SUBSEA CHOKE CONTROL SYSTEM CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 00011 Not applicable. STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT [ 00021 Not applicable. BACKGROUND OF THE | NVENTI ON [ 00031 The
enbodi nents of the present invention relate generally to nethods and
apparatus for subsea control systens. Mre particularly, the enbodinents
of the present invention relate to control systens for subsea chokes. More
particularly, the enbodi ments of the present invention relate to control

systems for inproving BUBSEAPEHOKETCONPRODIIPOTENY, uptire

availability, and retrievability of the active conponents of subsea
chokes. [00041 In of r of ten common for
nore than one well hﬁg% %Hﬁﬁﬁﬂﬁg E%ﬁf%ﬁg8$gﬁg&ﬁ@ﬂgbhjgsﬁlne In a typica
installation the products from each individual well flow are conbined
into a Not anpliFa which then carries the products to the surface or
conblnes those products with the products of other flowines. The
difficulty in nmanagPhgTEMENI REGARINSG FEBRBASLYOYPQINHARERd t hrough a

single flowine is that notRESEARBECH MR DISVKIOMAYNIe produci ng at the sane
pr essur Bog@bnNptappheabds: i ncl ude the sanme flow constituents (liquids and

gases). [00051 For exanple, if one individual well is producing at a | ower
pressure than the pressur BAUKGROUINDEOFITHE MVENDI®N ne, fluid can backfl ow
fromthe flowine into that well. Not only is the loss of production
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subsea control systems. More particularly, the embodiments of the present invention relate to
control systems for subsea chokes. More particularly, the embodiments of the present invention
relate to control systems for improving the response time, controllability, uptime availability, and
retrievability of the active components of subsea chokes.

[0004] In offshore oil and gas production, it is often common for more than one well to be
produced through a single flowline. In a typical installation, the products from each individual
well flow are combtned into a common flowline, which then carries the products to the surface or
combines those products with the products of other flowlines. The difficulty in managing a
- multiple well completion produced through a single flowline is that not all of the wells may be
producing at the same pressure conditions or include the same flow constituents (liguids and
gases).
[0005] For example, if one individual well is producing at a lower pressure than the pressure
maintained in the flowline, fluid can backflow from the flowline into that well. Not only is the loss
of production fluids undesirable, but the pressure changes and reverse flow conditions within that

well may damage the well and/or reservoir. Similarly, if one well is producing at a pressure above

~ the flowline pressure, that well may produce at an undesirable flow rate and pressure, again with




wel | may danmage the well and/or reservoir. Simlarly, if one well is
produci ng at a pressure above the flowine pressure, that well nay produce
at an undesirable flow rate and pressure, again with 1 the potential to
darmage other wells and/or the reservoir. Thus, the managenent of flow rates
and pressures is of critical inportance in maxim zing the production of
hydr ocarbons fromthe reservoir. [00061 Prior art subsea production
systens, including a choke 15, are shown in Figures 1-3. Referring
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transmtted along an unbilical 30 froma topside control system?20 to a
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t he subsea trees, nanlfolds val ves, and other functions along |ines 60.
As contﬁg&w&glves within the control module 40 receive signals to open or
cl ose the choke, the control val ves actuate to control the f|OM/Of

ther hydrayl i ¢ fe 16,
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al t hough ﬁstens requiring a smaller, or larg nunber of steps are

possi bl &PoiEe YOSHR & 19pgas santioh sysigm Fattera i"PS‘?aeWQ] mgdale A% é"é‘“@fsuﬁl}léﬁsaul ic
pressure, which noves the actuator, and then a release of that pressure,
whi ch ahydeadic Alvihiei aglyators indhaisubseanieceaonandolsls, vabvest and dthdrtfimgtiopoalpag bires | n
typi cal systens, where the SCMis |located proximate (e.g., w thin about 30-
feet) t@.thecanhrokelas withinothe cattwlitnodule 46 exoivd sigaals Gropenea close the lboker thesur e
pul se to travel fromthe control valve in nodule 40 to the actuator 17 and
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initial position. Thus, with a total of three seconds per step and a total
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required to fully close or open t
a hydraulic stepping actuator, which, depending on the style of actuator and choke being used, may
take 100 to 200 steps to close, although systems requiring a smaller, or larger, number of steps are
possible. Each step involves the actuator 17 receiving a pulse of hydraulic pressure, which moves
the actuator, and then a release of that pressure, which allows a spring to return the actuator to its
initial position. In typical systems, where the SCM is located proximate (e.g., within about 30-
feet) to the choke/actuator, about one second is required for the pressure pulse to travel from the
control valve in module 40 to the actuator 17 and two seconds are required for the spring to return
the actuator to its initial position. Thus, with a total of three seconds per step and a total of up to
200 or more steps required to fully actuate the choke, the time required to fully close or open the
choke is considerable. The risk of equipment failure is also increased due to the components being
actuated hundreds, thousands, or even millions, of times.

[0007] Another typical prior art subsea production system, including a choke 15, is shown in

Figure 2. Control signals and a hydraulic fluid supply are transmitted along an umbilical 32 from a




choke is considerable. The risk of equipnent failure is also increased due
to the conponents being actuated hundreds, thousands, or even mllions, of
times. [00071 Another typical prior art subsea production system including
a choke 15, is shown in Figure 2. Control signals and a hydraulic fluid
supply are transmtted along an unbilical 32 froma 2 topside control
system 20 directly to a subsea choke 15, bypassing subsea control nodule 40
on an electro hydraulic control system Operation of a direct hydraulic
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and choke being used, may take 130- 180 steps to close. Each step involves
the act Hatdviahydrantie signaly transguitesktheopeln Jeficatadi antilicad bgse Hydignlie pighalyBemt he
actuator, and then a release of that pressure, which allows a spring to
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surface to choke), water depth and actuating pressure, which can be m nutes
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for the spring to return the actuator to its initial position. The tinme to
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steps required to fully actuate the choke, the tine requiréd to Pully cl ose

or  0peny e nfoP¥KRe hSuat609id B 3liBase of that pressure, which allows a spring to return the
actuator to its inmitial position. In typical systems, the time required for the pressure pulse to travel
from the surface to the actuator 17 is directly related to the offset distance (umbilical length from
surface to choke), water depth and actuating pressure, which can be minutes per step for long
offsets. Also, an additional amount of time is required for the spring to return the actuator to its
initial position. The time to actuate each step can run into mimutes, thus, with a total of up to 180
steps required to fully actuate the choke, the time required to fully close or open the choke is
considerable.
10008} A third typical prior art subsea production system, including a choke 15, is shown in Figure
3. Electrical power and a hydraulic fluid supply are transmitted along an umbilical 34 from a
topside control system 20 directly to a subsea choke actuator system 22, bypassing subsea control
module 40 on an electro hydraulic control system. Operation of a direct hydraulic control system

would also be as described above, since no subsea control module is required, and a direct electric

