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(57) ABSTRACT 

A valve actuation system With cooperating pneumatic and 
hydraulic control features. Compressed pneumatic ?uid is 
generated in a pneumatic ?uid supply, and ?oWs in response 
to requirements betWeen a predetermined command signal 
and an existing position of a Working ?uid valve. Hydraulic 
?uid is pressurized by a pump, and stored Within the system 
by an accumulator. A servo valve comprising a pneumatic 
?uid ?oW path and a hydraulic ?uid ?oW path is included to 
facilitate the ?oW of hydraulic ?uid through the servo valve 
hydraulic ?uid path and a downstream actuator for the 
Working ?uid valve in proportion to changes in pneumatic 
?uid ?oW through the servo valve pneumatic ?uid ?oW path. 
A saturated ?uid feedback circuit is included to shut off the 
?oW of pneumatic and hydraulic ?uid during select periods, 
such periods typically coincident With static conditions 
Within the actuator of the Working ?uid valve, thereby 
reducing pump duty cycle. 
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AIR OVER HYDRAULICS ACTUATOR SYSTEM 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/212,962 ?led Jun. 21, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a system for the 
actuation and positioning of a valve, and more particularly 
to a system that incorporates pneumatic and hydraulic 
features such that the pneumatic and hydraulic sections 
combine to control movement of a valve actuator, While the 
hydraulic section controls the poWer in a feedback-based 
control system. This “air over hydraulics” (alternately 
referred to as pneumatic-hydraulic) actuator system 
enhances valve performance by providing a high function 
and loW maintenance actuator that has signi?cant applica 
tion in explosion- and ?re-susceptible control valve market 
segments, such as the liquid natural gas (LNG) production 
market. 

[0003] The use of pneumatically and hydraulically con 
trolled valves in process and ?uid-handling operations is 
Well knoWn. In many large-scale applications, an electro 
hydraulic valve actuation system is employed, Where a 
centraliZed poWer unit is typically spaced apart from one or 
more valves through a netWork of high-pressure hydraulic 
lines. Based on actuator stem position in relation to a 
particular process need, a differential transformer provides a 
feedback signal to direct the opening and closing of one or 
more of the valves. The presence of a device based on 
electronic circuitry, While benign in many applications, can 
be disastrous When placed around in?ammable process 
?uids, as a spurious electrical signal can be enough to ignite 
the ?uid or ?uid vapors. All-pneumatic systems can alleviate 
the concerns over electric sources placed in proximity to 
?ammable ?uids; hoWever, these systems are often de?cient 
in that they cannot provide quick response times and high 
load capacity. In addition, the compressible nature of the 
?uid (typically air) in a system built predominantly on 
pneumatics can lead to instability problems. All-hydraulic 
systems, While capable of providing rapid, stable response, 
also suffer from various limitations, including system com 
plexity, as Well as leakage, maintenance and safety features 
associated With high pressure ?uid lines. 

[0004] In a typical pneumatic-hydraulic actuation system, 
there are tWo discrete circuit portions: a loW pressure 
pneumatic circuit, and a high pressure hydraulic circuit. The 
pneumatic portion provides poWer to pumps and valves used 
to transport hydraulic ?uid in the hydraulic portion, Which 
sends hydraulic ?uid to an actuator to reposition a Working 
?uid control valve. Unfortunately, traditional pneumatic 
hydraulic systems either employ single or limited discrete 
operational modes, thereby limiting their valve responsive 
ness and consequent system accuracy. In addition, valves in 
traditional pneumatic-hydraulic systems often rely on addi 
tional electronic circuitry or components to effect valve 
actuation. The presence of such electronic componentry and 
the signals they carry can, in a ?ammable environment, act 
as an ignition source. Furthermore, maintaining ?uid pres 
sures in an energiZed, high pressure state is not cost effec 
tive, as the pump cycles frequently or continuously to 
overcome system pressure losses due to leakage, thereby 
increasing operating expense. By Way of example, compres 
sor recycle valves used in LNG systems require, in addition 
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to explosion proof operation, more continuous (and hence 
responsive) ?oW of ?uid through the Working ?uid control 
valve. In such applications, the use of traditional pneumatic 
hydraulic systems can result in substandard performance. 

[0005] Accordingly, there exists a need for a valve actua 
tion system that can offer the simplicity and safety of 
pneumatic-based systems and the responsiveness and load 
capacity of hydraulic-based systems, in combination With 
safety and operability-enhancing features to enable efficient, 
reliable and inexpensive valve actuation, especially in 
safety-critical applications. 

