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1835181221: A subsea control valve is described having an improved 
HOUSTON’ TX 77277_0110 (Us) hydraulic actuation system for movement of the gate and 

shear seal. The described valve also features a pressure 
21 A 1' N ‘I 10 960 807 monitoring arrangement for sensing pressure Within portions 

( ) pp 0 / ’ of the valve. In a second described aspect, a control valve is 

(22) Filed. 06L 7 2004 provided With a segmented solenoid core actuator that 
’ alloWs for more certain actuation of the valve. In a further 

aspect, a valve system is described having a manifold With 
Related US Application Data an improved ?uid distribution system. In a further aspect, an 

exemplary valve is described having a pair of solenoid 
(63) Continuation-in-part of application No, 10/382,254, actuation coils. In still a further aspect, a solenoid actuated 

?led on Man 5, 2003, now Pat No_ 6,814,104 valve is provided With pulse-type actuation. 
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Fig. 3 
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Fig. 4A 
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Fig. 5 
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HYDRAULIC CONTROL VALVE SYSTEMS AND 
METHODS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/382,254 ?led Mar. 5, 2003. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to control valves. In 
more speci?c aspects, the invention relates to control valves 
useful in remote locations Where long signal lines are 
required, such as is the case With submerged Christmas trees 
used With subsea oil production; and methods for assem 
bling and using the control valves. 

DESCRIPTION OF THE RELATED ART 

[0003] Due to cost, most subsea oil and gas Wells are 
produced to, and controlled from, an available offshore host 
facility. Rarely are neW offshore structures constructed 
unless they are dedicated to several Wells. Each Well, in most 
cases, can be miles aWay from the facility. Control of the 
Wells on such long offsets has been performed using several 
different methods: direct hydraulic, piloted hydraulic, direct 
electric, and multipleX electric, just to name a feW. In the 
direct hydraulic method, valves, such as subsea tree valves, 
are controlled using individual pressuriZed conduits from the 
surface hydraulic poWer unit (“HPU”). This method can be 
used over a short offset but is prohibitive over a longer 
distance due to the sloW response time to open or close a 
subsea valve. It is also typically limited to control only one 
or tWo Wells due to the number of conduits required to 
control each tree. In the piloted hydraulic methodology, 
control valves are placed locally on the subsea tree and then 
pilot operated from the surface HPU as to direct a main 
hydraulic supply to the individual tree valve actuators. This 
method has a shorter response time due to the fact the 
hydraulic conduits from the host facility only need to actuate 
the smaller pilot valves and not the larger tree valves. 
Although operational distance has been increased using the 
“piloted hydraulic” method operation of more than a feW 
Wells, it is still prohibitive by the number and siZe of the 
pressure conduits required in the control link umbilical. 

[0004] In the direct electric methodology, control valves 
are placed locally on the subsea tree Which are then operated 
selectively using electrical poWer from the host facility. 
Individual conductor sets are dedicated to each valve. The 
subsea control valves can be operated selectively by a 
simple sWitch or Program Logic Controller (“PLC”). In 
addition the PLC can be mounted on and used for control of 
the HPU, thus increasing the system ef?ciency. The problem 
of extended distances are someWhat solved With this 
method. HoWever, use of the direct electric methodology for 
more than a feW Wells is still prohibitive by the number and 
siZe of the electrical conductors required in the control link 
umbilical. 

[0005] In the multipleX methodology, control valves are 
placed locally on the subsea tree then operated selectively 
using an electrical poWer and signal link from the host 
facility. The electrical poWer is sent to the valves, Which are 
then selected for operation by a signal via modem. The 
number of pressured conduits and electrical conductors are 
greatly reduced in the control umbilical link to the subsea 
trees. Many aspects of distance and multi-Well control are 
solved With this method. HoWever, there still eXists a need 
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for a control valve system operated over long distances and 
placed locally, for eXample, on a subsea tree, operated 
selectively using electrical poWer from the host facility and 
Which uses a minimal number of conduits and a minimal 
amount of poWer. 

[0006] The electrically operated control valve may have 
several con?gurations depending upon the speci?c applica 
tion. The folloWing are a feW eXamples of con?gurations 
that may be used. These include a “poWer on activated” 
methodology, a pulse activated methodology, and a failsafe 
methodology. In the poWer on activated methodology, the 
valve Will remain open or activated as long as electrical 
poWer is applied to an electrical poWer actuator such as a 
solenoid coil. When the poWer is removed the valve Will 
close or deactivate. In the pulse activated methodology, an 
electrical poWer pulse is applied to the solenoid and the 
valve remains in the activated position until the solenoid is 
pulsed again to close or deactivate. Constant electrical 
poWer is not required to maintain the valve in the activated 
position due to a mechanical or hydraulic detent Which 
keeps the valve in the last position. In the fail-safe meth 
odology, the valve is pulse activated and Will remain open 
until the supply pressure drops beloW a speci?c value or the 
solenoid is pulsed again. This type of valve is typically used 
in conjunction With the pulse activated last position type 
valve as a fail-safe measure. The failsafe portion of the valve 
is placed upstream of the pulse activating portion of the 
valve in order to cut off pressure to all functions and block 
the supply until reactivated. The fail-safe type valve is not 
usually con?gured With a coupler outlet interface because it 
only communicates via the supply line internal the valve 
module. 