(control) system would operate similarly, minus any hydraulic control lines. A hydraulic fluid




[00081 A third typical prior art subsea production system including a
choke 15, is shown in Figure 3. Electrical power and a hydraulic fluid
supply are transmtted along an unbilical 34 froma topside control system
20 directly to a subsea choke actuator system 22, bypassi ng subsea control
nodul e 40 on an electro hydraulic control system Operation of a direct
hydraul i c control system would also be as descri bed above, since no subsea
control nodule is required, and a direct electric (control) systemwould
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position. In typical systems, roughly one second is required for the electrical power pulse to travel

from the surface to the choke, and then for the pressure pulse to travel from the local choke
accumulator to the actuator 17 and roughly two seconds are required for the spring to return the
actuator to its initial position. Thus, with a total of three to four seconds per step and a total of up
to 180 steps required to fully actuate the choke, the time required to fully close or open the choke is
considerable. The power requirements for this type of system are considerable, while the umbilical
must have electrical conductors 26 and 28 (one for open, one for close) for each choke.

(0009] Thus, there remains a need in the art for methods and apparatus for increasing the
responsiveness and speed of choke control systems, especially subsea systems. Therefore, the
embodiments of the present invention are directed to methods and apparatus for controlling

choke actuation that seek to overcome the limitations of the prior art,



to 180 steps required to fully actuate the choke, the time required to
fully close or open the choke is considerable. The power requirenents for
this type of systemare considerable, while the unmbilical nust have

el ectrical conductors 26 and 28 (one for open, one for close) for each
choke. [0009] Thus, there remains a need in the art for nmethods and
apparatus for increasing the responsiveness and speed of choke control
systens, especially subsea systens. Therefore, the enbodinents of the

present invention arewinest b PHFPREGER RANISEMeEASIMESTE Or control ling
choke actuation that seek to overcone the limtations of the prior art. 4
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are greatly reduced. Additional enbodinents may al so include other
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to nmonitor and adjust the choke to maintain selected flow characteristics
or in aswphdaneiea hthe clmke detuetoryi raspdngr wdecior ks glbwton dmyereatlyatduced. t he
conponents of the choke, the choke control system or the choke actuator
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al l ow mai nt enance and replacenment. [0011] In certain enbodi nents, the choke
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electric signals fromthe surface along a single, or dual redundant,

cont r ol characteristics or in accordance with a predetermined production scheme. Any or all of the
components of the choke, the choke control system, or the choke actuator may also be retrievable
separately from the other components so as to allow maintenance and replacement.
[0011] In certain embodiments, the choke control system includes one or more valve electronic
modules that receive electric signals from the surface along a single, or dual redundant, control
line(s). The valve electronic module processes these signals and transmits electrical signals to a
directional control valve. The directional control valve includes solenoid valves that, upon
receiving a signal from the valve electronic module, actuate to allow hydraulic fluid to flow
between a supply and the choke actuator. In the preferred embodiments, the hydraulic supply is
located proximate to the choke, such as in an accumulator, so as to minimize the reaction time of
the hydraulic signal between the supply and the choke actuator. The choke control system and
actuator are preferably integrated into a single package that can be retrieved to the surface for

maintenance independent of the choke. Alternatively, the choke control system and actuator can

be packaged for separate and/or singular retrieval.



line(s). The valve el ectronic nodul e processes these signals and transmts
electrical signals to a directional control valve. The directional contro
val ve includes sol enoid val ves that, upon receiving a signal fromthe

val ve el ectronic nodule, actuate to allow hydraulic fluid to fl ow between
a supply and the choke actuator. In the preferred enbodi nents, the
hydraulic supply is |ocated proximte to the choke, such as in an

accurul ator, so as to mnimze the reaction tinme of the hydraulic signal
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actuator are preferably integrated into a single package that can be
retriev g f f IAL SRangecd e

Al ter nat? |ﬁi\(/:§eelgC tﬁt?ﬁgtuéctﬁlg&ge é’ g{)ll%er %?écg gjlst em(éla(ﬁdé1 ﬂgﬁ%&g&?rg ?Hcg%{i] & E@e pac g’g%rdmf or
separ at i ar retrieval ., 5 0121. Lncorporati a val ve

ol oot r ofs LRty SR qC bl olile Kb GRREHE (5 PRk ytem
efficiepcy in actuating the .choke directly froma co ol sys | ocgt ed at
The. sur e BBE b, Compinrpnso DsRekacboi S anEedd bomer e By huffactc
recei ving, commands_froma control system |ocated at the surface.

Conmuni &3t §l6nirg WPW@I%H@@%ﬁtthwuré%@waem e the suRscy sentis) meguleaand; ¢
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Once the electric signal is received by the choke control system the valve
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control valve to open or close the choke as comuanded. [00131 In an
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el ectrical communication with the choke control systemwhile hydraulic

supply dsarsddded received via a main

[0013] In an alternative embodiment, the surface control system could be in direct electrical
communication with the choke control system while hydraulic supply is still received via a main
umbilical through the subsea control module and any proximate accumulators. This system allows
direct electrical communication with the choke qontrol system while taking advantage of the
hydraulic supply provided by the main umbilical and any proximate accumulators. The
commanded electrical signal transmitted along the dedicated umbilical to the choke control system
is received and analyzed by the valve electronic module to adjust the choke as desired.
[0024] In certain embodiments, the valve electronic module could also provide the choke and
-choke control system with additional functionality. For example, the valve electronic module may
be equipped to monitor pressure transmitters attached to the directional control valve to monitor
* the application of hydraulic pressure to the actuator. The electronic module may also operate in
conjunction with a position measurement sensor to determine the actual position of the choke at

any time. The electronic module could also be used to gather data from these and other sensors,




unbi li cal through the subsea control nodul e and any proxi mate accunul at ors.
This systemallows direct electrical comunication with the choke control
system whi | e taki ng advantage of the hydraulic supply provided by the nain
unbi l i cal and any proxi mate accunul ators. The conmanded el ectrical signal
transmtted along the dedicated unbilical to the choke control system is
recei ved and anal yzed by the valve el ectronic nodule to adjust the choke as
desired. [00141 In certain enbodi nents, the valve el ectronic nodul e could
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functionality. For exanple, the valve electronic nodule may be equipped to
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addi t i oPEPMPEESsure and tenperature neasurement transmitted to the subsea
control nodule and/or to the surface could enable analytical measurenent
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[0015) In the preferred enbodi nents, the i nproved choke control system
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reaction time for choke actuation. Certain enbodinments may al so provide
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t he choke, which could lead to indications of flow characterizati on and

