the PQ selecting part (12c) selects a deviation of a
greater absolute value. In other words, control logic of
the PQ selecting part (12c) deems a state in which the
actual supply flowrate Q and the actual supply pressure
P exceed the command values Qi and Pi dangerous and
determines degrees of danger from a flowrate deviation
and from a pressure deviation, and perform, based on
the deviation of a greater degree of danger, control of
the electromagnetic proportional valve (6).

OPERATION OF THE PQS VALVE

[0049] Hereinafter, the operation of the above-men-
tioned PQS valve (2) will be described.
[0050] For example, when actuating an oil hydraulic
cylinder for shifting and clamping a metal mold in a mold
clamping device of an injection molding machine as a
main machine, the electromagnetic proportional valve
(6) is first shifted to the supply position so that operating
oil discharged from the pump (3) is supplied to the main
machine side. During this period, since the pressure
command value Pi is generally set to a value greater
than the necessary actual supply pressure P until the
time that the cylinder reaches its stroke end, the con-
troller (12) performs control so that the electromagnetic
proportional valve (6) remains in the open state until the
time that the actual supply flowrate Q becomes greater
than the flowrate command value Qi. Then, the control-
ler (12) feedback controls the position of the spool (6a)

so that the amount of supplying operating oil to the main
machine side becomes a substantially constant amount
corresponding to the flowrate command value Qi, with
the difference in pressure between the upstream and
downstream sides of the electromagnetic proportional
valve (6) kept substantially constant by the function of
the differential pressure compensation valve (7)
(FLOWRATE CONTROL MODE). As a result of this, the
actual flowrate Q of supply of operating oil substantially
corresponds to the flowrate command value Qi and the
oil hydraulic cylinder is actuated at a constant speed
(Figure 3).
[0051] During that period, the position sensor (11) de-
tects the spool position of the electromagnetic propor-
tional valve (6). Since feedback control is performed
based on the result of the spool position detection, this
makes it possible to control not only the electromagnetic
proportional valve (6) but also the rate of flow of oper-
ating oil with an extremely high degree of accuracy. That
is to say, the non-linearity, hysteresis, variation, et cete-
ra of the suction characteristics of the solenoid (6b) with
respect to the value of an electric current applied are
completely corrected by the feedback control on the ba-
sis of signals from the position sensor (11) and, as indi-
cated by a solid line of Figure 4(a), there is achieved
considerable improvement in static characteristic in the
flowrate control. Furthermore, since the present embod-
iment employs a feedback control method, this makes
it possible to provide a marked increase in the operating
speed of the spool (6a) in comparison with a case em-
ploying an open control method. There is achieved im-
provement in flowrate control response.
[0052] Additionally, during the flowrate control mode,
excess operating oil of the operating oil discharged from
the pump (3) is bypassed at a constant differential pres-
sure by the function of the differential pressure compen-
sation valve (7). This allows the discharge pressure of
the pump (3) to remain slightly higher than the load of
the main machine side. Therefore, the operating load of
the pump (3) is reduced, thereby realizing energy-sav-
ing.
[0053] Thereafter, the oil hydraulic cylinder of the
main machine reaches a stroke end and makes approx-
imately no further movement (time tl of Figure 3). Sub-
sequently the pressure P of the downstream supply pas-