SUMMARY OF THE INVENTION 

[0006] This need is met by the present invention Wherein 
a hybrid valve actuation apparatus combining the best 
features of pneumatic- and hydraulic-based systems is uti 
liZed. According to one aspect of the present invention, a 
valve actuation system is disclosed. This valve actuation 
system includes a valve stem position indicator coupled to a 
pneumatic positioner, a high pressure circuit for circulating 
hydraulic ?uid, a loW pressure circuit for circulating pneu 
matic ?uid, and a saturated ?uid feedback circuit. Compo 
nents Within the high pressure circuit include a hydraulic 
?uid reservoir, a pump, an accumulator to store pressuriZed 
hydraulic ?uid being discharged from the pump, a hydraulic 
actuator to manipulate the position of a valve in a main ?uid 
transport system (also referred to as a Working ?uid valve), 
a servo valve With both pneumatic and hydraulic ?uid paths 
such that the ?oW of hydraulic ?uid through the hydraulic 
?uid path is proportional to the ?oW of pneumatic ?uid 
through the pneumatic ?uid path, and a trip manifold to 
facilitate retraction of the actuator upon attainment of a 
preset condition. Components Within the loW pressure cir 
cuit include a pneumatic ?uid supply, a pneumatic positioner 
to respond to changes in valve actuator position received 
from the valve stem position indicator and an external 
command signal, and a solenoid operated valve to selec 
tively permit pneumatic ?uid to ?oW to the trip manifold. 
The saturated ?uid feedback circuit includes a shutdoWn 
manifold and a binary valve. The binary valve can intermit 
tently cut off hydraulic ?uid ?oW to the servo valve upon 
attainment of a preset saturation condition. Optionally, the 
trip manifold further comprises an interconnected valve 
arrangement alternately comprising a ?rst con?guration 
such that normal servo valve operation is enabled, and a 
second con?guration Wherein the interconnected valve 
arrangement is such that the trip manifold disables the servo 
valve. This second con?guration is mutually exclusive to 
that of the ?rst con?guration in that any ?oW control valves 
internal to the trip manifold that are open to permit ?oW in 
the ?rst con?guration are likeWise closed to cut off ?oW in 
the second con?guration, as any internal ?oW control valves 
closed during the ?rst are opened during the second. In 
addition, the trip manifold is in ?uid communication With 
the accumulator, hydraulic actuator, shutdoWn manifold and 
solenoid operated valve, as Well as With the reservoir and 
binary valve. 

[0007] The use of the servo valve, With its proportional 
response, provides more controllable articulation of a Work 
ing ?uid valve than is achievable With stepWise actuator 
positioning. A further advantage of using a servo valve 
according to the present invention as compared to a tradi 
tional electro-hydraulic actuation system is that the only 
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energy source for actuator operation comes from readily 
available pneumatic ?uid supply, preferably in the form of 
instrument air supply Which, due to its lack of electronic 
componentry, is inherently safe in ?ammable environments. 
In addition, the incorporation of a saturated ?uid feedback 
circuit is important in that an intrinsic part of the operation 
of any pump is its duty cycle, or duty factor, Which is 
generally expressed as a ratio betWeen the time a device is 
operating and the total time for an intermittently operating 
device. Thus, a duty cycle of one means the pump is 
operating continuously. Since the pump is a signi?cant 
poWer draW, and that by continual operation its parts are 
Wearing out quicker, it stands to reason that loWering its duty 
cycle Without concomitant reduction in system operation 
Would be bene?cial from both a cost and component life 
perspective. 
[0008] According to another embodiment of the invention, 
a ?uid handling system With at least one Working ?uid valve 
being manipulated With an air over hydraulic actuation 
device is disclosed. In addition to the valve actuation com 
ponent con?guration of the previous embodiment, the ?uid 
handling system comprises a netWork of piping con?gured 
to transport a ?uid With at least one Working ?uid valve to 
regulate the ?oW of the ?uid through at least a portion of the 
piping. The air over hydraulic approach of the present 
embodiment is particularly useful in ?uid handling systems 
that transport in?ammable materials, such as LNG. In one 
application of the present embodiment, for eXample, the 
Working ?uid valve being manipulated could be a compres 
sor recycle valve Where high thrust, fast speed and loW 
maintenance in an explosion-proof environment are 
required. 
[0009] According to another embodiment of the invention, 
a method of using a valve With an air over hydraulic 
actuation device is disclosed. This method utiliZes the valve 
actuation structure discussed in the previous embodiments, 
and includes arranging a Working ?uid valve coupled to an 
actuator and a valve stem to be disposed Within a ?uid 
handling system, arranging a valve actuation system to use 
both hydraulic and pneumatic ?uids to control a Working 
?uid ?oWing through the Working ?uid valve, sensing a 
valve stem position With a valve stem position indicator, 
relaying the sensed valve stem position to the pneumatic 
positioner through a common linkage betWeen the valve 
stem position indicator and the pneumatic positioner, gen 
erating a difference signal by comparing the sensed valve 
stem position to a command signal, sending the difference 
signal to the servo valve to vary the ?oW of pneumatic ?uid 
through the pneumatic ?uid ?oW path in proportion to the 
magnitude of the difference signal, adjusting a ?oW of 
hydraulic ?uid through the hydraulic ?uid ?oW path in 
proportion to ?oW changes through the pneumatic ?uid ?oW 
path, moving the actuator in response to changes in pressure 
caused by ?oW of the hydraulic ?uid ?oWing through the 
hydraulic ?uid ?oW path, positioning the trip manifold to 
facilitate retraction of the actuator upon attainment of a 
preset condition, and operating a saturated ?uid feedback 
circuit to intermittently stop the pump, thereby effecting a 
reduction in the duty cycle. By this method, proportional 
Working ?uid valve actuation is effected. In addition, the 
automated intermittent shutting doWn of the pump has the 
effect of reducing both operating costs (via shorter periods 
of electricity consumption to operate the pump) and main 
tenance costs (due to lesser Wear and tear on the pump). 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0010] The folloWing detailed description of the preferred 
embodiments of the present invention can be best under 
stood When read in conjunction With the folloWing draWings, 
Where like structure is indicated With like reference numer 
als and in Which: 