det ect i ,ar afe éﬂaﬁe, which could lead to indications of flow characterization and detection of the

formation of hydrates.
[0016] Thus, the present invention comprises a combination of features and advantages that
enable it to improve the responsiveness and performance of a subsea, or surface, choke control
system. These and various other characteristics and advantages of the present invention will be
readily apparent to those skilled in the art upon reading the following detailed description of the
preferred embodiments of the invention and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] For a more detailed understanding of the preferred embodiments, reference is made to the
accompanying Figures, wherein:
[o018] Figure 1 is a schematic view of a prior art subsea choke system having direct hydraulic
control from a subsea control module;
[0019] Figure 2 is a schematic view of a prior art subsea choke system having direct hydraulic

control from a surface control system;




formati on of hydrates. [0016) Thus, the present invention conprises a

conbi nation of features and advantages that enable it to inprove the
responsi veness and performance of a subsea, or surface, choke control
system These and various other characteristics and advantages of the
present invention will be readily apparent to those skilled in the art
upon reading the follow ng detail ed description of the preferred

enbodi ments of the invention and by referring to the acconpanyi ng draw ngs.
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of the preferred enbodi nents, reference is made to the acconpanying

Figurescmﬂﬂgggﬁ{gmiémgggﬁ&ﬂ$¥¥a%.1 is a schematic view of a prior art subsea
choke system having direct hydraulic control froma subsea control nodul e;
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Fi gure | schematic view.of rigr art subsea c e system hav
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a schematic view of a ¢choke control systemw th integral electronics;

[ 0022] (ﬁﬁangﬂﬁgﬁ%Fgﬁﬁﬁmﬁﬁﬁc vi ew of one enbodi nent of a subsea choke
systemincluding the choke control systemof Figure 4; [0023] Figure 6 is
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i ncluding the choke control systemof Figure 4; and [0024] Figure 7 is a
schemat includingwheothokpcalttobsystem ofFighrokpamglont rol system with i ntegral

[0024] Figure 7 is a schematic view of an alternative choke control system with integral
electronics.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] In the description that follows, like parts are marked throughout the specification and
drawings with the same reference numerals, respectively. The drawing figures are not
necessarily to scale. Certain features of the invention may be shown exaggerated in scale or in
somewhat schematic form and some details of conventional elements may not be shown in the
interest of clarity and conciseness. The present invention is susceptible to embodiments of
different forms. There are shown in the drawings, and herein will be described in detail, specific
embodiments of the present invention with the understanding that the present disclosure is to be
considered an exemplification of the principles of the invention, and is not intended to limit the
invention to that illustrated and described herein. It is to be fully recognized that the different
teachings of the embodiments discussed below may be employed separately or in any suitable
combination to produce the desired results.

[0026] In particular, various embodiments of the present invention provide a number of different

methods and apparatus for affecting control of a choke assembly. The concepts of the invention
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and sone details of conventional elenents may not be shown in the interest
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but t hebtigerlistl. t Rehes oaehmdingenss of e periend mysteinnentindndy ey gubsed midiueibleo
subsea chokes specifically or choke assenblies generally. The concepts
di scl osemnperss,nforeskafmipted chplods) dawhlosle ion tod dve rthe moldéinerabéngb hargsts, soetolas
surface chokes, as well as other hydraulically actuated assenblies, both

wi t hi n wilVdsjet.d technol ogy and other high pressure, heavy duty
applications to which the concepts of the current invention nmay be

:g JIOLIS teg[g?z? ha thessest BBk JolRiwihd@ese@idnOthet¥ia! @RLERYs 142 ko' H8erad YheStdRBIga

- of devices incorporating a fixed or variable orifice that is used to control fluid flow rate or
downstream system pressure. These devices may also be known as pressure control valves
(PCV). Chokes are available for both fixed and adjustable modes of operation and can be used
for production, drilling, or injection applications. Adjustable chokes enable the fluid flow and
pressure parameters to be changed to suit process or production requirements. Types of chokes
may include, but are not limited to, flowline chokes (whether stepping type, or infinitely variable
type); subsea or surface separator/processing unit chokes (upstream or downstream) that enable
smooth flow into or out from the subsea or surface separator/processing unit; hydraulic
submersible pump supply chokes; subsea or surface chemical injection "metering" chokes, etc.
(0028] Figure 4 shows one embodiment of a subsea choke system 100 including a choke body
110 and a choke control system 120. Choke body 110 includes an inlet 112 and an outlet 114

and controls the flow of fluid from the inlet to the outlet by varying the position of an insert (not

shown) that restricts the flow through the choke body. In certain embodiments, the choke




conponents, for exanple: chokes, downhol e or bel ow the nudline/tubing
hangers, control valves, etc. [00271 In the context of the foll ow ng
description, the term"choke" is used to refer to the famly of devices
incorporating a fixed or variable orifice that is used to control fluid
flowrate or downstream system pressure. These devices may al so be known
as pressure control valves (PCV). Chokes are avail able for both fixed and
adj ust abl e nodes of operation and can be used for production, drilling, or

i nj ecti ephtRAPRYHEARONS derABhbiS 1R GeClhBKEBoBNBRY Sndl &8 Hel reirflvEd RMhARErface
pressure paraneters to be changed to suit process or production

ted t
1 o | nacH %&tgs”ﬁﬁﬁgﬁdeﬁ”%‘gﬁah@#ﬁ% Hafent o EpImothl & Lype)

subsea u Qr 9cess Upstrea

Chat entird CORES RRROA T BSRBRk bt 122 (EauBRETE, SRR

separ at roces nit,; raul i sub i ble np supp chqkes;
subsea E‘i?r‘cf 1e “18 ﬂ% iStgapl ’i“ﬁ e@g (‘Hﬁwh drs\%“ial p“él[?lc ele“[“@%?%r] A qur e
4 shows 0 nbodi nent. of a subsea choke system 100 |nclud|ng a choke body
110 andSlgﬂag)ng Rign¥Hnk g hvdyaatie iappd 430.cilBk galﬁ@@lﬁﬁ@%a medplgdes rageivas|sinals1 2
and an outlet 114 and controls the flow of fluid fromthe inlet to the

out | et Bymazupiaercontiel sysisintviosiged] inprt il 2% elntregpense to dlrosignals ieetivadedernialyes t he
fl ow t hrough the choke body. In certain enbodi nents, the choke 9 control
syst em dégrong: rdedue Kiransiite sighdethehpheldsoityl dhbediods t3ntoble soddnoidvabest o
the surface along wth, or independently from the insert for maintenance

and r epdfadiescdomal doRORNal€0N24.0lA syl oY he@rathe fuldies procidek e #@et diadcfibnal 22,
directional control valve 124, valve electronic nodule 126, signal input