sageway (5b) in the PQS valve (2) increases. The pres-
sure P is detected by the pressure sensor (10) and is
fed back to the controller (12). When the pressure P de-
tected exceeds the pressure command value Pi (time t2
of the Figure), the PQ selecting part (12c) of the con-
troller (12) selects an arithmetic value calculated by the
pressure deviation arithmetic part (12a), i.e., a pressure
deviation. The valve travel of the electromagnetic pro-
portional valve (6) is feedback controlled based on that
pressure deviation so that the pressure P of supply of
operating oil to the main machine side agrees with the
pressure command value Pi (PRESSURE CONTROL
MODE).
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[0054] During that period, the flowrate Q of supply of
operating oil to the main machine side will not become
zero immediately. In the first place, the spool (6a) of the
electromagnetic proportional valve (6) assuming the
supply position is shifted gradually, thereby reducing the
pass cross-sectional area of the operating oil. As a re-
sult, the supply flowrate Q of operating oil gradually de-
creases (from t2 to t3), as shown in the Figure. There-
after, the position of the electromagnetic proportional
valve (6) changes to the stop position, and the supply
flowrate Q becomes zero (t3). During this, operating oil
is continuously supplied to the oil hydraulic cylinder.
Therefore, the pressure of the oil hydraulic cylinder (≈
P) increases to a maximum the instant the supply flow-
rate Q becomes zero. Thereafter, the spool (6a) of the
electromagnetic proportional valve (6) is further shifted,
changing its position to the discharge position. When
operating oil is discharged from the oil hydraulic cylin-
der, the pressure P decreases down to the pressure
command value Pi and becomes steady there (t4). Prac-
tically, the operation of starting a supply of operating oil
to the main machine side from the electromagnetic pro-
portional valve (6) and the operation of stopping a sup-
ply of operating oil to the main machine side from the
electromagnetic proportional valve (6) are repeatedly
carried out depending on the leakage of operating oil
from the main oil hydraulic circuit.
[0055] Also in such pressure control mode, there is
achieved improvement in static characteristic by feed-
back control as indicated by a solid line of Figure 4(b),
as in the flowrate control mode. Further, by changing the
position of the electromagnetic proportional valve (6) to
the discharge position during pressure control mode in
the way as described above, it becomes possible to con-
trol the supply pressure P to zero point by eliminating
the minimum controllable pressure (Pmin) of the pres-
sure P of supply of operating oil to the main machine
side.
[0056] In accordance with the PQS valve (2) (hydrau-
lic circuit system) according to the first embodiment, the
electromagnetic proportional valve (6) for adjusting the
flowrate of supply of operating oil to the main oil hydrau-
lic circuit (1) assumes an additional position, i.e., the dis-
charge position, for allowing operating oil to be dis-
charged from the main machine side. The pressure sen-
sor (10) for detecting the pressure P of the supply pas-
sageway (5a) arranged downstream of the electromag-
netic proportional valve (6) and the position sensor (11)
for detecting the position of the spool (6a) of the elec-
tromagnetic proportional valve (6) are provided. By con-
trolling, based on signals from the sensors (10), (11),
the position of the spool (6a), the supply flowrate Q and
the supply pressure P of operating oil being supplied to
the main machine side are feedback controlled. There-
fore, it becomes possible to achieve more marked im-
provements in static characteristics such as linearity
and hysteresis as well as in dynamic characteristics
such as response than conventional.

