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(57) ABSTRACT 

A hydraulic valve operating system having a plurality 
of main flow control valves, each provided with a hy 
draulic power operator, together with means including 
control valves (e.g., four-way valves) connected to re 
ceive liquid from a common pressure accumulator. Se 
lective operation of the control valves is effected by 
electrical means including circuitry having a common 
conductor through which current flows when the 
operation of any one of the control valves is initiated. 
An isolation valve is interposed in the hydraulic con 
nection to the hydraulic means. An electrical sensing 
means is provided and is connected with the isolation 
valve so that when the electrical circuitry is selectively 
operated for the purpose of operating any one of the 
control valves, the isolation valve is operated whereby 

- liquid under pressure is supplied for the required oper 
ation. Thus during standby periods no loss of liquid 
from the accumulator occurs by way of leakage of the 
control valves. s 

Also, the method of operation of such a system. 
4. Claims, 2 Drawing Figures 
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1. 
HYDRAULIC VALVE SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 
This invention relates generally to flow control valve 

systems of the type in which a plurality of main valves 
are associated in a common system for selective opera 
tion. r 

A number of valves are frequently associated in a 
common system and arranged whereby opening and 
closing of the valves can be controlled from a central 
station. Particular examples are valves used for tank. 
farms, meter provers, pumping stations and the like. 
One system of this kind makes use of hydraulic opera 
tors mounted upon each of the valves, together with 
means for supplying each of the operators with hydrau 
lic liquid under pressure from a common source. The 
application of liquid to each operator is controlled by 
a control valve, as for example one of the four-way 
type, the setting of which serves to supply liquid under 
pressure to one or the other of the pressure chambers 
of the operator, with the liquid in the other chamber 
being exhausted. When the source of hydraulic liquid 
under pressure is a continuously operating pump, such 
a system operates satisfactorily irrespective of some 
leakage which may occur through the four-way control 
valves. However it is frequently desirable to use a so 
called pressure accumulator as a source of hydraulic 
liquid, instead of a continuously operating pump. The 
accumulator is generally connected to a pressure 
pump, the driving motor of which is controlled by a 
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pressure responsive switch. Thus the motor is operated 
to drive the pump only when the pressure in the accu 
mulator falls below a predetermined value. With such 
an arrangement leakage causes difficulty, because it 
necessarily requires frequent operation of the pump to 
maintain the desired pressure level. 
SUMMARY AND OBJECTS OF THE INVENTION 
In general it is an object of the present invention to 

provide a hydraulic valve operating system and method 
which makes use of an accumulator as a source of liq 
uid under pressure, but which prevents loss of pressure 
from the accumulator when no command is being ap 
plied to cause operation of one of the control valves. 
Another object of the invention is to provide a system 

and method which makes use of reliable means for indi 
cating when a command is being applied for effecting 
operation of a valve, and for substantially instantly con 
necting the accumulator to the manifold of the hydrau 
lic means associated with all of the valves, for carrying 
out a cycle of operation. 
Another object is to provide reliable and sensitive de 

tecting means associated with the electrical circuitry of 
the system, and which is employed to effect hydraulic 
communication between the accumulator and the hy 
draulic means associated with all of the valves. 

In general, the present invention makes use of a plu 
rality of main flow control valves each of which is pro 
vided with a hydraulic operator adapted to be ener 
gized to carry out valve opening and closing operations. 
A hydraulic accumulator is used as the source of hy 
draulic liquid under pressure. Also a control valve, as 
for example one of the four-way type, is associated with 
the operator of each of the main valves, and is adapted 
to be set into operating positions to effect valve open 
ing and closing operations. Fluid connections are pro 
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2 
vided between each control valve and a common hy 
draulic manifold line. Solenoid means are provided 
which are adapted to be electrically energized, and 
which are associated with the control valves in such a 
manner as to effect their conditioning for application 
of hydraulic liquid under pressure to the valve opera 
tors. Electrical circuitry connects with the solenoid 
means, and the circuitry includes control switches 
adapted to be selectively operated for selectively ener 
gizing any one of the solenoid means whereby a partic 
ular main valve is opened or closed. The circuitry in 
cludes one common conductor which is connected to 
one side of a means provided for forming a fluid con 
nection between the hydraulic accumulator and the 
common manifold, and interposed in this connection 
there is a normally closed isolation valve. Means is pro 
vided which serves to open this isolation valve immedi 
ately in response to operation of any one of the control 
switches. 
Additional objects and features of the invention will 

appear from the following description in which the pre 
ferred embodiment of the invention has been set forth 
in detail in conjunction with the accompanying draw 
lings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a hydraulic 
system incorporating the present invention. 
FIG. 2 is a circuit diagram illustrating the electronic 

means employed in FIG. 1 for detecting the closing of 
any one of the control switches. 

; DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The system shown in FIG. 1 consists of a plurality of 
main valves A, B and C, which in this instance are of 
the gate type and which are adapted to be power oper 
ated. Each of the power operators 10 for these valves 
may be a double-acting cylinder-piston assembly hav 
ing the piston or operating rod directly connected to 
the gate of the valve. During power operation hydraulic 
liquid under pressure is supplied to one end of the cyl 
inder and liquid is exhausted from the other end. In 
some instances the valves may be of the rotary ball 
type, in which event the operator may be of the rotary 
vane type and operated in substantially the same man 
er. 

A single source of hydraulic liquid under pressure is 
provided for the operation of all of the valves. The 
means employed, indicated generally at 11, includes a 
hydraulic accumulator 12 which is connected to the 
discharge side of the pump 13, through valve 14. This 
pump has its suction side connected to the liquid reser- . 
voir 16, and is controlled in such a manner as to main 
tain a desired pressure within the accumulator. Thus 
the pump is shown driven by an electric motor 17, 
which in turn is energized by the electrical circuit 18. 
The The circuit includes the pressure switch 19, having 
a pressure connection to the accumulator 12. When the 
accumulator pressure falls below a predetermined 
level, the switch 19 is closed to energize the motor 17, 
thus returning the pressure to the desired value. 
As is well known to those familiar with hydraulic 

equipment, the accumulator 12 may consist of a pres 
sure vessel having its interior divided into two cham 
bers by a flexible diaphragm. One chamber is sealed 
and contains gas while liquid is introduced and with 
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drawn from the other chamber. As the quantity of liq 
uid increases the gas pressure increases until the de 
sired pressure level is attained. The capacity required 
for the accumulator 12 depends upon the requirements 
of the system. Assuming that only one of the main 5 
valves is to be operated at a time, then the accumulator 
should have sufficient capacity to effect a cycle of 
operations of one valve without serious drop in hydrau 
lic pressure. In instances where two or more valves may 
be operated simultaneously, the capacity of the accu- 10 
mulator must be increased accordingly. The pump 13 
is operated automatically as occasion requires, to main 
tain the desired pressure level in the accumulator. 
Valve controlled line 20 may be provided for bypassing 
liquid to the reservoir 16. 15 

Parts of a hydraulic system such as disclosed in U.S. 
Pat. No. 3,523,675 are associated with each of the hy 
draulic operators 10 of the main valve. Thus the hy 
draulic connections 21 and 22 to the ends of each oper 
ator cylinder make connection with the four-way con- 20 
trol valve 23, through the check valve assembly 24. The 
purpose of the check valve assembly is to provide a hy 
draulic lock which is effective after the end of each 
cycle of operation. 
Each of the four-way control valves 24 is shown hav- 25 

ing connections with a hydraulic manifold pressure line 
26, and a hydraulic exhaust line 27. The pressure line 
26 is shown connected by line 28 with the accumulator 
12. The exhaust line 27 is shown connected to return 
exhaust liquid to the reservoir 16. 
The arrangement is such that for one operating posi 

tion of the operating member of each four-way control 
valve 23, liquid under pressure is supplied through line 
21 to operator 10 and exhausted through line 22, 
thereby closing the associated main valve. Conversely, 
when the control valve 23 is placed in its other operat 
ing position, liquid under pressure is supplied through 
line 22 and exhausted through line 21, to open the main 
valve. 
Various types of motive devices can be used for mov 

ing the operating member of each control valve 23 
from one operating position to the other. For example, 
in some instances the motive device may be an electri 
cal solenoid, or it may be a pneumatic pressure oper 
ated device. In the system illustrated each device 26, 
indicated as connected to the operating member of the 
associated control valve 23, is a pneumatic motive de 
vice of the cylinder-piston type. Application of pneu 
matic pressure, indicated as being supplied through line 
27, is shown being controlled by the solenoid valves 29 
and 30. These valves are connected to electrical cir 
cuitry whereby they are selectively operated. Normally 
these valves are closed, but when electrically ener 
gized, pneumatic pressure is applied to one end or the 
other of the cylinder of device 26. When de-energized 
the connection to the device 26 is vented to the atmo 
sphere as indicated. It will be evident that when one so 
lenoid is energized, the associated control valve 23 is 
conditioned to cause hydraulic pressure to be supplied 60 
to the operator 10 for one cycle of operation, as for ex 
ample to open the valve. When the other solenoid is en 
ergized the cycle of operation serves to close the valve. 
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The location of the parts just described, namely the 
check valve assembly 24, the four-way control valve 
23, the motive device 26, and the solenoid valves 29 
and 30, may vary in accordance with requirements. 