[0011] FIG. 1 is a schematic of the air over hydraulics 
actuator system block according to the present invention; 

[0012] FIG. 2 is a schematic of a servo valve according to 
the present invention; 

[0013] FIG. 3 is a schematic of a trip manifold according 
to the present invention; and 

[0014] FIG. 4 is a schematic of a shutdoWn manifold 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] The present air over hydraulic actuation system 
embodies tWo major functions. The ?rst, actuation control, 
pertains to the operation of the system that leads to manipu 
lation of the main Working ?uid control valve. The second, 
servo valve shutdoWn, pertains to ef?ciency-enhancing mea 
sures. 

[0016] Actuation Control 

[0017] Referring noW to FIG. 1, the main components of 
the air over hydraulics actuator system 10 include: a pneu 
matic over hydraulic servo valve 20 (hereinafter servo valve 
20), a pneumatic positioner 30, a pneumatic ?uid supply 32, 
a shutdoWn manifold 40, a trip manifold 50, an accumulator 
52, pump 54, hydraulic ?uid reservoir 56, solenoid operated 
valve 58, and a pistonstyle hydraulic actuator 60. The 
present system 10 is air over hydraulic in that, rather than 
having one ?uid directly control the opening and closing of 
a Working ?uid valve 70, tWo separate ?uid circuits are 
employed; a ?rst, pneumatic ?uid circuit is used to control 
the ?oW of hydraulic ?uid in a second, hydraulic ?uid 
circuit, Which in turn controls the ?oW of the Working ?uid 
by manipulating the Working ?uid valve 70. The hydraulic 
actuator 60 is coupled to Working ?uid valve 70 to modulate 
the valve in response to ?oW requirements of the ?uid 
disposed Within the piping to Which the valve is attached. In 
the present conteXt, a “Working ?uid valve” is any valve 
placed Within the ?oW path of a ?uid handling system to 
Which the apparatus of the present invention is coupled to 
effect changes in ?uid ?oW therethrough. For eXample, a 
conventional valve in a netWork of pipes designed to trans 
port a liquid or gas that has its opening and closing functions 
controlled by the hereindescribed invention Would constitute 
a Working ?uid valve. 