[0057] When the PQS valve (2) is applied for example
to an injection molding machine, it is possible to obtain
high reproducibility while at the same time coping with
various molding conditions according to the difference
in molding product shape and material. Therefore, it be-
comes possible to considerably improve the quality of
molding products.
[0058] Further, as described above, the electromag-
netic proportional valve (6) is provided with the dis-
charge position and the valve travel of the electromag-
netic proportional valve (6) is subjected to feedback con-
trol based on a signal from the pressure sensor (10). As
a result of such arrangement, it becomes possible to
control the supply pressure to zero pressure by elimi-
nating the minimum controllable pressure Pmin of the
pressure P of supply of operating oil to the main machine
side. As a result of this, it becomes possible to satisfac-
torily cope with requirements for example in a low pres-
sure clamping process in an injection molding machine.
[0059] Besides, the configuration of the PQS valve (2)
requires additional components, i.e., the pressure sen-
sor (10) and the position sensor (11), in comparison with
a conventional flowrate regulating valve device with a
proportional electromagnetic relief valve (see Figure 6).
However, the PQS valve (2) requires neither a pressure
proportional valve (8) nor its electric current driver circuit
(9) which is conventionally required. This offsets the in-
crease in costs due to the employment of the sensors
(10,11).

EMBODIMENT 2

[0060] Referring to Figure 5, there is shown an ar-
rangement of a PQS valve (20) (a hydraulic circuit sys-
tem) according to a second embodiment of the present
invention. The construction of the PQS valve (20) of the
second embodiment resembles that of the PQS valve
(2) of the first embodiment, with the exception of the dif-
ference in the orifice configuration of the downstream
pilot passageway (15). Components of the PQS valve
(20) which are similar to those in the PQS valve (2) have
been given the same reference numbers and their de-
scription will be omitted. In accordance with the PQS
valve (20) of the second embodiment, only the closing
operation speed of the valve element (7a) is increased
while applying adequate damping to the operation of the
valve element (7a) of the differential pressure compen-
sation valve (7) during its opening/closing operation, as
in the first embodiment.
[0061] To sum up, in the PQS valve (2) of the first em-
bodiment, the orifice (17) of the downstream pilot pas-
sageway (15) serves as a differential pressure creating
source when functioning as a pilot relief valve together
with the safety valve (18) and the differential pressure
compensation valve (7). At the same time, the orifice
(17) works to apply adequate damping to the operation
of the valve element (7a) of the differential pressure
compensation valve (7), for stabilizing the operation of
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the valve element (7a). In consequence, the operation
of the valve element (7a) becomes slow at the time of
the closing operation of the differential pressure com-
pensation valve (7). This contributes to the fact that the
flowrate start-up response to the main machine side is
not very fast, even when the operating speed of the
spool (6a) of the electromagnetic proportional valve (6)
is increased, as described above.
[0062] A detailed description about the point men-
tioned above will be provided. In order to increase the
flowrate of supply of operating oil to the main machine
side during the flowrate control mode in the PQS valve
(2) of the first embodiment, it is necessary to greaten
the valve travel of the electromagnetic proportional
valve (6) by making a change in the flowrate command
value Qi and, at the same time, to increase the flowrate
of operating oil flowing toward the electromagnetic pro-
portional valve (6) from the pump (3). More specifically,
the valve travel of the electromagnetic proportional
valve (6) assuming the supply position is first greatened
by signal from the controller (12). As a result, the differ-
ence in pressure between the upstream and down-
stream sides of the electromagnetic proportional valve
(6) is reduced temporarily, thereby causing the valve el-
ement (7a) of the differential pressure compensation
valve (7) receiving both a upstream pilot pressure and
a downstream pilot pressure to assume the closed state.
[0063] During that period, operating oil flows toward
the differential pressure compensation valve (7) in the
downstream pilot passageway (15). However, the force
of closing the valve element (7a) of the differential pres-
sure compensation valve (7) is originally as great as the
energizing force of the spring (7b). Therefore, if a flow
of operating oil is restricted by the orifice (17), as de-
scribed above, this delays the closing operation of the
valve element (7a). As a result, it becomes impossible
to route operating oil discharged from the pump (3) to
the electromagnetic proportional valve (6) as soon as
possible. That is to say, even if the opening operation
speed of the electromagnetic proportional valve (6) itself
can be increased, it is impossible to increase the flow-
rate of supply of operating oil to the main machine side
to a desired extent. Therefore, there is room for improve-
ment in flowrate response.
[0064] In consideration of such a transitional phenom-
enon, the PQS valve (20) of the second embodiment is
provided. More specifically, as shown in the Figure, the
downstream pilot passageway (15) is provided with a
first orifice (21) of a greater operating oil pass cross-
sectional than that of the orifice (17) of the first embod-
iment and a second orifice (22) of a greater degree of
restriction than that of the first orifice (21) (in other
words, the second orifice (22) has an operating oil pass
cross-sectional area smaller than that of the first orifice
(21)). The first and second orifices are disposed in se-
ries. Additionally, a bypass passageway (23) bypassing
the second orifice (22) is provided with a check valve
(24) which accepts a flow of operating oil flowing toward