4 
Generally it is desirable to locate the check valve as 
sembly 24 near the hydraulic operator 10. However, 
the four-way control valves 23, the motive devices 26, 
and the solenoid valves 29 and 30, may be located at 
a remote operating station. 
The electrical circuitry connected to the solenoid 

valves 28 and 29 includes a source of current repre 
sented by the current supply lines L1 and L2. It also in 
cludes the selectively operable switches S1A, S2A, 
S1B, S2B, S1C and S2C. When these switches are 
closed, the solenoid valve 29 or 30 of the correspond 
ing main valve is energized. In other words, the selec 
tive operation of the switches serves to initiate a de 
sired cycle of operation of each one of the main valves 
A, B or C. The circuitry also includes a so-called trigger 
circuit 31, which connects to the common conductor 
32 of the circuitry. This conductor connects to one side 
of all of the solenoid operated valves. The trigger cir 
cuit 31 is shown having connections across the lines L1 
and L2, and is also shown connected by circuit 33 with 
the relay switch 34. The contacts of the relay switch 34 
control circuit 36, which serves to energize the winding 
of the solenoid isolation valve 37. The source of ener 
gizing current for circuit 36 may likewise be the lines 
L1 and L2. 
The valve 37 is normally biased toward closed posi 

tion. It is inserted into the line 28 leading to the accu 
mulator 12. It may be bypassed by valve 38 to permit 
manual or emergency operation. 

In general the purpose of the trigger circuit 31 is to 
detect current flow in line 32, which indicates that one 
of the selectively operated switches is being operated 
to effect a cycle of operation of one of the valves. 
When the trigger circuit detects current flow in the re 
turn line 32, it causes current to be applied to the relay 
switch34, thus energizing the winding of solenoid valve 
37 to open the same and thereby causing hydraulic 
pressure to be applied to the manifold line 26 of the hy 
draulic system. Immediately after completing a cycle of 
operation, the control switch is opened whereby cur 
rent flow in line 32 is discontinued. Under such condi 
tions the trigger circuit de-energizes the relay switch 
34, thus de-energizing the winding of the solenoid valve 
37. Closure of this valve, and the maintenance of this 
valve in closed condition understandby conditions pre 
vents any possible leakage of hydraulic liquid through 
the line 28 into the pressure line 26 of the system. 
FIG. 2 illustrates a desirable type of trigger circuit. It 

consists of diode 1 connected between the conductor 
32 and line L2, and the series connected diodes 2, 3, 
4 and 5, likewise connected across conductor 32 and 
line L2. There is also a diode 6 provided with a control 
connection 41, which connects with the conductor 32 
through the resistor 42. One side of the diode 6 con 
nects with line L2, and the other side connects with one 
side of the coil of relay switch 34, through the conduc 
tor 43. The other side of the coil of relay switch 34 is 
connected by conductor 44 to line L1, through the re 
sistor 46. A condensor 47 connects to conductors 43 
and 44, and is therefore shunted across the coil of relay 
switch 34. 
The components of the trigger circuit shown in FIG. 

2 should be selected in accordance with requirements, 
and the voltage of lines L1 and L2. Assuming that lines 
L1 and L2 represent 115 volt alternating current, the 
components can be as follows: Diode 1, IN4997; each 
of diodes 2, 3, 4 and 5, IN4997; diode 6, 2N3670; resis 