[0018] In a traditional all-pneumatic valve actuator, the 
output from the positioner Would be used as a poWer source 
to operate a cylinder/piston or spring-diaphragm valve 
actuator. In the air over hydraulics actuator, on the other 
hand, the output from the pneumatic positioner 30 is the 
control input to the servo valve 20, Which in turn alloWs 
varying amounts of hydraulic ?uid through to control the 
hydraulic actuator 60. The controlWise communication 
betWeen the pneumatic and hydraulic ?uid circuits takes 
place in servo valve 20, Which permits the ?oW of hydraulic 
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?uid to hydraulic actuator 60, Which is double acting, by 
Way of trip manifold 50. By “double acting”, it is meant that 
the actuation extends from the piston in both directions 
along the piston’s translational axis such that by pushing the 
piston in one direction, it forces the valve to open, While 
pushing in the opposite direction forces the valve to close. 
The nature of a servo valve is that rather than operating as 
a binary “on/off” device, the amount of ?oW it permits to 
pass through its second circuit (in this case, hydraulic ?uid) 
is in direct relation to the amount of ?uid it receives from its 
?rst circuit (in this case, pneumatic ?uid). Servo valve 20 
receives its controlling input from the double acting pneu 
matic valve positioner 30 by Way of shutdoWn manifold 40. 
The pneumatic valve positioner 30 is connected to a pneu 
matic ?uid supply 32, Which produces pressuriZed ?uid 
(preferably air). Pneumatic valve positioner 30 controls the 
pneumatic ?uid circuit in response to changes in valve 
position that it receives by virtue of its mechanical linkage 
(alternately referred to as a coupling) 34 With valve stem 
position indicator 65 located on the hydraulic actuator 60. 
The function of the pneumatic positioner 30 is to modulate 
the ?oW of pneumatic ?uid to produce output ?oW that is in 
proportion to the difference betWeen the sensed valve posi 
tion information coming from coupling 34 and a predeter 
mined command signal 80. 

[0019] The hydraulic system is driven by an air poWered 
?xed displacement pump 54. The pump 54 provides hydrau 
lic ?uid to the accumulator 52 through a hydraulic feedline 
connected to a reservoir 56. The pressuriZed hydraulic ?uid 
from both the pump 54 and the accumulator 52 passes 
through trip manifold 50 and servo valve 20 to the hydraulic 
cylinder and piston assembly of hydraulic actuator 60. The 
accumulator 52 has three functions: the ?rst is to store 
hydraulic poWer (in the form of pressuriZed ?uid) that is 
produced by the hydraulic pump 54 so that the pump 54 is 
not required to operate continuously; the second is to act as 
a failsafe poWer supply to the hydraulic system in the event 
of pump 54 failure such that it can provide adequate hydrau 
lic ?uid pressure to the hydraulic actuator 60; and third, the 
accumulator 52 supplies hydraulic ?uid to the hydraulic 
actuator 60 When pressure to the trip manifold 50 is blocked 
by the solenoid operated valve 58, thereby effecting rapid 
retraction of the Working ?uid valve 70. 

[0020] Referring noW to FIG. 2, the servo valve 20 
includes pneumatic ?uid path 20A and hydraulic ?uid path 
20B, each in respective ?uid communication With the pneu 
matic and hydraulic ?uid circuits. Servo valve 20 receives 
pneumatic ?uid into pneumatic ?uid path 20A such that it 
can control individual four Way valves 20C and 20D inter 
connected via ?fth port 20E, thus establishing controlWise 
communication With hydraulic ?uid ?oWing through 
hydraulic ?uid path 20B. Pneumatic ?uid path 20A includes 
?rst and second pneumatic ports 21, 22 that permit ?uid 
exchange With pneumatic valve positioner 30 output (not 
presently shoWn) by Way of shutdoWn manifold 40. Hydrau 
lic poWer from the pump 54 or accumulator 52 is introduced 
into hydraulic ?uid path 20B through ?rst hydraulic port 23, 
and returned to reservoir 56 through second hydraulic port 
24. Third and fourth hydraulic ports 25 and 26 connect 
hydraulic ?uid path 20B to the double acting hydraulic 
actuator 60. By virtue of the controlWise communication 
betWeen the pneumatic and hydraulic circuits, servo valve 
20 permits the passage of hydraulic ?uid in proportion to the 
?oW of pneumatic ?uid from the pneumatic positioner 30, 

Mar. 14, 2002 

resulting in a response in hydraulic actuator 60 that is more 
akin to a continuous, analog system than to a stepped, digital 
one. A stepped, digital response of actuation results in 
corresponding stepped changes of ?oW of the Working ?uid 
through the Working ?uid control valve 70, Whereas a 
proportional response of actuation results in a smooth tran 
sition When a change of ?oW of the Working ?uid through 
the Working ?uid control valve 70 is required. The smooth 
transition of the proportional response alloWs more precise 
control of the Working ?uid ?oW, Which equates to higher 
quality and higher efficiency of operation of the process. 
There are no conductive signal or pulse carriers or conduc 
tors to relay solenoid positioning information Within the 
servo valve 20 or any part of the hydraulic ?uid circuit, thus 
precluding the chance for an electric signal-generated spark. 
Accordingly, this control set-up is inherently explosion 
proof because it eliminates the need for electronic feedback 
of actuator stem position that is traditionally accomplished 
With a differential transformer. The servo valve 20 also 
alloWs simple actuator calibration and gain adjustment 
through Widely understood pneumatic positioner 30 rather 
than a more complicated and unfamiliar electro-hydraulic 
valve. 