128, kst dhighans o S Coe 20186kl il Yl ot
recei vVagasdu@P phways that allow a hydraulic signal to travel from the directional control valve 124
along hydraulic conduit 134 or 136 to the choke actuator 122.
[0030] The choke actuator 122 is preferably a hydraulic stepping actuator, of the type commonly
used in choke actuation, which converts the linear motion from hydraulic actuation into
rotational motion to open or close the choke insert. Hydraulic conduits 134 and 136 provide
hydrautic fluid to either an open or close spring-return hydraulic cylinder. These cylinders move
linearly in response to hydraulic pressure and then return to their initial positions using a biasing
spring. Thus, each pressure pulse from the directional control valve 124 rotates the choke
actuator a certain increment causing linear adjustment of the choke insert.
[0031] Referring now to Figure 5, choke 100 is shown remotely controlled from a surface control
system 20 via an umbilical 30. Umbilical 30 comnects, and serves as the communication link

between, a subsea control module 40 and the surface control system 20. Umbilical 30 preferably

 includes both conductors for relaying control signals (in digital, analog, optical, or current form),
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froma surface control systemvia signal input 128. In response to the
signals received, the valve electronic nodule 126 transmts signals

t hrough el ectrical connections 132 to the sol enoid valves of directional
control valve 124. A supply of hydraulic fluid is provided to the
directional control valve 124 along hydraulic input 130. The actuation of
t he sol enoid val ves opens hydraulic pathways that allow a hydraulic signal
to travel fromthe directional control valve 124 along hydraulic conduit
134 or %ah &aid WReLhakRr 3EtdAbRE, ahd dne bP B! coﬂhﬂts%@%&in@%tsﬁiﬁ?l? lof hydallR
preferably a hydraulic stepping actuator, of the type commonly wused in
choke agfiidab iRRonWlifdaue@averts the linear notion from hydraulic actuation
into rotational notion to open or close the choke insert. Hydraulic

condui t 4 : ' ul . [ ' r se
spri ng- PEhr SRS PRAKAER ARl St fodd <8 R Lol as e BARN Shrcfnch
responsg_to hydraulic pressure and. t.hen return to their .initial positions
s ng. 2% e thE st ol RRGS 48 260 I aiRh e Aclra i st ey wlioted
control yalye 124 rotates. the chok act vat or certain increment causing

| i near a%'fmﬁiﬂw Bt ﬁr&ﬂ&qgw ?%sg@b}ﬁ‘[f’g%&‘[‘) ?‘?F‘E‘i‘ﬂgi’ HaRiey emypptons
choke 100 is shown renotely controlled froma surface control system 20
via an gPhly eal/ongubsendisiiontgn Soteay it teparaerer watbined hydraukie agdgleeirdat i on
link between, a subsea control nodule 40 and the surface control system
20. Unbilying dadgepnpeaingfeam the subssh wiktrgbrition lsystem thuthe oubseh sentrod nzodileg loatst r ol
signals (in digital, analog, optical, or current form, 10 KI such as via
wi r es oprefeitbd embgiinents addek:, juanidn plute 50 proides aointhfiatsorme eicHimgluke Kuppl y  of
hydraulic fluid to the control nodule 40. [00321 Unbilical 30 connects to
modul e pekdapled Bnddatipl wiile et 15aravE6 pREbIHPES0RE iHERaYsch MirRibRG8mains intact.

This allows the module 40 to be retrieved to the surface for maintenance and replacement as
necessary without disturbing the subsea equipment.

[0033] In a conventional multiplexed operation, module 40 includes a plurality of electronic
control valves that are actuated by signals sent from the surface control system 20. These signals
may be sent directly on electrical conductors in umbilical 30 or converted into optical signals and
transmitted along fiber optic lines in umbilical 30. The fiber optic signals are then decoded by
electronic equipment integrated into the module 40 and converted into electrical signals to actuate
the control valves. Once actuated, the electronic control valves open or close specific hydraulic
pathways 60 accessing certain subsea functions. Module 40 receives the supply of hydraulic fluid
from umbilical 30 and, in certain embodiments, provides a reservoir of pressurized hydraulic fluid
for use in actuating subsea functions.

f0034] For example, if an operator wanted to close a particular subsea valve, signals would be sent
from the surface control system 20, along umbilical 30, through a subsea distribution system, and

be received by subsea control module 40. The signals received by subsea module 40 would actuate
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bet ween the subsea control nodule 40 and the hydraulic actuators in the
subsea trees, valves, and other functions via hydraulic |ines 60.
Urbilical 30 could attach to a unbilical termi nation assenbly and/or
subsea di stribution system w th separate or conbined hydraulic and
electrical flying |eads connecting fromthe subsea distribution systemto
the subsea control nodule. In its preferred enbodi nents, nodul e junction
pl ate 50 provides an interface onto which nodule 40 can be coupled and

de- coupla@firevhinkEcontiel VA, dichGopRABRIBE HQskiDcl REAEHRSHA k! HS&itﬂﬂﬁ%J% Bq@i ns

intact. This allows the npdule 40 to be retrieved to the surface r
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equi pnent. [0033] In a conventfona I pl ex oper at’i on,

i ncl ude u ' f _elect e ontrol val ves that are actuated b

si gnal s%rg glntEH t %1%}%&% )élé&) S%bgg e Eogéc}in%f ngXén;/%t & C%ﬁ‘?‘ﬁeslzhe i%‘ﬁ%ﬁ%’s SUR ?/S B}beysent
directl n.electrica onduyctors.in unbilical, 30 or .converted_into tical
o1 gnal s TR FERGR A5 wi P B Risroraied (T pIsSh R 5wl Topeiol S wpHERY | ber
optic signals are then decoded by electronic equipnment integrated into the
nodul e ﬁ%“ﬁﬁﬁ offférted into el ectrical signals to actuate the contro

val ves. Once_ actuated, the_ electronic control valves open or close specific
hydr aul 98351 ply thewarpterisd embedimsntagnedsite jHngiios phrtes) helndesi consectipsdhzl aad 46 for
receives the supply of hydraulic fluid fromunbilical 30 and, in certain
embodi meubses rigid ovillting leads dersigrels 7hindonalssic isamdy BY do supplyccHokaisghtenii 360.us e
in actuating subsea functions. [0034] For exanple, if an operator wanted to
cl ose aThahydraicasopybeda8ovatieamblysfegdiod presduizell hrlrsididtrescivodielg) rotimbrce
control system 20, along unbilical 30, through a subsea distribution

syst em acztifiulaldg) 82 egishestoiMesSs biBe 60snk@h: PTBdWe ydRulid RGidS | BRadigalsemal ved