the differential pressure compensation valve (7) but pre-
vents reversal of that operating oil flow.
[0065] More specifically, the first orifice (21) has a cir-
cular cross-section having a diameter of for example
about 2 mm. Like the orifice (17) of the first embodiment,
the second orifice (22) has a circular cross-section hav-
ing a diameter of for example about 1 mm. When oper-
ating oil flows through the downstream pilot passage-
way (15) from the differential pressure compensation
valve (7) toward the downstream supply passageway
(5b), the operating oil flow is restricted by both the first
and second orifices (21), (22). Particularly, the operating
oil flow is given the same pass resistance as in the first
embodiment by the second orifice (22). On the other
hand, when operating oil flows through the downstream
pilot passageway (15) in the direction of the differential
pressure compensation valve (7), the operating oil flow
is given pass resistance only by the first orifice (21) of
a relatively small degree of restriction. Therefore, the
pass speed of the flow becomes relatively high.
[0066] As a result of such arrangement, when great-
ening the valve travel of the electromagnetic proportion-
al valve (6) in order to increase the flowrate of supply of
operating oil to the main machine side, the flow speed
of operating oil flowing through the downstream pilot
passageway (15) toward the differential pressure com-
pensation valve (7) becomes higher than the first em-
bodiment. Correspondingly the closing operation of the
valve element (7a) of the differential pressure compen-
sation valve (7) becomes faster. Because of this, the de-
gree of lag of the closing operation of the differential
pressure compensation valve (7) with respect to the
opening operation of the electromagnetic proportional
valve (6) is considerably reduced. Therefore, the flow-
rate of operating oil flowing toward the electromagnetic
proportional valve (6) from the pump (3) is increased at
once and its response is enhanced at the time when in-
creasing the supply flowrate of operating oil.
[0067] Besides, when the valve element (7a) of the
differential pressure compensation valve (7) is placed
in the open state, operating oil passing through the
downstream pilot passageway (15) is given relatively
great resistance by the first and second orifices (21),
(22). Therefore, as in the first embodiment, adequate
damping is applied to the operation of the valve element
(7a).
[0068] Further, when decreasing the flowrate of sup-
ply of operating oil to the main machine side, the valve
travel of the electromagnetic proportional valve (6) is
controlled by the controller (12) so that it becomes de-
creased. At this time, the upstream hydraulic pressure
of the electromagnetic proportional valve (6) rapidly in-
creases. Such a high upstream pressure acts on the
valve element (7a) of the differential pressure compen-
sation valve (7) through the branch passageway (14).
With the opening operation of the valve element (7a),
operating oil flows through the downstream pilot pas-
sageway (15) from the differential pressure compensa-
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tion valve (7) toward the downstream supply passage-
way (5b), and this operating oil flow is given pass resist-
ance by both the first and second orifices (21), (22).
However, since, as described above, relatively high up-
stream pilot pressure is acting on the valve element (7a),
this allows the valve element (7a) to perform its opening
operation at high speed. After all, the response delay
will not become a problem at the time when the supply
flowrate decreases.
[0069] In accordance with the PQS valve (20) of the
second embodiment, the same working and effects as
the PQS valve (2) of the first embodiment are obtained.
By virtue of the provision of the two orifices (21), (22)
and the check valve (24) in the downstream pilot pas-
sageway (15), it becomes possible to ensure that the
operation of the differential pressure compensation
valve (7) is stabilized while at the same time speeding
up the closing operation of the valve element (7a). This
makes it possible to sufficiently enhance, when increas-
ing the flowrate of supply of operating oil to the main
machine side, its response.
[0070] When the present invention is applied to injec-
tion molding machines, the formation of thin molding
products becomes easier than conventional. In addition,
cost reduction is achieved by shortening the cycle of
molding. In forming thin molding products by injection
molding, resin injected may grow cold and harden be-
fore being distributed completely into the inside of a met-
al mold. In order to prevent this, fast flowrate start-up
response is particularly required. The PQS valve of the
present embodiment capable of providing improvement
in response is especially effective.

OTHER EMBODIMENTS

[0071] The present invention is not limited to the first
and second embodiments. The present invention in-
cludes other various arrangements. In each of the first
and second embodiments, the hydraulic circuit system
of the present invention employs a single PQS valve, i.
e., the PQS valve (2, 20). However, the hydraulic circuit
system of the present invention is not necessarily con-
structed as an integral-type composite valve. Further,
the main machine is not limited to injection molding ma-
chines. The present invention is applicable to various
machine apparatus provided with a hydraulic actuator
such as a hydraulic cylinder, a hydraulic motor, et cetera.
[0072] Further, the controller is not limited to the dig-
ital controller (12) employed in each of the foregoing em-
bodiments. For example, an analog controller having
the same functions as the digital controller (12) may be
constructed using a comparator, an operational amplifi-
er, et cetera.
[0073] Further, the electromagnetic proportional
valve of the present invention is not limited to the valve
described in the foregoing embodiments. Any type of
throttle valve with ports A, P, and T may be used as long
as it is able to electrically vary the amount of restriction.

In other words, the electromagnetic proportional valve
of the present invention may be either a direct acting
type for directly pressing the spool (6a) with the solenoid
(6b) or a pilot type for indirectly actuating the spool (6a)
by the use of a small-size pilot valve. When employing
a pilot type electromagnetic proportional valve, either a
type employing a proportional valve as a pilot valve and
a type employing a servo valve (e.g., a nozzle flapper)
as a pilot valve may be used. Since the present invention
is provided with a spool position sensor, the electromag-
netic proportional valve (6) may be replaced with a servo
valve.

INDUSTRIAL APPLICABILITY

[0074] As has been described above, the present in-
vention provides a hydraulic circuit system capable of
speeding up the operation of an actuator of a main ma-
chine and of extending the region of controllable pres-
sure to substantially a zero point. Therefore, the hydrau-
lic circuit system of the present invention exhibits ex-
tremely excellent characteristics when employed as a
device for driving a hydraulic actuator of a machine ap-
paratus. Particularly when applied to an injection mold-
ing machine, the present invention achieves considera-
ble improvement in the quality of molding products and
shortens the cycle time. Besides, the present invention
satisfactorily meets requirements in a low pressure
clamping process that cannot be dealt effectively with
by conventional techniques. The industrial applicability
of the present invention is high.