[0021] Referring noW to FIG. 3, the trip manifold 50 is 
used to bypass and override the entire servo valve system 20 
during certain modes of operation. The trip manifold 50 
incorporates a number of hydraulic valves 50A, 50B, 50C 
and 50D into its single manifold. During normal operation, 
the trip manifold 50 is “transparent” to the ?oW of actuator 
control ?uid, alloWing the servo valve 20 to control the 
position of the hydraulic actuator 60. In this condition (not 
shoWn), pressuriZed pneumatic ?uid from pneumatic ?uid 
supply 32 passes through solenoid operated valve 58 and 
operates to keep valves 50A and 50D open and valves 50B 
and 50C closed. The solenoid operated valve 58 receives 
pneumatic poWer from the pneumatic ?uid supply 32 and 
receives electrical poWer from a valve controller (not 
shoWn). The state of the electrical poWer (With appropriate 
electrical rating for the particular locale of the solenoid 
valve 58) to the solenoid operated valve 58 determines 
Whether or not it passes pneumatic pressure to the trip 
manifold 50. HoWever, When the pneumatic ?uid supply 32 
is cut off, such as When an unacceptable ?oW of the Working 
?uid through the Working ?uid control valve occurs, sole 
noid operated valve 58 blocks the ?oW of pneumatic ?uid to 
the trip manifold 50, causing the device to become 
“tripped”, Which in turn causes the valves contained Within 
trip manifold 50 to retract, thereby re-directing the ?oW of 
hydraulic ?uid. In this tripped condition, valves 50B and 
50C are open in conjunction With the closing of valves 50A 
and 50D to shunt the ?oW of hydraulic ?uid directly to ?rst 
port 61 of the hydraulic actuator 60. The second port 62 of 
the hydraulic actuator 60 is connected directly to the hydrau 
lic reservoir 56 through noW open valve 50B and trip 
manifold second port 52. This positioning causes the 
hydraulic actuator 60 to rapidly move to the fully retracted 
position. 

[0022] Servo Valve ShutdoWn 

[0023] The second feature, the servo valve shutdoWn 
feature, substantially reduces the overall energy requirement 
of the control system by automatically reducing the demand 
for pneumatic and hydraulic energy When the hydraulic 
actuator 60 is at the end of its stroke, such as When Working 
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?uid valve 70 is closed. Referring noW to FIG. 4 in 
conjunction With FIG. 1, the servo valve shutdown feature 
has tWo main components: shutdoWn manifold 40 and 
binary valve 90. The shutdoWn manifold 40 recognizes 
When no motion of the hydraulic actuator 60 is required, by 
sensing When the pneumatic positioner 30 output is satu 
rated. Under this condition, Which could occur When the 
hydraulic actuator 60 reaches a static position With the 
Working ?uid valve 70 closed, the shutdoWn manifold 40 
shuts off the consumption of compressed pneumatic ?uid in 
the pneumatic positioner 30 and pressuriZed hydraulic ?uid 
in the servo valve 20. By preventing the inherent consump 
tion of these pressuriZed ?uids that occurs during normal 
operation, the shutdoWn manifold 40 is capable of preclud 
ing both hydraulic and pneumatic poWer loss. This feature 
reduces energy costs and reduces the amount of time that the 
hydraulic pump 54 must operate. In addition, the automated 
operation ensures that human intervention in the process is 
not required, further reducing overall operating costs. The 
binary valve 90 is a true “on/off” device With no interme 
diate position. Thus, unlike the proportional response of 
many types of ?uid valves, such as the previously-discussed 
servo valve, binary valve 90 acts purely as a sWitch. 