by subsea nodule 40 would actuate 11 a directional control valve, which

opens  t Rydddullio Winhpies 8k loaRd thivasiAtblifle 4oUbin tOnddl AMvED 6P MIRHeL B module 40

providing on/off supply of hydraulic supply and electrical power for connections 52 and 54.
Communication along signal lead 70, utilizing electrical or optical communication signals, may
provide two-way communication with choke control system 120 for relaying data conceming
position, flow rate, flow constituents, et cetera back to surface control system 20.
[0036] qu the subsea case, the signal 70 and hydraulic 80 flying leads can connect directly from a
local subsea control module 40 or module mounting base 50, as shown in figure 5, or a dedicated
signal lead cable 75 can be provided and terminate at a fixed stabplate or junction box on the choke
control system 120, as shown in figure 6. For the fixed stabplate case, the signal lead cable 75 is
préferabiy equipped with either wet-mateable or dry-mateable connector(s) into which the cable
. terminates. This system operates substantially the same as the system described in reference to
Figure 5 but provides direct signals communication between the surface control system 20 and the
subsea choke 100. Hydraulic supply could also be provided directly to the subsea choke 100 by a

hydraulic line bypassing module 40. In other words, a system could be provided where an
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60 into a hydraulic actuator, closing the desired valve. Hydraulic fluid,
whi ch has been punped fromthe surface and possibly stored in proximte
accurul ators, either directly supplies the hydraulic pressure and vol une
for actuation or is used to replenish a subsea supply of fluid used in
actuating the valve. [0035] In the preferred enbodi nents, nodul e junction
pl ate 50 includes connections 52 and 54 for subsea rigid or flying |eads
for signals 70 and hydraulic supply 80 to supply choke system 100. The
hydr aul ugbgiaIndayrylngade® fidehsRiERIE YupRedan Be RbATTIA | EREINYEHH he shERQS VOi I
(e.g., proximate accunulator) 82, ich provides a source of constant

pressur gohidlEakthd dfthddi@sea ERSkeS! gnal s and  hydraulic supplies are routed
t hrough nodul'e 40, with control valves or switches in nodule 40 providing

on/ of f &H%g' Wh%ﬁlexhé{&fiogﬁtﬂei &n%@%tﬂicflfg%g eo%'g{éuﬁeta% &%&iré‘of@nﬁﬁi%e%%@”& 52

and 54. nmuni cat | alo si gna ea iI'Tzing el ectrica

opti cal conmuni cation.signals, . provii t Wo- wa ommunj cati on W th
choke. ¢ SR 51 TirgEbe RSt Pt He By oitly 36 ety RS TIPS B a o,
flow copstituents, et .cetera back to surface control system 20. [0036[ For
the SubUBS R SYSieRS Wit gRare than onfaburlianlis PRy g fios pRrAtng 4Bk chokRs cerRslct
directly froma |ocal subsea control nodule 40 or nodul e nounting base 50,
as showPPloRs ficglipitebls. Qe optign i te semeppuliipjegrvdraufie seppbalines fips: g nnstorpplaiei ded
and termnate at a fixed stabplate or junction box on the choke control
syst em 1@ wvithaghugleovelvas rof ioher emagifolding artrmgémont enghlmigpickctort af dhe hyveawdicgnal

| ead cable 75 is preferably equipped with either wet-nateable or

dr y- mat egpblye jaoingelxt bydrsylici supplywlinies hintetnell ¢ alithin theerhoke adbesl sfhers 199st&m
operates substantially the sane as the system described in reference to

Fi gur e scéidtopfoisitel@®usli iheioiduslisBinat Sal¢Qromind Byl sBIie ardr hbe (sjuhdies
control system 20 and the subsea choke 100. Hydraulic supply could al so be

provi degladisoasit ¥ st@letiRraubH8e seip®ife #HREnBYe BontfdY gis@éﬁll i180.] THR RAYRESBENY

nodul e 40. In other words, a systém could be provided where an
supply with the highest pressure is provided to the choke control system through a single control

line. Alternatively, the hydraulic supplies can be routed through the subsea control module with
the control module enabling hydraulic supply selection to the choke. Other similar arrangements
for hydraulic supply could be possible, including a closed Ioop hydraulic system. Application of
the system can be similar for an all electric, or direct ¢lectric, control system, with reference to
hydraulic supplies and selection changed to electric supplics.

[0038] Regardless of the system used for communicating between the surface and the subsea
choke, the integration of the choke control system 120 and the choke actuator 122 allows the time
required to provide a pressure pulse to the actuator to be reduced from about one second to about
.one-tenth of a second, providing hydraulic fluid is stored local to the choke, such as in reservoir §2
(e.g., proximate accumulators). Although time is still required for allowing the actuator to return to
its initial position, the overall actuation of the choke can be greatly accelerated in comparison to

previous systems, especially for direct hydraulic systems. The performance of the system is no
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12 unmbilical carrying signals and hydraulic supply can be connected
directly between the surface control system and the subsea choke. [0037]
Whet her using the single unbilical systemof figure 5 or the direct
unbilical systemof figure 6, it my be preferred that the hydraulic
supply 80 actually include nultiple hydraulic supply Ilines. For systens
with nore than one hydraulic supply line for operating the chokes, several
options are available. One option is to run multiple hydraulic supply lines

from t heodgeng FieRoP bAthe sulfla Wbl stodblelvalvéaby @ 14M2fh MdN§rind BMhE RbAtc0Ehg
arrangenment enabling selection of the hydraulic supply) joining the

hydr aul ingh;$HBRY YylifalBS chidiI&s nﬁ:{v!féénv\h& moﬁtr$lhﬁloﬁxh9 K d CROtdhGke %Xtﬁ&t&m Hse A

second option is'to nount |nd|V|dua shuttl e valves on the hydraul |c

SuPPl ¢ embdienRSRD il AE Tl BemBh3hec h?% Ehdf BB SN e fhe

supplying t I's ensures supp

hi ghest essur provi ded to control systemt h

control n%d}ﬂrs?epmﬁwaillyn%% iy eiPgcc 'imﬁit Wﬁkgg{] P p“souﬁﬂ}gl é‘gﬁtfablg‘“‘r%’g? éﬁr ?llil? ugh
t he subsea contr nmodule with the control | e enab) i ng h ulic
supply S ‘iSdYF?}t % peasig Shsmeany tHag belyvasn %ﬂmasr M%@éﬁb%mrfe maPH¢ Si0FS ¢
supply coul d be possi bl e, |nclud|ng a closed | oop hydraulic system