[0007] The electric poWer required to operate an electri 
cally-poWered actuator for a valve, such as a solenoid valve, 
is a function of the square of the force required and, 
therefore, any reduction in the force required to operate the 
valve Will afford signi?cant economics in both the construc 
tion and the operation of a solenoid actuated pilot valve. For 
eXample, if the force to operate a valve is cut in half, the 
poWer consumption is thereby reduced to one-fourth the 
original amount. A siZable savings by reducing the amount 
of poWer required to move a solenoid plunger, both from the 
standpoint of the cost of the initial installation, subsequent 
operating cost, and reduced heat build-up Which provides for 
greater reliability. Recognized is the need for a control valve 
requiring minimal amount of electrical poWer to be actuated. 

[0008] The state-of-the-art has found shear-type valves to 
be highly effective in controlling hydraulic functions such as 
functions on a sub sea tree. The typical shear-type valve Will 
have at least tWo opposing shear seals communicating With 
each other through the gate. One Will remain covering the 
supply port during actuation With the other shuttling from 
block to covering the function port. This alloWs the supply 
pressure to access the function upon actuation. On deacti 
vation the supply pressure is again blocked With the function 
uncovered and venting inside the valve cavity and vent port. 
The inherent problem With this con?guration is shear seal 
sliding friction Which is induced by the hydraulic pressure. 
The shear seals must be relatively large in order to cover the 
supply port in both the actuated and inactivated position. 
The radial seal around the shear seal encircles a large area 
Which is acted upon by the hydraulic pressure. The net result 
is high force generated on the shear seal face (multiplied by 
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tWo) that can require high solenoid force to slide from one 
position to the other. Several solutions have been derived in 
the past to combat the result of high seal friction. One 
solution Was to add secondary hydraulic pilots to each valve 
that move the gate from one position to the other. Another 
solution Was to make the porting in the shear seals very 
small, so the overall net force on the face is manageable. Yet 
another solution Was to incorporate a very large electrical 
coil to move the gate. And yet another solution, Was a 
combination of some or all of the above. All of the noted 
solutions have their oWn inherent problems Which for the 
most part increase the siZe and complexity of the Whole 
subsea system, reduce or restrict the ?oW to the subsea 
function or both. Thus, there is a need for compact, less 
complex, control valves requiring a minimal amount of 
poWer to be actuated. 

[0009] A typical subsea control valve does not contain or 
have the means to connect directly to the function coupler 
mounted on a base structure, such as those on a sub sea tree. 

Typically, this entails using a separate male and female 
coupler. The associated female coupler is an independent 
component that is either mounted on the bottom of the 
removable module or assembled on to the valve using a 
threaded connection With an o-ring seal. The coupler serves 
only as a hydraulic connection With the mating male coupler 
on a module ?xed base. These subsea hydraulic couplings 
are Well knoWn in the art. Typically, the couplings consist of 
a male end and a female end With sealed ?uid passageWays 
therebetWeen. The female coupler typically includes a cylin 
drical body With a relatively large diameter receiving cham 
ber for slidably engaging the male coupler and a relatively 
small diameter longitudinal bore at the other end. The small 
bore facilitates connections to hydraulic lines, While the 
larger bore seals and slidingly engages the male coupler. The 
male coupler typically includes a cylindrical portion at one 
end having an outer diameter approximately equal to the 
diameter of the receiving chamber in the female coupler. The 
male coupler also typically includes a connection at its other 
end to facilitate connection to hydraulic lines. When the 
male coupler is inserted into the receiving chamber of the 
female coupler, ?uid ?oW is established betWeen the male 
and female couplers. 