[0024] When the Working ?uid valve 70 is closed, the 
pneumatic positioner 30 directs full system pressure out of 
its ?rst output port 37 While alloWing second output port 35 
to approach atmospheric pressure. After second output port 
35 reaches atmospheric pressure, binary valve 90 closes the 
servo valve 20 ?fth port 20E that regulates quiescent ?oW. 
The purpose of binary valve 90 is to stop the ?oW of 
hydraulic ?uid to the ?fth port 20E of the servo valve 20 at 
the time the shutdoWn manifold 40 senses that the hydraulic 
actuator 60 is at the end of stroke or idle. If the ?oW to the 
?fth port 20E Were not stopped, there Would be a continual 
cycling of hydraulic ?uid through servo valve 20 back to the 
reservoir 56, Which Would in turn require pump 54 to 
continue to operate. By stopping the ?fth port 20E, the total 
poWer consumption (in the form of compressed pneumatic 
?uid) is reduced during the time the hydraulic actuator 60 is 
idle, as the loWer demand on the accumulator 52 and pump 
54 avoids the necessity of regenerating hydraulic pressure 
nearly as often. Simultaneous to the ?fth port 20E being 
shutdoWn, another valve in the shutdoWn manifold 40 shuts 
off the pneumatic ?oW through the pneumatic ?uid path 20A 
of servo valve 20. Closing the second valve further reduces 
the demand for pneumatic energy When the main control 
valve 70 is closed. When the main control valve 70 starts to 
re-open, the pneumatic positioner 30 second output port 35 
once again regains pressure alloWing the servo valve 20 to 
regain control of the hydraulic actuator 60 by restoring 
pneumatic ?oW path 20A and hydraulic ?oW to ?fth port 20E 
via binary valve 90. 

[0025] Although individual components of the air over 
hydraulics actuator system 10 are currently commercially 
available, the unique combination and application of these 
components in a Working ?uid valve poWered by a readily 
available pneumatic ?uid (such as instrument air supply) 
creates an actuation system that is inherently explosion 
proof and simple to calibrate and maintain. By combining 
the ease, simplicity, and safety of pneumatics With the high 
thrust and high performance of hydraulics, the air over 
hydraulics actuator system 10 contains thrust and control 
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characteristics approaching those of electro-hydraulic actua 
tion systems While eliminating complexity, eXtra mainte 
nance, and safety issues. 

[0026] Having described the invention in detail it Will be 
apparent that modi?cations and variations are possible With 
out departing from the scope of the invention de?ned in the 
appended claims. 

What is claimed is: 
1. A valve actuation system comprising: 

a valve stem position indicator arranged to sense a valve 
stem position in a Working ?uid valve; 

a coupling con?gured to relay information sensed in said 
valve stem position indicator; 

a high pressure circuit for circulating hydraulic ?uid, said 
high pressure circuit comprising: 

a reservoir con?gured to contain hydraulic ?uid; 

a pump possessive of a duty cycle, said pump com 
prising: 

an intake in ?uid communication With said reservoir; 
and 

a discharge; 

an accumulator con?gured to be in pressuriZed ?uid 
communication With said discharge; 

a hydraulic actuator con?gured to engage With said 
Working ?uid valve, said hydraulic actuator in ?uid 
communication With said discharge and said accu 
mulator such that it is mechanically responsive to 
changes in pressure caused by circulation of said 
hydraulic ?uid; 

a servo valve con?gured to control movement of said 
hydraulic ?uid betWeen said pump, said accumulator 
and said hydraulic actuator, said servo valve com 
prising: 

a pneumatic ?uid path; and 

a hydraulic ?uid path in ?uid communication With 
said pump, said accumulator and said hydraulic 
actuator; 

a trip manifold con?gured to facilitate retraction of said 
hydraulic actuator upon attainment of a preset con 

dition; 

a loW pressure circuit for circulating pneumatic ?uid, said 
loW pressure circuit comprising: 

a pneumatic ?uid supply; 

a pneumatic positioner operably responsive to said 
valve stem position indicator through said coupling, 
said pneumatic positioner in ?uid communication 
With said pneumatic ?uid supply; and 

a solenoid operated valve in ?uid communication With 
said pneumatic ?uid supply and said trip manifold, 
said solenoid operated valve con?gured to selec 
tively permit said pneumatic ?uid from said pneu 
matic ?uid supply to ?oW to said trip manifold; and 
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a saturated ?uid feedback circuit comprising: 

a shutdown manifold in ?uid communication With said 
pneumatic positioner and said servo valve; and 

a binary valve in ?uid communication With said trip 
manifold, said servo valve and said shutdoWn mani 
fold, said binary valve con?gured to intermittently 
cut off ?oW of said hydraulic ?uid to said servo 
valve. 