Appl i calSspfpmgroncaty aredy e apdulging theshelq @pﬁ?lmalvaﬁaramhéw@ewmeone@ﬁs di rect
electric, control system wth reference to hydraulic supplies and

sel ect i 983% hBelgathet wove ke Eigniec7, supgiieimative plade 8onRegaystdine(¥) isfshowe $estreim
used for comruni cati ng between the surface and the subsea choke, the

i nt egr asystam 200 intledsshcthekcmniaton 218,yastabia cléfomio thddhle 220,0k0d aalidectanalr coh@al
allows the tinme required to provide a pressure pulse to the actuator to be

r educedvilvODI@bAHiRNE SBGaAIY theadiaid meMOE at ARcHb&ES indreRi6R 6l chdleQbnBbING
hydraulic fluid is stored |l ocal to the choke, such as in reservoir 82

(e. 9., BN MY erRGaHIaLeHS }node‘ietml%g&n;e's BRnhiS £t 4 SurfROBARA s{Bm via
allowing the actuator to return

signal input 202. In response to the signals received, the valve electronic module 220 transmits
signals through electrical connections 222 to the solenoid valves of directional control valve 230.
f0040] A supply of hydraulic fluid is provided to the directional control valve 230 along
hydraulic input 206. The actuation of the solenoid valves opens hydraulic pathways that allow a
hydraulic signal to travel from the directional control valve 203 along hydraulic conduit 232 or
234 to the choke actuator 210. The choke actuator 210 is preferably a hydraulic stepping
actuator, of the type commonly used in choke actuation, which converts the lincar motion from
.hydrau.lic actuation into rotational motion to open or close the choke insert. Other types of
chokes and choke actuators, such as linear actuating chokes, fast close/open modules, ROV
override, et cetera could be controlled similarly. Hydraulic conduits 232 and 234 provide
hydraulic fluid to either an open or close spring-return hydraulic cylinder. These cylinders move

linearly in response to hydraulic pressure and then return to their initial positions using a biasing

14




its initial position, the overall actuation of the choke can be greatly
accelerated in conparison to previous systens, especially for direct
hydraul i c systens. The performance of the systemis no 13 |onger a
function of the subsea control nodule valves or the |l ength and sizing of
the connecting tubing and hydraulic couplers between the control nodul e
and the choke actuator. These enbodinents also elimnate the requirenent
for choke control valves nmounted within the control nodule, potentially
savi ng spage dhds, VALK bresaitel/palse AFAY 1B QesiRasICiMrbl dallsn8h i BRtksfRE Réker
controls as well as increasing the mean tinme between failures (MIBF) of the

control omail §ce‘ﬁaﬂﬁﬁcreln%§§:aﬁ£ﬁ@3ﬁ%95®uﬁﬁl€nﬂd?tﬁe%oﬂ@ﬂk@r? and the choke

control valves are high cycle conponénts. [0039] Referring nowto Figure 7,

A B Lo ¥Rh Al CAR RS BTVER0 (ﬁmﬁﬂpﬁﬂm&%gﬁ[lg' by BT bERGre

|nclude£ a cho e actuator alve e roni ¢ no

di recti onal trol e 0 ratl S thod
as descr?nboré(i% PRt dé’%gi gﬁ%ta%k ﬁg‘?(gﬁg%ﬁlp pic ?ﬁ%ﬁ%ﬁt prﬁ%'émg]ﬁ?é roni ¢
nodul e 220 receives. si gnal fron1a surface contrg systen1V|a Si naI i nput
202. 1 n'G 0 BERERS'EHp QY §5aihe Splgeas yalue hasstugisrl, i cbeks enmtie! HisEm 0220
transmts _signals through el ectrical connections 222 to the sol enoid

val ves & o ’é%‘trp‘liﬁtéla RosiHeR Hidicpapn,device228 (LYBZ 0y sianilan,briprovides faedback as
fluid is provided to the directional control valve 230 along hydraulic

i nput 2®ahe Ttieal pesitien dfdke dioke msers idegoofivnshitntbsclope agudigrinenss ircresminkaiay S
that allowa hydraulic signal to travel fromthe directional control valve
203 al ocuptiol chpats! | Sonxoedbodim@82 mawy al@3Kavie ant Ailizholostraténtaionr ingit @26 The
choke actuator 210 is preferably a hydraulic stepping actuator, of the

type cogomect MataSfesh ivarieRdtBerachisad fod naléls 65 fRGVIBE CRokeh $ufa@Ahe BN
from hydraulic actuation into rotational notion to open or close the choke

insert.gfdeh@r types of chokes and choke actuators, such as Iinear
actuating chokes, fast close/open nodul es, ROV

{0042] For example, pressure and/or temperature sensors could be located on the choke inlet and
outlet to measure flow conditions at these points. This data could then be transmitted back to the
surface to give the operators an indication of flow conditions at the choke and evaluate the
performance of the choke. The system may further provide capability to yield early warning of
hydrate formation and/or of choke insert failure. With a first sensor positioned upstream of the
choke and a second sensor positioned downstream of the choke, and incorporating system and
sensor data from previous geometry change(s) and pressure and temperature sensors, system
diagnostics and analytical determination of system flow characteristics, including the
determination of multiphase flow characteristics and percentages, could be possible. The analysis
and processing the information acquired by these sensors and transmitted along’l line 226 could be
performed locally by the choke control system 200 at the subsea control module, or at the surface

with the data transmitted along the electrical leads. The choke control system may also incorporate
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override, et cetera could be controlled simlarly. Hydraulic conduits 232
and 234 provide hydraulic fluid to either an open or close spring-return
hydraulic cylinder. These cylinders nove linearly in response to hydraulic
pressure and then return to their initial positions using a biasing 14
spring. Thus, each pressure pulse fromthe directional control valve 230
rotates the choke actuator a certain increnent causing |inear adjustnent
of the choke insert. [0041] Choke control system 200 al so provides

addi t i ondydfallRCliio figkd (hipt showhpybitHed i BknaPbeSSHA to HERRMS oA sgﬁéﬁ{ oHiRg
feedback to the valve el ectronic nodul e 220 that pressure has been applied
to the g@g@ﬁkn§hﬁ?9h@glpiston (i.e. the solenoid valve has actuated). The
choke control system 200 can also incorporate a position indication device