[0010] The typical coupling devices include the ability to 
arrest ?uid ?oW When not in mutual contact. The male and 
female couplers typically include a poppet valve Within a 
central bore of each coupler. Each poppet valve typically 
includes a conical valve seal Which seats, in the closed 
position, against a valve seat in the bore of each coupler. The 
poppet valve is engaged by the opposing coupler’s valve 
actuator and opens to alloW ?uid ?oW. The poppet valve 
closes to arrest ?uid ?oW against a valve seat Within the 
bore. Typically, the poppet valve is spring-biased to the 
closed position. The valve actuator typically includes a nose 
or stem extending from the apex of the valve seal along the 
longitudinal axis of the poppet valve. Engagement betWeen 
the valve actuators of the male and female coupler’s poppet 
valves forces each valve face aWay from the valve seat and 
into the open position for ?uid ?oW betWeen the couplers. 
Additional coupling devices typically, the male couplers and 
female couplers, are attached to opposing manifold plates, 
Whereby in emergency situations, the manifold plate can be 
quickly separated from the sub sea function, a subsea tree, 
for example, disconnecting the male and female couplers. 
Having both male and female couplers as separate units adds 
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to the complexity and siZe of the valve module. Recognized 
is that eliminating the need for hydraulic conduit or pas 
sageWays from the valve to the hydraulic coupler can result 
in reduced costs and complexity, increased reliability 
because as many as tWo seals per circuit can be eliminated 
by combining the tWo components into one. There exists, 
therefore, the need for a coupling assembly that is integral 
With or part of the control valve. 

[0011] The typical subsea control valve arrangement 
includes some form of external valve packaging. The most 
prevalent packaging methodology includes, but is not lim 
ited to, some basic options such as: the controlled environ 
ment, and the non-controlled environment. In the controlled 
environment, the valve is typically enclosed in a dielectric 
?uid ?lled chamber or module Which is typically pressure 
compensated to mirror that of the surrounding sea Water 
head. Atypical subsea control valve is fully enclosed in this 
chamber and communicates hydraulically to the subsea 
function via conduit passages to an external mounted 
hydraulic coupler. The improved valve extends outWard 
from the chamber to directly contact and communicate With 
the male couplers on the ?xed base and Will have an 
environmental seal to separate the chambered ?uid from the 
sea Water. It is common for both the hydraulic supply and 
vent to be routed to a manifold in this con?guration. In the 
non-controlled environment, the valve housing is typically 
in direct contact With the sea Water. The electronics are 
accessed using conductors placed in a ?uid ?lled hose Which 
in turn typically pressure compensates the electronics sec 
tion of the valve. No chamber environment seal is required 
for this con?guration. It is common to vent the hydraulic 
?uid inside the module in this con?guration. 

[0012] A typical control valve Will also have an external 
port tapped into the function output Where an independent 
pressure sWitch or pressure transmitter is installed at the 
module assembly. The sWitch or transmitter may also be 
threaded and sealed onto the function passage of a manifold 
betWeen the valve and the output coupler. This con?guration 
is adequate for a controlled environment as previously 
described; hoWever, it is not adequate for the non-controlled 
environment Where sea Water is in direct contact With the 
module components. Because of the sWitch location, a 
second ?uid ?lled hose must be used to protect all of the 
conductors, one for the solenoid coil, and one for the 
pressure sWitch or transmitter. In a module that contains 
several valves the complexity and cost of tWo ?uid ?lled 
hoses per valve may be prohibitive. Recognized, therefore, 
is the need to place the pressure transmitter conductors 
coincident With the solenoid conductors. Correspondingly, 
recogniZed is the need to route all conductors through a 
single ?tting and into a single pressure compensated, ?uid 
?lled hose to the module electrical interface. 

[0013] The parent application to this one, US. Patent 
Application Publication No. 2004-0173268, described an 
improved hydraulic subsea control valve having a solenoid 
assembly for actuation of the valve. This application, Which 
is incorporated herein by reference, teaches signi?cant 
improvements over the prior art. HoWever, further improve 
ment is desirable. In some aspects, the present invention is 
directed to improved valve arrangements that permit “non 
inter?oW” operation, meaning that, during actuation, there is 
no point at Which both the supply ?uid port and the vent port 
are partially open at the same time. In other Words, one of 
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the ports is fully closed off by the shear seal before the other 
is opened. As alluded to previously, non-inter?oW valves 
require the shear seal and associated components to be 
moved a longer distance Within the valve to compensate for 
the Wall thickness of the shear seal. The Wall thickness of the 
shear seal must be at least equal to the distance betWeen the 
supply and vent ports. Actuation of these types of valves 
With conventional solenoid acuators is problematic due to 
the long component travel distance. It is Well knoWn the 
magnetic attraction betWeen components is greatly reduced 
as the distance betWeen the components increases. Because 
subsea valves are located Well beloW the surface of the sea 
(often as much as a mile beloW), it is impractical to utiliZe 
a valve that is prone to failure. The costs of recovery and 
repair of the valve are prohibitive. Thus, reliable valves are 
highly desirable. 