Claims

1. A hydraulic circuit system (2, 20) comprising:

an electromagnetic proportional valve (6), dis-
posed interposingly in a supply passageway (5)
through which operating fluid is supplied to a
hydraulic actuator, for adjusting the supply
flowrate of operating fluid, and
a differential pressure compensation valve (7)
for receiving a pilot pressure from the upstream
side of said electromagnetic proportional valve
(6) and a pilot pressure from the downstream
side of said electromagnetic proportional valve
(6) and for bypassing operating fluid to a tank
(4) from a supply passageway (5a) on the up-
stream side of said electromagnetic proportion-
al valve (6) so that the difference between said
pilot pressures is held constant,

wherein:

said electromagnetic proportional valve (6) as-
sumes, in addition to a supply position for al-
lowing operating fluid to be supplied to said hy-
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draulic actuator, at least a discharge position
for allowing operating fluid to be discharged out
of said hydraulic actuator, and
said hydraulic circuit system (2, 20) further
comprises:

a pressure sensor (10) for detecting the
working hydraulic pressure of a supply
passageway (5b) on said downstream side
of said electromagnetic proportional valve
(6) and for outputting an electric signal,
a position sensor (11) for detecting the
spool position of said electromagnetic pro-
portional valve (6) and for outputting an
electric signal, and
a controller (12) for receiving an electric
signal from said pressure sensor (10) and
an electric signal from said position sensor
(11) and for feedback controlling the valve
travel of said electromagnetic proportional
valve (6) so that the supply flowrate and/or
the supply hydraulic pressure of operating
fluid to be supplied to said hydraulic actu-
ator becomes a control command value.

2. The hydraulic circuit system (2, 20) of claim 1,
said controller (12) comprising:

a flowrate deviation arithmetic part (12b) for
finding, based on an electric signal from said
position sensor (11), an actual supply flowrate
of operating fluid being supplied to said hydrau-
lic actuator and for performing an arithmetical
operation to calculate a flowrate deviation by
subtracting said found actual supply flowrate
from a flowrate command value,
a pressure deviation arithmetic part (12a) for
finding, based on an electric signal from said
pressure sensor (10), an actual supply hydrau-
lic pressure of operating fluid being supplied to
said hydraulic actuator and for performing an
arithmetic operation to calculate a pressure de-
viation by subtracting said found actual supply
hydraulic pressure from a pressure command
value,
a PQ selecting part (12c) for selecting the
smaller of said flowrate deviation and said pres-
sure deviation and for performing, based on
said selected deviation, an arithmetic operation
to calculate a desired spool position for said
electromagnetic proportional valve (6), and
an electric current driver (12d) for applying an
electric current to a solenoid (6b) of a spool (6a)
of said electromagnetic proportional valve (6)
so that said spool (6a) assumes said desired
spool position found by said PQ selecting part
(12c).

3. The hydraulic circuit system (2, 20) of either claim
1 or claim 2,

wherein:

said differential pressure compensation valve
(7) is provided with a spring member (7b) for
energizing a valve element (7a) of said differ-
ential pressure compensation valve (7) in the
valve-closing direction and receives a pilot
pressure which causes said valve element (7a)
to move in the valve-closing direction and a pi-
lot pressure which causes said valve element
(7a) to move in the valve-opening direction,
from the downstream side of said electromag-
netic proportional valve (6) and from the up-
stream side of said electromagnetic proportion-
al valve (6), respectively, and
a pilot passageway (15) on the downstream
side of said electromagnetic proportional valve
(6) for guiding a pilot pressure to said differen-
tial pressure compensation valve (7) from the
downstream side of said electromagnetic pro-
portional valve (6) is provided with an orifice
(17) capable of restricting a flow of operating
fluid and a pilot relief valve (18) is connected to
said pilot passageway (15) between said orifice
(17) and said differential pressure compensa-
tion valve (7).

4. The hydraulic circuit system (20) of claim 3,
wherein:

a first orifice (21) and a second orifice (22) of a
greater degree of restriction than that of said
first orifice (21) are provided in series in said
downstream pilot passageway (15), and
a passageway (23) bypassing said second or-
ifice (22) is provided with a check valve (24)
which accepts a flow of operating fluid moving
toward said differential pressure compensation
valve (7) but prevents reversal of said operating
fluid flow.

5. The hydraulic circuit system (20) of claim 1, wherein
said hydraulic actuator is employed to drive an in-
jection molding machine.
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