228 LV, 15 Bhbfhelbh BPHLORSd SEURARN AR ve L DS, ARLPRL ESILLEN O

t he choke I'nsert and confi [2) act ua NOVES | sponse to

control .inputs, SO enbadi nent y. al so have an auxiliary instrunmentation
i nput 298“that ™" coﬁnﬁeet%lrsg iR flfé’ﬁﬁv]?fr F%ECI%?(ﬁél?at JBHY PSR ﬁpdgf?ﬁﬁl?’é‘i wdy,

ei ther the choke or _suyface the control ystens. [0042]. For exanpl e,

pr essur SUR¥IBE ©nihe rdévﬁ%s LRI @Yc%mag%&ltﬁeléa&e@a‘ﬂaa frave thengoree Pﬁ thst and
outlet to nmeasure f|low conditions at these points. This data could then be
t r ansni iNVEHIgsaek theoinyprive seppeepie hersingfigelosade  Bpeauss drasy avpryinglieadtdierent
flow conditions at the choke and evaluate the perfornmance of the choke.
The sysembodiamgnts unthée pady ivddire diralsidpet 9f the picedntl igeanitiye waneiphginofuding
hydrate formati on and/or of choke insert failure. Wth a first sensor

posi t i oepiivaligys stredureodr mhterials heleeftartbowghs ef; andl b&atsonapombdifioatiths dowiet r eam
of the choke, and incorporating systemand sensor data from previous
geonet r padhanpe tobodimentd heiid@aiRAGn h&FRRH WItE 1eedeSeHptive $¥@lir€Atknts of the

di agnostics and anal ytical determ nation of systemflow characteristics,

i ncl udi pg,, 1th€to be understood that the details herein are to be interpreted as illustrative and not in a

limiting sense.
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determ nation of nultiphase flow characteristics and percentages, could be
possi bl e. The analysis and processing the information acquired by these
sensors and transmtted along line 226 could be performed locally by the
choke control system 200 at the subsea control nodule, or at the surface
with the data transmtted along the elgctrical |eads. The choke contro
system nmay al so incorporate 15 a hydraulic fluid filter (not shown)
nounted internal or external to the choke control systemon the hydraulic
supply line 80. [00431 The enbodi nrertIAIp&d forth herein are nerely
illustrative and do not Iimt the scope of the invention or the details

t herei n. Iwhaid dlaiR@d appr eci ated that nmany ot her nodifications and

i nprovenents to the disclosure herein nay be made w t hout departing from

the scope jof the,nt M BaBEghhe i nventive concepts herein disclosed.
Because many var??ﬁgé§ndh31?@e%e't enbodi nents nmay be nmade within the

scope of the present_|nventiyv angept.,  i1ncl udi-ng ..equival ent structures or
materi al s hereafter&%%gﬁaﬁfdggﬁﬁgﬁéu%éga%géoﬁﬁﬁ? ﬁ%ﬁ¥#$%%?¥gﬁ%ﬁﬁﬁy be rmade
in the enbodi ments hereinu?etailed in accordance with the descriptive

requi rements of Pyse fqhydraufig signaly o e ynderstood that the details herein
are to be interpreted, as illustrative and not ina Jimting sense. 16 17

CLAIMS What is cl af fisestipaal cantrohvalgstorsupply udrahcstmpls ifomyhydraulic

supply to said actuator in response to electrical signals; and
a valve electronic module adapted to receive input signals from a remotely
locate&“cpntrol system and transmit control signals to said directional control valve,
wherein sal\d actuator, said directional control valve, and said valve electronic
module are inté%i’ated into a single package.
2. The system of claim 1 fu;fhe{ comprising a pressure sensor adapted to measure the
hydraulic pressure in said directional QShuol valve and transmit the pressure data to said

valve electronic module.

3. The system of claim 1 further comprising a position sensor adapted to measure the

position of said actuator and transmit the position data to said valve electronic module.

4, The system of claim 1 wherein the adjustable component is a choke and the system
further comprises a plurality of sensors adapted to measure flow characteristics upstream
and downstream of the choke and transmit the flow characteristic data to said valve

electronic module.




an actuator adapted to adjust the position of an adjustable conponent in
response to hydraulic signals; a directional control valve to supply
hydraulic signals froma hydraulic supply to said actuator in response to
el ectrical signals; and a valve el ectronic nodul e adapted to receive input
signals froma renotely |ocated contrﬁg system and transmt control
signals to said directional control valve wherein said actuator, said
directional control valve, and said valve electronic nodule are integated
into a single package. 2. The systemof claim1 further conprising a
pressure sensor adapted to neasure the hydraulic pressure in said

directional comhe %stéﬁ@bf/&alﬁﬂ%ﬁérﬁﬂ%f@ﬁteér@%dBirngﬁz%'dﬂéggﬁtréleésgbl:?a' d valve
el ectronic nodule.” 3. The systemof clarm1 further conprising a position

sensor adapfifbel & ﬂﬁ@g@ﬂs& 18 BfnpoR@ftiahé Re@by 7%% e tl?e%hﬁgéeqﬁde?%eh?flgﬁs mt the

position data to sal ECtI’OI’lIC no The system o aiml

wher ei n t%&uﬁ Sﬁﬁ%%ghgoegpponent is a choke and the system further
conprises a plura sensors adapted to neasure flow characteristics

upstream and domnstreanlof the choke and transmit the flow characteristic
data to said valve electronic nodule. 18 5. The systemof claim1 wherein
t he |ntegrated i ngl e packa i's releasably connected to the adjustable
conponent %and F@e PEteRt @&@*@mg whereip thedpppf sigeals addprebdertic yunply & he

adj ust abl e conponent. 6. The systemof claim1 wherein the input signals
and t he hwplggt}) fr@mwpbqe? ceqitgw] module connected to the remotely located control system

via an umbilical.

7. The system of claim 1 wherein the input signals are received directly from the

remotely located control system along a cable.

8. A subsea choke system comprising:
a surface control system;
a subsea choke;
a choke control system comprising a control system as defined in any
preceding claim; and
means for providing communication signals between said surface controd
system and said choke control system, wherein said choke control system includes
a valve electronic module adapted to actuate said subsea choke in response to

signals received from said surface control system.




received froma subsea control nodule connected to the renpotely | ocated

control system via an unbilical. 7. The systemof claim1l wherein the

i nput signals are received directly fromthe renptely |ocated control

system al ong a cable. 8. A subsea choke system conprising: a surface

control system a subsea choke; a chokgcontrol system conprising a contro

systemas defined in any preceding claim and neans for providing

comuni cation signals between said surface control system and said choke

control systemThaestean of dasitl ehakia saidmidand fos pevEing comimiti&atiornsigralsy e

el ectroni c nodul e adapted to actuate said subsea choke in response to

si gnal s r ea@hded chiflo MinSRivebes ¥Aill adke COMEd] 8 sty &ldMubId cofrol MRuky St em of

claim8 wherein said neans for providing conmunication signals includes a

cabl e run between said choke control system and a subsea control nodul e.

10. The system of claim8 wherein said nmeans for providing conmuni cation

signals imclu . . j : . nd said
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surface control system e systemo ner conprisi ng nmeans
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hydraul i cal | y operated choke actuator;

11.  The system of claim & further comprising means for providing a hydraulic supply to

said choke control system.