5 
tor 42,47 ohms; resistor 46,600 ohms; and condensor 
47, 50 mfd. The above numbers refer to standard man 
ufacturer's specifications for solid state diodes. 
Operation of the trigger circuit described above is as 

follows: When a solenoid 29 or 30 is energized by oper 
ating one of the control switches, alternating current 
flows through the diode 1 for that half of the cycle 
when L1 is negative with respect to L2. For the other 
half cycle, when L1 is positive with respect to L2, cur 
rent flow occurs through the series connected diodes 
2-5. The voltage developed across the series connected 
diodes 2-5 provides trigger power through resistor 42 
and connection 41, causing the diode 6 to fire each 
half-cycle of the alternating current. DC voltage is de 
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veloped across the condensor 47, the magnitude of 15 
which can be controlled by the scaling resistor 46. This 
voltage suffices to actuate the relay 34, and this relay 
in turn causes the winding of the isolation valve 37 to 
be energized. The trigger circuit is immediately re 
stored when current ceases to flow through the com 
mon conductor 32. 
The system and method described above has a num 

ber of advantages over prior hydraulic systems for the 
selective operation of main valves. As previously men 
tioned, it is difficult to prevent leakage past the several 
control valves 23 of such a system, and the cummula 
tive effect of this leakage causes more or less continu 
ous leakage flow of hydraulic liquid from the supply 
source. When this supply source is an accumulator, ex 
cessive demands are made upon the pump and asso 
ciated parts which are provided for maintaining the de 
sired pressure level in the accumulator. With the sys 
tem and method described above the only possible 
leakage during standby is through the isolation valve 
37, and this valve can be made in such a manner that 
leakage is minimal. As a result, the desired pressure 
level can be maintained in the accumulator with mini 
mum operation of the pressure pump 13. 
We claim: 
1. In a hydraulic valve system, a plurality of main 

flow control valves each provided with a hydraulic 
power operator adapted to be energized to carry out a 
valve operating cycle, means including a hydraulic ac 
cumulator for supplying hydraulic liquid under pres 
sure, a control valve for the hydraulic operator of each 
of the main valves, means forming fluid connections 
between each control valve and the corresponding op 
erator, means forming fluid connections between each 
control valve and a common manifold adapted to re 
ceive hydraulic liquid under pressure, solenoid means 
adapted to be electrically energized and associated 
with each control valve to effect conditioning of the 
control valve whereby application of hydraulic liquid 
under pressure to the corresponding operator causes an 
operating cycle of the main valve, electrical circuitry 
connected to said solenoids, said circuitry including 
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6 
control switches adapted to be selectively operated for 
energizing any one of said solenoids, current supply 
lines connected to the circuitry, the circuitry having 
one conductor connected to one side of all of the sole 
noids and also connected to one of said current supply 
lines, the other one of the current supply lines being 
connected to one side of the control switches, means 
forming a hydraulic fluid connection between the hy 
draulic accumulator and said common manifold, a nor 
mally closed isolation valve interposed in said last 
named connecting means, said isolation valve being 
adapted to be actuated to open the same, and means 
serving to actuate said isolation valve to open the same 
in response to operation of any one of said switches. 

2. A system as in claim 1 in which said isolation valve 
is adapted to be electrically operated to open the same, 
and electronic means incorporated in the electrical cir 
cuitry for detecting the operation of one of said 
switches and for actuating said isolation valve. 
Whereby said isolation valve is opened responsive to 
operation of said switch. 

3. A system as in claim 2 in which said detecting 
means comprises an electronic trigger circuit. 

4. A method for the operation of a plurality of valves, 
the method making use of a plurality of main flow con 
trol valves each provided with a hydraulic power opera 
tor adapted to be energized to carry out a valve operat 
ing cycle, means including a hydraulic accumulator for 
supplying hydraulic liquid under pressure, a control 
valve for the hydraulic operator of each of the main 
valves, means forming hydraulic fluid connections be 
tween each control valve and the corresponding opera 
tor, means forming hydraulic fluid connections be 
tween each control valve and a common manifold 
adapted to receive hydraulic liquid under pressure, so 
lenoid means adapted to be electrically energized and 
associated with each control valve to effect condition 
ing of the control valve whereby application of hydrau 
lic liquid under pressure to the corresponding operator 
causes an operating cycle of the main valve, and elec 
trical circuitry connected to said solenoids, said cir 
cuitry including control switches adapted to be selec 
tively operated for energizing any one of said solenoids 
and a source of current supply, the circuitry having one 
common conductor connected to one side of all of the 
solenoids and also connected to one of said current 
supply lines, the other one of the current supply lines 
being connected to one side of the control switches; the 
method comprising interrupting communication be 
tween the accumulator and said common manifold dur 
ing standby periods, detecting flow of current in said 
common conductor, and establishing communication 
between said accumulator and said manifold line re 
sponsive to such current flow, such communication 
being continued until such current flow is interrupted. 
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