2. Avalve actuation system according to claim 1, Wherein 
said high pressure circuit and said loW pressure circuit are 
con?gured to cooperate With one another such that changes 
in said pneumatic ?uid ?oW through said pneumatic ?uid 
path of said servo valve due to changes in said control signal 
from said pneumatic positioner produce a continuously and 
proportionally responsive change in hydraulic ?uid ?oW 
through said hydraulic ?uid path of said servo valve, said 
change in hydraulic ?uid ?oW in turn converted to mechani 
cal actuation in said hydraulic actuator. 

33. Avalve actuation system according to claim 1, Wherein 
said trip manifold is in ?uid communication With said 
accumulator, said hydraulic actuator, said shutdoWn mani 
fold and said solenoid operated valve. 

4. Avalve actuation system according to claim 3, Wherein 
said trip manifold is further in ?uid communication With 
said reservoir and said binary valve. 

5. Avalve actuation system according to claim 3, Wherein 
said trip manifold further comprises a plurality of intercon 
nected valves arranged in mutually eXclusive alternate con 
?gurations comprising: 

a ?rst con?guration Wherein said interconnected valve 
arrangement is such that normal servo valve operation 
is enabled; and 

a second con?guration Wherein said interconnected valve 
arrangement is such that said trip manifold disables 
said servo valve. 

6. Avalve actuation system according to claim 1, Wherein 
said intermittent cut off of ?oW of said hydraulic ?uid to said 
servo valve coincides With a quiescent operating condition 
in said pneumatic ?uid path of said servo valve. 

7. Avalve actuation system according to claim 1, Wherein 
said system is further con?gured to effect a locked hydraulic 
actuator position upon attainment of said present condition, 
thereby preventing subsequent Working ?uid valve manipu 
lation. 

8. Avalve actuation system according to claim 6, Wherein 
said trip manifold is con?gured to effect said locked hydrau 
lic actuator position. 

9. Avalve actuation system according to claim 1, Wherein 
said shutdoWn manifold further comprises a plurality of 
valves linked together through pneumatic lines. 

10. A ?uid handling system, comprising: 

a netWork of piping con?gured to transport a ?uid; 

a Working ?uid valve disposed in said netWork to regulate 
the ?oW of said ?uid through at least a portion of said 
piping; 

a valve stem position indicator arranged to sense a valve 
stem position in a Working ?uid valve; 

a coupling con?gured to relay information sensed in said 
valve stem position indicator; 
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a high pressure circuit for circulating hydraulic ?uid, said 
high pressure circuit comprising: 

a reservoir con?gured to contain hydraulic ?uid; 

a pump possessive of a duty cycle, said pump com 
prising: 
an intake in ?uid communication With said reservoir; 

and 

a discharge; 

an accumulator con?gured to be in pressuriZed ?uid 
communication With said discharge; 

a hydraulic actuator con?gured to engage With said 
Working ?uid valve, said hydraulic actuator in ?uid 
communication With said discharge and said accu 
mulator such that it is mechanically responsive to 
changes in pressure caused by circulation of said 
hydraulic ?uid; 

a servo valve con?gured to control movement of said 
hydraulic ?uid betWeen said pump, said accumulator 
and said hydraulic actuator, said servo valve com 
prising: 
a pneumatic ?uid path; and 

a hydraulic ?uid path in ?uid communication With 
said pump, said accumulator and said hydraulic 
actuator; 

a trip manifold con?gured to facilitate retraction of said 
hydraulic actuator upon attainment of a preset con 
dition; 

a loW pressure circuit for circulating pneumatic ?uid, said 
loW pressure circuit comprising: 

a pneumatic ?uid supply; 

a pneumatic positioner operably responsive to said 
valve stem position indicator through said coupling, 
said pneumatic positioner in ?uid communication 
With said pneumatic ?uid supply; and 

a solenoid operated valve in ?uid communication With 
said pneumatic ?uid supply and said trip manifold, 
said solenoid operated valve con?gured to selec 
tively permit said pneumatic ?uid from said pneu 
matic ?uid supply to ?oW to said trip manifold; and 

a saturated ?uid feedback circuit comprising: 

a shutdoWn manifold in ?uid communication With said 
pneumatic positioner and said servo valve; and 

a binary valve in ?uid communication With said trip 
manifold, said servo valve and said shutdoWn mani 
fold, said binary valve con?gured to intermittently cut 
off ?oW of said hydraulic ?uid to said servo valve. 