[0014] A related problem of the prior art is the cost and 
complexity of the manifolds that house multiple subsea 
valves. Conventional valve manifold assemblies are expen 
sive due to the number of hoses and ?uid conduits that are 
needed to control all of the valves integrated into the 
manifold. Because supply ?uid and vented ?uid must be 
routed to and from each valve, there are a signi?cant number 
of such conduits and associated ?ttings to install. Further, 
numerous ports must be drilled through the housing of the 
manifold to create the manifold in a time-consuming pro 
cess. Further, the numerous hoses and conduits are prone to 
damage during installation or use, resulting in leakage of 
?uid that is necessary for proper valve operation. 

[0015] A further problem of prior art valve assemblies is 
that of assuring that a valve Will remain in a desired position 
during a poWer outage. For example, if a conventional valve 
has been opened by a solenoid actuator, a loss of poWer to 
the solenoid might result in the valve being closed, When it 
is actually desired that the valve continue to remain open. 

SUMMARY OF THE INVENTION 

[0016] The present invention is directed to a number of 
further improvements relating to control valves and control 
valve manifolds and systems. In one aspect of the present 
invention, a control valve is described having an improved 
hydraulic actuation system for movement of the gate and 
shear seal. The described valve also features a pressure 
monitoring arrangement for sensing pressure Within portions 
of the valve. In a second described aspect, a control valve is 
provided With a segmented solenoid core actuator that 
alloWs for more certain actuation of the valve. In a further 
aspect of the present invention, a valve system is described 
having a manifold With an improved ?uid distribution sys 
tem. In a further aspect of the present invention, an exem 
plary valve is described having a pair of solenoid actuation 
coils. In still a further aspect of the invention, a solenoid 
actuated valve is provided With pulse-type actuation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] So that the manner in Which the features and 
advantages of the invention, as Well as others Which Will 
become apparent, may be understood in more detail, more 
particular description of the invention brie?y summariZed 
above may be had by reference to the embodiments thereof 
Which are illustrated in the appended draWings. It is to be 
noted, hoWever, that the draWings illustrate only various 
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embodiments of the invention and are therefore not to be 
considered limiting of the invention’s scope as it may 
include other effective embodiments as Well. 

[0018] FIG. 1 is a partial cross-sectional vieW of a control 
valve; 
[0019] FIG. 2 is a partial cross-sectional vieW of a control 
valve taken along line 2-2 of FIG. 1; 

[0020] FIG. 3 is a partial cross-sectional vieW of a control 
valve according to an alternative embodiment shoWn in 
FIG. 2; 

[0021] FIG. 4A is a partial cross-sectional vieW of the 
control valve depicting the vent closed-supply open shear 
seal position according to an embodiment of the present 
invention; 
[0022] FIG. 4B is a partial cross-sectional vieW of the 
control valve depicting the vent open-supply closed shear 
seal position according to an embodiment of the present 
invention; 
[0023] FIG. 5 is a partial cross-sectional vieW of the 
control valve according to an embodiment of the present 
invention taken along line 5-5 of FIG. 1; and 

[0024] FIG. 6 is a schematic vieW of a control valve 
system according to an embodiment of the present inven 
tion. 

[0025] FIG. 7 is a side, cross-sectional vieW of an exem 
plary subsea control valve having a hydraulic actuation 
system, in accordance With the present invention. 

[0026] FIG. 7A is an enlarged vieW of portions of the 
control valve shoWn in FIG. 7. 

[0027] FIG. 8 is a side, cross-sectional vieW of an exem 
plary subsea control valve having a segmented solenoid core 
actuation arrangement, in accordance With the present 
invention. 

[0028] FIG. 8A is a side cross-sectional vieW of the valve 
shoWn in FIG. 8 With the valve noW in an actuated position. 

[0029] FIG. 9 is a plan vieW of an exemplary manfold 
system for a number of valves, in accordance With the 
present invention. 

[0030] FIG. 9A is a cross-sectional vieW taken along lines 
9A-9A in FIG. 9. 

[0031] FIGS. 9B and 9C are cross-section vieWs taken 
along lines 9B-9B and 9C-9C, respectively, in FIG. 9. 

[0032] FIG. 10 is a side, cross-sectional vieW of an 
exemplary valve having a locking shuttle in accordance With 
the present invention. 

[0033] FIG. 10A is a side, cross-sectional vieW of the 
valve shoWn in FIG. 10, noW in an initial open position. 

[0034] FIG. 10B is a side, cross-sectional vieW of the 
valve shoWn in FIG. 10, noW in a third position. 

[0035] FIG. 10C is a side, cross-sectional vieW of the 
valve shoWn in FIG. 10, noW in a fourth position. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
