12. The system of claim 9 wherein said choke control system further comprises:
a hydraulically operated choke actuator;
a directional control valve adapted to control the flow of hydraulic fluid to
said choke actuator; and
a valve electronic module adapted to actuate said directional control valve

in response to signals received from said surface control system.

13.  The system of claim 12 wherein said choke control system further comprises a
pressure sensor adapted to measure the hydraulic pressure in said directional control valve

and transmit the pressure data to said valve electronic module.

14,  The system of claim 12 or claim 13 wherein said choke control system further
comprises a position sensor adapted to measure the position of said choke actuator and

transmit the position data to said valve electronic module.



a directional control valve adapted to control the flow of hydraulic fluid
to said choke actuator; and a valve el ectronic nodul e adapted to actuate
said directional control valve in response to signals received from said
surface control system 13. The system of claim 12 wherein said choke
control systemfurther conprises a prggsure sensor adapted to neasure the
hydraul ic pressure in said directional control valve and transmt the
pressure data to said valve electronic nodule. 14. The system of claim 12
or claim 13 wherein said choke control systemfurther conprises a position
sensor adapted to nmeasure the position of said choke actuator and transmt

the positi@n dahasj@ndaf fhy\aé ¥EIAMRRIS PP ivherdRAHId@hokdondkSl sydtba fisstet em of
any one of clainms 8 to 14 wherein said choke control system further

conpri ses @nplitgl 'L&Mit%fs%?%zga?%péﬁ%gﬁgﬁg]ko@&ﬁ E@ﬁﬁdc@ﬁ?&&%@aﬁ& eristics

upstream and ownstream o subse e and transmt the flow

characterigti t . Ld.v I i.C l-e. X tem of any
one of cl éil% %%qﬁooqfég\%ﬁgé%?hﬁ%é?ddﬁ %ﬁ%ﬁéﬂegg)n crho ag%{/lgt ce(%% t‘s)-ggﬁrﬁgﬁl}eogs ably
connect ed h% a.subgﬁa choke and is retrievable to the surface independently
of said SUSERUEROKE. 17. A nmethod for controlling a choke comprising:
transmtting signals froma renotely | ocated control systemto a valve

el ectronic nodule integrated into a choke control system providing a

hydraul i c supp%ﬁ to a directional control valve integrated into
16. e system of any one of claims 8 to 15 wherein said choke control system is

releasably connected to a subsea choke and is retrievable to the surface independently of

said subsea choke.

17. A method for controlling a choke comprising:

transmitting signals from a remotely located control system to a valve
electronic module integrated into a choke control system;

providing a hydraulic supply to a directional control valve integrated into
the choke control system;

converting the signals into control signals in the valve electronic module;

transmitting control signals from the valve electronic module to open the
directional control valve to allow hydraulic fluid to flow to a choke actuator

integrated into the choke control system.

18.  The method of claim 17 wherein the digital signals and hydraulic supply are carried

to the choke control system through a subsea control module.



t he choke control system converting the signals into control signals in
the valve electronic nodule; transmtting control signals fromthe val ve
el ectronic nodule to open the directional control valve to allow hydraulic
fluid to flowto a choke actuator integrated into the choke control

system 18. The nethod of claim 17 mhe%pin the digital signals and
hydraul ic supply are carried to the choke control systemthrough a subsea
control nodule. 21 19. The nethod of claim 17 wherein the signals are

transnitted. di rgeniehdd@ vRER 17 RBeren@h®iiglals drOf alsBt@QIMeEB) besyshem and t he
choke control system 20. The nethod of any one of clains 17 to 19 further

conpri si NGembRAAN A ALoRIAS sPMEh BR 1HE cRERISMERE sWdddi N the directional contro
valve; and transmtting the pressure data to the valve el ectroni c nodul e

in order to nonitor operation of the directional control valve. 21. The
met hod of any one clainms 17 to 20 further conprising: neasuring the

position t hey.choke .act uat or ;. and a itting the position data to the
val ve elegifonﬁ?e%g Sﬁg%?H”gFégFSF%;fﬂ%R? eﬁ%&ﬂﬁ?P@h of the choke. 22.
The net hod of any one of. cl ai 17 to 21 fyrther. conprising: measyring flow
characteristics upsFF@EHP%ﬂW}EEVHETWEﬁﬁﬁﬁ?HF%@wé Sﬂ@ﬁﬂéﬁﬁm%ﬁ?gﬁ§ﬂﬁtting t he
flow characteristic data to the valve electronic nodule in order to

moni tor flow condi t freffEukiag therwees 6@? i the patve electronic module in order to

monitor operation of the directional control valve.

21.  The method of any one claims 17 to 20 further comprising:
measuring the position of the choke actuator; and
transmitting the position data to the valve electronic module in order to

monitor actuation of the choke.

22.  The method of any one of claims 17 to 21 further comprising:
measuring flow characteristics upstream and downstream of the choke; and
transmitting the flow characteristic data to the valve electronic module in

order to monitor flow conditions and choke operation,



ABSTRACT SUBSEA CHOKE CONTROL SYSTEM A choke actuator having an integrated
choke control system enabling fast closure and opening of the choke. The
choke control systemincludes integral electronics to receive signals from
a surface or subsea control nodule and control directional control valves
to regulate the flow of hydraulic fluid froma local hydraulic supply to
t he choke actuator. Response tinmes for choke actuation are greatly reduced
by locating the electronic control systemand directional control valves

in an integrated package with the alps®saciuator and providing a | ocal
hydraulic supply. Additional enbodi ments may al so include other electronic

sensing and i nstrunent .]ﬁE e i systemto nonitor
and adj ust the choke t%Unal n{%?%@g%g@@f#%%g@heri stics or in
accordance with a predeterm ned production schene. Any or all of the
conponent s of Ghpke agipater having aholegreshehelic copgpbystegr caahling hask slogere pador

may al so be retrievable separately fromthe other conponents so as to
al | ow repeningredteechokd. Tbplcbadementrol system includes integral electronics to receive signals

from a surface or subsea control module and control directional control valves to regulate the
flow of hydraunlic fluid from a local hydraulic supply to the choke actuator. Response times for
ch_oke actuation are greatly reduced by locating the electronic control system and directional
control valves in an integrated package with the choke actuator and providing a local hydraulic
supply. Additional embodiments may also include other electronic sensing and instrumentation
enabling the choke control system to monitor and adjust the choke to maintain selected flow
characteristics or in accordance with a predetermined production scheme. Any or all of the
components of the choke, the choke control system, or the choke actuator may also be retrievable

separately from the other components so as to allow maintenance and replacement.
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