11. A ?uid handling system according to claim 10, 
Wherein said high pressure circuit and said loW pressure 
circuit are con?gured to cooperate With one another such 
that changes in said pneumatic ?uid ?oW through said 
pneumatic ?uid path of said servo valve due to changes in 
said control signal from said pneumatic positioner produce 
a continuously and proportionally responsive change in 
hydraulic ?uid ?oW through said hydraulic ?uid path of said 
servo valve, said change in hydraulic ?uid ?oW in turn 
converted to mechanical actuation in said hydraulic actuator. 
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12. A method for actuating a Working ?uid valve, com 
prising: 

arranging a Working ?uid valve to be disposed Within a 
?uid handling system; 

equipping said Working ?uid valve With an actuator; 

coupling a valve stem to said actuator; 

arranging a valve actuation system to use both hydraulic 
and pneumatic ?uids to control a Working ?uid ?oWing 
through said Working ?uid valve, said valve actuation 
system comprising: 

a hydraulic ?uid circuit comprising: 

a reservoir; 

at least one pump possessive of a duty cycle, said 
pump in suction ?uid communication With said 
reservoir; 

an accumulator in pressuriZed ?uid communication 
With said pump; 

a servo valve With a hydraulic ?uid ?oW path dis 
posed therethrough; and 

a trip manifold con?gured to facilitate retraction of 
said actuator upon attainment of a preset condi 

tion; 
a pneumatic ?uid circuit comprising: 

a pneumatic ?uid supply; 

a pneumatic ?uid ?oW path disposed in said servo 
valve, said pneumatic ?uid ?oW path in control 
Wise communication With said hydraulic ?uid 
?oW path; 

a pneumatic positioner responsive to a valve stem 
position indicator signal, said pneumatic posi 
tioner in ?uid communication With said pneumatic 
?uid supply and said pneumatic ?uid path of said 
servo valve; and 

a solenoid operated valve in signal communication 
With said pneumatic ?uid supply, said solenoid 
operated valve in ?uid communication With said 
trip manifold and con?gured to selectively permit 
said pneumatic ?uid from said pneumatic ?uid 
supply to ?oW therebetWeen; 

sensing a valve stem position With a valve stem position 
indicator; 

relaying information corresponding to said sensed valve 
stem position to said pneumatic positioner; 
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generating a difference signal by comparing said infor 
mation corresponding to said sensed valve stem posi 
tion to a command signal; 

sending said difference signal to said servo valve to vary 
the ?oW of pneumatic ?uid through said pneumatic 
?uid ?oW path in proportion to the magnitude of said 
difference signal; 

adjusting a ?oW of hydraulic ?uid through said hydraulic 
?uid ?oW path in proportion to ?oW changes through 
said pneumatic ?uid ?oW path; 

moving said actuator in response to changes in pressure 
caused by ?oW of said hydraulic ?uid ?oWing through 
said hydraulic ?uid ?oW path; 

positioning said trip manifold to facilitate retraction of 
said actuator upon attainment of a preset condition; and 

operating a saturated ?uid feedback circuit to intermit 
tently stop said pump, thereby effecting a reduction in 
said duty cycle. 

13. A method according to claim 12, comprising the 
additional step of operating said trip manifold in a plurality 
of mutually exclusive alternate con?gurations comprising: 

a ?rst con?guration Wherein said interconnected valve 
arrangement is such that normal servo valve operation 
is enabled; and 

a second con?guration Wherein said interconnected valve 
arrangement is such that said trip manifold disables 
said servo valve. 

14. A method according to claim 13, Wherein said trip 
manifold further comprises a plurality of interconnected 
valves arranged to produce said plurality of mutually eXclu 
sive alternate con?gurations. 

15. A method according to claim 12, Wherein said inter 
mittent cut off of ?oW of said hydraulic ?uid to said servo 
valve coincides With a quiescent operating condition in said 
pneumatic ?uid path of said servo valve. 

16. Amethod according to claim 12, Wherein said system 
is further con?gured to effect a locked hydraulic actuator 
position upon attainment of said present condition, thereby 
preventing subsequent Working ?uid valve manipulation. 

17. A method according to claim 12, Wherein said trip 
manifold is con?gured to effect said locked hydraulic actua 
tor position. 

18. A method according to claim 12, Wherein said shut 
doWn manifold further comprises a plurality of valves linked 
together through pneumatic lines. 

19. Amethod according to claim 12, Wherein said actuator 
is a hydraulic actuator. 

* * * * * 


